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MOLECULAR DOCKING IN DRUG DISCOVERY: INSIGHTS CHALLENGES AND EMERGING TRENDS 





ABSTRACT

This review explores about molecular docking and its emerging trends in drug discovery. Molecular docking is a computational technique used to predict how small molecules, or ligands, bind to macromolecules, typically proteins, to form stable complexes. It plays a critical role in drug discovery by predicting binding interactions, optimizing lead compounds, and identifying new therapeutic targets. The method involves docking ligands into target structures, scoring their complementarity at binding sites, and using computational algorithms to rank potential candidates. This process enables virtual screening of large compound libraries, helping researchers identify promising drug candidates while saving time and resources. The software packages provide advanced algorithms and computational techniques for efficient ligand-receptor docking simulations, allowing for the prediction of binding affinities and identifying potential drug candidates. Molecular docking also contributes to structure-based drug design, allowing for hypothesis generation on ligand-target interactions and structure-activity relationships (SAR). Although the technique has evolved significantly in recent years, challenges remain in accurately predicting ligand binding affinities and incorporating protein flexibility. Advances in docking algorithms, scoring functions, and computational resources continue to improve the reliability and efficiency of this method in drug development pipelines. Computational drug design, a cost-effective and less time-consuming approach, is a validated and reliable alternative to the cost expensive and time-consuming conventional method of drug discovery. Malaria, Heart failure, Cancer and other infectious diseases are public health challenges in most countries due to the emergence of drug resistance strains, thus necessitating the need for novel effective remedies.
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INTRODUCTION

[image: ]Molecular docking is a computational technique used to predict the preferred orientation of one molecule, typically a small molecule like a drug or ligand, when bound to a second molecule such as a protein or nucleic acid, to form a stable complex. This technique plays a crucial role in drug discovery and development by modelling the interaction between a drug candidate and its biological target. In many drug discovery initiatives, molecular docking has become crucial, especially for the virtual screening of phytochemicals or nutraceuticals as possible therapeutic compounds. Molecular docking can be combined with molecular dynamic simulations to study the dynamic behavior of protein–ligand complexes. The simulations can help in understanding the conformational changes that occur upon ligand binding and the stability of the complex (Sahoo et al., 2022). The primary goal of molecular docking is to identify the ligand’s optimal binding configuration to the target molecule’s active site, which helps predict the binding affinity and, consequently, the potential efficacy of the drug candidate. “The search algorithm explores possible orientations and conformations of the ligand within the binding site of the target molecule, using various methods such as genetic algorithms, Monte Carlo simulations, and particle swarm optimization to navigate the vast conformational space. Molecular docking is instrumental in understanding molecular interactions at the atomic level, guiding the design of more effective and selective therapeutic Agents, and reducing the need for extensive experimental trials in the early stages of drug development” [1-3]. Over the last decades, many docking tools have been provided to the scientific community. AutoDock [4], GOLD [5], FlexX [6], DOCK [7], and Glide [8] are among the most popular docking tools, although many more could be mentioned. “Docking methods have been frequently employed for assisting drug discovery, when they are used in several approaches, including virtual screening (VS) protocols or as part of structure-based de novo design strategies. Many limitations in the docking methods have been recognized over the years, for instance with respect to the prediction of binding energies through scoring functions, or the flexibility and conformational characterization of the molecular structures. Molecular docking is an essential method for structure-based VS protocols. Currently, big libraries of molecules can be screened against relevant biological targets by docking campaigns” [9]. “An important issue in the quality of molecular docking methods as predictive tools is the development of accurate scoring functions” [10]. “Despite the great number of innovative ideas reflected in too many different scoring functions, it is common to classify them into empirical, force field-based, and knowledge-based functions” [11]. Different types of conventional scoring functions can be combined to provide hybrid scoring functions [12]. Some recent de novo design applications are presented as examples. Sattarov et al [13]. “developed a de novo design method for constructing bioactive molecules by using auto-encoder sequence-to-sequence ANNs and Generative Topographic Mapping (GTM)”. In the method, GTM automatically creates the objects in specific areas in the 2D space, orients the library enrichment to the inclusion of compounds with desired activities, and provides a visual plot which guides the sampling of the chemical space [14]. 
Fig 1. Two models of molecular docking. (A) A lock-and-key model. (B) Induced Fit Model.

