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Increased Conformational Flexibility of a Macrocycle–Receptor
Complex Contributes to Reduced Dissociation Rates
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Abstract: Constraining a peptide in its bioactive conformation by macrocyclization represents a powerful strategy
to design modulators of challenging biomolecular targets.
This holds particularly true for the development of inhibitors of protein-protein interactions which often involve interfaces lacking defined binding pockets. Such flat surfaces are demanding targets for traditional small molecules rendering macrocyclic peptides promising scaffolds
for novel therapeutics. However, the contribution of peptide dynamics to binding kinetics is barely understood
which impedes the design process. Herein, we report unexpected trends in the binding kinetics of two closely related macrocyclic peptides that bind their receptor protein
with high affinity. Isothermal titration calorimetry, 19F NMR
experiments and molecular dynamics simulations reveal
that increased conformational flexibility of the macrocycle–receptor complex reduces dissociation rates and contributes to complex stability. This observation has impact
on macrocycle design strategies that have so far mainly
focused on the stabilization of bioactive ligand conformations.

Many therapeutically relevant bio-macromolecules cannot be
targeted with traditional small molecule approaches.[1] Often
these targets are characterized by relatively shallow surfaces as
they are frequently found at the interface of protein–protein
interactions (PPI).[2] Due to their excellent surface recognition
properties, large macrocyclic molecules are considered promising candidates to target protein areas involved in PPIs.[3] This
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holds particularly true for peptide-derived macrocycles which
display favorable binding properties being linked to their large
surface areas as well as their unique structural and dynamic
characteristics.[4] Despite their constrained structure, they exhibit considerable conformational freedom that allows for efficient sampling of bioactive states.[3d, 5] In many cases, the effects of macrocyclization on the thermodynamics of binding
are well investigated. Often, favorable entropic profiles resulting from reduced flexibilities of the free ligand translate into
increased affinities.[3d, 6] However, the influence of macrocyclization on the conformational dynamics of the bound state and
the binding kinetics are less understood. Notably, the residence
time of a bound ligand (reciprocal of dissociation rate) is of
particular interest[7] as it strongly correlates with therapeutic efficacy.[8] Herein, we investigate two closely related peptide-derived macrocyclic ligands (MC18 and MC22) binding the same
receptor protein (Figure 1 a) but showing distinct binding characteristics. Using isothermal titration calorimetry (ITC), 19F NMR
titration experiments and molecular dynamics (MD) simulations, we show that increased conformational flexibility of the
macrocycle–receptor complex contributes to reduced dissociation rates and thereby to higher complex stability.
Previously, we reported a set of macrocycles derived from a
bacterial peptide binding epitope (L, grey) composed of 11
amino acids (Figure 1 a).[6a] Two macrocyclic peptides show particularly high affinity for the receptor protein 14-3-3 isoform z
(from now on called 14-3-3) and were potent inhibitors of its
interaction with Exoenzyme S. One of these peptides comprises a macrocycle containing 18 atoms (MC18, blue) while the
other one bears a 22 atom ring system (MC22, red). MC22 displays the highest affinity for the receptor. The ligand–receptor
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