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Abstract: Protein structure is increasingly understood as a dynamic ensemble rather than a single rigid 

entity. Within this ensemble, transient cavities can emerge that are absent or poorly defined in 

conventional ligand-free structures. These cryptic binding pockets provide opportunities to modulate 

proteins for which conventional orthosteric drug discovery has been unsuccessful. Because many 

cryptic pockets are spatially separated from catalytic or orthosteric sites, their exploitation frequently 

overlaps with the pharmacological concept of allostery. Structural fluctuations, loop displacement, side-

chain rearrangement, hydration changes, and domain motions can therefore generate previously 

unrecognized ligandable states. Experimental approaches including fragment-based crystallography, 

nuclear magnetic resonance, hydrogen–deuterium exchange mass spectrometry, covalent tethering, and 

cryogenic electron microscopy are increasingly complemented by molecular dynamics, enhanced 

sampling, Markov state modeling, mixed-solvent simulations, and machine-learning-based pocket 

prediction. These approaches have revealed therapeutically relevant vulnerabilities in KRAS, mutant 

p53, BACE-1, muscarinic receptors, SARS-CoV-2 proteins, Ebola virus VP35, kinases, and other 

disease-associated proteins. The KRAS G12C switch-II pocket provides a landmark example in which 

a mutation-associated cryptic site was transformed into a clinically validated therapeutic opportunity. 

More recent developments demonstrate that cryptic-pocket discovery can also support fragment-

derived, covalent, macrocyclic, allosteric, and targeted-degradation strategies. Nevertheless, transient 

occupancy, uncertain ligandability, resistance, species differences, and incomplete links between 

binding and functional modulation remain important barriers. Integration of dynamic structural biology 

with artificial intelligence, chemical biology, medicinal chemistry, and translational pharmacology is 

likely to define the next stage of cryptic-pocket-enabled drug discovery.  
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1. Introduction 

Conventional structure-based drug discovery frequently begins with a static 

representation of a protein and searches for cavities that can accommodate drug-like molecules. 

This approach has been highly productive, but it can underestimate the number and diversity 

of ligandable states because proteins continually sample conformations that differ from the 

experimentally dominant structure [1,2]. A cryptic binding pocket may therefore be regarded 

as a ligandable cavity that is absent, occluded, or insufficiently developed in the ground-state 

structure but becomes accessible through conformational rearrangement [3–5]. The concept is 

particularly important for proteins considered poorly druggable because they lack deep 

orthosteric pockets. 
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The distinction between cryptic and allosteric sites is useful. A cryptic site is defined 

primarily by its structural emergence, whereas an allosteric site is defined by its functional 

relationship to another region of the protein. Consequently, a cryptic cavity can be orthosteric, 

allosteric, or functionally silent. In practice, many disease-relevant cryptic sites are allosteric 

because the structural rearrangement that opens the pocket alters a distant catalytic, regulatory, 

or protein-interaction site [6–10]. The pharmacological consequences may include inhibition, 

activation, alteration of ligand affinity, changes in signaling bias, or stabilization of a specific 

protein state [31–33]. 

Allostery has traditionally been described using equilibrium models such as the 

Monod–Wyman–Changeux framework and related conformational-selection concepts [38,39]. 

Modern structural biology instead supports a continuum in which proteins fluctuate among 

many substates, with ligand binding shifting the populations of pre-existing conformations 

while also contributing to local structural adaptation [40,41]. This view is particularly relevant 

to cryptic pockets because pocket opening may occur infrequently, requiring specialized 

sampling or experimental trapping. 

The therapeutic importance of this concept has become evident in oncology, infectious 

disease, neurodegeneration, and receptor pharmacology. KRAS, historically difficult to target 

directly, provided a striking example when an inducible pocket beneath the switch-II region 

was exploited for mutant-selective inhibition [25–29]. Similar principles have been applied to 

mutant p53, BACE-1, muscarinic GPCRs, SARS-CoV-2 protease, and viral RNA-binding 

proteins [16–24,42–46]. Thus, the study of cryptic pockets is shifting the focus of medicinal 

chemistry from static shape complementarity toward dynamic vulnerability. 

