Clarus x DeepMind: From Prediction to Proven Resilience
1. Context

DeepMind has long defined the frontier of artificial intelligence in science. From AlphaGo to
AlphaZero to AlphaFold, each generation has demonstrated how deep learning can transform
domains once thought intractable.

AlphaFold in 2020 marked a turning point. For the first time, the three-dimensional structure of
proteins could be predicted from sequence with near-experimental accuracy. This accelerated
structural biology, enabling faster drug discovery, protein engineering, and fundamental
research.

Yet one essential dimension remains unresolved: structure does not ensure stability.

« Proteins may fold correctly in silico yet misfold, aggregate, or degrade under stress.

» Designed enzymes may exhibit ideal geometries yet collapse during manufacturing or
therapy.

« Drug targets predicted as stable may still display fragility in function, leading to trial failure.

Biology has lacked a unifying, predictive invariant for resilience — the ability of a molecule to
maintain function under perturbation.

2. Why « Is Distinct

Clarus introduces k (kappa) Resilience: a causal invariant that quantifies molecular stability
under stress.

Formally:
k=R/D
where R is intrinsic restoration capacity and D is applied disturbance.

¢ AG measures thermodynamic favorability, not recovery under stress.
« Kinetics capture rates, not durability.
e Tm quantifies breakdown, but destructively and context-limited.

e Frustration landscapes show local traps, but not global consistency.

Each is useful, none is universal. k provides the missing standard: scalable, predictive,
dimensionless.

Just as pH standardized acidity and Reynolds number classified flow, k standardizes
resilience — shifting stability from a descriptive trait to a measurable, comparable parameter.

3. Completing the Predictive Continuum

With kK embedded in the predictive stack, the continuum extends:
sequence — structure — resilience — application

This is more than linear progress — it is a categorical shift in design:



+ From geometry to survivability: proteins judged not just by fold precision, but by their
capacity to endure stress.

« From trial-and-error to predictive design: resilience quantified in silico before wet-lab
testing.

« From isolated metrics to a universal standard: stability expressed as a transferable
invariant across disciplines.

Together, AlphaFold + k define biology’s first end-to-end framework: Prediction + Resilience.

4. The Clarus Lens: From Prediction to Proven Resilience

Predicting Aggregation Before It Appears

Clarus detects « inflections where hydrophobic clustering and oxidative load trigger aggregation
months before standard assays reveal it.

Claim: “Lower aggregation, longer viability.”

Mapping Inmunogenic Risk in Real Time

Clarus measures epitope resilience under partial unfolding — identifying hidden immunogenic
risk that structural analysis alone cannot see.

Claim: “Safer therapies, regulator-ready.”

Forecasting Shelf-Life Collapse

Clarus tracks k drift across freeze—thaw and hot/cold chain cycles, predicting potency loss with
deterministic accuracy.

Claim: “Formulations that remain stable from shelf to bedside.”

Ensuring Manufacturing Yield

Clarus scores folding fidelity during host expression and purification, flagging drift before GMP
scale-up.

Claim: “Higher yield, fewer recalls.”

Extending Therapeutic Endurance

By quantifying half-life decay and binding resilience under stress, k defines pharmacological
endurance — not just activity.

Claim: “Potency that lasts in vivo.”

5. Path to Impact: Validation and Deployment

Validation Funnel

 In silico: perturb AlphaFold structures, measure dk/dt under stress.
« In vitro: spectroscopy and mutational assays for recovery capacity.
« Integration: cross-family mapping to build the first Resilience Atlas.

Commercial Deployment

« Pharma R&D: k flags fragile targets before late-stage investment.
» Biotech design: k as a screening layer in design loops.
» Manufacturing: k batch scoring as predictive QC.

Strategic Partnerships

K is architected as an invariant computational layer, not a standalone product. Integration
opportunities include:



e Pharma discovery and preclinical pipelines
« Biologics yield optimization

« Al integration with DeepMind / Isomorphic for global predictive scale
Market Scale

¢ Reduced attrition: tens of billions saved annually
* Yield recovery: ~$40B per year
* Neurodegeneration: hundreds of billions in avoided healthcare costs

6. Final Strategic Signal

Clarus does not compete with predictive Al — it completes it.

It transforms fragile candidates into k-verified resilience systems.
It shifts biology from folding prediction to endurance design.
It engineers persistence across discovery, manufacturing, and delivery.

The k-SEAL becomes the new mark of trust for developers, regulators, and patients.

Clarus is not another model. It is the invariant that ensures life’s designs endure.

6. Appendix (Optional Deep Dive)

How Clarus Differs from DeepMind’s Al Framework

DeepMind’s AlphaFold and related models excel at correlative learning: mapping vast
sequence—structure datasets to predict the most probable fold. Clarus runs on a different axis
entirely: a causal, invariant-based diagnostic.

