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ABSTRACT

Researchers at the University of California, Davis in collaboration with Iff Technologies have
developed a hybrid quantum-classical computational workflow that enhances protein-protein
binding site identification by quantum-assisted pruning of molecular structures prior to classical
docking.

FULL DESCRIPTION

Computational  approaches  for  modeling  molecule-molecule  interactions  have  become
increasingly  valuable  in  fields  such  as  drug  discovery,  vaccine  development,  and  disease
pathology. Traditional in silico docking tools face limitations when modeling large, complex,
post-translationally modified molecules with high biological fidelity, with most software allowing
for  limited  binding  pockets  to  be  observed.  Classical  computational  heuristics  struggle  to
prioritize biologically relevant binding sites, leading to false positives and inefficient discovery
processes.  Quantum  computing  offers  advantages  for  setting  up  and  utilizing  complex
molecular subgraphs in this process, but existing quantum algorithmic approaches for molecule
structure analysis have not been fully integrated into biological modeling workflows in a manner
that  supports  end-to-end  processing  from  molecular  structure  data  through  binding  site
identification. Additionally, quantum algorithms deployed on quantum processing units tend to
be  focused  on  specific  manufacturers'  devices  or  specific  modalities,  which  can  limit  their
broader applicability across different quantum computing architectures.

To  address  these  challenges,  researchers  at  the  University  of  California,  Davis  and  Iff
Technologies have developed a hybrid quantum-classical computational workflow that enhances
protein-protein binding site identification by quantum-assisted pruning of molecular structures
prior to classical docking. Pruned protein structures are then subjected to classical docking
methods, such as ZDOCK, followed by detailed contact and clash analysis to validate binding
interfaces. This end-to-end, quantum device-agnostic workflow enables researchers to model
molecular interactions that classical tools alone cannot handle effectively.

APPLICATIONS

▶ Drug discovery and vaccine development targeting viral, autoimmune, and chronic

inflammatory diseases. 

▶ Aging-related immunology and host defense regulation research. 

▶ Development of biologics, antigen-antibody interaction modeling, and precision

immunotherapies. 

▶ Protein interaction network mapping using proteomics and glycomics data, with docking at

its core. 

▶  Assisting organoid studies and in vitro receptor function assays such as SPR and bio-layer

interferometry. 

▶ Integration as licensed plugins in molecular modeling platforms,such as OneAngstrom’s
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▶ Cloud-based SaaS platforms for molecular discovery and pharmaceutical partnerships.

FEATURES/BENEFITS

▶ Accelerates identification of biologically and immunologically relevant binding domains. 

▶ Handles glycosylated and other post-translationally modified proteins to improve realism of

binding analysis. 

▶ Reduces docking complexity by pruning low-contribution atoms before docking. 

▶ Scales to large, multi-domain proteins and runs across multiple quantum hardware

architectures. 

▶ Integrates quantum-enhanced subgraph analysis with established classical docking

workflows. 

▶ Extends functionality through customizable scripting and optional GUI modules. 

▶ Overcomes classical docking limits in modeling large, complex, and modified proteins. 

▶ Reduces false positives by prioritizing biologically relevant binding sites earlier in

discovery. 

▶ Avoids device lock-in by supporting multiple quantum hardware modalities, including both

superconducting and photonic quantum devices.

▶ Enables analysis of glycosylated protein–protein interactions and multi-ligand binding

scenarios.
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