2. Structural and Biophysical Basis of Cryptic Pocket Formation 

Protein dynamics occur over a broad temporal spectrum ranging from picosecond side-

chain fluctuations to millisecond and slower domain rearrangements. Cryptic pockets emerge 

when these motions alter solvent accessibility, packing interactions, loop positions, side-chain 

rotamers, or interdomain contacts sufficiently to produce a cavity that can stabilize a ligand 

[2,4,7,11]. 

Two classical concepts are particularly relevant. In conformational selection, the 

unliganded protein already samples an open or binding-competent state and the ligand 

preferentially stabilizes that subpopulation. In induced fit, ligand association promotes 

subsequent structural rearrangement. Experimental and simulation studies indicate that cryptic-

site formation commonly incorporates elements of both mechanisms [4,11,38–41]. The relative 

contribution depends on the energy landscape, pocket hydration, local flexibility, and ligand 

chemistry. 

Water is also a major determinant of cryptic-pocket behavior. Opening a cavity can 

involve desolvation, rearrangement of water networks, and changes in hydrophobic packing. 

Consequently, a geometrically visible cavity is not necessarily a druggable cavity. Indeed, 

many transient pockets detected by simulations do not support high-affinity binding [4]. This 

distinction emphasizes the importance of coupling pocket detection to energetic, chemical, and 

functional validation. 

An important mechanistic feature is allosteric coupling. A cryptic cavity may be 

mechanically connected to a catalytic site through a network of residues, correlated motions, 

hydrogen-bond pathways, or changes in solvent exposure. Markov-state modeling and residue-
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network analysis have shown that small local rearrangements can propagate through such 

networks to alter distal functional sites [10,12,13]. The resulting allosteric vulnerability may 

therefore be more important pharmacologically than the pocket volume itself. Fig. 1 illustrates 

this dynamic principle. 

 
Figure 1. Structural emergence of a cryptic allosteric pocket. Conceptual schematic showing: (A) a closed apo-

state in which no obvious druggable cavity is present; (B) intrinsic protein fluctuations, mutation, ligand 

interaction, post-translational modification, or partner binding shifting the conformational ensemble toward a 

pocket-open state; and (C) stabilization of the open state by a ligand, producing a measurable allosteric change 

at a distant functional site. The figure should distinguish conformational selection from induced-fit contributions 

and indicate changes in loop position, side-chain orientation, solvent exposure, and allosteric communication. 

3. Experimental Discovery of Cryptic Pockets 

3.1 X-ray crystallography and fragment screening 

X-ray crystallography remains one of the most direct methods for identifying cryptic 

pockets because ligand-bound structures provide atomic-level information about cavity 

formation and ligand recognition. Fragment-based crystallographic screening can capture weak 

interactions that are difficult to observe by conventional biochemical assays. In SARS-CoV-2 

M^pro, extensive X-ray screening identified multiple ligandable regions, including 

noncanonical sites that expanded the landscape available for antiviral development [16,17]. 

Such studies demonstrate how fragment binding can stabilize otherwise low-population 

conformations. Mutant p53 Y220C provides another prominent example. Structural studies 

showed that the mutation generates a crevice containing a transient hydrophobic subpocket 

whose opening and closing are linked to side-chain and backbone dynamics [18]. Subsequent 

work confirmed that ligand design can deliberately exploit this transient state rather than simply 

occupying the most obvious surface cavity [47,48]. 

3.2 Nuclear magnetic resonance 

NMR spectroscopy is particularly valuable when cryptic-pocket formation involves 

low-population excited states that are difficult to capture crystallographically. Chemical-shift 

perturbation, relaxation-dispersion, paramagnetic relaxation enhancement, and related methods 
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can detect structural exchange and ligand-induced changes in local environments. NMR can 

therefore provide evidence that a pocket-opening state exists in solution, complementing 

crystallographic snapshots [5,8]. 