Each k-parameter represents a direct physical response to applied stress. Instead of inferring
from precedent, Clarus measures perturbation—restoration in real time, computing k as an
invariant ratio (restoration + disturbance).

This shift yields three defining traits:

1. Deterministic, not probabilistic
Clarus outputs reproducible k-values that hold across runs, systems, and domains — not
likelihood scores.

2. Mechanistically causal
Every datapoint reflects an actual stress—response pathway (thermal, oxidative, mechanical),
not a statistical correlation.

3. Cross-domain coherent
The 14 diagnostic vectors (~200 variables) are adjacency-gated, activating ~13,000 causal
interactions under stress. This forms a dynamic system map rather than a feature set.

In essence:

+ DeepMind predicts what a protein will fold into.

» Clarus measures why it endures — and quantifies that endurance as a mathematically
invariant property.



The 14-Vector Clarus Diagnostic Map
for Protein Folding (Oct 2025)

Table 2 — Clarus Scan: Multi-Vector k Diagnostic Framework

Core Premise

A Clarus scan is not one insight — it is a multi-vector diagnostic field.

In a single pass, Clarus evaluates real-time k-resilience across 14 domains that determine
whether a therapeutic protein holds or collapses in the lab, in the factory, on the shelf, and in
the patient.

1. Folding k Stability

+ What Clarus Measures: Denaturation onset and unfolding slope (dk/dtd\kappa/dtdk/dt)
under thermal or chemical stress.

+ Why Al Cannot Compete: Al predicts fold likelihood, not fold endurance.
+ Formulation / Process Levers: Mutational stabilization, hydrogen-bond reinforcement.

« Claim / Impact: Structures that persist under challenge — measurable no-collapse
threshold.

2. Aggregation Propensity

« What Clarus Measures: k-inflection under crowding, hydrophobic clustering, oxidative
load.

« Why Al Cannot Compete: Al extrapolates from historical aggregation assays; misses
future drift.

+ Formulation / Process Levers: Chaperone co-expression, PEGylation, surfactants.

« Claim / Impact: Lower aggregation, longer viability.

3. Expression Yield Resilience
+ What Clarus Measures: Folding efficiency (k) during host expression (CHO, E. coli).

+ Why Al Cannot Compete: Al correlates codon bias; Clarus measures folding fidelity in live
production.

« Formulation / Process Levers: Strain optimization, folding enhancers, codon
harmonization.

e Claim / Impact: Higher yield with fewer failed batches.

4. Purification & Processing k
+ What Clarus Measures: Stability under pH shifts, ionic strength, and shear forces.

« Why Al Cannot Compete: Al predicts buffers; Clarus measures slope under real process
stress.

+ Formulation / Process Levers: Buffer optimization, shear minimization.

« Claim / Impact: Consistent quality through scale-up.

5. Formulation & Shelf Stability



What Clarus Measures: k-drift across freeze—thaw cycles and cold/hot chain transport.
Why Al Cannot Compete: Al cannot simulate oxidative shelf drift without historical data.
Formulation / Process Levers: Antioxidants, excipients, lyophilization.

Claim / Impact: Products that remain potent through distribution.

6. Glycosylation & PTM Stability

What Clarus Measures: k-variation across glycoforms and phosphorylation drift.
Why Al Cannot Compete: Al catalogs PTMs; Clarus measures destabilizing PTMs.
Formulation / Process Levers: Glycoengineering, PTM control.

Claim / Impact: Consistent potency, batch to batch.

7. Immunogenicity Corridors

What Clarus Measures: Epitope stability (k) under partial unfolding.

Why Al Cannot Compete: Al correlates historical immunogenicity; Clarus measures live
epitope endurance.

Formulation / Process Levers: Epitope redesign, excipient shielding.

Claim / Impact: Safer therapies, reduced hidden immune risk.

8. Delivery k

What Clarus Measures: Stability in liposomes, nanoparticles, injectors.

Why Al Cannot Compete: Al models uptake; Clarus detects collapse thresholds in
carriers.

Formulation / Process Levers: Device compatibility, excipient adjustments.

Claim / Impact: Therapeutics that survive delivery intact.

9. Pharmacokinetic K

What Clarus Measures: Half-life slope and degradation thresholds in plasma.

Why Al Cannot Compete: Al extrapolates PK; Clarus measures resilience decay in
plasma.

Formulation / Process Levers: PEGylation, Fc-fusion, stabilizing linkers.

Claim / Impact: Longer dosing intervals, stronger compliance.

