
Improving Small Molecule Generation using Mutual Information Machine

MolMIM is a probabilistic auto-encoder for small molecules, pretrained on 730M 
SMILES molecules randomly selected from drug-like tranches of ZINC15. 
Mutual Information Machine (MIM) learning maximizes the mutual information 
between the observations and latent codes, while clustering similar observations 
together in the latent space.

We show how MolMIM’s learned latent space can be used with a naïve 
CMA-ES optimization algorithm to surpass a wide array of complex generative 
methods in drug discovery tasks.

Multi-objective molecule optimization. MolMIM is comparable to 
SOTA models which were specifically designed for the 
multi-objective task.The MolMIM experiments are denoted as: (R) 
random initialization; (A) promising precursor initialization; (E) 
initialization with exemplars. † results are based on additional 
restarts

MolMIM archives the highest effective novelty (i.e., valid, novel, and unique molecules) in the shortest amount of inference time. Molecule sampling quality was 
evaluated with 20,000 molecules randomly selected from the test set, where 10 samples were acquired per molecule. MMB stands for MegaMolBART. K is the 
hidden length. σ is the optimal scale of Gaussian random noise used in sampling. † batch size constrained by memory.
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MolMIM is an encoder-decoder with a fixed-size bottleneck, built using a 
Perceiver encoder and Transformer decoder. While similar in architecture to 
β-VAE, MolMIM is a Mutual Information Machine (MIM), and does not suffer from 
posterior collapse.

Average Tanimoto similarity (y-axis) between input and non-identical interpolated molecules (x-axis 
is interpolation step in the latent code). Shaded regions indicate +/- one standard deviation. MolMIM 
clusters similar molecules and has the smallest variance in early steps. The clustering lends itself to 
various tasks of controlled generation.

MolMIM provides fine-grained control over molecule generation: (a-b) Small perturbations lead to 
changes in chirality only (dashed red line); (c-d) Larger changes allow the substitution of a single 
atom, see similarity map (e); (e) The similarity map with chemically similar (green) and distinct (red) 
pharmacophores, relative to the initial structure (c).

QED and penalized logP optimization under minimal Tanimoto 
similarity constraint δ. MolMIM performs better in constrained 
optimization than models trained with supervision. QED is 
quantitated by success percentage and penalized logP by mean 
and standard deviation of the improvement in value. † limits logP 
solutions to improvement ≤ 20 (removing long carbon chains), 
Results above the solid bar are from [Fragment-Based Sequential 
Translation for Molecular Optimization, Chen, 2021].
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