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Abstract: Protein associations are poorly understood from a chemical perspective. If the contrary
were true, drug inhibitors would be routinely designed based on target structure. While enthalpy/
entropy balance is critical for affinity optimization, most drug-design strategies focus solely on
promoting favorable intermolecular interactions. However, protein—drug associations often entail
an entropic penalty, mostly arising from induced fits, which compromises affinity. Rather than
restricting the conformational freedom of the protein, this work reports on an alternative design
strategy to enhance affinity by inducing conformational disorder. This approach is adopted to
target kinases by boosting their conformational entropy, taking advantage of their structural
plasticity. As proof of concept we redesigned the anticancer drug imatinib to inhibit the imatinib-
resistant D816V mutant of the C-Kit kinase, one of imatinib’s primary targets. The prototype is
engineered to promote an entropic boost on the activation loop that restores affinity. We also
show that induced disorder is actually operational in kinase inhibitory action: a comparison of
the binding of imatinib and PD173955 to Bcr-Abl kinase reveals that imatinib forms stronger
intermolecular nonbonded interactions than PD173955, yet the latter binds with higher affinity
by boosting the complex entropy. Induced disorder thus becomes a promising concept for drug
design.
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Introduction

Drug discovery remains essentially a serendipitous en-
deavor, mainly because we do not fully comprehend the
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physical basis of ligand-target affinity.'~ Unlike the historical
method of trial-and-error, rational drug design is based on
the knowledge of the three-dimensional structure and the
specific chemical response of the target.* Thus, rational
design is typically geared at fostering and optimizing
intermolecular nonbonding interactions between the lead
compound and the target.”® However, protein-ligand as-
sociations often entail an entropic penalty that compromises
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affinity. This cost typically arises from induced fits in the
target protein and motional constraints on the ligand.**'°

Rather than restricting the conformational space of the
protein, we propose and validate the alternative strategy to
enhance ligand affinity by inducing and controlling confor-
mational disorder in the protein target upon complexation.
Protein kinases are ideal binding partners to explore this
possibility, since their folds include flexible loops framing
the ligand binding site, i.e. the ATP pocket.!' Furthermore,
kinases have been successfully targeted in molecular cancer
therapy.'>!?

This approach is inspired by a comparison of the binding
of two drug ligands, imatinib’ (Gleevec, STI-571) and
PD173955,'* to the Ber-Abl kinase. This protein is a
constitutively active chimera resulting from chromosomal
translocation and has been identified as a major target to
treat chronic myeloid leukemia.'” Imatinib binds to Ber-Abl
in the nanomolar range (Ky4 = 37 nM),” burying 1251 A% of
surface area.'® It makes six intermolecular hydrogen bonds
(Figure 1), and the majority of contacts are mediated by van
der Waals interactions with residues F317, V256, A269,
K271, 1313, V299, R362, V289, A380, M290, F382, Y253,
1.248, 1.370 and G321.'* Instead, the smaller PD173955
compound (913 A? of buried surface area) forms only two
intermolecular hydrogen bonds (Figure 2) and forms fewer
van der Waals contacts (engaging residues G321, V256,
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Figure 1. Intermolecular hydrogen bonds (dashed lines)
at the ATP-binding site of Bcr-Abl kinase (PDB 1IEP) in
the induced-fit inactive conformation generated upon
complexation with imatinib.

/6315
catalytic /

loop

AN
=

- s ',",,;;.pv‘.ei&
o

( D _®p0173955 H3s1 = ) =

( J activation loop

Figure 2. Intermolecular hydrogen bonds (dashed lines)
at the ATP-binding site of Bcr-Abl kinase (PDB 1M52)
in the induced-fit active conformation generated upon
complexation with PD173955.

Y253, K272, M290, 1313, T315, L370, Q269, T319), yet it
has higher affinity: Kg = 5 nM.'* Strikingly, two chlorine
atoms in the terminal ring of PD173955 are positioned in
the complex in proximity to nonpolar residues in floppy
regions: V299, L370, F382 in the activation loop, V256 in
the P-loop and 1313 in the catalytic loop (Figure 3). Hence,
besides the scarcity of favorable intermolecular interactions,
there are polar—hydrophobic mismatches in the PD173955
complex.

