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Next-Gen Enzyme Engineering – A wet lab data-driven approach to identify and
recombine key point mutations with EnzyMAP AI and EnzyREC AI for superior
enzyme performance
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PURPOSE OF THE ABSTRACT
Directed  evolution  of  enzymes  has  evolved  towards  increasing  reliance  on  in  silico  designs  and  lessened
dependence on expensive experimental screens. In the last few years we are witnessing the emergence of in silico
Machine  learning  (ML)  strategies  with  the  promise  to  propel  the  field  of  enzyme  evolution  further,  eventually
reaching the goal of function-guided de novo enzyme design .
 
Aminoverse seeks to fulfill that promise with its proprietary EnzyMAP AI and EnzyREC AI.

EnzyMAP AI is  a modern deep learning architecture that uses a small  wet-lab data input of  3 to 5 representative
amino  acids,  combined  with  evolutionary  and  structural  information,  to  predict  the  fitness  of  all  20  amino  acid
mutations  in  all  positions  of  any  given  enzyme.  For  training  we  collected  and  generated  datasets  with  >150,000
mutants spanning diverse proteins.

With a wet lab data input of only 20%, EnzyMAP AI predicts the best performing point mutations (hotspots) across
the entire enzyme sequence with >90% accuracy visualized by a fitness heatmap (Fig.1). This approach is especially
useful  to  gather  holistic  knowledge  about  the  effect  of  mutations  towards  a  variety  of  enzyme  properties  while
reducing screening efforts and costs by up to 85%.

Guided by the knowledge base generated via EnzyMAP AI, EnzyREC AI employs the latest advancements in large
language  models   and  protein  generative  models  conditioned  on  backbone  coordinates  ,   to  cherry-pick  and
efficiently recombine key point mutations in final variants exhibiting superior enzyme performance. 

We exemplify the synergies of EnzyMAP AI and EnzyREC AI with an internal case study revolving around an Alcohol
Dehydrogenase  engineered  towards  enhanced  thermostability  and  activity.  The  performance  of  Aminoverse's  AI
platform  is  benchmarked  against  traditional  approaches  such  as  random  mutagenesis  and  in  silico  design   and
more recent publicly reported machine learning algorithms .



FIGURES

FIGURE 1
EnzyMAP AI Fitness Landscape Prediction
Fitness  landscape  prediction  of  EnzyMAP AI  (bottom)
on  unseen  experimental  data  set  (top).  Red  color
marks  fitness  improving  mutations  (hotspots),  blue
color  marks  fitness  decreasing  mutations  (coldspots),
while yellow color indicates mutations not affect

FIGURE 2
EnzyREC AI workflow in LLM framework
Starting from the data input by EnzyMAP AI, EnzyREC
AI  first  generates  all  beneficial  recombinatorial
variants  and  subsequently  scores  their  folding
probability  against  all  protein  sequences  known  in
nature.
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