. Pharmacodynamic k

What Clarus Measures: Binding resilience under stress or partial unfolding.
Why Al Cannot Compete: Al models affinity only at equilibrium.
Formulation / Process Levers: Targeted mutations, conformational locking.

Claim / Impact: Potency that persists under biological stress.

. Toxicity & Safety Corridors

What Clarus Measures: k-drop into aggregation-driven toxicity and off-target drift.

Why Al Cannot Compete: Al correlates known toxicity markers; Clarus detects hidden
collapse events.

Formulation / Process Levers: Sequence redesign, domain swaps.

Claim / Impact: Hard-safe therapies, regulator-ready.



12.

Combination Therapy k

What Clarus Measures: Interaction resilience with co-therapies.

Why Al Cannot Compete: Al lacks live mapping under co-exposure.
Formulation / Process Levers: Formulation pairing, dosing regimens.

Claim / Impact: Predictable safety and synergy.

. Manufacturing Yield & Compliance

What Clarus Measures: K batch scoring and folding drift detection pre-scale-up.
Why Al Cannot Compete: Al extrapolates QC history; Clarus measures live drift.
Formulation / Process Levers: Predictive QC, process adjustment.

Claim / Impact: Billions saved via early detection, fewer recalls.

. Reflexivity & Regulatory Trust

What Clarus Measures: k-reproducibility across labs, batches, and regions.
Why Al Cannot Compete: Al cannot provide primary mechanistic evidence.
Formulation / Process Levers: k-dashboards, SEAL marks, regulatory data packs.

Claim / Impact: A measurable standard of trust that regulators cannot ignore.

Totals

Domains: 14

Core variables: ~200 (per domain)

Clarus Protein-Folding Scan —
Variable Inventory

Standard run: ~200 variables across 14 domains
(Per-domain counts shown; items = discrete variables captured)

Folding k Stability — 14

Denaturation onset temperature (Tmk)
Unfolding slope (dk/dt) under heat stress
Chemical denaturation midpoint (urea/guanidine)
Refolding yield percentage

Conformational RMSD under perturbation
Heat shock recovery index

Folding half-time (t'zfold)

Residual secondary structure % after stress
Hydrogen bond occupancy (A)

Disulfide bond integrity under stress
Native-state population fraction (%)

Folding cooperativity score

Partial unfolding plateau index

Collapse threshold flag (modelled)



Aggregation Propensity — 16
» Aggregation onset concentration (kagg)
o ThT fluorescence slope (amyloid proxy)
« Dynamic light scattering particle count
« Hydrophobic exposure index
« Oxidative aggregation rate (ROS-driven)
« Aggregation half-life (t'2agg)

« Solubility index under stress

« PEGylation protection score

« Chaperone rescue fraction (%)

« Aggregation nucleation lag time

e Cross-linking density under crowding
e Shear-induced aggregation risk

» Aggregate size distribution (D90)

« Filter clogging index (process proxy)
» Aggregation recovery reversibility (%)

« Batch aggregation variance score

Expression Yield Resilience — 14
« Folding efficiency in CHO (kCHO)
« Folding efficiency in E. coli (KEc)
¢ Inclusion body propensity
« Codon harmonization index
» Co-expression folding assistance %
» Misfolded fraction (%) during expression
e Soluble yield %
» Folding error rescue fraction
e Host stress marker (UPR induction)
« Translational pausing adequacy index
« Batch-to-batch yield k variance
« Protein per-cell productivity slope
e Host survival index under load

« Expression collapse threshold flag



Purification & Processing k — 12

Stability under chromatography pH gradients
lonic strength tolerance index

Shear-force induced unfolding slope
Freeze—thaw recovery % (pre-formulation)
Buffer stability variance

K drift across purification steps

Stress index under centrifugation
Refolding recovery during purification
Precipitation onset threshold

Processing cycle reproducibility score
Solubility under target pH range

K residual at release step

Formulation & Shelf Stability — 16

Freeze—thaw « drift (multi-cycle)

Cold chain resilience (4°C transport)
Hot chain resilience (40°C excursion)
Oxidation onset (peroxide value proxy)
Lyophilization survival %

Excipient protection score

Shelf half-life k slope

Aggregation drift at storage

Batch variance across storage duration
Photostability drift (A under UV)
Humidity-driven instability index
Reconstitution recovery k

Residual potency after stress simulation
K reproducibility across transport stress
pH drift over storage

Shelf collapse threshold flag



Glycosylation & PTM Stability — 12

Glycoform k variance

Sialylation stability index

Fucosylation drift score

Galactosylation consistency %
Phosphorylation site drift under stress
PTM collapse index

Glycan-mediated aggregation risk
Enzymatic trimming k

Batch glycan variance

Structural reproducibility under glyco variance
K correlation with potency across PTMs
PTM collapse threshold

