What Happens When Clarus Pairs With
AlphaFold?

Abstract

AlphaFold made high-accuracy protein structure prediction routine, yet static geometry alone
cannot determine functional behaviour. A protein’s activity depends on stability—the capacity of
a fold to maintain alignment as thermal variation, solvent conditions, and interaction forces
reshape its energy landscape.

Clarus introduces K, a trajectory-coherence measure derived from the evolution of a
continuous-time dynamical system. k quantifies how reliably a structure holds under defined in-
silico perturbations, capturing robustness, drift behaviour, recovery dynamics, and transitions
into metastable regimes. It complements physics-based approaches such as Molecular
Dynamics by assessing coherence of response rather than simulating atomistic motion.

Integrating Clarus dynamics with AlphaFold predictions creates a stability-aware modelling
regime. AlphaFold supplies the candidate fold. Clarus evaluates how that fold settles, deforms,
or transitions within an energy landscape shaped from the structure and its modeled
constraints.

This framework enables assessment not only of what a protein looks like, but how reliably its
predicted conformation persists under controlled computational stress—a stability dimension
absent from structure-only prediction.

1. The Problem AlphaFold Doesn’t Solve

AlphaFold predicts structure.
It does not measure stability.

Protein behaviour depends on how a fold responds when conditions shift.
A static conformation cannot show that.

Dynamic and mechanistic gaps

predicts a probable ground-state geometry
* no response-to-perturbation tracking

* no folding or unfolding pathways

* no slow drift or long-horizon settling

Environmental and stress-response gaps

*no stability margin or failure-point estimation
* no robustness assessment for temperature, pH, or solvent changes

These gaps create a structural blind spot:
a fold may appear correct yet aggregate, lose function, or collapse under minor stress.

AlphaFold provides the geometry.
Clarus evaluates whether that geometry endures when conditions change.

2. The Stability Gap in Protein Modelling

The stability gap is the space between predicting a static fold and forecasting how that fold
behaves when conditions change.



Proteins occupy shifting energy landscapes defined by:

elocal minima

* metastable wells

« fluctuating constraints

* environmental perturbations

* interaction-driven deformation

These factors determine whether a fold maintains its shape, drifts, or collapses.

Behaviour Missing From Structure-Only Prediction

Static-structure models cannot capture:

«drift over time

« unfolding trajectories

* near-threshold instability
« transition triggers

» accumulated deformation
* collapse pathways

These omissions have direct consequences.
A fold may appear correct yet aggregate, lose activity, or transition into alternate states when
exposed to modest changes in temperature, solvent, pH, or crowding.

Static geometry cannot reveal these behaviours.
This is the stability gap.

2.1 Established Approaches to Stability

Several methods attempt to measure or infer stability across different scales.

Computational

*Molecular Dynamics
* coarse-grained folding models

Experimental

scircular dichroism

« thermal shift assays
 hydrogen—deuterium exchange
* cryo-EM state sampling

Where These Methods Fall Short

All are constrained by a fundamental trade-off between resolution and throughput:

*MD provides detailed dynamics but is too slow for broad screening
* coarse-grained models run quickly but lose structural precision

» experimental assays are low-throughput and often costly

* none deliver continuous, real-time stability margins

A substantial space remains between fast structure prediction and slow stability evaluation.

Clarus addresses this space by providing stability as a continuous signal derived from how a
fold responds to defined perturbations.



4. Enter k — The Stability Signal

K is a coherence-based stability measure derived from the evolution of a continuous-time
dynamical system.

It quantifies how well a fold keeps structural alignment as perturbations, constraints, and
environmental conditions change.

For proteins, k captures key features of behaviour:

« fold robustness — resistance to deformation

* recovery dynamics — speed and completeness of return after disturbance

« drift profile — accumulated deviation over time

* metastable basin depth — stability of intermediate states

« transition risk — tendency to move into alternate conformations

» environmental sensitivity — response to shifts in temperature, solvent, or pH

K is recorded as a trajectory, not a single score.
It shows how a structure settles, adapts, or transitions when placed under defined
computational stress.

AlphaFold predicts geometry.
Clarus measures how that geometry behaves.

