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ABSTRACT _ _ ) o _ ARTICLE HISTORY
Legionella pneumophila (L.p.) is a bacterial pathogen which is a common causative agent of Received 5 May 2022

pneumonia. In humans, it infects alveolar macrophages and transfers hundreds of virulence Revised 3 November 2022
factors that interfere with cellular signalling pathways and the transcriptomic landscape to sustain Accepted 5 November 2022
its own replication. By this interaction, it has acquired eukaryote-like protein motifs by gene KEYWORDS

transfer events that partake in the pathogenicity of Legionella. In a computational screening Infection; macrophage;
approach for eukaryotic motifs in the transcriptome of Legionella, we identified the Lp. strain | ¢gionella pneumophila;
Corby protein ABQ55614 as putative histone-deacetylase and named it “suppressing modifier of histone-deacetylase; Smh1
histones 1” (Smh1). During infection, Smh1l is translocated from the Legionella vacuole into the

host cytosol. When expressed in human macrophage THP-1 cells, Smh1 was localized predomi-

nantly in the nucleus, leading to broad histone H3 and H4 deacetylation, blunted expression of

a large number of genes (e.g. IL-1p and IL-8), and fostered intracellular bacterial replication. L.p.

with a Smh1 knockdown grew normally in media but showed a slight growth defect inside the

host cell. Furthermore, Smh1 showed a very potent histone deacetylation activity in vitro, e.g. at

H3K14, that could be inhibited by targeted mutation of the putative catalytic center inferred by

analogy with eukaryotic HDAC8, and with the deacetylase inhibitor trichostatin A. In summary,

Smhl displays functional homology with class I/ll type HDACs. We identified Smhl as a new

Legionella virulence factor with a eukaryote-like histone-deacetylase activity that moderates host

gene expression and might pave the way for further histone modifications.

