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The growing popularity of industrial enzyme applications increases the demand for discovering new biocatalysts 
with industrially useful properties. The fundamental question is how to get better biocatalysts? Shall we explore 
the natural sequences or improve available enzymes with protein engineering tools? Outstanding progress has 
taken place thanks to the genomics revolution. The avalanche of protein sequences, which now fills the 
databases at a rocket pace, represents a vast potential, bringing new challenges to its practical utilization. Only 
a negligible fraction of gene sequences deposited in databases has been experimentally characterized. 
Incorrect automatic annotations are common and tend to percolate, 
leading to error accumulation in the databanks [1]. Without 
advanced bioinformatic expertise, relying on database annotations, 
many projects dedicated to finding new biocatalysts do not 
succeed, even after large investments and the application of high-
throughput screening campaigns [2]. This can lead to overlooking 
or underestimations of the potential of natural diversity hidden in 
sequence databases. 
Herein, we will present advanced database mining of novel 
biocatalysts by combining automated sequence and structural 
bioinformatics [3] and microfluidic enzymology methods for efficient 
experimental characterization [4]. In a single run of this workflow, 
we doubled the number of experimentally characterized members 
of a model enzyme family, haloalkane dehalogenases (HLDs), and 
obtained biocatalysts catalytically surpassing the previously known 
variants whether discovered or engineered. 
We compared the biocatalytic effectivity of variants obtained by this 
advanced database mining with enzymes previously isolated by 
classical enzymological approaches, as well as with the variants 
systematically constructed for more than 20 years by various protein 
engineering strategies (Figure 1), including optimization of active 
sites, redesigning access tunnels, engineering dynamical protein 
loops or resurrecting ancestral sequences. Our study provides an 
interesting conceptual view of current approaches used in 
biocatalyst development, and the substantial potential of natural 
sequence diversity. 
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Figure 1. Strategies for biocatalyst 
discovery illustrated with the HLD family. 
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