These observations prompt us to enquire about the driving
factor for the higher affinity of PD173955. The higher affinity
is likely due to a larger sampling of the conformational space
of the protein in the complex when compared with the
uncomplexed protein. The polar—hydrophobic mismatches
in the complex, together with the location of the hydrophobes
in floppy regions (Figure 3), suggest an entropy-driven
association realizing a disorder-upon-binding transition: The
clustering nonpolar residues hinders chlorine hydration, and
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Figure 3. Hydrophobic—polar mismatches in the comp-
lexation of Bcr-Abl with PD173955. The chlorine
atoms in the ligand are shown in green. Hydrophobic
residues with nonpolar groups within spheres of
radius 4.8 A (~thickness of three water layers) centered
at the chlorine atoms are labeled, and their side
chains are displayed (cyan).

hence the loopy regions containing the hydrophobes boost
their conformational exploration to enable the hydration of
the chlorines. These inferences are validated by our ther-
modynamic computations of the ligand—target complexation
presented below.

This paradox and its resolution point to the possibility of
designing entropy-boosting ligands, an approach validated
in this work. As proof of concept, we show how to redesign
imatinib, turning the drug into an entropy enhancer to
overcome imatinib resistance arising in a major imatinib
target through somatic mutation. Imatinib binds the C-Kit
kinase, ' a target for treating gastrointestinal stromal tumors
(GISTs)."” However, after extensive drug treatment, this
kinase develops the D816V-mutation in the activation
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loop which confers resistance to the drug, while still
maintaining its functionality. The decrease in imatinib affinity
toward the D816V mutant was proven to be mainly due to
an enhancement in conformational entropy of the imatinib-
resistant unbound kinase, entailing an increased entropic
penalty upon drug association.?”

In light of this fact and contrary to established design
principles,”™® our prototype involves modifying imatinib to
promote an unfavorable interaction with the activation loop
of the kinase, hence increasing the entropy of the complex.
Molecular dynamics simulations provide thermodynamic and
structural guidance to the design, revealing an increase in
the binding affinity of the entropy-boosting prototype toward
the mutant when compared with imatinib. In vitro kinetic
assays of downstream phosphorylation activity show a dual
inhibitory impact of the prototype against both wild-type and
imatinib-resistant kinase. The selective yet dual inhibitory
activity of our prototype is corroborated in vitro using a high-
throughput bacteriophage-display kinase screening?' covering
a large fraction of the human kinome. Finally, the activity
of the entropy-boosting molecule against the drug-resistant
variant is contrasted with the lack of efficacy of imatinib by
performing Western blot assays on cell lines that express
the imatinib D816V resistant mutant.

Materials and Methods

Molecular Dynamics/Free-Energy Calculations. Clas-
sical molecular dynamics (MD) simulations were performed
starting from the crystal structure of the corresponding
kinase—ligand complex: Bcr-Abl with imatinib (PDB
11IEP),"* Ber-Abl with PD173955 (PDB 1M52),'* C-Kit with
imatinib (PDB 1T46).'° In the latter case, simulations were
performed for the wild-type kinase and for the in silico
generated D816V mutant complexed with both imatinib and
the prototype. To describe the induced fit, we performed
simulations of the uncomplexed forms of the kinases and of
the isolated ligands. For control purposes, additional simula-
tions were performed adopting a modified PD173955 com-
pound, where two hydrogen atoms replaced the chlorine
atoms. All simulations were performed using the Amber9
package.”* Details of the simulations are provided in the
Supporting Information.
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The free energies of binding for the different kinase—ligand
complexes were calculated using the MMGBSA method.?*®
In this method free energies are calculated for snapshot
structures taken from the MD trajectory. The average binding
free energy (AGuina) is calculated as the sum of the energetic
contributions, which correspond to the average molecular
mechanical gas-phase energies (Eyy = Eeee + Evaw) and
the average solvation free energies (AGioy), plus the entropic
contributions (—TAS). The molecular mechanical energies
were evaluated in a single MD step using an infinite cutoff
for nonbonded interactions. In order to mask the hydrogen-
bond contributions, the partial charges of the ligand atoms
involved in such interactions were set at zero value and added
to their first neighbor atoms to conserve the total charge of
the molecules. The solvation free energies were estimated
as the sum of an electrostatic solvation energy, calculated
with the generalized Born model, plus a nonpolar solvation
energy, proportional to the solvent-accessible surface area,
which includes the entropy cost of creating a solute-sized
cavity in the solvent.?® Finally, the entropic contributions
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were estimated by calculating the quasiharmonic entropy,**~?

