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Figure S1. Cladogram of the Bdellovibrionota, indicating the
presence of histone fold proteins throughout the clade. This is a
fully annotated version of Fig. 2a. The cladogram is based on the
publicly available GTDB tree (v 95.0) and represents the subset of

genome assemblies that were used in this study and are also present
in GTDB.
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Figure S2. Cladogram of the class Leptospirales and its UBA4802 sister clade, indicating the presence of
histone fold proteins throughout the clade. The cladogram is based on the publicly available GTDB tree (v 95.0)
and represents the subset of genome assemblies that were used in this study and are also present in GTDB.
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Figure S3. Conservation of Bd0055 at the amino acid level in the context of other proteins encoded by

B. bacteriovorus. Homologs of proteins in B. bacteriovorus HD100 were identified in three other Bdellovibrio
genomes of different divergence levels (B. bacteriovorus strain Tiberius, Bdellovibrio sp. CG10, and

Bdellovibrio sp. ArHS) using a reciprocal best blast hit (RBBH) approach (see Methods). For each pairwise
comparison, proteins were aligned and then ranked by amino acid identity. BA0OO55 ranks amongst the most highly
conserved proteins at different levels of proteome divergence. Bd3044 is comparatively less well conserved and
absent from Bdellovibrio sp. CG10 (assembly ID: GCA_002773975.1).
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Figure S4. Ranked abundance of B. bacteriovorus transcripts during (a) attack phase, (b) growth inside the

E. coli host, and (c¢) host-independent growth (strain HID13), highlighting transcript levels of Bd00S55 relative to
homologs of classic bacterial NAPs encoded in the B. bacteriovorus genome. (d, e) Correlation between protein
abundance in attack phase cells (this study, whole cell extract) and RNA abundance during attack phase and
growth inside the host (from Karunker et al. 2013, ref. 66).
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Figure S5. Bd0055 associates with the nucleoid. (a) A Bd0055-GFP fusion protein expressed in E. coli K-12
(see Methods) co-localizes with the nucleoid, which is visualized by DAPI staining. Representative images from
experiments done in triplicate are shown. (b) Protein abundance and nucleoid enrichment of Bd0055 in

B. bacteriovorus in the context of “classic” bacterial NAPs, for which homologs were detected in the

B. bacteriovorus HD100 genome.
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Figure S6. Fluorescence polarization (FP) was used to monitor interaction of Bd0O055 with 40 bp DNA labelled with
Alexa-488 labeled, at the indicated pH and NaCl concentration (a-d). Binding affinities are listed below each condition.
All experiments were carried out in triplicate. Error bars represent standard error of the mean.
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Figure S7. Micrococcal nuclease (MNase) digestion of chromatin from E. coli strains heterologously expressing
either the archaeal histone HMfA or B00S5S5. (a) In cells expressing HMfA, MNase digestion results in a ladder of
protected fragments consistent with hypernucleosome formation. No such banding pattern is evident when Bd0055
is expressed instead. Note that areas of strong signal in BAOOS55 lanes could be misread to imply the existence

of a relatively defined fragment size class. This is not the case and rather reflects the fact that genomic DNA is
quickly digested to low molecular weight species that accumulate at the bottom of the gel. This is evident from the
fact that we observe a similar banding pattern when digesting chromatin from the same strain but where Bd0055
was not induced (b). Expression in the uninduced condition is, in fact, strongly repressed. Note also that — while
fragments of a defined size are absent — there is greater protection (visible as smears centred at higher

molecular weight in the induced condition) when Bd0O0S55 is present, as quantified in (c), showing mean and
standard error of the mean for three replicates at an MNase concentration of 0.5x. Finally, we note that these patterns
allow no firm conclusions regarding a role of Bd0O0S55 in protecting or regulating access to DNA. All we can say is
that BdOO55 does not protect from MNase in the same manner that archaeal and eukaryotic histone complexes do.
MNase probes accessibility in a specific way, and there are various proteins, including for example H-NS in

E. coli, that prevent access to DNA, but do not confer MNase protection.
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Figure S8. Sedimentation behavior of Bd0055 and HTkA DNA complexes indicates large BA0O055-DNA complexes.
(a) SV-AUC of a titration of HTkA onto 147 bp DNA. Absorbance is represented in a van Holde-Weischet plot.
HTKA saturates the piece of DNA at a molar ratio of histone monomers to DNA of ~32. Particles are insoluble
beyond a 64-fold excess of histone monomer over DNA. (b) Titration of Bd0055 onto 147 bp DNA. Bd0055 saturates
binding sites on DNA at a molar ratio of histone monomer to DNA above 128x. Particles are soluble at all
concentrations measured. (c¢) Titration of Bd0055-tetra mutant onto 147 bp DNA. Bd0055-tetra saturates the piece of
DNA at a molar ratio of histone monomer to DNA of <32. Particles are not soluble at 64x, but are soluble again at
128x, presumably forming a similar particle to that of the 32x sample. Particles are insoluble at 256-fold excess.

(d) Comparison of saturating concentrations of HTkA, Bd0055, and Bd0055-tetra (select data from (a-c)).
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Figure S9. (a) Fluorescence polarization (FP) of BA0055 mutants binding to the same DNA as in Fig. 5d. FP is
monitored using the Alexa488 flourophore (N=3). Error bars represent standard deviation of the mean.

