Beyond Contact:
Engineering Super-
Binders via Residue
Correlation

A rational design framework for targeting
MERS-CoV PLpro with 27,500-fold affinity
enhancement.
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The Stability Trade-off in
Traditional Protein Engineering

The Status Quo: Random Screening The Innovation: Rational Design

* Method: High- * Method: Dihedral
throughput Phage Angle Correlation
Display. Analysis.

* Strategy: Random - Strategy: Targeted
mutagenesis modification of
(Shotgun 'Hub’ residues.
approach).

« Advantage:

» Drawback: Minimizes
Requires 10-15 mutations (only 5
mutgtmns, often needed) to
leadingto maximize stability
unstable proteins and affinity.
that denature
<80°C.
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Mapping the Invisible Strings of Protein Dynamics

[FBI: Finger-Ub Interactinn]

(Flexible Loop)
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HCS1: Hydrophobic Core
(Structural Anchor)
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UCC: Ub Chain Cleavage
(Enzymatic Lock)
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(Canyon Interface)
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The Butterfly Effect

500ns Molecular Dynamics
(MD) simulations reveal that
modifying a "hub" residue
triggers conformational
changes in distal regions
(Correlation r > 0.3).
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Evolution Stage I: Fixing the Foundation (UbV2)
Optimizing the Hydrophobic Core (HCS1) for bulk and charge

wtUb A46F-K48E

K48

Y208 K204

Mutation A46F (Alanine = Phenylalanine) = Mutation K48E (Lysine = Glutamate)

Introduces a bulky aromatic ring to create new pi-pi Reverses charge to fix electrostatic repulsion. The new
interactions with PLpro residues Y208 and Y223. Glutamate (negative) attracts PLpro’s K204 (positive).

250-fold inhibition increase. ICgq: ~0.2 uM.
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Evolution Stage II: Stabilizing the Flexible Finger (UbV3)

Freezing the dynamic loop to achieve nanomolar specificity.

The Challenge: B wtUb E64Y

The Finger-Ub Interaction (FBI) region is
highly flexible (high RMSF), making it a
moving target.

FBI:
meuﬂe

Loop \ R

The Solution: Mutation E64Y

Replacing Glutamate with Tyrosine (Y)
introduces a large hydrophobic ring
that locks into PLpro's G228/G229,
acting as a molecular anchor.

?

Result:

Massive jump in specificity. KD drops
to 2.77 nM.
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Evolution Stage III: Jamming the Lock (UbV5)

Modifying the cleavage site to create the ultimate inhibitor.

Ub chain cleavage (UCC)

thb

)AY v,

A46F-K48E-E64Y-R74N- GTSS

Target:
The LXGG recognition site where
PLpro cuts Ubiquitin chains.

Mutation R74N & G75S

R74N reduces steric hindrance
while keeping polar attraction.
G75S increases local electrostatic
interaction.

The Result:

Affinity (KD): 1.5 nM (27,500-fold
enhancement).

Potency (IC50): 9.7 nM (5,500-
fold efficiency).

Status: World-Class Binder.
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Quantifying the Escalation: 52,000 nM to 1.5 nM

Progression of IC50 Values (Logarithmic Scale)
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UbV5 UbV3 UbV?2 wtUb
Variant
Variant Mutation Focus IC50 (Potency) KD (Affinity) Fold Improvement
Wild Type (wtUb) None 52,900 nM 40,750 nM Baseline
UbV?2 HCS1 (Core) 200 nM 220 nM 250x
UbV3 + FBI (Finger) 15 nM 2.77 nM 3,500x
UbV5 + UCC (Lock) 9.7 nM 1.50 nM 27,500x
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Precision Targeting: High Selectivity for MERS-CoV

The correlation network is specific to MERS, preventing off-target binding.

Relative Activity of MERS-PLpro vs. SARS-CoV-2 PLpro with Ubiquitin Variants
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Why this matters:
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The Rational Advantage: Stability at 80°C

Phage Display Variant (15 mutations) - Unstable Rational Design Variant (5 mutations) - Stable
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Minimizing Mutations = Maximizing Stability
Unlike competitors that require 15 mutations and fall apart at high heat,
UbV5 retains full structural inigrity at 80°C with only S targeted mutations.
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Freezing the Machine: Entropy and RMSF Reduction

The biophysics of super-binding.

Root Mean Square Fluctuation (RMSF) of PLpro
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Mechanism of Action:
The mutations act as a
molecular clamp. By
targeting 'hub'’ residues
In the correlation
network, UbV5 reduces
the dihedral entropy of
the PLpro

interface, effectively
'freezing' the enzyme in
a bound state.
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The Design Loop: A Repeatable Platform for Therapeutics

Validation: Simulation:

design
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Experimental validation

Ubiquitin
inhibitor

Design: Rational Mutation
(Force Distribution Analysis)
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Network Analysis: Map
Dihedral Angle Correlations

R74N-G755

o Highly interactive residues
;)J"‘I on complex interface
y & Hotspot ID: Identify Correlated R N
Computational design P - y Correlation Network

“Hub” Residues (r > 0.3)

This workflow is not specific to MERS; it is a generalizable platform for optimizing any Protein-Protein Interaction (PPI
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Beyvond MERS: Implications for Future Therapeutics

COVID-19 (SARS-CoV-2)

— SARS-CoV-2
PLpro

The workflow can be retargeted
to the unique correlation
networks of SARS-CoV-2
PLpro, which has distinct

inhibitor specificity.

Oncology (DUBSs)

DUB (e.g.,
/= USP7, USP11)

Targeting Deubiquitinases
(e.g., USP7, USP11) implicated
In cancer progression and
P53 regulation.

General PPIs

Optimized

Replacing trial-and-error
screening (6,000+ variants)
with predictive design to
optimize signaling and
enzymatic pathways.
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A New Standard for Protein Inhibitor Design

Unmatched Potency  Superior Stability  Rational Efficiency

27,500-fold Thermostable Predictive Network
affinity increase at 80°C (only 22?;2:..51; GO
(1.5 nM). 5 mutations)

Significant enhancement in Remarkable structural Achieves results significantly
binding strength over wild-type integrity and resistance to faster and with fewer candidates
Ubiquitin. denaturation. than traditional methods.

UbV5 represents a potent lead candidate designed via
the “Invisible Networks” of protein dynamics.
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