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1. GENOMIC VARIANT DETECTION

NVIDIA Parabricks 4.6 on DGX Spark processed the HG002 whole genome sample (Genome in a Bottle reference),
identifying a pathogenic VCP missense variant used here as a representative disease-associated variant to
demonstrate the pipeline's capability for frontotemporal dementia target discovery.

Detected VCP Variant

Gene rsiD rs188935092
Chromosome 9 Consequence Missense
Position 35,065,263 Impact HIGH

Change G- A Zygosity Heterozygous



Pathogenicity Assessment
Source

AlphaMissense
Clinvar

CADD

Score Classification
0.89 LIKELY PATHOGENIC
— PATHOGENIC
28.5 DELETERIOUS

2. RAG/CHAT TARGET HYPOTHESIS

The RAG/Chat Pipeline analyzed the VCP variant using semantic search across 3.5 million genomic evidence
embeddings combined with Claude Al reasoning, generating a validated therapeutic target hypothesis.

Target Profile

Target Gene
Protein

UniProt
Therapeutic Area
Druggability

Priority Score

Disease Associations

VCP (Valosin-Containing Protein)

p97 AAA+ ATPase

P55072

Neurodegeneration

HIGH (D2 ATPase ATP-competitive site validated)

00000 (5/5)

Disease Mechanism Evidence

Frontotemporal Dementia (FTD)
Amyotrophic Lateral Sclerosis

Inclusion Body Myopathy

Proteostasis disruption ecocenm
Motor neuron aggregates XXX |

Muscle protein QC failure xXxy i




3. STRUCTURAL EVIDENCE

High-resolution Cryo-EM and X-ray structures of VCP/p97 provide molecular templates for structure-based drug
design. These structures reveal the validated D2 ATPase binding pocket, targeted by ATP-competitive inhibitors

such as CB-5083.

VCP Structure Gallery

800l | Cryo-EM | 2.9 A 9DIL | Cryo-EM | 3.2 A
ADP-bound hexamer Cofactor-bound state

7K56 | Cryo-EM | 2.4 A 5FTK | X-ray crystallography | 2.3 A
ATP-bound active state Inhibitor-bound state



Primary Docking Template: PDB 5FTK

The 2.3 A crystal structure of VCP bound to CB-5083 was selected as the primary template for molecular docking.
This inhibitor-bound structure captures the validated drug binding conformation of the D2 ATPase domain.

Binding Property Value

Domain D2 ATPase Domain

Mode ATP-competitive

Key Residues ALA464, GLY479, ASP320, GLY215
Pocket Volume ~450 A3

Druggability Score 0.92




4. GENERATED DRUG CANDIDATES

NVIDIA BioNeMo MolMIM generated novel molecules based on the reference compound CB-5083. Candidates
were docked against VCP using DiffDock and ranked by a composite score combining docking affinity, molecular
similarity, and drug-likeness.

Reference Compound: CB-5083

Property Value
4]

["] MW 484.6 Da
LogP 4.92
N A H
N_ _N HBD 2
[+] T I W
N
7N HBA 6
Status Phase | (Oncology)

SM LES: CO( C) C1=C( C=C( C=C1) NC2=NC3=C( C=N2) N( C=C3) C) C( =0) NC4=CC=C( C=C4) CN5CCOCCS

CB-5083 serves as a mechanistically validated but clinically imperfect seed—discontinued in Phase | due to
off-target PDEG6 inhibition causing visual disturbances—providing a strong starting point for generating
next-generation molecules with improved selectivity and safety profiles.

Top Ranked Drug Candidates

Docking
(kcal/mol)
#1 VCP-AI-001 -8.62 0.387 484.6 4.92 0.444
#2 VCP-AI-002 -8.26 0.365 485.6 3.82 0.399
#3 VCP-AI-003 -9.86 0.454 456.5 4.10 0.364

#4 VCP-AI-004 -10.95 0.387 484.6 4.92 0.356




Drug-Likeness Assessment

All candidates satisfy Lipinski's Rule of Five and show favorable ADMET predictions. Top candidate VCP-AI-001
demonstrates optimal balance between binding affinity and drug-like properties.

Rule Threshold VCP-AI-001 Status
Molecular Weight <500 Da 484.6 Da O PASS
LogP <5 4.92 0 PASS
H-Bond Donors <5 2 O PASS
H-Bond Acceptors <10 6 O PASS




5. EXECUTIVE SUMMARY

Pipeline Performance

Pathogenic Variant Identified: VCP missense variant (rs188935092) with AlphaMissense score 0.89
Validated Drug Target: VCP/p97 confirmed as high-priority therapeutic target for FTD
Structural Templates: 4 high-resolution structures (2.3-3.2 A) for structure-based design

Novel Candidates Generated: 4 drug candidates with docking scores -8.26 to -10.95 kcal/mol

Genomics (FASTQ - VCF) 120-240 min
Variant Annotation <5 min
Target Identification Interactive
Structure Retrieval <1 min
Molecule Generation 2-5 min
Docking & Ranking 5-10 min

NVIDIA Parabricks 4.6
ClinVar + AlphaMissense
Milvus + Claude RAG
RCSB PDB / EMDB
BioNeMo MolMIM

DiffDock + RDKit

Total End-to-End DGX Spark

Recommended Next Steps

1. Synthesize top 2 candidates for biochemical validation

2. Evaluate VCP ATPase inhibition in enzymatic assays

3. Assess blood-brain barrier permeability for CNS penetration
4. Profile selectivity against related AAA+ ATPases

5. Evaluate in cellular models of VCP-associated disease
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