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Abstract: Small-molecule drug discovery has long centered on
inhibiting protein function through high-affinity binding to de-
fined active sites. An emerging alternative shifts the focus from
inhibition to rewiring - modulating protein-protein interactions
within cellular networks to alter protein fate. Targeted protein
degradation is a direct expression of this priniciple: small mol-
ecules facilitate interactions that enable ubiquitination and elim-
ination of the target itself. Molecular glue degraders exemplify
this strategy. Rather than relying on bifunctional tethering or
sustained target occupancy, they reshape recognition within the
ubiquitin—proteasome system, stabilising productive interfaces
between target proteins and E3 ligases to induce selective deg-
radation. In doing so, they access layers of cellular regulation
that conventional pharmacological approaches cannot readily
engage. Yet, molecular glue activity has proven challenging to
engineer or identify prospectively. This column examines why
and argues that realising their broader potential will require
more than scale alone: it will depend on integrating chemically
biased entry points with a deeper understanding of both how
the ubiquitin—proteasome system recognises substrates and
which interface chemistries are most amenable to rewiring.
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1. Introduction

For decades, small-molecule drug discovery has been guid-
ed by a relatively simple principle: block function (Fig. 1a).ll
Enzymes are inhibited, receptors antagonised, and catalytic resi-
dues occupied. This paradigm has been extraordinarily successful,
yet it leaves large classes of disease-relevant proteins insufficiently
addressed. Many key players in human disease, including tran-
scription factors, scaffolding proteins, and regulatory cofactors, do
not rely on a single enzymatic activity that can be readily inhib-
ited or a discrete pocket that can be blocked. Instead, their func-
tion emerges from dynamic interaction networks, conformational
states, and cellular context rather than a single active site.[?!

In recent years, an alternative strategy has emerged: not to
block function, but to reconfigure it. Rather than suppressing
an activity, small molecules can alter the interactions a protein
engages in, thereby changing its cellular fate (Fig. 1b). This ap-
proach extends beyond inhibiting protein-protein interactions:
small molecules can stabilise transient contacts or promote new
associations, producing outcomes that resemble gain-of-function
as much as inhibition. Although conceptually less intuitive than
classical inhibition, a growing body of examples now demon-
strates that molecular recognition events can be modulated with
small molecules to produce defined biological consequences.!?!

Targeted protein degradation represents a particularly deci-
sive outcome of such rewiring (Fig. 1c). Rather than attenuating
activity, degraders eliminate the protein altogether, thereby ap-
proximating gene knockout more closely than partial functional
blockade. This marks a qualitative shift in pharmacology: instead
of sustaining occupancy, degraders induce a productive recogni-
tion event that results in elimination of the target. Because this
outcome is event-driven rather than occupancy-dependent, de-
graders can operate catalytically. At the same time, their require-

Cc
Targeted protein degradation

Ub

Ub /“‘
Ub
Qb
Rt s
§ a2

]
‘ ~ l

© 0
Co

ligase-target proximity enables target elimination

Fig. 1. From inhibition to recognition rewiring and protein fate control. a) Classical, occupancy-driven inhibitors functionally inactivate
targets like enzymes and receptors. b) In select contexts, small molecules can stabilise or disrupt protein—protein interactions, rewiring the target
interactome. c) Degraders eliminate the target protein by inducing its physical proximity to E3 ubiquitin ligases — endogenous enzymes that
destine proteins for degradation through ubiquitination. By coupling recognition rewiring to protein removal, targeted protein degradation enables

inactivation of proteins otherwise challenging to drug.
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ment for a specific, geometry-constrained protein-protein inter-
face can confer cellular selectivity that is not readily predicted
from binary protein-ligand affinity alone.l*

How, then, do degraders translate altered molecular recogni-
tion into protein elimination?

2. The Ubiquitin-Proteasome System as a Decision
Layer

Among the cellular systems that act on recognition cues, the
ubiquitin—proteasome system (UPS) occupies a central position
as the principal executor of selective protein degradation in eu-
karyotic cells. This makes the UPS an attractive point of pharma-
cological intervention, albeit one that is inherently constrained
by tight regulation and context-dependent substrate selection.l!