IMPORTANCE

Legionella pneumophila (L.p.) is @ prominent bacterial pathogen, which is a common causative agent
of pneumonia. In order to survive inside the host cell, the human macrophage, it profoundly interacts
with host cell processes to advance its own replication. In this study, we identify a bacterial factor,
Smh1, with yet unknown function as a host histone deacetylase. The activity of this factor in the host
cell leads to attenuated gene expression and increased intracellular bacterial replication.
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Screening of candidate eukaryotic-like proteins in L.P. strain Corby identifies Smhl as a candidate histone-deacetylase. (a)
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Effector protein Smh1l translocates into host cytosol and influences gene expression and Legionella pneumophila
replication. (a) RAW 264.7 cells expressing cytosolic LgBit were infected with L.P. (T4SS-capable as well as the T4SS-incapable
AdotA mutant) expressing HiBit-tagged Smh1 at MOI 50. Luminescence was detected over a period of 20 h. Two-way ANOVA with
Sidak’s correction was performed and data are shown as mean + SEM of at least three independent biological replicates. ****p <
0.0001 for comparison between background genotypes. (b) Overexpression of Smhl in LpC was verified by gPCR. (C-F) THP-1 cells
expressing Smhl (THP-1s,n1) and corresponding control cells (THP-1cyq) were stimulated with PMA (80 nM) for 72 h and infected
with L. pneumophila Corby (LpC) at MOI 1 for 3 h (C-E) or 24 h (F) or left uninfected. (c) Venn representation shows significantly (pag;
<0.05) regulated genes after expression of Smh1 alone or additional LpC infection in comparison to infected Ctrl. Expression data for
every section is provided in Table S1. (d) the four genes from the central Venn overlap are shown with their z-scores computed on
normalized read counts from DeSeq2. (e) IL-1B expression was examined by gPCR and is shown as fold change of the uninfected
Ctrl. (f) IL1B release was measured by ELISA. (g) PMA-differentiated THP-1 cells were infected with LpC at MOI 10. Bacterial
replication was analysed by colony forming unit (CFU) Assay 2 and 24 hours post infection (h p.l.). (E-G) Two-way ANOVA with Sidak
“s correction was performed and data are shown as mean + SEM of at least three independent biological replicates. *p < 0.05; **p <
0.01 (compared to infected Ctrl).
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Targeted mutation of Smh1 leads to reduced HDAC function (a) the amino acid sequence alignment of HDAC8 (1 row) and
Smh1 (2" row) is shown. The bar chart under the sequences represents the conservation in both enzymes, 10 representing maximal
conservation. The overall enzyme identity is 12.78%. The red arrows indicate the respective catalytic tyrosine in HDAC8 and Smhl. (b)
Structure prediction of Smh1 with signal peptide. The colour represents the confidence of the model; the colour key is given under the
structure model. Except for the N- and C-termini, the confidence-value is higher than 90% which represents a model with a high
accuracy. (c) Superposition of the catalytic core of both enzymes. In blue is shown the enzyme form human and in green the one of
L. pneumophila with the respective catalytic tyrosine. The reddish dot represents the zinc ion that is necessary for the catalytic
mechanism. (d) a chemical HDAC activity assay specific for class | and Il HDACs was performed with recombinant purified Smh1 as well
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as a Smhl mutant (Smh1l,,,) expressed in E. coli. HeLa Nuclear Extract (NE) was used as positive control and buffer without Smh1 as
negative control. For inhibition of Smh1, the enzyme was incubated for 30 minutes with 50 um Trichostatin a (TSA). One-way ANOVA
was performed, and data are shown as mean + SEM of three experiments. **** p <0.0001 (compared to Smh1 without TSA); ## p <
0.01; ###H p <0.0001 (compared to the respective condition without TSA). (e) Calf thymus histones were treated with recombinant
purified Smh1 or a mutated version (Smhl,,.). Subsequently mass spectrometry was performed. Relative abundances (percentages)
were calculated for H3K18 and H3K14 acetylation (H3K18ac and H3K14ac). Untreated histones were used as control.
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Target Sense Antisense
Smh1_oex 5 -CATCTATTGGGGCTTGGAAG-3" 5"-AGCGTAATCTGGAACATCGTATG-3’
Smh1_Lp 5 -AATGCCGATCTGGTCGTTAC-3" 5"-CGATTGACGTCGGTTCCTAT-3'
IL-8 5"-ACTGAGAGTGATTGAGAGTGGAC-3" 5"-AACCCTCTGCACCCAGTTTTC-3’
IL-18 5 -ATGGAGCAACAAGTGGTGTTCTC-3" 5'-TCAACACGCAGGACAGGTACAG-3’
Rps18 5-GCGGCGGAAAATAGCCTTTG-3' 5 -GATCACACGTTCCACCTCATC-3’
IL-6 5 -AATTCGGTACATCCTCGACGG-3 5"-TTGGAAGGTTCAGGTTGTTTTCT-3'
TNFa 5 -GCTGCACTTTGGAGTGATCG-3’ 5 -TCACTCGGGGTTCGAGAAGA-3'
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Antibodies.
Antibody Company Article number
Anti-acetyl-Histone H4 Millipore (Burlington, Massachusetts, USA) 06-598
Anti-acetyl-Histone H3 Millipore (Burlington, Massachusetts, USA) 06-599
Anti-Histone H3 Abcam (Cambridge, England) ab1791
Purified anti-HA. 11 Epitope Tag Antibody BioLegend® (San Diego, Kalifornien, USA) 901533
alc Tubulin Santa Cruz Biotechnology (Dallas, Texas, USA) sc-134239
Lamin A/C Santa Cruz Biotechnology (Dallas, Texas, USA) sc-20681
B-Actin Santa Cruz Biotechnology (Dallas, Texas, USA) sc-47778
Anti-mouse antibody: m-lgGy BP-HRP Santa Cruz Biotechnology (Dallas, Texas, USA) sc -516102
Mouse anti-rabbit 1gG Cell Signaling Technology (Danvers, Massachusetts, USA) 5127S
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