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Abstract

Legionella pneumophila is an opportunistic pathogen responsible for Legionnaires' disease
or Legionellosis. This bacterium is found in the environment interacting with free-living
amoebae such as Acanthamoeba castellanii. Until now, proteomic analyses have been done
in amoebae infected with L. pneumophila but focused on the Legionella-containing vacuole.
In this study, we propose a global proteomic analysis of the A. castellanii proteome following
infection with L. pneumophila wild-type (WT) or with an isogenic AdotA mutant strain, which
is unable to replicate intracellularly. We found that infection with L. pneumophila WA leads to
reduced levels of A. castellanii proteins associated with lipid homeostasis/metabolism,
GTPase regulation and kinase. The levels of organelle-associated -proteins” were also
decreased during infection. L. pneumophila WT infection leads to increase.levels of proteins
associated with proteins polyubiquitination, folding or degradation and antioxidant activities.
This study reinforces our knowledge of this too-little-explored but'so fundamental interaction
between L. pneumophila and A. castellanii, to understand how the bacterium could resist

amoeba digestion.
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Introduction

Legionella pneumophila is a Gram-negative bacterium, found in natural and artificial aqueous
environments. It can be responsible for severe pneumonia called Legionnaire’s disease in
humans. Transmission occurs through inhalation of contaminated aerosols and the illness is
caused by the capacity of the bacterium to evade phagocytosis by alveolar macrophages.
This ability is probably due to prior adaptation to intracellular growth within phagotrophic
protists in their environment, such as free-living amoebae (FLA). FLA live independently in
soil or water and do not require an animal host. They share the capacity to produce
pseudopods, allowing them to move, via a so-called amoeboid movement, and to feed by
phagocytosis on other microorganisms, mainly bacteria. More than a training ground, ELA
constitute a natural host and an environmental reservoir that enhances L. pneumophila
survival and protection against biocidal treatments, especially in anthropogenic systems like
stagnant pipes or cooling towers (Berjeaud et al. 2016). Among FLA, Acanthamoeba
castellanii is known to be a multiplication site for L. pneumophilasand constitutes a good
cellular model for Legionella infection (Swart et al. 2018;, Samba-Louaka 2021). A. castellanii
is found in many environments and presents a biphasic. life cycle. A form called trophozoite
allows its nutrition and its multiplication by binary fission. Exposure to stressful conditions

results in differentiation into a resistantform called a cyst (Samba-Louaka et al. 2019).

L. pneumophila has evolved to_disrupt certain transduction signal pathways of the host
ensuring its replication. LApneumophila uses a Dot/lcm type IV secretion system (T4SS),
which plays a crucial roletin.infection. The T4SS allows L. pneumophila to translocate more
than 300 effectors that/hijack the host physiology to its advantage to grow intracellularly.
They also allow'\the bacterium to set up a niche called a “Legionella-containing vacuole”
(LCV)that protects against intracellular digestion. Plenty of effectors have eukaryotic protein

domains that mimic those of the host (Cazalet et al. 2004; Gomez-Valero et al. 2019).
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L. pneumophila infection induces host morphological changes (rounding), mobility reduction
and cell cycle modification (Simon et al. 2015; Mengue et al. 2016, 2017; de Jesus-Diaz et
al. 2017). L. pneumophila can disrupt several amoeba essential functions or process such as
transcription, translation, cytoskeleton machinery, lipid metabolism, organelle function,
autophagy, and host cell death (Yang, Li and Zhan 2022). Finally, L. pneumophila could
egress the host by causing its lysis. If the physiology of the bacterium during the infection
process has been well described, extensive studies are required to decipher the amoebae’

physiological response.

