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Aromatic hydrocarbons (AHS) are persistent environmental pollutants due to the
stability of their benzene rings. Some microorganisms can degrade aromatic
hydrocarbons (AHs) under anoxic conditions by utilizing alternative electron
acceptors, converting them into CoA thioesters, with benzoate serving as a key
model. Benzoate can be transformed into the central intermediate, benzoyl-CoA,
through the enzymatic activity of benzoate-CoA ligase, a member of the aryl-CoA
ligase (ACL) family. Distinct ACL enzymes catalyzing benzoate and related
compounds share conserved protein domains, a distinctive trait of the family of
adenylate-forming enzymes, which can lead to the misannotation of orthologs [1,2].

To address this, we developed bioinformatic tools and conducted comparative
genomic analyses to identify ACL orthologs and their associated pathways
accurately. These tools help distinguish between microaerobic, anaerobic, and
hybrid degradation routes. We found ACLs mainly in Beta-, Alpha-, and
Gammaproteobacteria, as well as Actinomycetes, and in phenylacetate- and 2-
aminobenzoate-CoA ligases in Halobacteria (Archaea). However, only the early
degradation steps of the phenylacetic catabolic pathway were retained.

While some paralogs couldn't be definitively resolved, phylogenetic and genomic
context analyses suggest this redundancy may help optimize bacterial catabolic
strategies.
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