3.3 HDX-MS and related biophysical methods 

Hydrogen–deuterium exchange mass spectrometry provides a lower-resolution but 

broader view of conformational changes by monitoring changes in solvent accessibility. It can 

identify regions that become more exposed or protected after mutation or ligand binding and is 

particularly useful for mapping long-range allosteric effects. Combining HDX-MS with 

crystallography or MD can distinguish local pocket formation from larger conformational 

transitions. 

3.4 Covalent tethering 

Covalent fragment approaches can trap otherwise fleeting states by reacting with a 

suitably positioned cysteine. Tethering approaches were central to the early discovery of the 

KRAS G12C switch-II pocket and have subsequently been refined for broader cryptic-site 

mapping [25,26,49]. A 2026 study further showed that disulfide tethering can reveal cryptic 

pockets across oncogenic KRAS variants and identify residue-dependent opportunities for 

isoform selectivity [7]. 

3.5 Cryo-EM and ensemble structural biology 

Cryo-EM is increasingly capable of separating heterogeneous conformational states in 

large molecular assemblies. Although atomic resolution is not always achieved, classification 

of multiple states can reveal alternative domain arrangements that are difficult to capture by X-

ray crystallography. Serial crystallography and time-resolved approaches may eventually 

provide direct visualization of pocket-opening trajectories rather than isolated end states [50]. 

4. Computational Discovery and Dynamic Pocket Mapping 

Classical molecular dynamics simulations can reveal transient cavities that are absent 

in the experimental structure. However, cryptic openings may be too rare for conventional 

trajectories. Enhanced-sampling strategies therefore play an important role. 

Metadynamics, accelerated MD, Gaussian accelerated MD, weighted-ensemble 

simulations, replica-exchange approaches, and water-focused sampling methods can increase 

exploration of high-energy conformations [11,14,20,21]. In particular, SWISH was developed 

to improve sampling of hydrophobic interfaces and cryptic cavities and has been applied across 

several pharmacologically relevant proteins [21]. Markov state models provide another 

conceptual advance because they convert many short trajectories into an ensemble description 

of long-timescale transitions. Bowman and colleagues demonstrated that equilibrium 

fluctuations can reveal numerous potential cryptic allosteric sites in proteins even in the 

absence of ligand [10,11]. Exposon analysis subsequently extended this concept by identifying 

coordinated changes in solvent exposure that can indicate functionally important 

conformational transitions [13]. 

Mixed-solvent molecular dynamics and fragment-mapping approaches provide 

complementary chemical information. Probe molecules or cosolvents can occupy transient 

cavities and thereby reveal regions with favorable interaction potential. FTMap and related 

fragment-mapping methods can identify energetic hotspots that may guide ligand design [51]. 

MixMD has likewise been used to locate hidden binding regions and discriminate pockets with 

potentially useful ligandability [52]. Artificial intelligence is now transforming the scale of this 
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analysis. CryptoSite demonstrated that sequence, structural, and dynamic descriptors could be 

used to predict cryptic binding sites [9]. PocketMiner subsequently used a graph neural network 

to predict where pockets are likely to open from a single protein structure, reporting a ROC-

AUC of 0.87 and a computational speed more than 1000-fold greater than extensive MD 

workflows in its benchmark [1,2]. Structure prediction models such as AlphaFold2, 

RoseTTAFold, and ColabFold provide high-quality starting structures for large-scale analysis, 

although their outputs should not be interpreted as exhaustive conformational ensembles [22–

24]. Their greatest value may therefore lie in combination with MD, experimental structures, 

ensemble docking, and dynamic ML models rather than as standalone predictors of cryptic 

pockets. 

5. Disease-Associated Examples 

5.1 KRAS and the switch-II pocket 

KRAS represents the most influential demonstration of cryptic-pocket drug discovery. 

The G12C mutation introduces a cysteine that can be selectively exploited by electrophilic 

ligands. Ostrem et al. demonstrated that covalent compounds bind a newly revealed pocket 

beneath the switch-II region and allosterically alter nucleotide preference and effector 

interactions [29]. The switch-II pocket subsequently became the structural basis for a series of 

mutant-selective KRAS inhibitors, ultimately leading to clinically approved agents [27,28]. 