Some OMIC approaches have been used to study how the bacterium hijacks A. castellanii
metabolism. Metabolomics approaches have shown that L. pneumophila was able to uptake
A. castellanii amino acids into the LCV and to use serine preferentially -during the post-
exponential phase of intracellular growth (Schunder et al. 2014; Kunze et\al./2021). At the
transcriptomics level, in response to L. pneumophila infection, A. castellanii transcriptome
was modified with LegAS4 that promotes rDNA transcription by. targeting specific rDNA
chromatin regions and upregulating genes linked to hydrolase activity, catalytic activity, and
DNA binding while downregulating genes associated with oxidoreductase activity (Li et al.
2020; Moon et al. 2021). A study already analyzed\proteome modifications following infection
using 2D-DIGE and mass spectrometry. analysis (Maita et al. 2018). However, to our
knowledge, no previous study investigated the A. castellanii proteome modification following

L. pneumophila infection by usinga gel-free analysis.

Here, we propose for thefirst time, a global proteomic analysis of A. castellanii upon infection
with L. pneumophila. We observed that in response to L. pneumophila WT infection, the
levels of many\host proteins were changed compared to the isogenic AdotA mutant.
Particular-attention was given to the comparison of gene ontology (GO) terms enriched when
A.[castellanii is infected with L. pneumophila WT versus L. pneumophila AdotA. Cellular
processes related to lipids and proteins and many molecular functions such as kinase

activities, peptidase activities or host antioxidant activities were altered. These results open

£20g Joquiaydeg g0 uo 1senb Aq /G/GZ//980PEUL/BISWRYEE0 L 01/10P/a[0IIE-80UBADE/B|SWA)/W0"dNo"oiWapese//:sdiy Woij papeojumoq



many avenues to explore, for a better understanding, the interaction between L. pneumophila

and a natural host A. castellanii.
Materials and methods

Strains, growth conditions, media, and buffer.

A. castellanii ATCC 30010 was cultured in Peptone Yeast Glucose (PYG) medium (2%
proteose peptone, 0.1% yeast extract, 0.1 M glucose, 4 mM MgSO,, 0.4 mM CaCl,, 0.1%
sodium citrate dehydrate, 0.05 mM Fe(NH4)(SO4), 6H,O, 2.5 mM NaH,PO;, 2.5 mM

K,HPOs, pH 6.5) at 30°C.

L. pneumophila Paris strains were cultured on buffered charcoal yeast extract.(BCYE) (1%
ACES, 1% yeast extract, 0.2% charcoal, 1.5% agar, 0.025% Iron (lll) pyrophesphate, 0.04%
L-cysteine, 0.1% alpha-ketoglutarate, pH 6.9) agar plate. Bacteria were cultured on BCYE at
37°C for 3 days. Then, bacteria were inoculated at the optical density at 600 nm (OD600) of
0.1 in Buffered Yeast Extract (BYE) at 37°C under agitation\at 180 rpm for 21 h to reach

OD600 above 4.

L. pneumophila Paris is L. pneumophila Paris CIP 107629T, in the following Lp WT (Cazalet
et al. 2004). The isogenic AdotA mutant of ‘L. pneumophila Paris, in the following Lp AdotA
(resistant to the kanamycin at 15 ug/mL) was a gift of Carmen Buchrieser from Pasteur

Institute (Paris, France) (Gomez=Valeroret al. 2014).
Infection of A. castellanii with,L. pneumophila.

Three culture flasks (75.cm?) were inoculated for each condition: non-infected, infected with
Lp WT (24 and 48*h) or Lp AdotA (24 and 48 h) with 4x10° amoebaef/flask in 30 mL of PYG
medium: These flasks were incubated for 24 h at 30°C without shaking. The cell supernatant
was discarded and replaced with 30 mL of a bacterial suspension of L. pneumophila (Lp WT
oriLp AdotA) in PYG buffer at a multiplicity of infection (MOI) of 10. These flasks were then

incubated for 24 or 48 h at 30°C. Amoebae were peeled off and the amoebic suspensions
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from the three flasks were pooled into one. The amoeba concentration for each suspension

was quantified using a FastRead 102® counting chamber (Biosigma) and microscope.
L. pneumophila multiplication in A. castellanii cultures.

