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This work contributes to the understanding of the mechanism involved in C. burnetii entry into host cells and to

Introduction

Phagocytosis is the process by which cells recognize and ingest particles larger than 0.5 µm [START_REF] Torres-Gomez | Phagocytic Integrins: Activation and Signaling[END_REF]. This complex mechanism begins with the recognition and engagement of the particle by cellular receptors. Receptor clustering induces actin cytoskeleton rearrangements and plasma membrane modifications that promote the internalization of the particle target [START_REF] Jaqaman | Regulation from within: the cytoskeleton in transmembrane signaling[END_REF]. Phagocytosis culminates with the formation of the nascent phagosome and its subsequent maturation, a process that comprises sequential fission and fusion events of the phagosome with endo/lysosomal compartments until the formation of the phagolysosome in which the ingested particle is degraded [START_REF] Niedergang | How to build a phagosome: new concepts for an old process[END_REF][START_REF] Rosales | Phagocytosis: A Fundamental Process in Immunity[END_REF].

Several bacterial pathogens have developed specific strategies to avoid intracellular killing and replicate inside the host cell [START_REF] Thakur | Intracellular Pathogens: Host Immunity and Microbial Persistence Strategies[END_REF].

Coxiella burnetii, the causative agent of human Q fever, is an obligate intracellular bacterium found in a wide range of hosts, including livestock and humans [START_REF] Angelakis | Q fever[END_REF][START_REF] Eldin | From Q fever to Coxiella burnetii infection: A paradigm change[END_REF]. The primary route of human transmission is through inhalation of aerosols or dust contaminated with the bacterium [START_REF] Angelakis | Q fever[END_REF][START_REF] Eldin | From Q fever to Coxiella burnetii infection: A paradigm change[END_REF]. In the natural environment, C. burnetii exhibits tropism for monocytes/macrophages [START_REF] Fernandes | Murine alveolar macrophages are highly susceptible to replication of Coxiella burnetii phase II In Vitro[END_REF][START_REF] Sobotta | Coxiella burnetii infects primary bovine macrophages and limits their host cell response[END_REF], however it can invade and replicate in a wide variety of cell lines [START_REF] Baca | Q fever and Coxiella burnetii: a model for host-parasite interactions[END_REF][START_REF] Sobotta | Permissiveness of bovine epithelial cells from lung, intestine, placenta and udder for infection with Coxiella burnetii[END_REF]. The adherence and internalization of C. burnetii into the host cell is a passive process that involves αvβ3 integrins [START_REF] Capo | Subversion of monocyte functions by coxiella burnetii: impairment of the cross-talk between alphavbeta3 integrin and CR3[END_REF][START_REF] Gilk | Bacterial Colonization of Host Cells in the Absence of Cholesterol[END_REF] and Ezrin-CD44 in Coxiella phagocytosis reorganizations of the actin cytoskeleton [START_REF] Meconi | Coxiella burnetii induces reorganization of the actin cytoskeleton in human monocytes[END_REF][START_REF] Rosales | Cortactin Is Involved in the Entry of Coxiella burnetii into Non-Phagocytic Cells[END_REF][START_REF] Salinas | Coxiella burnetii Phagocytosis Is Regulated by GTPases of the Rho Family and the RhoA Effectors mDia1 and ROCK[END_REF]. Recently, we have demonstrated that cortactin, Rho family GTPases and specifically RhoA effectors mDia1 and ROCK are involved in C. burnetii entry into the host cells [START_REF] Rosales | Cortactin Is Involved in the Entry of Coxiella burnetii into Non-Phagocytic Cells[END_REF][START_REF] Salinas | Coxiella burnetii Phagocytosis Is Regulated by GTPases of the Rho Family and the RhoA Effectors mDia1 and ROCK[END_REF].