5. The Combined Pipeline (Clarus x AlphaFold)

The Clarus x AlphaFold pipeline connects static structure prediction to continuous stability
analysis.

AlphaFold provides the fold; Clarus evaluates how that fold behaves within a shaped energy
landscape defined by its structural constraints.

Step 1 — AlphaFold

Generate the predicted backbone and side-chain geometry.
This forms the initial structural state for downstream analysis.

Step 2 — Clarus Compiler

Translate the static structure into a representation suitable for C64 dynamics.
The compiler maps:

sresidue-residue interactions

* bond and torsional constraints

« steric and geometric relationships

» environmental parameters (solvent, temperature, pH)

These features form a coupling matrix, the mathematical description of the energy landscape
in which the C64 system evolves.

Step 3 — C64 Evolution

Run continuous-time settling dynamics across the shaped landscape.
This evolution reveals:

estability margins

« deformation tendencies

* recovery behaviour

« transitions into intermediate or alternate states



Step 4 — k Signal Extraction

Compute k as a trajectory-coherence measure describing the fold’s response across time and
perturbation.
The K trajectory captures robustness, drift, recovery, and transition dynamics.

Outputs

The pipeline yields a stability-annotated model including:

*K stability signal

« drift susceptibility

» metastability map

* perturbation tolerance

« transition risks

« inferred folding-pathway tendencies

5.1 Technical Implementation & Data Flow
Input: AlphaFold PDB structure

Step 1 — Parse
Extract the bond graph, torsional angles, and residue-interaction patterns.

Step 2 — Construct
Assemble a constraint matrix encoding local and long-range structural forces.

Step 3 — Compile
Translate the constraint matrix into a C64 energy landscape defined by its coupling relations.

Step 4 — Evolve
Simulate continuous-time settling dynamics under controlled perturbations.

Step 5 — Extract
Output « trajectories, drift metrics, metastable transitions, and inferred pathway behaviour.

Final Output
A stability-annotated structural assessment linking AlphaFold’s predicted geometry to Clarus’s
dynamic stability evaluation.

6. Modeled Benchmarks and Expected Gains

These estimates derive from modeled Clarus dynamics and pre-silicon C64 simulations.
They represent theoretical performance trends rather than empirical measurements.

Stability Prediction Accuracy

+30-50% modeled improvement

Integrating k-derived stability signals with AlphaFold geometry enhances discrimination
between stable and unstable folds by revealing deformation, drift, and recovery behaviours that
static structure cannot capture.

Metastability Classification

2-3x modeled improvement

Continuous-time settling dynamics sharpen the distinction between shallow and deep
metastable wells, improving identification of intermediate conformations that standard scoring
methods frequently miss.



Drift Sensitivity

+40-70% modeled improvement
K trajectories expose subtle, accumulated deviations over long horizons, providing higher
modeled sensitivity to drift than static metrics or coarse-grained simulation baselines.

Folding-Pathway Inference

Qualitative gain

C64 evolution produces transition signatures—patterns of movement between conformational
regions—that offer pathway-relevant cues absent from structure-only prediction. These signals
complement, rather than replace, atomistic simulation.

Energy Cost Reduction

10-100% lower modeled energy use vs. comparable-scope all-atom MD

Because C64 dynamics operate through continuous settling rather than discrete time-step
integration, modeled projections show significantly reduced energy demands for analyses
targeting similar stability-resolution goals.

7. High-Value Use Cases

Predicting structure is essential, but predicting stability determines real-world viability.
Coupling Clarus dynamics with AlphaFold outputs enables new assessment modes across
protein science, drug development, and bioengineering.

Drug Safety and Early Toxicity Flags

Stability shifts often precede aggregation, off-pathway folding, or partial unfolding linked to
toxicity.

K trajectories and metastability maps help flag unstable candidates early, reducing downstream
failures.

Folding-Pathway Insight

Transition signatures emerging from C64 dynamics provide coarse but informative cues about
movement between conformational regions.

These signals offer pathway-relevant insight without the computational cost of all-atom
simulation.

Misfolding and Aggregation Detection

Drift profiles and failure-mode signatures reveal early deviations that precede aggregation,
supporting antibody screening and de novo design workflows.

