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Convergent evolution - the independent emergence of similar traits in unrelated lineages - has
been treated as a rare exception to the "no reinvention of the wheel" principle, often relegated
to the periphery of evolutionary thinking, requiring more rigorous standards of evidence and
frequently viewed with scepticism. However, convergence is not an anomaly but rather a
pervasive phenomenon (Wu et al., 2020), reflecting the constrained nature of biochemical
solutions to life’s functional demands. Among the most compelling examples of molecular
convergence are non-homologous isofunctional enzymes (NISE), distinct proteins with no
detectable common ancestry that catalyze the same biochemical reaction. These enzymes
differ in structure, domain architecture, or mechanism, yet fulfil equivalent roles within
metabolic networks. When homologous enzymes (HISE) exist alongside non-homologous
counterparts, the functional landscape becomes even more complex, with multiple genetic
routes to the same metabolic endpoint. In this work (still in progress), we present a simple yet
robust approach to identify and characterize HISE and NISE in protein sequence databases
in which entries have assigned enzymatic activity (EC) and SUPERFAMILY (SF) domain. The
SF database (Pandurangan et al., 2019) uses Hidden Markov Models to assign protein
domains from SCOP superfamilies (Andreeva et al.,, 2020) to sequences across many
completely sequenced genomes. Each SCOP superfamily represents a group of proteins that
are believed to have a common evolutionary origin, even if their sequences have diverged
significantly, based on structural data. Indeed, SF classification has been proved effective in
discriminating between NISE and HISE even in the absence of 3D-structure information
(Piergiorge et al., 2017). As a proof of concept, we applied a preliminary Perl implementation
of this method to identify NISE and HISE in the UniProtKB reviewed (Swiss-Prot) database
(UniProt Consortium, 2025). We found enzymatic activities carried out by structurally distinct
proteins across 3,234 organisms in all three domains of life, including viruses - Archaea=116;
Bacteria=1,417; Eukaryota=1,233; Viruses=467, and 338 enzymatic activities performed by
structurally unrelated enzymes, with distinct SF domain architectures, comprising 32,895
sequences (oxidoreductases=3,305; transferases=10,937; hydrolases=11,463; lyases=3,876;
isomerases=1,896; ligases=835; translocases=583) in 846 clusters representing the total
number of independent origins within the 338 enzymatic activities. The workflow consists in a
few steps vyielding structured, parseable outputs: monomeric and multimeric (single and
multiple SF domain, respectively) NISE and HISE, among others. The code is being
reimplemented in the Python programming language, and a stand-alone application will soon
be freely available to the scientific community.
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