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Cardiovascular deseases and metabolic malfunctioning 

  
FOCUS: Lipids metabolism: Lipoprotein Lipase (LPL) 
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Lipoprotein Lipase (LPL)+small molecule 
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LPL coordinatesatoms partial charges

Dual otimisation: Geometry, charges 
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Receptor
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Graph construction 
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Maximise Coulombian interactions

Maximum Weighted Independent Set

Minimise conflicts
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Table 2: Cumulative weights of the MWIS representing 
the interaction energy between the LPL and ligands.
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Formulation: Molecular docking was mapped to a 
QUBO/MWIS problem using the concept of steric impedance 
(geometry+charges). 
Scalability: Resolved conflict graphs of up to 𝑁 = 3958 
vertices using quantum-inspired Digital Annealing. 
Ligand Ranking: Established a clear classification of 
molecules with favourable interaction capabilities with the LPL 
enzyme.

Conclusions
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Spatial Reconstruction: Post-processing to map the MWIS 
solution back to 3D space to determine the final ligand pose. 
Pharmacophore Grouping: Reducing variables by grouping 
atoms into pharmacophores. 
Quantum Hardware: Execution on D-Wave Quantum 
Annealers (LeapHybridBQMSampler). 
Digital Quantum Algorithms: Implementing techniques like 
Pauli Correlation Encoding to compress variables.
Lab tests

Future



Cardiovascular 
desease prevention
Small molecule - protein interaction 
a quantum perspective

16

Mariamo Mussa Juane, CESGA postDoc researcher

María Paredes, R&D scientist Hijos de Rivera SAU



17



18

𝑚𝑎𝑥 ෍

𝑣𝜖𝑉

𝜔𝑣𝑥𝑣 −  𝜆 ෍

𝑢,𝑣 𝜖𝐸

𝑥𝑢𝑥𝑣 

QUBO problem:
Maximum Weighted Independent Set
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Table 1: Reduction of the combinatorial search space (2𝑛) by filtering weak interactions.
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