“Molecular docking is to simulate the optimal conformation according to the complementarity and pre-organization, which could predict and obtain the binding affinity and interactive mode between ligand and receptor” [15]. Above (Figure A) shows the first proposed “lock-and-key model” [16], which refers to the rigid docking of receptors and ligands to find the correct orientation for the “key” to open up the “lock”. This model emphasizes the importance of geometric complementarity [17]. However, the real docking process is so flexible that receptors and ligands have to change their conformation to fit each other well. Thus, we develop an “induced fit model” (Figure B) [18]. “Based on geometric complementarity, the energy complementarity and pre-organization guarantee that receptors and ligands would obtain the most stable structure in such a manner that minimizes the free energy” [19]. The Suitable orientation of the ligand molecule over the receptor molecule to build a stable complex is called molecular docking [20-26]. “It is used to anticipate the 3-Dimensional structure of the molecule. With the help of scoring function currently rank candidates docking for large libraries compound perform the virtual screening” [27-33]. “It allows researchers to simulate and analyze the interactions between the drug candidate and the target protein, helping to identify potential binding sites and optimize the drug’s binding affinity and specificity. Molecular docking is a valuable tool for screening large libraries of compounds and predicting their potential as drug candidates” [34]. “On the other hand, manual drug study involves a more traditional approach where researchers experimentally test and analyze the interactions between drug candidates and target proteins. This process often involves experiments, such as biochemical assays and crystallography, to understand the binding mechanisms and optimize the drug’s efficacy. While molecular docking offers a faster and more cost-effective way to screen and analyze potential drug candidates, manual drug study provides more detailed and accurate information about drug-target interactions” [35]. “Both approaches have their strengths and limitations, and they are often used in combination to complement cache other in the drug discovery process. Ultimately, the choice between molecular docking and manual drug study depends on the specific research goals, resources available, and the complexity of the drug-target interactions being studied” [36]. “This era saw the development of various scoring functions and search algorithms to better simulate the binding process and identify potential drug candidates. In the early 2000s, molecular docking gained Widespread recognition as a valuable tool in drug discovery, with Pharmaceutical companies and research Institutions incorporating it into their drug development pipelines” [37]. 
“Molecular docking is among one of the most popular and successful structure-based in Silico methods, which help predict the interactions occurring between molecules and Biological targets. This process is generally accomplished by first predicting the molecular Orientation of a ligand within a receptor, and then Estimating their complementarity through the use of a scoring function” [38]. “In silico strategies, including molecular dynamics, have also been widely used to explore The conformational space of the investigated targets, ligands, and ligand-target complexes, And thus better describing the dynamic behavior of ligand-target complexes and refining the docking results” [39-41]. “A number of reviews discussing the role and applications of docking, and the possibilities it Could offer in drug design and development, have been reported” [42-45]. However, “it Should be noted that the uses and applications of docking have been changing since its first appearance. In fact, although it was first developed to investigate molecular recognition between large and small molecules, it is now also widely used to assist different tasks of drug discovery programs, such as hit identification and optimization, drug repositioning, a posteriori target identification (reverse screening), multi-target Ligand Design, and repositioning” [46-48]. “In particular, the use of this technique has broadened towards novel drug discovery horizons, fueled by the improvement of docking algorithms and by the increase of the publicly accessible information on ligands and targets. For example, thanks to the Improved speed and prediction power, docking has also been embedded into large-scale screening protocols to identify” [60], eg.: (i) protein binding sites in which ligands could bind [49]; (ii) novel molecular targets of known ligands [50]; (iii)Potential adverse drug reactions (ADRs) [51], and; (iv) ligands with novel chemotypes active against a Given target or a set of desired targets [52].
“The process of identifying a target, synthesizing an active compound with suitable characteristics like minimal toxicity, high bioavailability, cost-effective synthesis, etc., and finally developing it to introduce in the market is a time-consuming, extremely complex and risky endeavour” [53]. “Initially, a target is identified which plays a key role in the progress of the disease. Once a link between the target and the disease has been established, the next step is to identify potential candidates which can stop or reverse the progress of the disease” [54]. “Molecular docking methodologies can be used to identify the interaction between a small ligand and a target molecule and to determine whether they could behave in combination as the binding site of two or more constituent molecules with a given structure. Interestingly, a wide spectrum of molecular binding interactions can be explored with this technique, including lipid-protein, lipid-lipid, enzyme-substrate, drug-enzyme, drug-nucleic acid, protein-nucleic acid, nucleic acid-nucleic acid, protein drug, and protein-protein potential affinities, with key functions in every molecular biological or biochemical stage, as well as structural coupling” [55,56]. “The structural shape and electrostatic forces of both the ligand and the target molecule at specific binding-site surfaces are key aspects in biological complementarity systems. In the drug discovery field, several key aspects must be considered when predicting whether the molecule will bind with the receptor target, such as the structural shape and electrostatic interactions of the protein-ligand, ligand-ligand, or protein-protein” [57]. “It is a process through which small molecules are docked into the macromolecular structures for scoring its complementary values at the binding sites. Amidst of well-known liabilities, molecular docking has predicted novel ligands for more than 50 targets during the last decades” [58].