in which the atomic fluctuation matrix is calculated as the
mass-weighted covariance matrix obtained from the snap-
shots of the MD simulation (Supporting Information).
Synthesis of Imatinib Derivative Prototype. The syn-
thesis of the imatinib derivative resulting by adding a chlorine
atom at position 6 on the pyperidine ring recapitulates
Novartis patent WO 03027100A1, 2003,* replacing the N,N-
dimethylformamide dimethyl acetal for N,N-dimethylform-
amide chloro-dimethyl acetal in the first step of synthesis.
The total synthesis and spectroscopic characterization of the
prototype is provided as Supporting Information.
Spectrophotometric Kinetic Assay. The inhibitory ef-
ficacy of the prototype was tested by measuring the rate of
downstream phosphorylation of active wild-type C-Kit kinase
and active variant D816V (Upstate, Millipore) in the presence
of inhibitors. The spectrophotometric assay adopted couples
ADP production with NADH oxidation, determined by
absorbance reduction at 340 nm, as described in ref 7. Details
are provided in the Supporting Information.
High-Throughput Screening. A high-throughput screen-
ing of the prototype inhibitor at 10 uM was conducted by
Ambit Biosciences (San Diego, CA) against a bacteriophage
library displaying 240 human kinases, using imatinib screen-
ing as control.?! A rough estimation of the binding constant
(K4~ ") for each assay was provided by the single-hit value
in the primary screen at a single compound concentration.
Kinase profiling was performed using a bacteriophage library
displaying fused human kinases that may attach at the ATP
site to a fixed-ligand matrix which may be competitively
displaced from binding by the tested compound.?'
Western Blots. Murine pro-B cells Ba/F3 (ATCC, Ma-
nassas, VA) expressing C-Kit D816V mutation®* were
incubated untreated and treated with imatinib or prototype
inhibitor (0.1, 1 and 10 uM) for 12 hs. After treatment, cell
pellets were lysed, and protein mixtures were separated
through gel electrophoresis (SDS—PAGE). Membranes were
subsequently probed with specific antibodies. Details are
provided in the Supporting Information.
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pp 32-33..

(34) Corbin, A. S.; Griswold, 1. J.; La Rosée, P.; Yee, K. W. H.;
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Sensitivity of oncogenic KIT mutants to the kinase inhibitors
MLN518 and PD180970. Blood 2004, 104, 3754-3757.
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Results and Discussion

The entropy-boost concept was first validated by showing
that the difference in binding affinity between imatinib’ and
PD173955" against Ber-Abl is mainly due to the induced
disorder promoted upon association with the latter. Our
calculated binding free energies (AGping) are —19.1 and
—22.5 kcal/mol, for Ber-Abl complexed with imatinib and
PD173955, respectively, confirming the experimental higher
affinity of the latter."* The energetic contributions are —68.45
and —54.27 kcal/mol, respectively, consistent with stronger
electrostatic and van der Waals interactions between imatinib
and Ber-Abl in comparison with PD173955 (AE ¢ec = —30
and —19 kcal/mol; AE qw = —72 and —55 kcal/mol; for
imatinib and PD173955, respectively). In both complexes,
all hydrogen bonds are stable throughout the simulations,
with average H—X (X = N or O) distances smaller than 2.3
A and average X—H—X' (X, X' = N or O) angles larger
than 145°, indicating similar hydrogen-bond strengths.
Moreover, the effect of masking the hydrogen-bond interac-
tions (Materials and Methods) results in a decrease of the
energetic contributions to —56.41 (—12) and —47.07 (—=7)
kcal/mol, for imatinib and PD173955, respectively (AAEec
= —29 and —12 kcal/mol, respectively). This suggests a
stronger hydrogen-bond contribution for imatinib binding
when contrasted with PD173955 binding, consistent with the
larger number of intermolecular hydrogen bonds formed in
the former kinase—ligand complex.

