DESIGN OF NOVEL PROTEINS
FROM LATENT SPACES OF

VARIATIONAL AUTCENCODERS

Designing better biocatalysts requires understanding the pathway of protein evolution. We
used variational autoencoders (VAEs) to capture the nonlinear epistasis between different
positions in protein sequences.
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INTRCDUCTICN CBJECTIVE METHCDOLOGY
The use of evolutionary information has been Harness the potential of evolutionary Ding and co-authors [3] recently showed that
shown to be important in the design of new, dependencies within VAE latent space to the latent space of VAEs can guide
more stable protein variants for practical engineer novel stable and active variants of researchers in producing improved protein
applications [1, 2]. However, finding the right haloalkane dehalogenase DhaA of the a/B- mutants and reconstructing phylogeny. This
sequence for desired properties s hydrolase 1 family by manipulating latent provides an alternative to the conventional
challenging due to the vast space of possible coordinates of protein sequences. method of ancestral sequence reconstruction
sequences. Deep neural networks can [2], which treats pOSitionS independently.
capture evolutionary information and the full
variation of sequences in multiple sequence ( Multiple sequence \ ( Evolutionary latent space \
alignments, which can guide researchers in alignment trajectory
producing improved protein variants. e
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The VAE evolutionary profile identified 14
candidates for laboratory experiments, out of 4 Laboratory Experiments \ 4 Evolutionary Profile )
which 4 were stable and soluble. The four
successful designs were experimentally
characterized for stability, activity, and
specificity.
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ANALYSIS

1. EnzymeMiner identified 22 567 hits, which Correlation = 0.68
were aligned, clustered at 90% sequence

identity, and filtered for overlaps with the 41
query.

2. A shallow neural network with 299 neurons 21
was selected for both the encoder and

decoder. The resulting latent space was two- N 01
dimensional.

3. The reconstruction strategy consisted of -2
selecting 100 points on a straight line from the

query to the origin in the latent space. - 41

4. Several metrics were retrieved for each : : . . ; . . . . . . . .
point to allow further selection: VAE -4 -2 Z(: 2 4 e etMAcovarences

probability, closest sequence identity, counts Branches of phylogeny tree of a/B— Second-order covariances describe

of indels, and substitutions. hydrolase family (PF00561) mapped VAESs' ability to design protein sequences
into latent space. that belong to a particular family
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