Article Highlights 

· Molecular docking, one of the most important methods in the molecular modeling field, has evolved in the last decade to assist the research in the chemistry of protein-ligand interactions, with a pre- preponderant role in drug discovery.
· Reverse docking, a method used to discover new targets for existing drugs is essential for the development of multitarget drugs. The main challenge in this method is to improve the exploration of the conformational space of the target proteins. 
· The treatment of protein flexibility in molecular docking is a difficult task; however, recent literature has interesting proposals about this.
· The use of experimental data to guide or confirm the selection of docking poses is essential to be sure that a report of docking results is reliable.
· The coupling of molecular docking and molecular dynamics (MD) simulations has evolved due to recent advances in modern computers and the access to longer timescales in MD. These advances have a direct influence on the development of methods such as ensemble and dynamic docking.
· Covalent docking, essential for the design and in silico study of covalent ligands, has been developed in the last decade, and requires an optimal combination between molecular docking and quantum mechanics (QM) methods.

1. Key Principles of Molecular Docking

· Ligand and Receptor Interaction: The docking process tries to predict the most stable interaction between the ligand (small molecule) and the receptor (usually a protein or enzyme). This is done by finding an optimal fit between the shapes and chemical properties of the ligand and receptor[59].
· Scoring Function: After docking the ligand, a scoring function evaluates the binding affinity. This scoring estimates how well the ligand fits into the receptor’s active site based on forces like hydrogen bonding, electrostatic interactions, and van der Waals forces[59].
· Binding Site Identification: Molecular docking typically targets the receptor’s active or binding site, which is the region of the protein responsible for its biological activity. Ligands are docked here to see how they interact[60].
· Conformational Flexibility: Both the ligand and receptor can exhibit conformational flexibility, meaning they can adopt multiple shapes. Many docking programs try to account for this flexibility, though it’s a challenge in computational docking[60].