A colony-forming unit (CFU) count was performed extemporaneously. For this purpose, 1 mL
of amoebic suspension of each condition was directly lysed with a FastPrep-24™ 5G (MP
Biomedicals, USA) at 5.0 m.s™” for 35 sec (3 cycles with 5 min on ice between each cycle).
For the monitoring of bacteria associated with amoebae, another 1 mL of amoebic
suspension was centrifuged (500xg /5 min / RT) and washed 3 times with Page’s Amoeba
Saline solution (PAS) (4 mM MgSO,, 0.4 M CaCl,, 0.1% sodium citrate dehydrate, 2.5/mM
NaH,PO;, 2.5 mM K,HPO;, pH 6.5) before lysing with FastPrep-24™ 5G .as|described
previously. The suspensions were serially diluted and cultured on agar plates/for viable
counting of bacteria after three days of incubation at 37°C. A follow-up. of the number of
amoebae per milliliter was also carried out at 24 and 48 h p.i. by.FastRead 102® counting

chamber using a light microscope.
Cell viability

4x10° amoebae were inoculated within 12-well ‘plates. Cell viability of infected and non-
infected cells was assessed by staining.amoebae with Trypan Blue. Cell suspension samples
were diluted in ratio 1:1 with Trypan Blue/(0.4% Solution) and the counting was performed

with a FastRead 102° counting chamber using a light microscope.
Protein extraction and LC-MS/MS analysis

In biological triplicates,/5x10° amoebae were collected for each condition and centrifuged
(500xg / 5 min / RT). The supernatant was discarded, and the pellet was resuspended in 20
mL of PAS buffer. The tube was centrifuged again (500xg / 5 min / RT). The supernatant was
discarded, and the pellet was resuspended in 1.5 mL of PAS buffer and transferred to an
Eppendorf microtube. The tubes were centrifuged again (500xg / 5 min / RT). The pellet was

resuspended in 1.5 mL of extraction buffer (Tris-HClI 50 mM/ 8 M urea/ pH 8) and the
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contents of the tubes were transferred to FastPrep-24™ 5G lysis tubes containing silica
microbeads. Amoebae were mechanically lysed using a FastPrep-24™ 5G with the following
settings: 3 steps of 30 sec at speed 6.0, with 5 min incubation on ice between each cycle.
The lysates were then centrifuged (16,000%g / 10 min / 4°C) to remove cell debris. 1 mL of
supernatant was transferred to a new tube and stored at -80°C before further analysis. An
Amicon filter 3kDa (Sigma-Aldrich®) was used to reduce samples volume down to 100 pL,
then disulfide bonds were reduced with 5 mM Tris(2-carboxyethyl) phosphine (TCEP) for 30
min and alkylated with 10 mM iodoacetamide for 30 min at room temperature (RT) in the
dark. Proteins were digested using LysC (600 ng) for 3 h at 30°C and diluted with ammonium
bicarbonate for down urea concentration inferior to 1 M. A second digestion step with Trypsin
(800 ng) for 14 h at 37°C was performed. Digestion was stopped by adding 5% offormic acid
(FA) and peptides were desalted and concentrated on a Sep-Pak lightt€18 SPE cartridge
(Waters) according to the manufacturer’s instructions. Peptides ‘were=~eluted using 50%
acetonitrile (ACN), 0.1% FA. Purified peptides were lyophilized -and kept at -80°C until

further use.

The samples were resuspended in ACN 2%, FA.0.1% with a sonication step of 5 min. The
samples were loaded and separated at 250nL.min”' flow rates on a 30 cm HPLC column
with C18 resin (1.9 ym particles, 100.A_pere size, Reprosil-Pur Basic C18-HD resin, Dr.
Maisch GmbH) and equilibrated in”97%solvent A (H;O, 0.1% FA) and 3% solvent B (ACN,
0.1% FA). Input sample peptides-(proteome) were eluted with a buffer B linear gradient in
240 min. The MS/MS analysis was done on an Orbitrap Q Exactive plus Mass Spectrometer

(ThermoFisher Scientific).

MaxQuant (v1.5.3.8) (Tyanova, Temu and Cox 2016) and the peptide search engine
Andromeda (Cox et al. 2011) were used for protein identification with a custom-generated
database constituted of the non-redundant protein sequences from the Uniprot A. castellanii
strain Neff proteome. The Maxquant’s label-free quantification (MaxLFQ) algorithm was used

to calculate protein intensity profiles across samples (Cox et al. 2014).
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An intensity value was quantified if at least 2 unique peptides were identified. Potential
contaminants were deleted and only proteins with at least 2 quantified intensity values were

kept. A false discovery rate (FDR) cutoff of 1% was applied at the peptide and protein levels.

