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Background

• In the hit and lead optimization process, advanced computational 

methods contribute to designing molecules with desired 

pharmaceutical properties.

• However, it is still challenging to generate the molecule that satisfies 

multiple properties in broad chemical space avoiding being trapped 

in local minima.

Purpose

• We propose a seamless workflow for molecular optimization using a 

genetic algorithm consisting of a fragment-based next generation 

scaling up methods.

• We aimed to find molecules with optimized properties for multi-

objective functions, and simultaneously, maximizing the efficiency of 

chemical space exploration to reach the global optima.

Methods
GALAPAGOS workflow

• The algorithm has a strategy to extensive search for optimized molecules in multiple 

distinct local minima (Figure 1).

Initialize

• The initial pool, which is user defined data source, is divided into each seed pool 

and auxiliary pool. The seed pool is the ancestors for offspring pool.

• Clustering-based selection guarantees diversity of the seed pool.

Generation

• Crossover: exchange the sidechain fragment between the molecules with maximum 

common structure. 

• Mutation: Moiety-based Neural Networks (MONET), which is another asset of the 

Standigm inc., modifies a randomly selected sidechain fragment. 

Selection

• Objective function

• Linear combination of multiple pharmaceutical property weighted scores.

𝑆𝑜𝑏𝑗 = 𝑤𝑔𝑆𝑔𝑜𝑙𝑑 + 𝑤𝑟𝑆𝑅𝑂𝐶𝑆− 𝑤𝑝 𝐿𝑜𝑔𝑃 + 𝑆𝐴 𝑠𝑐𝑜𝑟𝑒 + 𝑅𝑖𝑛𝑔 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 + 𝑤𝑞𝑄𝐸𝐷

• The distance cutoff of the clustering decrease by episode for extensive maturation.

𝐷𝑒 = 0.97𝐷𝑒−1

• Selection rule facilitate to avoid the chemical space area of molecules from the 

previous round.

Validation

• To demonstrate the feasibility of the algorithm, we conducted a pilot study to 

optimize the virtual hit molecules of Adenosine receptor A2 (AA2AR) target from the 

ChEMBL26 database.

• The initial pool was defined as the top 10,000 of ligands in the database ranked by 

Tanimoto similarity with crystal ligand (< 0.323).

• The crystal ligand and active molecules in DUD-E datasets are compared to the 

final generated pool of the GALAPAGOS.
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Result

Conclusion 

• The mean selection score of the molecules in the 

pool increases by episode as a saturation curve 

(Figure 2).

• In round 1 and round 2, different chemical spaces 

are explored, but the increasing trend of the score is 

similar.

• The basic pharmaceutical property of the molecules from the GALAPAGOS are in the moderate range 

of the approved oral drugs or got higher scores than seed pool molecules (Figure 3a, 3b and 3c).

• The activity scores, such as gold docking score and ROCS score, of the GALAPAGOS pool 

overwhelmed the seed pool and active molecules, which is derived from the ChEMBL dataset or 

DUD-E dataset respectively (Figure 3d and 3e).

                                                                                                                                                                    

                                                                                                  

         

      

                                          

                                 

• The GALAPAGOS algorithm explored the chemical space extensively by episode 

diverging from the seed pool (Figure 4a).

• In each new round, it was observed that a chemical space exploration was made 

in another area each other (Figure 4b).

                                                                                                          

                                              

      

              

             

          
         

• Among the final selected pool from the GALAPAGOS, we sampled randomly one 

ligand and confirmed docking pose state.

• All interactions of the crystal ligand were also present for the sampled molecule.

• Additional favorable bonds are observed, which increases the affinity of the ligand 

to target protein (Figure 5).

• We demonstrated a practical algorithm for utilization in the hit and 

lead optimization process in the drug development industry.

• We showed a feasibility of GALAPAGOS algorithm in multiple 

objective optimizing process considering the both of drug-likeness 

and drug activity.

• By developing a workflow for avoiding being trapped in a local 

minimum and conducting extensive exploration in the chemical 

space, it will be facilitated to generate the qualified and scalable 

drug candidates.
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