On the other hand, our computed entropic contributions
(—=TAS) are 49.33 and 31.80 kcal/mol, for imatinib and
PD173955, respectively. Thus, the reason for the higher
affinity of PD173955 is the reduction of the entropic penalty
(TAS ~ 17 kcal/mol) that translates into a larger sampling
of the conformational space of the protein within the complex
(3629 eu) when compared with imatinib (3580 eu). The
polar—hydrophobic mismatches of the complex, combined
with the location of the hydrophobes within flexible regions
(Figure 3), enable the induced disorder mode of association
of PD173955. The estimated errors of the calculated quasi-
harmonic entropies (Supporting Information) for all systems
are ~3 eu (0.08%) or 1.5RT (0.9 kcal/mol, for T = 300 K).
Thus, the entropy differences reported in this work (15 kcal/
mol in this case, =5 kcal/mol in general, for 7 = 300 K)
are significant. Our parameters and results are consistent with
previously reported calculations.?®*7-31-32

Moreover, replacing the two chlorine atoms in PD173955
by hydrogen atoms drastically decreases the binding free
energy (AGping) to —8.7 kcal/mol. The energetic contribution
decreases to —44.58 kcal/mol, consistent with the lack of
van der Waals interactions between the chlorine atoms and
the hydrophobic core of the kinase. However, our computed
entropic contribution (—7TAS) increases to 35.85 kcal/mol,
consistent with a reduction of the entropy content of the
complex (3606 eu) when compared with the original
PD173955 compound (3629 eu). These computations reveal
that the ligand chlorine atoms are essential to increase the
binding affinity by inducing disorder upon association.
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Figure 4. Location of imatinib relative to the activation
loop (ribbon representation) of C-Kit kinase within the
ligand-kinase complex PDB 1T46 (blue). The super-
imposed autoinhibited conformation (PDB 1T45, red)
shows the induced-fit generated in the activation loop
by the drug. Relevant residues are depicted for clarity.

As proof of concept validating the design strategy of
association-inducing disorder, we now show how to re-
engineer imatinib, turning it into an entropy booster to
overcome imatinib resistance in the C-Kit kinase. Imatinib
promotes an induced fit in the activation loop of the wild-
type kinase. This structural adaptation readjusts the conserved
catalytic DFG motif to avoid a steric clash with the side chain
of F811 (PDB 1T46, imatinib complex; PDB 1T45, auto-
inhibited; Figure 4).'° It has been reported that the deleterious
effects of D816V mutation may derive from the ability of
D816 to stabilize a small positively charged a-helical dipole
by virtue of its negative charge.'® D816 serves as the amino-
terminal capping residue for approximately one turn of
a-helix including residues 1817, K818, N819, D820. Hence,
a mutation of D816 to a hydrophobic residue (V816) is likely
to destabilize the helical segment. Moreover, the drug-
resistant effect of the D816V mutant may be caused by an
inversion of the conformation of the activation loop such
that the side chain of V816 points inward, flipping the side
chain of R815 from its autoinhibited position (directed toward
D810), destabilizing imatinib binding."®

We previously reported the free energies of binding of
imatinib to both the wild-type and D816V mutant C-Kit
kinases.?® Our calculated binding free energies (AGying) are
—17.0 and —4.5 kcal/mol, for wild-type and D816V com-
plexation with imatinib, respectively. The energetic contribu-
tions are —57.69 and —59.15 kcal/mol, and the entropic
contributions (—TAS) 40.70 and 54.69 kcal/mol, respectively,
suggesting that the decrease in imatinib affinity is mainly
due to entropic effects. The structure and dynamics of
imatinib complexed with wild-type and D816V obtained after
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Figure 5. Entropic contributions (cal/mol K, 1 cal/mol K
= 1 eu) as a function of the C-Kit residue number in the
activation loop (residues 804 to 837) for uncomplexed
free forms of C-Kit kinase: wild-type (blue) and D816V
mutant (red).

the MD simulations are very similar. They both resemble
the original structure (PDB 1T46) and have the same entropy
content (3537 and 3540 eu, respectively). However, differ-
ences arise in the uncomplexed forms: the wild-type un-
complexed structure adopted is similar to the autoinhibited
structure (PDB 1T45), with a salt-bridge between D816 and
K818 that stabilizes the a-helix in the activation loop. In
the D816V uncomplexed mutant this salt-bridge is absent,
and the hydrophilic to hydrophobic destabilizing amino acid
substitution in the solvent-exposed activation loop increases
its entropy content, resulting in the side chain of V816
pointing inward with consequent formation of the D§10—R815
salt-bridge. Thus, imatinib resistance arises from the entropy
increase (TAS ~ 14 kcal/mol) of the uncomplexed mutant
with respect to the uncomplexed wild-type (Figure 5; entropy
contributions 3503 and 3453 eu, respectively).