The LFQ intensities values were used for Venn diagrams. Then, LFQ intensities values were
log2 transformed, normalized by average and slope followed by an imputation step to
calculate missing values for fold-change (FC) and p-values calculation using the Aguilan et
al. 2020 guide for proteomics (Aguilan, Kulej and Sidoli 2020). PCA analysis and heatmaps
were performed with the relative intensities of proteins and using Metaboanalyst 5.0 (Pang et
al. 2021). Functional Enrichment Analysis was performed using STRING v11.5 (https://string-
db.org) (Szklarczyk et al. 2020) with proteins presenting a p-value < 0.05 thanks to, their
UniProt accession number and their FC against the site database called{ Acanthamoeba
castellanii str. Neff with an FDR of 5%. Then lollipop plots were done with_a cut-off of 10
proteins minimum for each GO term. Venn diagrams, volcano plots and lollipop plots were

done using packages « ggVennDiagram » and « ggplot2 » with\R v4.1.3 (03-10-2022).

Results and discussion

To understand how the A. castellanii proteome was altered by L. pneumophila infection, we
used quantitative proteomic analysis following A. castellanii infection with L. pneumophila WT

or AdotA at 24 and 48 h p.i. (Fig. 1A; Supplementary_Data_1_proteome_AC).

Overview of the temporal proteomic analysis of A. castellanii infected cells

First, a Venn diagram was _made to highlight the distribution of proteins between every 5
experimental conditions/Fig. 1B), i.e. non-infected amoebae with 24 h of incubation at 30°C
(NI 24 h), amoebae infected with L. pneumophila wild-type or AdotA at 24 h p.i. (Lp WT 24 h
and Lp'AdotA 24 h) or at 48 h p.i. (Lp WT 48 h and Lp AdotA 48 h). In total, 5921 proteins
(around jone-third of the total proteins based on the genome (Clarke et al. 2013) were
identified among which 3815 (~65%) are common to the 5 conditions. We have observed

that each condition presents specific proteins, 56 for NI 24 h, 41 for Lp AdotA 24 h against
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125 at 48 h p.i. and 37 for Lp WT 24 h against 69 at 48 h p.i. Among these proteins specific
to each condition, we have observed a noticeable proportion of uncharacterized proteins
(from 25 to 37% approximately) compared to 19.5% of total proteins. Although we cannot
explain why these proteins are uniquely linked to each condition, it would be interesting to
perform further in silico analyses to determine the biological function of these

uncharacterized proteins.

A first clustering analysis based on the relative intensities of the 5921 proteins was carried
out between the different conditions (Fig. 1C). The heatmap shows the hierarchical proximity
of the conditions at 24 h (NI 24 h, Lp WT 24 h, Lp AdotA 24 h). Moreover, NI and Lp/AdotA
24 h presented similar protein profiles which seems to be justifiable by the fact that Lp AdotA
has not a functional T4SS which makes it unable to multiply within “A. ‘castellanii
(Bandyopadhyay et al. 2007). Lp WT 24 h has a protein profile different,from NI and Lp

AdotA 24 h possibly due to the effect of T4SS effectors.

However, it is also noted that NI, Lp AdotA, and Lp WT show a, certain variability in protein
profile between the triplicates especially at 24 h-post-infection. This variability within
biological replicates at 24 h may be due to/the absence of a centrifugation step for
synchronization of infection. With the current protocol, the count of L. pneumophila CFU at
24 h and 48 h p.i. also led us to think.that48h p.i. is the best time to observe the change in
protein levels following the infection,as.more Lp WT seemed associated with amoebae (Fig.
S1A). As expected, Acanthamoeba fed on the mutant AdotA which was not able to resist
amoeba digestion (Fig: 'S1A)! Although the counting of amoebae suggests a cell death in
amoebae infected with Lp WT compared to those infected with Lp AdotA (Fig. S1B), the

remaining amoebae’infected by Lp WT were still viable (Fig. S1C).