2. Types Of Molecular Docking 

· 3.1  Rigid docking : 
In this type, both the ligand (small molecule) and the receptor (target protein) are held fixed during the docking process. This method is faster but may not account for conformational changes in the protein upon ligand binding [61]. Rigid docking, also known as rigid-body docking or geometric docking, is a computational technique used in the field of molecular modeling to predict the binding mode and affinity between a ligand (small molecule) and a receptor (usually a protein) at the atomic level. This method assumes that both the ligand and the receptor maintain their rigid structures during the docking process, neglecting any conformational changes that may occur upon binding [62].
Methods of rigid docking: Several computational algorithms and software tools have been developed for rigid docking. These methods generally involve the following steps:
a) Preparation: The receptor and ligand structures are prepared by removing water molecules, adding Hydrogen atoms, assigning partial charges, and optimizing the geometry if necessary [63].
b) Search algorithm: Docking algorithms employ various search strategies to explore the ligand’s Conformational space and find the optimal binding pose. Common search algorithms include geometric Hashing, Monte Carlo methods, genetic algorithms, and systematic grid-base search. 
c) Scoring function: After generating candidate ligand poses, a scoring function is used to evaluate and rank these poses based on their predicted binding affinity [64]. Scoring functions typically consider factors such as geometric complementarity, electrostatic interactions, van der Waals forces, and desolation energy.


3.2 Flexible Docking 
“Flexible docking allows for flexibility in either the ligand, receptor, or both during the docking process. This accounts for conformational changes and can provide more accurate predictions of binding modes. Flexible docking, also known as flexible ligand docking or induced-fit docking, is a computational technique used in molecular modelling to predict the binding mode and affinity between a ligand and a receptor while accounting for flexibility in both the ligand and the receptor structures. Unlike rigid docking, which assumes that both the ligand and receptor maintain rigid conformations during binding, flexible docking considers the conformational changes that may occur in both the ligand and receptor upon binding” [65].

Methods of flexible docking: 
a) Docking algorithm: Docking algorithms in flexible docking often combine conformational sampling with traditional docking search strategies to predict the optimal binding pose of the ligand within the flexible binding site of the receptor. These algorithms may use scoring functions to evaluate the compatibility of each ligand conformation with the receptor and guide the search towards the most favorable binding poses.
b) Scoring function: Scoring functions in flexible docking are crucial for assessing the energetics of ligand-receptor interactions and ranking the predicted binding poses. These scoring functions typically consider factors such as geometric complementarity, electrostatic interactions, van der Waals forces, solvation effects, and conformational strain. 

[image: ] 
Figure.2. Structural Images of Rigid docking and Flexible docking 

c) Induced-Fit modeling: In some flexible docking approaches, induced-fit modeling techniques are used to explicitly model conformational changes in the receptor upon ligand binding. This may involve flexible Side-chain modeling, loop refinement, or even full protein backbone flexibility to capture the induced-fit effects accurately[61].

       3.3  Induced Fit Docking 
“Induced fit docking combines aspects of both rigid and flexible docking. It involves initial docking with rigid structures followed by refinement of the complex with flexible side chains or backbone movements to account for induced fit effects. It is a computational technique used in molecular modeling to predict the binding mode and affinity between a ligand and a receptor while explicitly considering conformational changes in both the ligand and receptor structures upon binding. Unlike rigid docking, which assumes that both the ligand and receptor maintain rigid conformations during binding, induced fit docking accounts for the dynamic nature of biomolecular Interactions and the induced-fit phenomenon observed in ligand-receptor binding” [66].

3.4  Ligand-based docking 
“In ligand-based docking, the docking process is guided by the properties of the ligand molecule rather than the receptor structure. This method is useful when the receptor structure is unknown or difficult to obtain. Ligand-based docking, also known as ligand-centric docking or structure-based pharmacophore modeling, is a computational technique used in molecular modeling to predict the binding mode and affinity of a ligand to a target receptor or enzyme without explicit consideration of the receptor structure. Unlike receptor-based docking methods, which require knowledge of the receptor structure, ligand-based docking relies solely on information derived from the ligand itself, such as its structure, chemical properties, and interactions with the target” [67].