To validate our entropy-boosting design strategy and
generate a drug that competitively inhibits the D816V mutant,
we re-engineer imatinib to increase the entropy content of
the complex. Thus, our molecular prototype involves the
incorporation of a chlorine atom at position 6 in the
pyrimidine ring of imatinib® pointing toward the F811
residue of the activation loop of the kinase (Figure 6), thus
promoting a polar—hydrophobic mismatch. The introduction
of a bulky chlorine atom bearing negative charge density
will destabilize the aromatic F811 residue located in such a
floppy region, increasing the conformational flexibility of
the loop. The computed binding free energy (AGying) of our
prototype with the D816V mutant is —14.9 kcal/mol, with
energetic and entropic (—TAS) contributions of —60.17 and
45.29 kcal/mol, respectively. Thus, the prototype restores
the affinity for the mutant by promoting an entropic boost
on the activation loop, hence increasing the complex entropy
content (TAS ~ 10 kcal/mol) with respect to the imatinib
mutant counterpart (Figure 7, 3582 and 3540 eu, respec-
tively). This effect accounts for the difference in binding
affinity.

K818
D816

V816

Figure 6. Location of entropy-boosting prototype inhibitor
relative to the activation loop of D816V mutant (ribbon
representation, ice blue) and wild-type (ribbon repre-
sentation, lime) kinases in conformations generated by
MD simulations. There is an increase in loop flexibility
produced by the prototype as it promotes the dis-
placement of hydrophobic residue F811 in the kinase. The
appended chlorine atom is depicted in green (black box).
Relevant residues are depicted for clarity (wild-type,
licorice motif; mutant, balls and sticks motif).
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Figure 7. Entropic contribution (cal/mol K, 1 cal/mol K = 1
eu) as a function of the C-Kit residue number in the
activation loop (residues 804 to 837) of the complex
between imatinib (blue) or the entropy-boosting prototype
(red) and the D816V mutant C-Kit kinase.

The prototype also inhibits the wild-type form of the C-Kit
kinase with a binding free energy (AGyina) of —18.2 kcal/
mol (energetic contribution:, —57.25 kcal/mol; entropic
contribution (—TAS), 39.02 kcal/mol). It is more effective
toward the wild-type kinase than imatinib, due to the
expected entropy increase (3553 and 3537 eu, respectively).
However, the entropic boost promoted by our prototype in
the mutant is greater than in the wild-type (3582 and 3553
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Figure 8. Downstream phosphorylation rates from spec-
trophotometric kinetic assay of active C-Kit kinase (blue)
and active imatinib-resistant D816V mutant (red). Both
kinases are inhibited by our entropy-boosting prototype
(squares), while only the wild-type C-Kit is significantly
inhibited by imatinib (triangles). The error bars represent
dispersion over 5 runs for each kinetic assay, consisting of
11 measurements of maximum phosphorylation rate at
100 nM intervals in increasing inhibitor concentration
(Materials and Methods).

eu, respectively) since the activation loop of the mutant is
already destabilized in the unbound state with increased
conformational flexibility. Thus, more disordered regions are
prone to greater entropic boosts.

The spectrophotometric kinetic assays (Figure 8),” which
measure the downstream phosphorylation rates of active
wild-type and D816V mutant kinases as the inhibitor
concentration is increased, confirmed the dual affinity of the
prototype: our entropy-boosting ligand is a nanomolar
inhibitor (Kq ~ 47 £ 11 nM) of the imatinib-resistant D816V
mutant, as well as of the wild-type kinase (Kq =~ 22 + 7
nM). The efficacy of the prototype was contrasted with the
lack of activity of imatinib for the D816V mutant (Kq ~ 12
+ 2 uM), reflected in a 250 times higher affinity for the
imatinib-resistant kinase. However, imatinib is a nM inhibitor
(K4~ 21 £ 5 nM) of the wild-type C-Kit kinase, justifiably
becoming a therapeutic agent for treating GIST tumors.'>!”
In all cases, the Michaelis—Menten scheme with ATP-
competitive inhibition and saturating substrate concentration
yield accurate fits. The standard deviations reported for the
Ky values arise from fluctuations in initial enzyme concentra-
tion, generating dispersion in the phosphorylation rates,
pronounced at low inhibitor concentration (since K(app) <
[ATP)).