Lp WT and\Lp AdotA at 48 h p.i. showed less variability between the triplicates as well as
diametrically different protein profiles. A second clustering approach using PCA was also
reported (Fig. 1D) and confirmed the variability within the triplicates at 24 h. It also showed a

diametrically opposite clustering according to principal component 1 for Lp AdotA and Lp WT
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at 48 h and a good uniformity between biological replicates. Based on these 2 clustering
analyses, we preferred to compare the different conditions separately regarding the time

points (24 h then 48 h p.i.) in the rest of this study.

Regulation of amoebae protein upon infection

We then compared the conditions 2 by 2 through the FC associated with each protein by
establishing the associated volcano plot (Fig. 2). Infection with L. pneumophila WT induced a
decrease in levels for a majority of proteins. It was noted that infection with Lp WT led to 557
proteins with lower levels against 158 proteins with higher levels at 24 h p.i. compared:to
non-infected cells (Fig. 2A), whereas for Lp AdotA (Fig. 2B) these proteins numbers, were
198 and 247 respectively. When amoebae are infected by Lp WT rather than Lp AdotA, 465
proteins were detected with lower levels and 158 were detected with higher levels.at 24 h p.i.
(Fig. 2C). These protein numbers were 1264 and 639 at 48 h p.i. respectively (Fig. 2D).
These results are consistent with the ability of L. pneumophila.to reduce translation in
eukaryotic cells including mammal and A. castellanii cells (Belyi‘et al. 2006, 2008; Shen et al.

2009; Moss et al. 2019).

Regarding the comparison between Lp AdotA.and/Lp, WT, the levels of 10% (~600 proteins)
of the total proteins were significantly modifiedyat 24 h p.i. (Fig. 2C) while this proportion
increases to 30% (~1900 proteins) at, 48 h p.i. (Fig. 2D). This observation could be linked
with the absence of synchronization, of the infection added with T4SS effectors effects and
the diminution Lp AdotA associated with amoebae that were more important at 48 h p.i.(Fig.

S1A).
Gene ontology enrichment analysis of proteins regulated by the T4SS (Lp AdotA vs Lp

WT 48 hp.i.)

To/deepen the understanding of major functions modified during the infection of amoebae,

GO, term enrichment was assessed on the comparison between Lp AdotA and Lp WT 48 h

p.i. (Fig. 3).
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Biological processes

Regarding the enriched GO terms linked to the biological processes (Fig. 3A), we have noted
a total of 22 enriched GO terms, among which 19 gatherer proteins whose levels tends to be

reduced and 3 gathered proteins whose levels tend to be increased.

There were 5 GO terms associated with lipid metabolism or homeostasis (G0O:0055088;
G0:0030258; GO:0008610; GO:0044255 and GO:0006629). We can also note that these 5
GO terms include proteins (10 to 111 proteins) that tend to have reduced levels and
enrichment scores ranging from 1.8 to 4.5 (Fig. 3A). The modification of the lipid regulation of
A. castellanii by L. pneumophila WT has been previously reported. Indeed, a subset of\genes
linked to lipid localization was upregulated following A. castellanii infection by L.-pneumophila
(Li et al. 2020). Our result suggests the capacity of L. pneumophila effectors to modulate the

levels of proteins implicated in the lipid process of A. castellanii.

GO terms associated with signal transduction of small GTPase regulation (GO:0046578 and
GO:0051056), gathered 11 and 18 proteins that tend“to, have reduced levels with an
enrichment score of 3.1 and 4.1 (Fig. 3A). Many Legionella effectors modify eukaryotic small
GTPases, which are involved in vesicular trafficking and membrane maturation in host cells
(Goody and Itzen 2014; Hilbi et al. 2014;-Spand,and Galan 2018). It has been shown that a
subset of A. castellanii genes linkedyto small GTPases signaling was up-regulated by L.
pneumophila at 24 h p.i. (Li et al, 2020). Here, we have found that proteins involved in small
GTPases regulation were-in lower levels in A. castellanii infected by L. pneumophila WT at

48 h p.i. This may be due to.a more advanced stage of L. pneumophila presence in the LCV.