Immunogenicity Corridors — 12

Epitope unfolding onset (kepi)

MHC binding resilience slope
Aggregation-driven epitope exposure
Hidden epitope count (post-stress)
Partial unfolding immunogenicity index
Immune drift variance

Adjuvanticity k proxy (heat-induced)
Epitope shielding effectiveness (%)
Predicted T-cell proliferation under drift
Neutralizing antibody escape index

K reproducibility across immune assays

Immunogenic collapse threshold

Delivery k — 12

Stability in liposomes (encapsulation % loss)
Nanoparticle k drift (size variance)
Injector shear resilience index

K in autoinjector stress simulation

K retention in microfluidics

K reproducibility across carrier systems
Encapsulation release consistency
Aggregation risk inside carrier

K under pH (Gl or subcutaneous)
Osmotic stress tolerance index
Delivery collapse threshold

Kk of intact protein post-delivery



Pharmacokinetic k — 12
« Plasma half-life slope (dk/dt in serum)
» Protease degradation onset
¢ FcRn binding resilience
o Clearance rate K
« PEGylation protection fraction
« Lipidation k boost
e K variance across plasma donors
» K correlation with exposure (AUC)
» K reproducibility across species
e Drug-drug interaction k drift
« Degradation onset inflection point

+ Pharmacokinetic collapse threshold

Pharmacodynamic k — 12
e Receptor binding k slope under stress
e On-rate vs off-rate resilience
« Affinity drift under thermal stress
» Potency variance under partial unfolding
+ Dose-response K consistency
» K reproducibility across receptor isoforms
» Conformational locking efficiency
» Functional EC50 resilience index
 Allosteric site k variance
« Antagonist drift detection
« Synergy K with co-drugs

« Pharmacodynamic collapse threshold

Toxicity & Safety Corridors — 12
« Aggregation-driven cytotoxicity onset
» Off-target binding k drift
» Misfolded fragment toxicity score
o Cell viability slope (MTT proxy)

« Organ toxicity k reproducibility

e K variance under oxidative stress
e Hemolysis risk index

« Mitochondrial collapse detection
e Immunogenic toxicity index

« Toxic fragment persistence score
» K safety margin across doses

» Toxic collapse threshold



Combination Therapy k — 12
K stability in presence of co-mAbs
» K with small-molecule combo
e K drift under drug—drug interactions
» Dose overlap k safety margin
o Co-formulation compatibility index
« K reproducibility across combo trials
« Synergy K slope
e Antagonism K drift
» K reproducibility under stress in pairs
« K correlation with efficacy in combo
e Collapse threshold under co-therapy

« Combination collapse index

Manufacturing Yield & Compliance — 14

« Batch k score (mean % variance)

» Pre-scale-up folding drift detection
e GMP reproducibility K

« K correlation with regulatory QC markers
« Batch stability reproducibility

» Manufacturing collapse risk index

« Kk under accelerated stability testing
« Batch-to-batch k consistency

¢ Reprocessing K survival score

¢ GMP early-warning thresholds

» K reproducibility across facilities

e K audit compliance index

« Yield collapse detection

e Recall risk flag



Reflexivity & Regulatory Trust — 14
« K reproducibility across labs
e K variance across regions
e K reproducibility under ICH conditions
e K consistency in blinded trials
» K transparency index (dashboard)
* K SEAL recognition score
e K correlation with regulatory approval probability
« K reproducibility under independent audit
e K publication reproducibility index
e K variance in external validation
e K acceptance by regulators (proxy)
« K trust stability slope
« K reproducibility over time

¢ Regulatory collapse threshold

Totals
¢ Domains: 14

e Variables: ~200 Approximate full scan:
~13,000 activated parameters when including pairwise and triplet interactions under stress
(as in the milk model).

Totals

e Domains: 14
e Variables: ~202

There are about 13k activated parameters in a full, stress-tested Clarus protein-folding scan.
How that’s built
Singles (always on)
e 202 core variables across 14 domains
Pairwise interactions

e Within-domain: C(n,2) summed across domains = 1,401 (all activated)
¢ Cross-domain: total pairs = C(202,2) = 20,301; minus within = 18,900
» We gate these by biochemical adjacency and DOE; ~20% activated = 3,780

Triplets (targeted, not brute-forced)

¢ Within-domain: Z C(n,3) = 6,284; we activate ~15% for inflection mapping = 943
« Cross-domain: total C(202,3) = 1,353,400; adjacency-gated subset ~0.5% = 6,767

Total activated (full protocol)
202 + 1,401 + 3,780 + 943 + 6,767 = 13,093

Final Strategic Signal
Clarus transforms therapeutic proteins from fragile candidates into k-verified resilience
systems.