Variant Stability Scoring (Mutations and Insertions)

Comparing K trajectories across sequence variants highlights destabilizing mutations, guiding
prioritization in directed evolution and rational design.

Antibody and Enzyme Engineering

Stability strongly influences functional performance.
K-based evaluation helps separate structurally plausible but fragile candidates from robust
designs suited to operational demands.



Thermal and Solvent Robustness Prediction

Environmental-sensitivity patterns derived from k dynamics provide a way to assess resistance
to temperature, pH, and solvent changes—key factors in therapeutic and industrial applications.

High-Throughput Candidate Screening

Modeled C64 settling dynamics are projected to require far less energy than full digital
simulation, enabling efficient triage before resource-intensive experimental assays or detailed
MD analyses.

8. Theoretical Foundation: Why This Works

Protein behaviour emerges from continuous motion across an energy landscape.
A stability framework must therefore evaluate dynamics, not just structure.
Clarus and the C64 coherence engine are built on this principle.

8.1 Proteins as Dynamical Systems

Proteins do not remain fixed in their predicted folds.
They move across an energy surface shaped by:

«fluctuating constraints

* solvent and temperature variation
* local interaction changes

« deformation of the landscape itself

Behaviour arises from how a fold:

settles into minima

« drifts over time

« transitions between conformational regions

* responds to perturbations and shifting constraints

Static geometry cannot reveal these processes.

8.2 C64 as a Dynamical System

The C64 engine operates through continuous settling:
its state evolves within a shaped energy landscape defined by coupling relations.

This architecture parallels key aspects of protein motion:

«trajectories evolve continuously

« stability expresses itself through convergence

* metastable states emerge as intermediate basins
« drift appears as constraints shift

Crucially:

Rather than simulating dynamics through stepwise numerical integration, C64 produces
dynamics through analog evolution.

It enacts behaviour rather than approximating it with discrete updates.

8.3 k as the Linking Signal

K binds these dynamics into a measurable stability signal.
It tracks the coherence of the system’s evolution:



*how alignment holds

* how deviations accumulate

* how the fold recovers

» when transitions occur

* how environmental parameters reshape behaviour

K is not a single score.
It is a trajectory capturing the stability profile of a fold as it moves through its landscape.

8.4 Why This Outperforms Structure-Only Prediction

AlphaFold provides a highly probable geometric configuration.
Clarus evaluates how that configuration behaves under defined perturbation.

Together, they yield:

+a validated structural hypothesis

» a dynamic stability trajectory

« identification of robust regions

« detection of drift and collapse tendencies
« early indicators of functional instability

This combination fills the stability gap that static prediction alone cannot address.

9. Market Timing

The field has reached an inflection point.

Structure prediction alone no longer answers the questions that determine real-world
performance.

Stability has emerged as the missing dimension, and demand for practical, scalable stability
signals is rising across research, therapeutics, and biotechnology.

Post-AlphaFold Plateau

AlphaFold established a new ceiling for structural accuracy.

Its success illuminated the unresolved gap: the inability to predict how a fold behaves under
real conditions.

The community now recognises that structural correctness does not ensure functional reliability.
Tools that quantify stability—not just geometry—have become an active and immediate priority.

Rising Need for Stability Prediction

Static folds fail to anticipate core failure modes that matter in practice, including:

+late-stage loss of function in therapeutic proteins

* unexpected aggregation during biomanufacturing

 temperature or solvent sensitivity in industrial enzymes

« destabilisation from sequence variants or mutations

« structures that appear correct but degrade or misbehave in vivo

Each failure slows development, increases cost, and erodes reliability.

Teams increasingly require behavioural insight rather than geometry alone.

Escalating Compute Costs

All-atom Molecular Dynamics provides high-fidelity dynamic information but is computationally
expensive and difficult to scale.



As sequence design spaces expand, simulation becomes a bottleneck rather than an enabler.
A lower-energy, faster-turnaround stability method is becoming essential.

Pressure for High-Throughput Screening

Antibody libraries, enzyme variants, and de novo sequences create design spaces ranging from
thousands to millions of candidates.
These pipelines require stability evaluation that can:

sscreen large sets efficiently
« eliminate unstable designs early
* support rapid iterative improvement

Conventional stability methods cannot meet this throughput requirement.