These outcomes are mediated by over 600 E3 ubiquitin ligase
enzymes, which serve as specificity factors within the system.[6]
E3 ligases recognise so-called degrons — sequence or structural
motifs within substrate proteins — and, upon engagement, initi-
ate ubiquitination, generating ubiquitin chains subsequently rec-
ognised by proteasome. Degron recognition is often condition-
al, shaped by post-translational modifications, conformational
changes, interaction partners, and the action of auxiliary compo-
nents such as chaperones and adaptor proteins.

In this framework, the UPS functions not merely as a degra-
dative pathway but as a regulatory layer that integrates informa-
tion about protein state and context to determine persistence or
destruction. Targeted protein degradation exploits this decision
logic to direct specific proteins towards elimination.l”l Multiple
mechanistic strategies have emerged to achieve this. One promi-
nent approach involves bifunctional degraders such as PROTACS,
which are assembled by covalently linking a target-binding ligand
to an E3 ligase-binding ligand to promote proximity; these have
been reviewed extensively elsewhere.[*391 A conceptually com-
plementary strategy is provided by molecular glue degraders.

3. What Molecular Glue Degraders Add

Molecular glue degraders engage the UPS decision layer in a
distinctive way: they are typically small, drug-like molecules that
promote degradation by stabilizing productive interfaces between
a target protein and components of the UPS, most often an E3
ubiquitin ligase. Rather than linking two proteins through sepa-
rate binding moieties, a molecular glue relies on a single chem-
ical scaffold to promote cooperative recognition between ligase
and substrate, stabilising a ternary complex sufficiently to permit
ubiquitination.!10-11]

This mode of action was not one that could have been readily
anticipated. The notion that a comparatively small molecule could
stabilise a new, functionally consequential protein—protein inter-
face, often involving large and weakly interacting surfaces — chal-
lenged prevailing medicinal chemistry assumptions. Accordingly,
molecular glue activity was first identified retrospectively, through
compounds already known to exert pronounced biological effects.

The therapeutic significance of this mechanism became evident
through the thalidomide story. Originally developed as a sedative
and antiemetic, thalidomide was withdrawn because of its severe
teratogenic effects and later reintroduced as an effective treatment
for certain hematological malignancies.[!2] Notably, its clinical ef-
ficacy long preceded any mechanistic insight. Subsequent studies
demonstrated that thalidomide and its analogues redirect the E3
ubiquitin ligase, cereblon (CRBN), towards specific zinc-finger
transcription factors on which these cancers depend, leading to
their ubiquitination and degradation.l'3-151 This represented not
merely an incremental advance in potency, but an expansion of
what small molecules can achieve: the selective elimination of
targets that had long resisted classical inhibition. The sustained
clinical impact of these agents — most notably lenalidomide
(Revlimid), which for several years ranked among the top-selling

drugs worldwide — underscored the therapeutic and translational
potential of this mechanism.

These successes naturally raise a central question for the field:
how can additional molecular glue degraders be discovered sys-
tematically and prospectively? To date, only a limited number
have been characterized in molecular detail, most emerging from
phenotypic observations rather than intentional design.

4. From Unbiased Screening to Anchored Entry Points

A key challenge lies in the fact that stabilizing protein—pro-
tein interfaces with small molecules is intrinsically demanding.[16]
Only a limited subset of interfaces appears to be permissive to
such modulation, and only certain chemical starting points can
achieve it. This constraint renders unbiased screening approaches
inefficient, reinforcing the perception that molecular glues emerge
only rarely and unpredictably, as isolated curiosities uncovered by
chance rather than as products of rational design.

Closer examination of the limited number of molecular glue
systems characterised to date, however, reveals a recurring pat-
tern. In most cases, the small molecules that ultimately function as
glues exhibit measurable binding affinity — typically in the nano-
to micromolar range — for one component of the eventual recog-
nition event, either the ligase or the target.[1%-11] Glue-competent
systems often appear to involve a defined binding pocket on one
partner and a more weakly organised surface on the other.[!7-18]
This asymmetry naturally creates two practical entry points for
molecular glue discovery, depending on which partner is engaged
by the starting chemistry.