Structural studies have also shown that pocket composition and surrounding residues influence 

isoform selectivity, while resistance can arise from secondary mutations affecting noncovalent 

contacts within the pocket [25–29]. Recent work has broadened the concept beyond KRAS 

G12C. Conserved cryptic-pocket architecture across Ras, Rho, and Rab-family proteins 

suggests that dynamic pockets may provide a general route to targets previously considered 

inaccessible [3]. 

5.2 Mutant p53 Y220C 

The Y220C mutation creates a destabilizing surface crevice in the p53 DNA-binding 

domain. Early fragment screening and MD demonstrated that the cavity is dynamic and 

contains additional transient interaction sites [47]. Subsequent crystallography resolved open 

and closed pocket states, while targeted ligand design showed that a transient subpocket could 

be exploited to improve affinity markedly [18]. More recent work has continued to develop 

Y220C-directed reactivators, including mechanistic and translational studies of mutant-

selective stabilizers [48]. The p53 example illustrates an important principle: a cryptic pocket 

need not merely inhibit a target. It may instead stabilize a disease-associated protein in a 

more functional conformational state, thereby converting structural rescue into a therapeutic 

strategy. 

5.3 BACE-1 and neurodegenerative disease 

BACE-1, an enzyme implicated in amyloid precursor protein processing, provides an 

example of cryptic-pocket-assisted multitarget design. Virtual screening against a previously 

underexplored pocket at the edge of the catalytic cleft produced hybrid molecules capable of 

interacting with both the catalytic site and a secondary cryptic region [6]. The resulting strategy 

illustrates how cryptic pockets can be incorporated into bitopic or hybrid ligands rather than 

treated as isolated binding sites. 

5.4 GPCRs and receptor pharmacology 
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GPCRs illustrate why dynamic pockets can improve subtype selectivity. Muscarinic 

receptors possess highly conserved orthosteric sites, creating challenges for selective targeting. 

MD and experimental studies identified a dynamic “vestigial” pocket whose formation 

contributes to subtype-selective allosteric modulation [15]. More broadly, allosteric GPCR 

ligands can display positive, negative, or pathway-biased modulation, expanding 

pharmacological control beyond conventional agonism and antagonism [31–33,42]. Such 

behavior is especially valuable for CNS drug discovery, where excessive or constitutive 

orthosteric activation can produce dose-limiting effects. 

5.5 Viral proteins 

Viral proteins are particularly attractive cryptic-pocket targets because their mutation 

rates and protein–protein interfaces can make orthosteric inhibition difficult. Enhanced 

sampling simulations have revealed cryptic sites in SARS-CoV-2 M^pro, including distal 

pockets that may support alternative antiviral mechanisms [17]. Large-scale simulations across 

the SARS-CoV-2 proteome further demonstrated that dynamic structural states can 

substantially expand the apparent ligandable surface [19]. The Ebola virus VP35 example is 

especially informative because the protein lacks obvious pockets at its RNA-binding interface. 

Adaptive sampling and machine-learning approaches identified a cryptic pocket allosterically 

coupled to the dsRNA-binding region, followed by experimental thiol-labeling and mutational 

validation [45]. 

5.6 Kinases and other signaling proteins 

Kinases contain numerous regulatory pockets in addition to the conserved ATP site. 

The Abl myristate pocket provides a classical example of an allosteric site that can be exploited 

to regulate kinase conformation [38]. Broader kinase profiling has shown that small molecules 

can recognize diverse conformations and allosteric regions across the kinome [37]. Fragment-

based strategies have also been applied to identify allosteric kinase ligands [40]. Other disease-

associated targets, including STAT3 and heat-shock proteins, have similarly revealed 

opportunities for modulating conformational states outside canonical catalytic sites [41,42]. 

These examples suggest that cryptic-pockets approaches may be particularly valuable for 

signaling proteins dominated by conserved orthosteric motifs. 