(b-e) Tetramerization interfaces of archaeal and bacterial histones. (b) Crystal structure of HMfB in complex with
DNA (PDB 5T5K), only showing one tetramer of protein (green) and the DNA it interacts with (gray). The inset
shows the tetramerization interface (L46, H49, 162 are highlighted in black). In addition to hydrophobic contacts
by the three highlighted residues H49 may hydrogen bond with the neighboring dimer's backbone. Panels (c-e) are
AlphaFold models are aligned to the same dimer of HM{B. The DNA from a) is superimposed onto each model and
was not considered in AlphaFold's prediction or modeled separately. Interface predicted TM (ipTM) scores
provide a measure of confidence in the interface prediction, with values above ~0.75 suggested to be high
confidence (see Yin et al. 2022)%". (¢c) AlphaFold prediction of the tetramer configuration of the archaeal histone
HTKA (dark green). The tetramer interface is shown enlarged in the inset (L47, H50, L63 are highlighted in black).
(d) AlphaFold prediction of tetramer configuration of Bd0055 WT (blue). The predicted tetramer interface is
incompatible with the DNA-protein complex architecture observed in (b,c) and unlikely to form

in practice, as suggested by the low ipTM score. (e) AlphaFold prediction of tetramer configuration of the
Bd0055-tetra mutant, showing tetramer interface in inset (L45, H48, L61 are highlighted in black). The tetramer is
bent more severely than in (b) or (c), but its interface exhibits similarities to interfaces observed/modeled for
archaeal histones.
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Figure S10. Cladogram of the Planctomycetota, indicating
the presence of histone fold proteins throughout the clade.
The cladogram is based on the publicly available GTDB
tree (v 95.0) and represents the subset of genome assemblies
that were used in this study and are also present in GTDB.
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Figure S12. Cladogram of the Chlamydia, indicating the presence of histone fold proteins throughout the clade.
The cladogram is based on the publicly available GTDB tree (v 95.0) and represents the subset of genome
assemblies that were used in this study and are also present in GTDB.
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Figure S14. Ranked abundance of L. interrogans proteins from (a) Schmidt et al. (2011) and (b) this study,
highlighting the abundance of the L. interrogans histone in the context of other known NAPs in this species.
All quantified proteins are plotted. (¢) Comparison between absolute protein abundance values reported in
Schmidt et al. (2011, ref. 38) and normalized abundance values (IBAQ) reported in this study.



4 . acidic
3 . basic
(%) -
52 E V V I G S A G Bacteria Il rvarophobic
1 DA A . neutral
0 . polar
MA EVLVVTSKVKKLIKEKGQMNTSAETIDVLSKAIEQ----LCLKGVESAKADG RKTVMARDIVIDHL Bd0055 (B. bacteriovorus)
MAGKNVERETLIVTSKVKAYIKSKGFM-TSGDAIDGLNEKIHQ----LIDDAVKRTESNK-RSTVRPTDF----- AOA2H1XGH2 (L. interrogans)
59‘ Kl  S24 L3 Rs1|  Dss
K10 T53
b
L. interrogans
AO0A2H1XGH2:RBBH
n 100 1
I
AR
& om 75 1
52
c 8 50 -
o >
tE
83 25/
o
o
0 4

20 40 60 80 100
RBBH amino acid identity (%)

Figure S15. (a) Alignment of Bd0055 (B. bacteriovorus) and AOA2H1XGH2 (L. interrogans) in the context

of overall amino acid usage across bacterial singlets (see Fig. 1c). (b) Conservation of the L. interrogans singlet
histone (AOA2H1XGH?2) at the amino acid level in the context of other proteins encoded by L. interrogans.
Homologs of proteins in L. interrogans were identified in three other Leptospira genomes of different divergence
levels (L. mayottensis, L. barantonii, L. hartskeerlii) using a reciprocal best blast hit approach (see Methods).
For each pairwise comparison, proteins were aligned and then ranked by amino acid identity. AOA2H1XGH2
ranks amongst the most highly conserved proteins at different levels of proteome divergence.
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Figure S16. Nucleoid enrichment of proteins in B. bacteriovorus and L. interrogans as a function of their
cellular localization as predicted by PSORTdb (https://db.psort.org/).



Table S2. X-ray diffraction data collection and refinement statistics (MR).

Bd0055 apo Bd0055 bound to 35 bp dsDNA
Data collection
Space group P22121 1212121
Cell dimensions
a, b, c(A) 26.7722 34.4118 56.484 33.081 103.143 111.145
o, B,y (®) 90 90 90 90 90 90
Resolution (A) 29.39 - 1.8 (1.865 -1.8) 27.79 -2.0(2.072 -2.0)
Rmerge 0.05163 (0.1029) 0.06045 (0.5857)
I/ol 26.79 (10.42) 16.49 (3.86)
Completeness (%) 99.42 (95.25) 98.37 (97.89)
Redundancy 8.4(5.2) 7.1(7.4)
Refinement
No. reflections 5,156 (461) 13,136 (1,302)
Ruwork 0.1889 (0.2095) 0.2218 (0.2320)
Riree 0.2331 (0.2670)* 0.2536 (0.2508)
No. atoms
Macromolecules 476 1051
Ligand 0 0
Solvent 43 52
Protein residues 63 126
B-factors
Macromolecules 11.88 46.07
Solvent 20.65 42.45
R.m.s. deviations
Bond lengths (A) 0.007 0.008
Bond angles (°) 0.82 0.92

Values in parentheses are for highest-resolution shell. One crystal was used for each structure. *Two N-
terminal residues (Ala 2 and Glu 3) are modeled in for completeness despite being rather disordered. The
Ruwork and Riree values when those two residues are removed are 0.1932 and 0.2259, respectively.
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