One such strategy is ligase-proximal anchoring, most clear-
ly exemplified by cereblon-binding compounds derived from
thalidomide (Fig. 2a). Starting from a ligase binder positions
chemistry directly at a recognition hub, with the glutarimide
moiety occupying the tri-tryptophan pocket of cereblon and
solvent-exposed substituents poised to influence substrate en-
gagement (Fig. 2b). Modest modifications of this outward-fac-
ing region can substantially alter which proteins are recruited
for ubiquitination.!l'? This plasticity reflects underlying features
of cereblon’s substrate recognition logic, including recurring
structural elements observed across multiple glue-induced tar-
gets. Derivatisation of thalidomide-like scaffolds has therefore
enabled recruitment of diverse substrate classes, including tran-
scription factors and kinases, with numerous derivatives advanc-
ing into clinical development.[7-12.18]

Cereblon’s prominence as a molecular glue platform reflects
the convergence of several enabling factors: the availability of a
tractable ligand scaffold, the development of large focused librar-
ies, extensive structural characterisation of ternary complexes,
and a recognition architecture capable of accomodating diverse
neo-substrates. In contrast, for most other ligases, comparable
alignment of structural insight and chemical matter has not yet
occurred. Although emerging studies indicate that other ligases,
such as VHL, can also be chemically reprogrammed using sub-
tly derivatized binders,[1-20] the broader application of ligase-an-
chored glue discovery will depend on expanding the repertoire of
well-characterised ligase binders across the diverse E3 landscape.

A complementary anchoring strategy begins from the target
side. Early molecular glue discoveries — particularly those cen-
tred on cereblon — had implicitly reinforced the idea that ligase
engagement was the dominant entry point for redirecting deg-
radation. Subsequent work revealed an alternative possibility: in
certain contexts, chemistry positioned on the surface of a bound
target can be sufficient to promote productive recognition by the
E3 ligase. A key example comes from cyclin-dependent kinase
(CDK) inhibitors (Fig. 2c, d). Closely related purine scaffolds
such as roscovitine and CR8 share a conserved kinase-binding
mode yet differ by a single solvent-exposed substituent. Whereas
roscovitine functions solely as an inhibitor, this modest chemical
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Fig. 2. Anchoring strategies in molecular glue discovery. (a, b) Ligase-anchored glues. Cereblon-binding scaffolds position chemistry at the
ligase interface; solvent-facing substituents modulate substrate scope, from broader recruitment (e.g. lenalidomide) to increased selectivity upon
derivatization (e.g. CC-92480). (c, d) Target-anchored glues. Closely related kinase inhibitors share a binding mode yet differ by a solvent-exposed
pyridine ring that enables DDB1 recruitment cyclin K degradation. E3 ligase components are shown in yellow and targets in pink.

difference in CR8 enables recruitment of a DDB1-CUL4 cull-
in—RING ligase complex, resulting in degradation of the CDK12
cofactor cyclin K.[21.22]

This finding demonstrated that modification of a solvent ex-
posed substituent on a target binder can convert it into a molecular
glue degrader. More recently, this logic has been applied delib-
erately rather than inferred retrospectively. In one instance, tar-
get-anchored derivatization of the bromodomain inhibitor JQ1 into
771 enabled BRD4 degradation via the CTLH E3 ligase complex,
illustrating that this strategy can access ligases beyond historically
dominant platforms.[23!

Taken together, these examples suggest that anchoring strate-
gies can offer a way to enrich the chemical search space in motifs
capable of engaging the ligase or target of interest, thereby focus-
ing exploration near recognition interfaces where relatively small
chemical modifications may influence protein fate.