The GO terms associated with post-translational modifications (GO:0006468; GO:0000209),
gathered.78.and 14 proteins that tend to have reduced levels for protein phosphorylation and
increased, levels for protein polyubiquitination with an enrichment score of 1.6 and 3.4
respectively (Fig. 3A). The ability of L. pneumophila to alter post-translational modifications

has been previously described (Rolando and Buchrieser 2012). It seems that protein
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phosphorylation tends to be diminished by L. pneumophila in A. castellanii. Regarding the
increase in number of the proteins associated with polyubiquitination, it is known that L.
pneumophila LCV presents polyubiquitinylated proteins in HEK293T cells (Bruckert and Abu
Kwaik 2015) that could explain in part the trend toward an increase in the polyubiquitination

activity in A. castellanii.

Protein folding (GO:0006457), gathered 23 proteins with an enrichment score of 2.4, and
proteolysis (GO:0006508) gathered 123 proteins with a score of 0.9 (Fig. 3A). They both
included proteins that tend to have increased levels. Interestingly, little is known concerning

the capacity of L. pneumophila to increase these host functions.

Molecular functions

Among enriched GO terms linked to molecular functions (Fig. 3B), we have reported a total
of 29 enriched GO terms, 22 of those included proteins whose levelsitend-to be reduced and

7 included proteins whose levels tend to be increased.

Three GO terms associated with kinase activities (GO:0004674; GO:0004672; GO:0016301),
gathering 73, 79, and 108 proteins that tend to havereduced levels with an enrichment score
of 1.73, 1.67, and 1.51 respectively (Fig.3B). It' is known that phosphorylation is a
predominant modification in A. castellanii, (Clarke et al. 2013) and that diminution of
phosphorylation is a rapid response when/this amoeba is exposed to stress (Bernard et al.
2022). L. pneumophila effectorsiseem to be able to decrease host kinase activity in A.
castellanii, which is consistent with transcriptomic data obtained previously with the same

model (Moon et al..2021).

GO term linked to the helicase activity (GO:0004386) gathered 32 proteins (Fig. 3B). These
proteins’ tended to have reduced levels with a 2.3 enrichment score. Regarding the
implication” of helicase in transcription, our result is in agreement with what has been

previously reported regarding the capacity of L. pneumophila to decrease the host's
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transcription by targeting the RNA Polymerase Il with SnpL or the chromatin with the

methyltransferase RomA (Li et al. 2013; Rolando et al. 2013; Schuelein et al. 2018).

Focusing on GO terms with proteins that tend to have increased levels. One GO term is
associated with antioxidant activity (GO:0016206) including 15 proteins with a score of 2.7
(Fig. 3B). It has already been shown the ability of L. pneumophila to reduce the amount of
ROS in macrophages (Harada, Miyake and Imai 2007) and this result tends to suggest a

reduction of ROS in A. castellanii infected with L. pneumophila WT.

Cellular components

It's well known that L. pneumophila can manipulate host cell organelles (Kellermann; Scharte
and Hensel 2021). For enriched GO terms linked to cellular components (Fig{ 3C);»we have
reported a total of 8 enriched GO terms, among which 7 included proteins \whose levels

tended to be reduced and 1 included protein whose levels tended to‘betincreased.

Among them, two GO terms are related to the organelles (GO:0031984 and GO:0031090)
including 14 and 176 proteins that tended to have reduced levels with 4 and 1.16 scores
respectively. Among these proteins, we noticed proteins|linked to the Golgi apparatus, ER,
vesicle, or mitochondria. Alteration of normal vacuolar trafficking by L. pneumophila is well
described in A. castellanii and D.. discoideum with LegC2/YIfB and LegC7/YIfA
(Campodonico, Chesnel and Roy 2005),as well as modulation of mitochondrial dynamics in
macrophages thanks to MitF that'promote a Warburg-like phenotype in macrophages (Escoll

etal 2017).