6. Drug-Discovery Strategies for Cryptic and Allosteric Vulnerabilities 

Cryptic pockets can be addressed using several complementary modalities. 

6.1 Fragment-based discovery 

Fragments are particularly suited to cryptic sites because their small size allows them 

to probe shallow or partially formed cavities. Iterative fragment growing, linking, and merging 

can transform weak interactions into high-affinity ligands [6,18,30]. Fragment screening is 

often most powerful when X-ray, NMR, and computational ensembles are used together. 

6.2 Covalent drug discovery 

When a cryptic pocket exposes a reactive nucleophile, covalent chemistry can strongly 

stabilize the desired state. KRAS G12C is the best-established example [29]. More broadly, 

covalent fragment screening can map ligandable residues and identify otherwise inaccessible 

pockets [30]. 

6.3 Allosteric modulation 

Once a cryptic pocket has been structurally characterized, classical allosteric medicinal 

chemistry can be applied. Depending on the target, ligands may act as positive allosteric 
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modulators, negative allosteric modulators, partial modulators, or functional-selectivity agents 

[31–33]. This can provide greater control than simple occupancy of a catalytic site. 

6.4 Peptides and macrocycles 

Extended or irregular cryptic pockets may be poorly suited to conventional small 

molecules but accessible to cyclic peptides or macrocycles. These modalities can make 

multiple contacts simultaneously and can stabilize protein–protein interfaces. The principal 

limitations remain permeability, metabolic stability, and formulation. 

6.5 Targeted degradation 

Cryptic-pocket ligands can also provide recognition elements for targeted protein 

degradation. The PROTAC concept demonstrated that ligand binding can be repurposed to 

recruit an E3 ubiquitin ligase and induce selective degradation [35,36]. In this context, even a 

modest-affinity cryptic ligand could potentially be valuable if it creates an efficient degrader 

geometry. 

6.6 AI-assisted design 

AI can contribute at nearly every stage: pocket prediction, conformational-state 

classification, virtual screening, ligand generation, property prediction, and prioritization of 

experimental candidates. A particularly useful strategy is a closed-loop workflow in which ML 

identifies candidate regions, MD characterizes pocket dynamics, fragment screening provides 

experimental evidence, and medicinal chemistry optimizes ligands. Fig. 2 summarizes this 

integrated discovery strategy. 

 
Figure 2. Integrated experimental–computational workflow for cryptic-pocket discovery. 

The schematic should begin with a disease-associated protein and branch into 

experimental structural characterization (X-ray, cryo-EM, NMR, HDX-MS, covalent 

tethering) and computational characterization (MD, enhanced sampling, MSMs, mixed-solvent 

simulations, ML/AI). Candidate pockets should then undergo druggability analysis, ensemble 

docking or fragment screening, structural validation, functional assays, and medicinal-
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chemistry optimization. The final stage should generate reversible, covalent, allosteric, 

macrocyclic, or targeted-degradation candidates. 

7. Druggability, Selectivity, Kinetics, and Resistance 

The identification of a cavity is only the first step. The critical question is whether the 

transient site is ligandable. Some simulated pockets are too shallow, short-lived, solvent-

exposed, or energetically unfavorable to support meaningful drug binding [4]. Consequently, 

pocket volume alone is a poor predictor of therapeutic utility. Selectivity can be a major 

advantage of cryptic and allosteric sites. Orthosteric pockets are frequently conserved between 

protein paralogs, whereas secondary pockets may contain nonconserved residues that permit 

isoform-specific interactions [31–33]. However, lower sequence conservation can also 

complicate preclinical pharmacology because an allosteric ligand may behave differently 

across species [31]. Kinetics are equally important. A pocket may open slowly but remain 

ligand-bound for prolonged periods once stabilized. Conversely, a rapidly exchanging cryptic 

site may produce weak cellular activity even when equilibrium affinity appears attractive. 