5. Biological Logic: Mimicry of Recognition Cues

Chemical anchoring helps define where productive molecular
glue discovery can begin, but it does not explain why some deri-
vatized binders induce degradation while closely related ones do
not. Addressing this question requires engaging with the biolog-
ical logic by which the ubiquitin—proteasome system interprets
proteins. A key insight to emerge from several well-characterised
examples is that effective molecular glue degraders often oper-
ate by mimicking recognition features that the system already
understands, rather than by introducing entirely novel modes of
interaction.

In the case of thalidomide analogues, the small molecule binds
cereblon to form a composite recognition surface that enables
engagement of non-native substrates. Recent studies have shown
that this binding mode reflects molecular mimicry of endogenous
recognition cues. Cereblon was found to recognize cyclic imide
motifs on protein termini — post-translational modification-de-
rived features proposed to function as degrons.[2425 Thalidomide-
derived compounds recapitulate structural elements of these mo-
tifs, suggesting they engage a preexisting substrate recognition
feature on the ligase. Although this insight emerged post hoc, it
illustrates how small molecules can co-opt latent recognition logic
already embedded within the ubiquitin system.

A related principle is illustrated by UM171, a small molecule
widely used to promote the ex vivo expansion of human hemato-
poietic stem cells for transplantation long before its mechanism
of action was understood.2¢1 UM171 was recently shown to act
as a molecular glue degrader through the ligase KBTBDA4, trig-
gering degradation of components of the CoOREST complex.[27]
Interestingly, gain-of-function mutations in KBTBD4 identified
in certain medulloblastomas induce the same degradation program
via the same ligase machinery, through insertion of a short loop
that reshapes substrate recognition. In this case, the compound
effectively phenocopies a disease-associated genetic lesion, re-
inforcing a recognition outcome that the UPS is already capable
of executing, but achieved through a small-molecule perturbation
rather than a sequence alteration.

Taken together, these cases suggest that recognition grammar
constitutes both a constraint on what is glueable and, importantly,
a guide for where discovery efforts are most likely to succeed. A
deeper understanding of which ligase—target relationships or degron
chemistries are most susceptible to such modulation is therefore
likely to inform how molecular glues are identified going forward.

This implies that, in prospective discovery, chemists may in-
creasingly engage with the question of which chemical features
can serve as functional isosteres of endogenous recognition cues.
Pursuing such strategies, however, requires a more comprehensive
mapping of the native interactions that direct degradation, as it is
challenging to effectively mimic a recognition grammar that re-
mains largely undeciphered.

6. Beyond Degradation and Toward Fate-Directed
Pharmacology

Protein degradation is only one outcome of recognition re-
wiring; the underlying logic is more general. Molecular glues
can induce neomorphic protein states by effectively appending
new chemical features to a protein surface upon binding (Fig.
3). Much like a mutated surface residue or a post-translational
modification, this added chemistry can reshape how the protein
is interpreted by cellular machinery. The result need not be deg-
radation: altered recognition can instead influence signaling,
localisation, or complex assembly without necessarily affecting
turnover.3!
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Fig. 3. Compound binding, analogous to post-translational modifications
(PTMS) or sequence alterations arising from genetic lesions, can
generate neomorphic recognition surfaces that — under the right cellular
context — may bias proteins towards distinct fates.

A canonical clinical example is rapamycin, a macrocyclic
natural product used as an immunosuppressant, which stabilis-
es an interaction between FKBP12 and mTOR, thereby altering
signalling through induced proximity.[?81 More recently, similar
principles have been applied prospectively: small molecules that
recruit the endogenous chaperone cyclophilin A to KRAS stabi-
lise non-native protein assemblies that sterically occlude effec-
tor-binding surfaces, leading to functional suppression of onco-
genic signalling.[2% Several such compounds have now progressed
into human clinical trials, underscoring the therapeutic potential
of this design strategy. In parallel, engineered induced-proximi-
ty systems demonstrate how stabilised interfaces can be used to
construct new functional circuits inside cells.3% Together, these
examples show that stabilizing or enforcing specific recognition
events is itself a tractable pharmacological lever, applicable to
many forms of fate control.

As both native recognition mechanisms and novel molecu-
lar glues are characterized, new opportunities will continue to
emerge, further extending the design space of drug discovery.
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