Two GO terms were related to the Golgi apparatus (GO:0098791 and GO:0005794)
including 12 and”59 proteins that tend to have reduced levels with 3.6 and 2.4 scores
respectively. 1t"is known that L. pneumophila maintains and requires an intact host Golgi
ultrastructure in infected macrophages (Fu et al. 2022). Nevertheless, our results suggest a
decrease in the number of proteins linked to the Golgi apparatus in A. castellanii infected by

L. pneumophila. 1 GO term is related to the Endoplasmic reticulum membrane
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(GO:0005789) with 59 proteins that tend to have a negative FC and a score of 2.07. It is
known that L. pneumophila uses SidC (Ragaz et al. 2008) and SidJ (Liu and Luo 2007) to
recruit ER into the LCV of D. discoideum. Our result underlines the decrease in the protein

levels linked to the ER membrane in A. castellanii.

Taken together, these results confirm the capacity of L. pneumophila to modify the levels of
proteins linked to the organelles of A. castellanii. This is in adequation with transcriptomic
results that have previously shown that L. pneumophila was able to modify the regulation of a
subset of A. castellanii genes linked to ER to Golgi vesicle-mediated transport and

mitochondrial respiratory chain complex Il assembly (Li et al. 2020; Moon et al. 2021).

Conclusion

In conclusion, our study showed that L. pneumophila T4SS effectors induce,a modification of
the proteome of A. castellanii by inducing a drastic decrease in the\protein level. Many of
these proteins are linked to important physiological functions including lipid metabolism, post-
modification regulations, kinase activities and helicase “activities in addition to altering
proteins related to organelles. This decrease might be due to the previously reported
capacity of Legionella to inhibit the host translation, but also by an increase of proteins
involved in proteolytic activities shown_inythis” study. Interestingly, we also reported an
increase in protein levels involved/in antioxidant activities and protein folding. It is the first
time that a global proteomic approach has been applied to A. castellanii infected by L.
pneumophila. This study willylead to a more detailed exploration of the underlying
mechanisms responsible for these changes allowing a better understanding of the interaction

between L. pneumophila and A. castellanii.
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Fig. 1 Obtention and global comparison of an A. castellanii proteome following infection by L.
pneumophila. (A) Schematic diagram of the experimental procedure used for the proteomic
analysis of non-infected (NI) A. castellanii or infected with L. pneumophila wild-type (Lp WT)
or dotA deficient (Lp AdotA)-at 24 or 48 h post-infection. (B) Venn diagram of the distribution
of proteins per condition. (C) Heatmap diagram showing relative protein abundance changes
between each _condition using normalized protein intensity. Intensity levels higher and lower
than.thesmean (white) are indicated in red and blue shades, respectively. (D) PCA score plot

generated using MetaboAnalyst 5.0 with the same method used for (C).
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Fig. 2 Abundance of A. castellanii proteins using Volcano plots showingfold change (in log,).
The protein abundance of Non-infected (NI) cells is compared to those of infected cells with
L. pneumophila wild-type (Lp WT) (A) or L. pneumophila“dotA deficient (Lp AdotA) (B). The
abundance of proteins in infected cells with Lp AdofA is'compared to those of infected cells
with Lp WT at 24 h (C) and 48 h post-infectiony(D); Dashed lines correspond to the fixed
limits of p-value and fold-change, 0.05 and. 2 respectively. More abundant proteins (Up) are
represented by a red dot and those. that are less abundant (Down) by a blue dot and stable
proteins (Stable) are represented by a grey dot. The total of proteins for each category is

indicated between parentheses.
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Fig. 3
Lp AdotA vs Lp WT 48 h

(A) Biological process
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Fig. 3 erms enriched in infected cells with L. pneumophila AdotA versus L. pneumophila

wype 48 h post-infection. Lollipop plot of Gene Ontology (GO) terms enrichment for
O :

ological process (A) molecular function (B) and cellular component (C). The number of
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proteins in each GO term is indicated by the stick's length, and the ball represents the
enrichment score obtained by a shade of red. The enrichment score corresponds to the
absolute value of the ratio between the difference between the average fold-changes of the
GO term and the average fold-changes in the database, and the maximum deviation from the
mean in the database, multiplied by 10. The pale blue part included GO terms that present
proteins that tend to have negative fold-change and the pale red part those that present

proteins that tend to have positive fold-change.
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