These kinetic relationships require explicit evaluation during lead optimization. Resistance 

represents another challenge. KRAS G12C has demonstrated that mutations within or around 

an allosteric pocket can alter noncovalent interactions and impair inhibitor binding [29]. For 

dynamic pockets, resistance may therefore emerge not only through direct contact-residue 

mutation but also by shifting the conformational ensemble so that the ligand-compatible state 

becomes less populated. 

Finally, binding does not guarantee functional control. A cavity may be structurally 

accessible yet biologically disconnected from the relevant signaling pathway. Functional 

assays, mutational validation, and cell-based phenotyping are therefore essential to distinguish 

a druggable pocket from a merely observable conformational cavity [10,13]. 

8. Translational Pathway and Next-Generation Therapeutics 

The translational value of cryptic pockets depends on a chain of evidence extending 

from structural discovery to disease-relevant pharmacology. A practical development pathway 

includes target validation, dynamic pocket identification, ligandability assessment, hit 

discovery, structural confirmation, optimization, cellular activity, pharmacokinetics, 

pharmacodynamics, safety, and ultimately clinical evaluation. The KRAS experience 

demonstrates that this pathway can proceed from a mechanistic observation to a clinically 

useful therapeutic class within a comparatively short period [27–29]. Conversely, other cryptic 

targets remain at the discovery stage because suitable chemical matter or functional validation 

has not yet been established. Future progress will likely depend on multiscale integration. 

Structural biology should be combined with computational ensembles; MD should be informed 

by experimental restraints; AI predictions should be calibrated against experimentally validated 

datasets; and medicinal chemistry should optimize not only affinity but also residence time, 

pathway modulation, selectivity, and cellular exposure. The continued development of targeted 

degradation may broaden the concept further. Rather than requiring a cryptic ligand to 

completely inhibit a protein, degrader-based strategies can use a transient binding event as a 

molecular handle for eliminating the entire target [35,36]. Similarly, molecular-glue 

approaches may exploit cryptic interfaces that become favorable only after a small molecule 

stabilizes a new protein–protein interaction. Fig. 3 presents this translational framework. 
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Figure 3. From cryptic pocket to next-generation therapeutic. A five-stage schematic: (1) Target selection and 

disease validation; (2) dynamic vulnerability mapping using experimental and computational methods; (3) hit 

generation and pocket validation using fragments, covalent probes, virtual screening, or macrocycles; (4) lead 

optimization emphasizing potency, residence time, selectivity, resistance profile, physicochemical properties, 

and cellular activity; and (5) translation through PK/PD, efficacy, toxicology, formulation, and clinical 

development. Feedback loops should connect resistance analysis and new structural data back to pocket 

redesign. 

9. Current Challenges and Future Opportunities 

Several developments are likely to determine the next phase of the field. First, dynamic 

structural prediction should move beyond single-state models toward experimentally anchored 

conformational ensembles. Second, AI systems trained on validated cryptic-pocket datasets 

may become increasingly useful for identifying vulnerabilities from sequence and structure at 

proteome scale [1,22–24,34]. Third, cryo-EM, serial crystallography, NMR, HDX-MS, and 

chemical-probe technologies should increasingly be integrated rather than treated as 

independent workflows. An important future direction is the combination of cryptic-pocket 

analysis with disease-specific variation. Mutations, post-translational modifications, 

oligomerization, membrane association, and protein–protein interactions can all alter 

conformational ensembles. Thus, the most useful pocket for therapy may exist only in a 

disease-associated state and not in the wild-type protein. Another promising area is the 

application of these concepts to difficult protein classes, including transcription factors, RNA-

binding proteins, signaling adaptors, membrane proteins, and protein–protein interaction 

surfaces. The Ebola VP35 study demonstrates that a cryptic pocket can create a 

pharmacological entry point even when the disease-relevant interface is apparently flat [45]. 

Similar principles may help expand the ligandable landscape of other proteins traditionally 

regarded as undruggable. Ultimately, the field is moving from the question “Where is the 

binding pocket?” toward “Which conformational state contains a therapeutically exploitable 

vulnerability?” This shift has implications not only for discovery chemistry but also for target 

validation, biomarker development, resistance prediction, and precision medicine. 