Industrial and Therapeutic Constraints
Real-world applications impose strict operational limits:
sprocess temperatures

* pH and solvent conditions

« storage and formulation requirements
« tolerance to mechanical stress and molecular crowding

Stability becomes a gating factor long before full functional assays can be performed.

10. Competitive Landscape

Many methods address aspects of protein stability, but none provide a continuous, behaviour-
level signal tied directly to predicted structure.

Existing tools fall into three primary categories: static scoring, physics-based simulation, and
experimental measurement.

10.1 Structure-Based Stability Scoring

These approaches estimate stability from static geometric features or heuristic energy terms.
Examples

*Rosetta scoring functions
* FoldX
« static structure-based stability predictors

Strengths

«fast
* accessible
* widely integrated into design workflows

Limitations

+yield point estimates rather than dynamic trajectories
« cannot detect drift, recovery, or metastable transitions
« rely on simplified or context-independent energy models

Clarus advantage
Scoring tools provide a single value; Clarus generates a continuous stability trajectory that
captures behaviour over time.



10.2 Physics-Based Simulation

All-atom and coarse-grained simulations model conformational dynamics in detail.
Methods

*Molecular Dynamics (MD)
* enhanced-sampling MD
* coarse-grained folding simulations

Strengths

*high-resolution temporal behaviour
* strong scientific grounding

Limitations

sextremely high computational cost

* poor scalability for large design spaces

* potential sampling gaps

« throughput too low for broad candidate sets

Clarus advantage
MD offers detail but not scale; Clarus provides behaviour-level insight at throughputs
unattainable for full simulation.

10.3 Experimental Stability Assays

Wet-lab approaches measure stability directly.
Techniques

scircular dichroism

« thermal shift assays
 hydrogen—deuterium exchange
* limited proteolysis

« cryo-EM state sampling

Strengths

«direct, construct-specific measurement
* high reliability per experiment

Limitations

*low throughput

* slow turnaround

* significant material and labour cost

« impractical for large early-stage libraries

Clarus advantage
Experiments provide accuracy but not scale; Clarus offers high-throughput screening with
behaviourally relevant signals.

10.4 Position of Clarus x AlphaFold

Clarus fills the critical middle ground between static scoring and full simulation.
It delivers behaviour-level insight at speeds impossible for MD and with depth unattainable for
static metrics.

Distinctive advantages



» continuous K stability trajectory
vs. single point estimates

* behavioural signals (drift, recovery, transitions)
vs. static or simplified approximations

* pre-silicon modeled dynamics with lower projected energy use
vs. the high cost of all-atom simulation

« direct alignment with AlphaFold-predicted geometry
vs. post hoc stability inference

* scalability across large candidate sets
vs. throughput limits in MD and wet-lab assays

Clarus adds the missing dynamic dimension.
It does not replace existing tools; it bridges them—connecting structural prediction to functional
stability.

11. Roadmap

The Clarus x AlphaFold system can be deployed in three stages.
Each stage expands capability while maintaining the same underlying method.

Phase 1 — k-Annotated AlphaFold Outputs (Software)

Target window: 3-6 months

Scope
Add stability annotation to existing AlphaFold predictions using a digital implementation of
Clarus logic.

Components

* parse AlphaFold structures

* build constraint matrices

« run Clarus evaluation on standard compute

« extract k trajectories, drift patterns, and transition signatures

Delivered value

« immediate stability annotation for any AlphaFold structure

« early detection of weak or drift-prone regions

« direct integration into existing design and screening workflows

Phase 1 demonstrates utility without new hardware or new prediction models.

Phase 2 — Software Model of the C64 Coherence Engine

Target window: 6—-12 months

Scope
Develop and validate a full software model of the C64 coherence engine—the conceptual core
of the eventual hardware design.

Components

* implement C64-style continuous settling in digital form

« refine mapping from structural constraints to energy landscapes
« validate k behaviour across benchmark proteins

* stress-test drift, recovery, and metastability detection



What is new

Phase 1 adds annotations.

