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surface-exposed loop of the cis-subunit that is directly connected to
the Walker B motif of ParA. On the other hand, the central positively
charged residue R13 likely associates with the helix H4/H6/H7 region
of the trans-subunit, which is immediately adjacent to the conserved
Motif 2. These two motifs contain residues that coordinate the tri-
phosphate moiety of ATP, the Mg2+ ion and catalytic water molecules
at the active site and thus play a critical role in the mechanism of
nucleotide hydrolysis31,77,79–81. HDX analysis showed that ParB binding
leads to an increased accessibility of the Walker B region, indicating a
structural rearrangement at the catalytic site of ParA. The lack of
obvious changes in HDX around Motif 2 may be explained by the fact

that the corresponding region is tightly embedded in the protein and
thus less accessible to the environment31, which strongly reduces the
HDX rate73. Alternatively, the structural changes induced may be too
subtle to be detected by this technique. An additional region of
elevated HDX was observed if ParA was associated with both ParB
and non-specific DNA, including the deviant Walker A motif, which
coordinates the phosphate moieties of ATP and thus also critically
contributes to the catalytic mechanism of ParA31,77–81. Given the
considerable distance between the Walker A motif and the DNA
binding site, this effect may reflect a rearrangement in the global
structure of ParA that is induced cooperatively by ParB and DNA
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Fig. 6 | Residue R13 of ParB binds a conserved site adjacent to the ParA dimer
interface. a Schematic representation of M. xanthus ParA. Regions involved in ATP
binding and hydrolysis, including the Walker A motif (purple), Motif 2 (light red),
and the Walker B motif (magenta), are highlighted. Regions that show DNA-
dependent protection in HDX experiments (see Fig. 4c, d) are shown in blue.
b Conservation of the helix H4/H6/H7 region of ParA. The graph shows a sequence
logo of the helix H4/H6/H7 region based on an alignment of 3800 ParA homologs
obtained by protein BLAST analysis with M. xanthus ParA as a query. Residues are
colored according to their physico-chemical properties (as in Fig. 1c). The num-
bering indicates the corresponding residues in M. xanthus ParA. Residues investi-
gated in this study are highlighted by arrowheads. c Magnification of the predicted
binding site of residue R13 of ParB on the ParA dimer surface, taken from the model
in Fig. 2f. Interacting residues are shown in stick representation and labeled, with
R13 modeled in one of its possible rotameric states. The inset indicates the location
of the magnified region in the ternary complex (orange rectangle). d BLI analysis of
the interaction between DNA-bound ParB and ParA variants with amino acid

exchanges in the helix H4/H6/H7 region. ParB-Q52A (ParB*) (10 µM) was loaded
onto a closed parS-containing DNA fragment (see Fig. 1a) and probed with the
indicated ParA variants (5 µM) in the presence of ATP (1 mM) and 500 mM KCl. At
the end of the association phase, the biosensor was transferred into a protein- and
nucleotide-free buffer to follow the dissociation kinetics. e Stimulatory effect of
ParB on ParA variants with amino acid substitutions in the H4/H6/H7 region. Shown
are the ATPase activities of the indicated ParA variants (2.5 µM) in the presence of
ATP and CTP (1 mM each) with or without ParB-Q52A (10 µM), salmon sperm DNA
(100 µg/mL), and/or a parS-containing DNA stem-loop (250 nM). Data represent the
mean of four independent replicates (±SD). f Crystal structure of ParA21-274-
D60A•ATP with a modeled ParB1-20 peptide taken from the predicted structure in
Fig. 2f, shown in cartoon representation. The ParB1-20 peptide (blue), Motif 2 with its
catalytic residues D58, D60, and N64 (dark red), and the region connecting Motif 2
and helix H4 (cyan) are highlighted. ATP is depicted in orange, the Mg2+ ion in
green. Relevant residues are displayed in stick representation, with R13 shown in
one of its possible rotameric states. Source data are provided as a Source data file.
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