Table 1. Representative experimental and computational approaches for cryptic-pocket 

discovery and validation 

Method Primary 

principle 

Typical output Major 

strength 

Major 

limitation 

Role in drug 

discovery 
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X-ray 

crystallograph

y 

Captures 

ligand-bound or 

alternate 

structural states 

Atomic-

resolution 

pocket/ligand 

structure 

Direct 

structural 

validation 

Crystallization 

may bias 

conformational 

states 

Fragment 

screening and 

structure-

guided 

optimization 

Cryo-EM Separates 

heterogeneous 

conformational 

states 

Multiple 

protein 

conformations 

Useful for large 

complexes 

Resolution and 

ensemble 

interpretation 

can be limiting 

Mapping 

alternate states 

and interfaces 

NMR Detects low-

population 

excited states 

and ligand 

interactions 

Residue-level 

dynamics 

Sensitive to 

transient states 

Molecular-size 

constraints 

Validation of 

pocket opening 

and allostery 

HDX-MS Measures 

changes in 

solvent 

accessibility 

Regional 

conformational 

changes 

Broad coverage 

with modest 

sample 

requirements 

Lower spatial 

resolution 

Mapping 

dynamic/alloste

ric effects 

Covalent 

tethering 

Traps reactive 

residues in 

transient 

pockets 

Covalent 

fragment hits 

Excellent for 

hidden 

ligandable 

hotspots 

Requires 

compatible 

nucleophile 

chemistry 

Discovery and 

mapping of 

cryptic sites 

Conventional 

MD 

Samples 

intrinsic 

conformational 

fluctuations 

Transient 

cavities and 

motions 

Atomistic 

mechanistic 

information 

Rare events 

may be 

undersampled 

Initial dynamic 

pocket 

identification 

Enhanced 

sampling 

Accelerates 

rare 

conformational 

transitions 

Pocket-opening 

pathways 

Accesses 

otherwise 

inaccessible 

states 

Requires 

careful method 

selection 

Discovery of 

cryptic 

conformations 

MSM analysis Reconstructs 

conformational

-state networks 

State 

populations and 

transitions 

Connects 

dynamics to 

allostery 

Requires 

extensive 

trajectories 

Identification 

of rare 

functional 

states 

Mixed-solvent 

MD 

Uses chemical 

probes to reveal 

favorable 

regions 

Ligandability 

hotspots 

Provides 

chemical 

context 

Computationall

y demanding 

Mapping 

hidden binding 

surfaces 

ML/AI pocket 

prediction 

Learns cryptic-

pocket 

signatures 

Pocket 

propensity 

scores 

Proteome-scale 

screening 

Training-data 

dependence 

Target 

prioritization 

Ensemble 

docking 

Screens ligands 

against multiple 

protein states 

Candidate 

chemotypes 

Accounts for 

conformational 

heterogeneity 

Docking can 

mis-rank poses 

Hit 

identification 

and 

optimization 

10. Conclusions 

Cryptic binding pockets represent a mechanistic bridge between protein dynamics, 

allostery, and modern drug discovery. Their emergence demonstrates that the ligandable 

surface of a disease-associated protein cannot always be inferred from a single static structure. 

Experimental structural biology, molecular dynamics, enhanced sampling, fragment screening, 

covalent chemistry, and AI-based prediction are converging to reveal these transient 

vulnerabilities. The strongest validation has come from systems such as KRAS, mutant p53, 

BACE-1, GPCRs, SARS-CoV-2 proteins, and Ebola VP35, where hidden or inducible pockets 

have provided new routes to inhibition, stabilization, or functional modulation. The next 

generation of therapeutics will likely emerge from integrating dynamic structural biology, AI-

guided conformational analysis, chemical biology, and precision medicinal chemistry rather 
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than relying exclusively on canonical active sites. Cryptic-pocket drug discovery therefore 

offers a framework for converting structural dynamics from a complication of drug design into 

a source of therapeutic selectivity and vulnerability. 
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