Description of Additional Supplementary Files

Supplementary Data 1: All sequences identified by the screening of the UniProt database applying the
Generalized Profile.

Supplementary Data 2: Sequences of the catalytic domains containing the catalytic general acid/base
His (KpHdaH (1b): His144) filtered from sequences listed in Supplementary Data 2.

Supplementary Data 3: Sequences of the catalytic domains of about 5973 representative members
selected by the 'cd-hit' program by removing duplicates and highly-similar (>60% identity) and all
containing the catalytic general acid/base His (KpHdaH (1b): His144) filtered from sequences listed in
Supplementary Data 3.

Supplementary Data 4: Sequences used for construction of the phylogenetic tree. The phylogenetic
tree is based on a multiple sequence alignment generated with with MAFFT (L-Ins-I modus). Before
using the alignment for tree construction, columns with more than 90% of gaps were removed. The
alignment was used to generate a neighbor-joining tree with the programme belvu?®. This was converted
to newick format and the phylogenetic tree was visualized with iTOL?3,

Supplementary Data 5: Sequences used for construction of the phylogenetic tree in newick format.
Sequences from which regions with >90% gaps were removed were used to generate a neighbor-joining
tree with the program belvul. This was converted to newick format and the phylogenetic tree was
visualized with iTOL?3,

Supplementary Data 6: Structural alignments of selected representatives of the clusters.

To analyze the structural similarities of enzymes within the sub-clusters of a main cluster and of enzymes
of the main clusters 1-5 structural alignments were performed. The alignment was done by
superimposing the structures on a reference structure shown above. The reference structure was one
of the experimentally solved structures of the bacterial deacylases presented here. If this was not
possible, i.e. for cluster 2, we selected the structure of human HDAC2 (cluster 2; PDB: 4LY1
[https://doi.org/10.2210/pdb4LY1/pdb]) as reference structure. The r.m.s.d. values show the close
structural similarities of enzymes of different sub-clusters within a main cluster. Moreover, the structural
alignment of representative enzymes of the five clusters also shows close structural similarity between
the main clusters. For almost all structural alignments we observed r.m.s.d. values close to 1A or lower.
We observed two exceptions, i.e. the eukaryotic enzyme HdaH of Malassezia pachydermatis (1f) of
zoophilic yeast in comparison to the bacterial KpHdaH (1b) with an r.m.s.d value of 7 A in the comparison
of cluster 1 enzymes and the similarity of the cluster 3 enzyme of L. cherrii HdaH (3) in the comparison
of enzymes representing the main-clusters with r.m.s.d to KpHdaH (1b) of 5.5 A. M. pachydermatis (1f)
shows an additional structural feature within the catalytic domain, i.e. an additional a-helical insert, a -
hairpin, and a long a-helical N-terminal domain preceding the catalytic domain, explaining the observed
structural difference. The structural dissimilarity of the cluster 3 enzymes is due to the additional
structural features, i.e. the extended B-sheet and the additional a-helices compared in the catalytic core
domain. If not indicated by the PDB-code, AlphaFold2 structural models were used. The corresponding
UniProt numbers of the enzymes are listed. The structural alignments were done using PyMOL*.

Supplementary Data 7: ChemDraw file for chemical structures of peptides and acyl chain types
used as substrate backbones for deacylation by selected bacterial deacylases.

The ChemDraw file shows chemical structures of peptides with varying sequences used to study
substrate preference for various bacterial deacylases. The peptides used were derived from histone H3
(APRKacyl, H315.18 or TARKacy, H36.9), histone H4 (LGKacy, H410-12) tumor suppressor protein p53
(QPKKagcyl, p53317-320) and DLAT (Dihydrolipoyllysine-residue acetyltransferase component of pyruvate
dehydrogenase complex; ETDKacyi; DLAT256-250). The peptides are modified with a C-terminally attached
AMC (7-amino-4-methylcoumarin) fluorophore being released upon trypsin cleavage (Fluor-delLys-
assay). The AMC fluorophore is quenched in the peptide but is fluorescent in its free form. Furthermore,
the ChemDraw file encompasses drawings of chemical structures of the different acyl chain types used
in this study i.e. acetyl (C-2; Kac), propionyl (C-3; Koro), butyryl (C-4; Kwut), medium-sized aliphatic
acylations, i.e. hexanoly (C-6; Knex), octanoyl (C-8; Kact), decanoyl (C-10; Kdec), longer-chain aliphatic
acylations, i.e. lauroyl (C-10; Kiau), myristoyl (C-12; Kmy) and palmitoyl (C-14; Kpa), the unsaturated
crotonyl (Kero), the branched acylations L-lactyl (Ki-a), D-B-hydroxybutyryl Ko-bhs), charged-acylations,



i.e. succinyl (Ksuc), glutaryl (Kgu) and biotinyl (Ksio) (Fig. 3a; Supplementary Fig. 5; Supplementary Fig.
6). Charges were shown as expected at physiological pH.

Supplementary Data 8: ChemDraw file for chemical structures of deacylase hydroxamate
inhibitors SAHA, trichostatin A (TSA), benzamide entinostat (MS-275) and the cyclic peptides
apicidin A and trapoxin A.
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