To test the selectivity of the entropy-boosting inhibitor, a
high-throughput screening of its affinity pattern was per-
formed (Ambit Biosciences, San Diego, CA) against a
bacteriophage library displaying 240 human kinases (Figure
9), using imatinib screening as control.?' The results shown
in Figure 9 confirm the dual activity of the prototype on both
wild-type and mutant C-Kit kinase and show an increased
specificity compared with imatinib. Both drugs inhibit C-Kit

436 MOLECULAR PHARMACEUTICS VOL. 5, NO. 3

= Imatinib

80 ™ Entropy jolt

screen hit score
o
o

csﬁgfg
o]
PHER

90 4

80 4

70 4

60 1

40

screen hit score
38

30 1

20 4

0 . ] -
=t Erccci et R

N2(K
1
WK

100

90 A

80 4

704

60 A

50 A

40 4

screen hit score

30

20 4

Figure 9. High-throughput screening of the entropy-
boosting prototype (red) and imatinib (blue, control) over
240 human kinases displayed in a T7-bacteriophagelibrary
(Ambit Biosciences, Methods). Hit values are reported as
percentage bound kinase.

V559D mutations, since this residue belongs to the jux-
tamembrane domain of the kinase, far away from the inhib-
itor’s binding pocket. However, neither imatinib nor the
prototype inhibit the T670I mutation, since T670 is the
conserved gate-keeper involved in inhibitor binding, and a
mutation to a bulky isoleucine will hamper ligand association.
Our entropy-boosting inhibitor is much more specific than
the parental compound, since its affinity for the Bcr-Abl
kinase is reduced by more than 75%. Moreover, it has no
affinity toward LCK and a reduced activity for PDGFR, the
other reported imatinib targets.?! Nevertheless, the prototype
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Figure 10. Western blot assay of murine Ba/F3 cells
untreated, treated with our entropy-boosting prototype
and with imatinib at different inhibitor concentrations
(Materials and Methods). The upper band pair corres-
ponds to the phosphorylated D816V mutant kinase, the
intermediate bands, to the total C-Kit D816V kinase,
and the lower is the $-Actin control.

shows some activity toward the Cyclin G-associated kinase
(GAK). GAK is a serine/threonine kinase that features high
homology outside its kinase domain with auxilin.>> GAK is
known to assist in uncoating clathrin-coated vesicles and has
been reported to phosphorylate the #2 subunit of adaptor
protein (AP)2.% However, the effect of specifically inhibiting
the GAK kinase is not completely understood, since mam-
malian cells also have the AAKI kinase that performs the
same function.®

The Western blot assays performed on Ba/F3 cells that
express the D816V drug-resistant mutation (Figure 10)
provided a characterization of the inhibitory activity of the
prototype on kinase autophosphorylation. Densitometry
revealed 90% inhibition of the D816V mutant by the
prototype in comparison with only 22% inhibition of imatinib
at 10 uM bulk concentration in Ba/F3 cells. Thus, the
entropy-boosting modification of imatinib significantly en-

(35) Lee, D.; Zhao, X.; Zhang, F.; Eisenberg, E.; Greene, L. E.
Depletion of GAK/auxilin 2 inhibits receptor-mediated endocytosis
and recruitment of both clathrin and clathrin adaptors. J. Cell Sci.
2005, 718, 4311-4321.

hances the inhibitory impact on autophosphorylation of the
imatinib-resistant variant over the levels achieved by the
parental compound.

Conclusion

In this work we proposed and validated a drug-design
strategy aimed at increasing the entropy content of floppy
targets upon complexation as a means to enhance the drug
affinity. Thus, we introduce the design concept of disorder-
inducing drug ligand. The reported research addresses
paradoxes in high-affinity protein—ligand complexation and
identifies the foundational steps to launch a drug-design
strategy based on controlled induced disorder. As proof of
concept, we rationally developed a modification of imatinib
that inhibits the D816V imatinib-resistant mutant C-Kit
kinase, by promoting an entropy boost on the activation loop.
The inhibitory and selective impact of our prototype was
corroborated through in vitro kinetic assays, phage-display
kinase screening and Western blots, validating our entropy-
enhancing approach to drug design. From a structural biology
perspective, these studies are likely to herald a paradigm shift
as they mark a departure from the order-upon-binding
scenario.
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