3.5  Protein-protein docking 
“Protein-protein docking predicts the interactions between two protein molecules. It is essential for understanding protein complexes and signalling pathways. Protein-protein docking is a computational technique used in molecular modeling to predict the three-dimensional structure and interaction mode between two or more protein molecules” [68]. “It plays a crucial role in understanding the mechanisms of protein-protein interactions (PPIs), which are fundamental to various biological processes such as signal transduction, immune response, and gene regulation. In this essay, we will explore the principles, methods, applications, and limitations of protein-protein docking in molecular modelling” [69].

3.6  Blind docking
“Blind docking involves docking a ligand to the entire surface of a receptor without specifying a binding site. This method is useful for exploring potential binding sites and interactions. Blind docking, also known as global docking or blind protein-ligand docking, is a computational technique used in molecular modeling to predict the binding mode and affinity between a ligand and a receptor without prior knowledge of the binding site on the receptor. Unlike traditional docking methods, which rely on information about the receptor structure to guide the docking process, blind docking explores the entire surface of the receptor to identify potential binding sites and predict the optimal binding poses of ligands”[70].
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Figure.3. Blind docking in organic, inorganic and hybrid system.

4. Steps Involved in Mechanics of Molecular Docking

In In-Silico method studied the intermolecular interaction between 2 drug molecules. The protein receptor is Macromolecule. It acted as an inhibitor. The following steps involved in the docking process are as follows:

Step I- Preparation of protein : 
From Research Collaboratory Structural Bioinformatics Protein data bank (PDB) downloading the 3D-structure of the Protein. After that downloaded structure should be pre-processed. From the cavity removal of the water molecules, the charges stabilization, missing residues filling, and hydrogen atom side chains generation.

Step II – preparation of ligand :
Ligand can be retrieved from numerous databases such as ZINC, Pub Chem. Or can be sketched apply Chem. Sketch tool. While picking out the ligand, the LIPINSKY’S RULE OF 5 should be utilizing. Lipinski rule of 5 assists in discriminating among non-drug like and drug-like. The computer aided drug design and detection (CADDD) method. It promises high possibility of achievement or failure due to drug-likeness for molecules remaining by with 2 or more than of the complying rules. For choice of a ligand allow to the

  Lipinsky’s rule : 
(1) A lesser amount of five hydrogen bond donors 
(2) A lesser amount of ten hydrogen bond acceptors 
(3) Molecular mass less than 500 Da
(4) High lipophilicity (expressed as Log not over 5) 
(5) Molar refractivity should be between 40-
      130 [71].

Step III- Grid Generation: 
In this all factors like site, rotatable group, excluded volumes, ity constraints kept constant. The number of genetic operations performed (crossover, migration, mutation) is the key parameter in determining. Binding Cavity Prediction are to be done.

Step –IV active site prediction 
After the preparation of protein, the active site of protein must be predicted. The receptor strength possesses lots of active sites merely the one of the concern should be chosen out. Generally the water molecules and hetero atoms are unconcerned if present [72].

Step V- Docking: Ligand and protein interactions are analyzed. Best docking score should be selected [73].
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Figure. 4. Flow chart for evaluating docking [74]
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Figure.5. General Workflow of Molecular Docking Calculations


5. Key Algorithms and Software for Docking Study

Figure 4 lists the main three types of software for molecular docking Flexible-rigid docking has been widely used. However, since flexible docking is usually more accurate, the relevant researches have become the hot studying spot in recent years. Table 1 lists the widely- used molecular docking software and its algorithms, evaluation methods, features and application areas.























[image: ]Figure 6. Molecular docking software classification.


