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Cardiovascular deseases and metabolic malfunctioning
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FOCUS: Lipids metabolism: Lipoprotein Lipase (LPL)



Lipoprotein Lipase (LPL)+small molecule




Dual otimisation: Geometry, charges
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Graph construction

4.5A

locality
conflict



Maximum Weighted Independent Set

Minimise conflicts

Maximise Coulombian interactions ——
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DATA EXTRACTION

Extract partial charges
(Gasteiger/RDKit)

Extract 3D coordinates
(LPL pocket & 8 ligands)

GRAPH CONSTRUCTION

Apply locality condition
(intra- vs intermolecular dist.)

Build conflicto graph
(V: pairs; E: clashes)

VARIABLE REDUCTION

Filter out null & negative interactions
Remove weak interactions (w, < 0.001)

OPTIMISATION

Formulate as QUBO / MWIS

Solver Digital annealing (D-wave)
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Ligand MWIS Weight a,,(G) Interaction Profile
] 19.18 Baseline
2 21.67 Standard
3 29.66 High energy, low conflict density
4 25.04 Standard
b 26.87 Standard
6 33.41 High energy (largest size)
7 13.86 Low energy, high conflict density
8 57.30 Highest energy

Table 2: Cumulative weights of the MWIS representing
the interaction energy between the LPL and ligands.
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Conclusions

Formulation: Molecular docking was mapped to a
QUBO/MWIS problem using the concept of steric impedance
(geometry+charges).

Scalability: Resolved conflict graphs of upto N = 3958
vertices using quantum-inspired Digital Annealing.

Ligand Ranking: Established a clear classification of
molecules with favourable interaction capabilities with the LPL
enzyme.
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Future

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
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QUBO problem:
Maximum Weighted Independent Set

max E WyX, — A E Xy X1

VeV {fuvleE
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Ligand Initial Pairs(N,) Reduced Vertices(N) Reduction(%)
1 4992 2197 b6
2 6624 2894 b6
3 6912 3212 b4
4 7584 3477 b4
5 8064 34061 b7
6 8256 3709 b5
7 8448 3429 b9
8 8736 3958 b5

Table 1: Reduction of the combinatorial search space (2™) by filtering weak interactions.
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