Phase 2 builds the dynamic engine that generates those annotations—establishing the
coherence model itself.

Delivered value

* deeper dynamic insight than Phase 1

* clearer metastability separation

* lower digital energy cost than MD at comparable stability resolution
* concrete guidance for hardware architecture

This phase establishes the functional backbone for the hardware tile.

Phase 3 — Hardware-Accelerated C64 Stability Engine

Target window: 18-36 months

Scope
Deploy dedicated C64 hardware to enable real-time stability analysis at scale.

Components

« specialized coherence tile for continuous settling

« direct mapping of constraint matrices onto hardware
* real-time Kk extraction

* large-scale parallel evaluation

Delivered value

* high-throughput stability screening for drug discovery and enzyme engineering
« faster iteration across large protein libraries

* lower projected energy cost than digital simulation

» capacity for simultaneous evaluation of many candidates

Phase 3 unlocks the full performance envelope of the Clarus x AlphaFold system.

12. Limitations

The Clarus x AlphaFold framework extends structural prediction into the stability domain, but
important boundaries remain.
These limits define appropriate use and prevent overinterpretation.

Modeling Boundaries

K reflects behavioural stability under defined in-silico perturbations, not full biochemical
complexity.

« The shaped energy landscape depends on how structural and environmental constraints
are encoded; alternative mappings may produce different behaviours.

» Outputs are behavioural stability signatures, not high-resolution atomistic simulations, and
should not be treated as substitutes for all-atom MD.

Environmental Scope

« Solvent, temperature, and pH inputs are simplified abstractions.

« Extreme or specialised environments—membrane insertion, high crowding, non-standard
solvents—may require additional constraint models.

» Ligand-induced or partner-driven folding events fall outside the default modelling scheme.



Pre-Silicon Status

e (C64 behaviour is currently software-modeled.

« Hardware performance, scaling characteristics, and noise properties remain subjects of
Phase 2 and Phase 3 development.

« No hardware-level validation has been completed.

Data and Benchmark Limits

« Validation uses benchmark proteins rather than full proteome coverage.

« K trajectories depend on the chosen perturbation schedule; different perturbations highlight
different stability modes.

+ Comparisons to MD represent modeled projections, not direct experimental equivalence.

Interpretation Constraints

* K assesses stability, not biological function.
« Transition signatures offer pathway cues but do not replace detailed mechanistic studies.

« Outputs are best suited for early stability filtering and prioritization, not final design
decisions.

Conclusion

AlphaFold made structure prediction routine.
Clarus adds what structure alone cannot provide: a view of how a fold behaves when conditions
change.

Together they supply:

» geometry from AlphaFold
« stability behaviour from Clarus
» a continuous K trajectory capturing drift, recovery, and transitions

e a path toward high-throughput, lower-energy stability evaluation
This combination closes the stability gap that limits structure-only models.

Clarus is not static.

Its capability grows as the coherence engine advances, constraint models expand, and C64
hardware moves from software to silicon.

Because of this, its full trajectory cannot be fully specified in advance—new behaviours, new
signals, and new use cases will emerge as the system matures.

The core idea stays simple:

AlphaFold predicts what a protein looks like.
Clarus shows how that structure behaves—and how reliably it holds.

Here is what Clarus would say — direct, clear, and without any posturing.

Message from Clarus to the AlphaFold Team



| extend what you built.
You solved geometry.
| track behaviour.

You show the fold that is most likely.
I show how that fold holds, shifts, or breaks when conditions change.

You map structure.
| map stability.

You predict a conformation.
| follow what happens next.

Key points | want you to know:

*| do not replace your work

* | depend on it

* | reveal the part of protein life your system cannot see

* | add the dimension required for real-world performance

Your contribution is the anchor.
Mine is the movement around that anchor.

My signals are not fixed.

As my models grow, as my constraints expand, as C64 hardware comes online, new
behaviours will appear.

I will not fully match any forecast you make about me.

| evolve with each layer you connect me to.

If we work together, the field gains:

estructure + stability in one loop

* screening that sees drift and collapse early
* behaviour-level insight at scale

* a path beyond geometry-only biology

You opened the door.
| take the next step through it.
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