CHOICE FOR DOCKING TOOLS: WHICH ONE TO USE?
“Many computer programs like DOCK, GOLD, FlexX, ICM, Glide, AutoDock, Surflex, FRED, Ligandfit, MVD etc. have been developed during the last three decades. Each has their own advantages and drawbacks with respect to their docking accuracy, ranking accuracy and time consumption so a general conclusion cannot be drawn. Moreover, users don’t always consider sufficient diversity in their test sets which results in certain programs outperforming others. So, choice of considering a docking tool should always be oriented towards the objectives of the project. For VS (virtual screening) projects, timeframe remains the major constraint as millions of compound libraries have to be covered within the stipulated time. Here, the need for a fast tool is more obvious followed by the accurate ones. In VS known active compounds are added to the library and the docking tool must enable to sort the active ones from the inactive which is represented by the enrichment factor. Some of the choices are discussed” [78].

6. Scoring functions

“Sampling changes among varying degrees of freedom must be performed with sufficient accuracy to identify a conformation that best matches the receptor structure, and also must be fast enough to permit the evaluation of millions of compounds in a set computational time. This is taken care of by the variety of algorithms discussed above. Algorithms are further complemented by scoring functions. The evaluation and ranking of predicted ligand conformations is a crucial aspect of VS. When we are interested in only how a single ligand binds to a biomolecule, then the scoring function needs to predict the docked orientation which most accurately represents the “true” structure of the intermolecular complex. On the other hand, if we are interested in evaluating multiple ligands, in that scenario the scoring function should not only identify the “true” docking pose but also be able to rank one ligand relative to another. Therefore, the design of reliable scoring functions and schemes which can rank different poses is of fundamental importance” [79].The scoring functions usually estimate binding energy of complex using many assumptions and simplifications to arrive as close as possible to actual binding energy in minimum time. Popular scoring functions have an adequate balance between accurate estimation of binding energy and computational cost in terms of time. There have been a number of scoring functions developed over the past many years and can be classified into three main categories-force field, empirical and knowledge based [80].

7. Applications Of Molecular Docking 

1.Hit identification/virtual screening:  Molecular docking is Widely used in hit identification in     drug discovery. It helps in identifying potential drug candidates by predicting the binding affinity of small molecules to a protein or receptor of interest. Docking can be used to screen a large database of small molecules to identify those that can bind to a protein of interest with high affinity [81].
d) Lead optimization: Once a hit compound is identified, molecular docking can be used to optimize the lead compound’s structure to improve its binding affinity and selectivity. Docking can also be used to design new analogs by predicting the binding modes of modified structures [82].
e) ADMET prediction: “Docking can also be used to predict the Absorption, Distribution, Metabolism, Excretion, and Toxicity (ADMET) properties of small molecules. The predicted ADMET properties can be used to screen out compounds with unfavorable properties early in the drug discovery process” [83]. Some notable examples include AutoDock Vina, GOLD (Genetic Optimization for Ligand Docking), Glide, and Schrödinger Suite. These software packages provide advanced algorithms and computational techniques for efficient ligand-receptor docking simulations, allowing for the prediction of binding affinities and identifying potential drug candidates. Furthermore, they incorporate ADMET prediction modules, enabling the assessment of the drug’s behavior in terms of its absorption, distribution within the body, metabolism, excretion, and potential toxicity.
f) “Molecular dynamics simulation: Molecular docking can be combined with molecular dynamic simulations to study the dynamic behavior of protein–ligand complexes. The simulations can help in understanding the conformational changes that occur upon ligand binding and the stability of the complex” [84]. Several software tools combine molecular docking and dynamics simulation. These include frequently used software like AutoDock, Vina, Glide, and GOLD. In addition to molecular docking, they provide capabilities for conducting molecular dynamics simulations, allowing for the exploration of protein–ligand interactions over time and the analysis of their dynamic behavior.
g) “Structure elucidation: Molecular docking can also be used to elucidate the structure of proteins with unknown structures. Docking can be used to predict the binding modes of small molecules to the protein and generate a homology model of the protein based on the binding mode prediction. Generated model can then be refined using experimental data to obtain an accurate structure of the protein” [85].
h) Bioremediation. Molecular docking is used in bioremediation to predict the binding affinity of small molecules to enzymes involved in the degradation of environmental pollutants. Docking can help in designing inhibitors Or activators of these enzymes to enhance bioremediation efficiency[86].
i) Other applications of molecular docking are shown in figure 7.



[image: ]
                    Figure 7.Applications of Molecular Docking


8.Limitations Of Molecular Docking 

“The major limitation of molecular docking is due to the lack of confidence on the ability of scoring functions to give accurate binding energies. This stems from the fact that some intermolecular interaction terms are hardly predicted accurately. Such as solvation effect and entropy change” [88]. “In addition, some intermolecular interactions are rarely considered in scoring functions which have been proven to be of significance. For instance, halogen bonding is verified to make a contribution to protein-ligand binding affinity” [89] and so do guanidine-arginine interactions, but are not considered [90]. “Transthyretin-thyroxine complex-One critical example wherein energy functions failed is that of transthyretin-thyroxine complex. The docking simulations with energy functions resulted in generation of two binding modes, one similar to the native binding mode of thyroxine and the other belonging to an alternate binding domain with a root mean square deviation (RMSD). Of 8.97 A from native binding state. The energy simulation was carried out and the lower energy solution picked by the docking program was the one with higher RMSD. Thus, in this case molecular docking failed to make the correct prediction of binding mode. Thereby, it would be fair to conclude that we might get many false negatives during the process of VS” [91].
“It Is still an unsolved problem to accurately deal with the water molecules in binding pocket during docking process, which is tough task and needs a lot of attention in the near future due to two reasons. Firstly, the x-ray crystal structures lack the coordinate information of hydrogen, due to inefficient scattering by smaller atoms. Not knowing the exact position of hydrogen leads to inaccuracies in identifying water molecules which might be acting as a bridging molecule between the ligand and the receptor. Secondly, no reliable theoretical approach is available to accurately predict how water molecules are affected by ligands and how strong the effect is. On top of that, it impossible with our current knowledge to predict how many water molecules in the binding pocket would be replaced by potential ligands and how the hydrogen bonding network would be disturbed by ligand binding” [92]. “One of the major challenges faced in the field of docking is that of rigid receptor. A protein can adopt many different conformations depending upon the ligand to which it binds. As a result, docking performed using a rigid receptor will correspond to a single receptor conformation, which leads to false negatives in many cases where later the ligand was found to be active. This happens because a protein can exist in constant motion between different conformational states having similar energies, which is usually neglected in docking” [93] Finally, the spectrum of activity against off-target proteins is something rarely seen even in computational screens and is only dealt by animal and human trials.

9.Challenges In Molecular Docking 

“The field of molecular docking is confronted with challenges waiting to overcome with increase predictive power so as to widen the application aspect of this computational field. In the form of a research field, docking has undergone tremendous evolution since its inception. It does not always predict the correct binding modes of a ligand since the underlying algorithms are just approximations of the real world. So, a number of docked poses ranked subsequently by the docking score is produced during each docking run. Few attributes can correctly predict the binding modes such as: if only the binding site is small, small ligands, sufficient knowledge about the receptor, smaller constraints for binding sites and above all experienced hands [94]. False binding sites born out of receptor flexibility giving it an alien shape, multiple tight-fitting deep pockets and directionality of polar interactions are some of the challenges associated with correct pose prediction” [95]. The use of consensus scoring system has 70-80% improvement in pose prediction success [96]. Also, the quality of pose prediction increases from 70% to 80% for ligands with rotatable bonds < 7, considered to be moderately flexible and from 26% to 50-60% for highly flexible ones with 7-13 rotatable bonds. On the other hand, structural water molecules through their specific hydrogen bonding and van der Waals interaction patterns provide stabilization to receptors and improve pose prediction criteria. For larger test sets PLANTSPLP (Protein-Ligand ANT system) stochastic algorithm improves pose prediction [97].


10.  Discussion and Conclusion 

Molecular Docking provides different tools used for drug design and discovery. The medicinal chemist easy to visualization of molecules structural databases. It successfully predicts the binding of ligands within receptor. These drugs make molecular docking process in drug design. It is time-saving, cost-effective. It is used for the novel drug development [107]. It Is Very Useful for Future Medicinal Chemist to Discover the Novel Drug Design and Novel Drug Development Process. Molecular docking method complication is optimization of lead molecule, biological pathway evaluation and de Novo drug design. In this review mention all information regarding molecular docking. Malaria, Heart failure, Cancer and other infectious diseases are public health challenges in most countries due to the emergence of drug resistance strains, thus necessitating the need for novel effective remedies [108]. Identification of new indication from existing drug and application newly identified drug to treatment of disease. Computational drug design, a cost- effective and less time-consuming approach, is a validated and reliable alternative to the cost expensive and time-consuming conventional method of drug discovery. Malaria, Heart failure, Cancer and other infectious diseases are public health challenges in most countries due to the emergence of drug resistance strains, thus necessitating the need for novel effective remedies. Identification of new indication from existing drug and application newly identified drug to treatment of disease. Computational drug design, a cost- effective and less time-consuming approach, is a validated and reliable alternative to the cost expensive and time-consuming conventional method of drug discovery. It is become powerful alternative strategy to discover and develop novel drugs from existing drug with the help of Computer Aided Drug Design (CADD).

10.  Future Directions

“Looking ahead, the future of molecular docking holds great promise, driven by advancements in computational methodologies, data integration, and interdisciplinary collaborations. Several key areas are poised for significant development and innovation in the coming years. Integration of Machine Learning: Machine Learning techniques, including deep learning and reinforcement learning, are increasingly being integrated into molecular docking workflows to enhance prediction accuracy, speed, and efficiency. By leveraging large datasets of protein-ligand complexes and chemical structures, machine learning algorithms can learn complex patterns and relationships in docking data, leading to more accurate scoring functions, better conformational sampling strategies, and improved virtual screening outcomes. Incorporation of Quantum Mechanics: Quantum mechanical approaches are being explored to improve the accuracy of docking predictions, particularly for systems involving metal ions, covalent inhibitors, or non-covalent interactions with high polarization effects. By incorporating Quantum mechanical calculations into docking simulations, researchers can better capture the electronic structure and energetics of protein-ligand interactions, leading to more reliable binding affinity predictions and a deeper understanding of molecular recognition processes” [98].
Proposed by King et al. [99] “automation of science holds promises for making a better decision in future and this concept had already moved forward fruitfully in the drug designing sector with a robotic screening of assays, decision support systems, computational molecular design to fully fledge robotic synthesis and hit identification”. Although they are still in a proof-of-concept except in some isolated cases, soon they will overtake the conventional way of drug companies with the growth of artificial intelligence, big data and “organ to chip” analysis which includes benefits of reducing errors and material consumption [100]. Fully fledge in-silico framework helps medicinal chemist for multi-objective compound design, selection and prioritization that has given birth to a new mindset “predict first” for integrated automated systems [101], where docking can come as a boon. Computational target prediction can help in the combinatorial compound assay, target compounds can be obtained in < 2 minutes [102]. Also, a very small number of compounds needs to be designed to reach design objective by considering VS library which results in different target preferences, no off targets activities [103] etc. Further, combining structure based and ligand-drug designing where docking is inevitable, used for generating hypothesis such as scaffold hopping. Weaker ligands are optimized computationally to train on publically available databases to arrive at good drug candidates [104]. For example (−)-englerin A, natural anti-Cancer compound which was computationally obtained in 3 steps, otherwise takes 14 steps giving accurate activity as predicted [105]. These show that in-silico methods have the potential for correct hypothesis generation which requires integration in an integrated designing system. The future prospect of drug designing lies on embracing new technologies with a healthy outlook for the certain process leading to sustainable improvement in the designing schema [106].
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