Within the nascent phagosome, the bacterium actively manipulates host factor to induce the biogenesis of the Coxiella Containing Vacuole (CCV) [START_REF] Carey | The Coxiella burnetii Dot/Icm System Delivers a Unique Repertoire of Type IV Effectors into Host Cells and Is Required for Intracellular Replication[END_REF][START_REF] Voth | Lounging in a lysosome: The intracellular lifestyle of Coxiella burnetii[END_REF] along the endocytic and autophagic pathway.

The ERM protein family is composed of three members Ezrin, Radixin and Moesin. Ezrin encodes a membrane-binding domain called FERM (band 4.1/ezrin/radixin/moesin) at the N-terminal region and the actin binding sites located at the C-terminus. Head-to-tail association/dissociation between N-and C-terminal domains [START_REF] Gary | Ezrin self-association involves binding of Ezrin-CD44 in Coxiella phagocytosis an N-terminal domain to a normally masked C-terminal domain that includes the F-actin binding site[END_REF][START_REF] Li | Self-masking in an intact ERMmerlin protein: an active role for the central alpha-helical domain[END_REF][START_REF] Magendantz | Interdomain Interactions of Radixin in Vitro[END_REF][START_REF] Pearson | Structure of the ERM protein moesin reveals the FERM domain fold masked by an extended actin binding tail domain[END_REF] allows ezrin to cycle between a closed inactive conformation and an open active conformation. In its inactive state ezrin is mainly present in the cytosol and it has to be recruited to the plasma membrane to be activated. Ezrin activation is achieved by two sequential steps: the interaction of its FERM domain with phosphatidylinositol-(4,5)-bisphosphate (PIP2) in the plasma membrane and the phosphorylation of a threonine residue located at position 567 by protein kinases, including ROCK (Chen et al., 2011b;[START_REF] Fievet | Phosphoinositide binding and phosphorylation act sequentially in the activation mechanism of ezrin[END_REF][START_REF] Gautreau | Morphogenic effects of ezrin require a phosphorylation-induced transition from oligomers to monomers at the plasma membrane[END_REF][START_REF] Hébert | Rho-ROCK-Dependent Ezrin-Radixin-Moesin Phosphorylation Regulates Fas-Mediated Apoptosis in Jurkat Cells[END_REF][START_REF] Matsui | Rho-Kinase Phosphorylates COOHterminal Threonines of Ezrin/Radixin/Moesin (ERM) Proteins and Regulates Their Head-to-Tail Association[END_REF][START_REF] Pelaseyed | Ezrin activation by LOK phosphorylation Ezrin-CD44 in Coxiella phagocytosis involves a PIP(2)-dependent wedge mechanism[END_REF][START_REF] Quang | Ezrin function is required for ROCK-mediated fibroblast transformation by the Net and Dbl oncogenes[END_REF][START_REF] Rey-Gallardo | Sequential binding of ezrin and moesin to L-selectin regulates monocyte protrusive behaviour during transendothelial migration[END_REF][START_REF] Yonemura | Direct involvement of ezrin/radixin/moesin (ERM)-binding membrane proteins in the organization of microvilli in collaboration with activated ERM proteins[END_REF]. This process stabilizes the open conformation of ezrin and enables ezrin-actin filaments interaction [START_REF] Bosk | Activation of Factin binding capacity of ezrin: synergism of PIP₂ interaction and phosphorylation[END_REF][START_REF] Gautreau | Morphogenic effects of ezrin require a phosphorylation-induced transition from oligomers to monomers at the plasma membrane[END_REF].

ERMs are multifunctional proteins that coordinate the interaction of the actin cortex with the plasma membrane and transmit information from the external milieu to the cell, through their interaction with membrane receptors [START_REF] García-Ortiz | ERM Proteins at the Crossroad of Leukocyte Polarization, Migration and Intercellular Adhesion[END_REF]. Recent works propose two different functions of ezrin in the phagocytic process. First, ezrin would function as a signaling molecule in phagocytic processes that are independent of the particle opsonization or immunoreceptor tyrosine-based activation motifs (ITAM) receptors. In this case, ezrin would activate the PIP2-ERM-ITAM-Syk axis, participating to the ingestion of the particle [START_REF] García-Ortiz | ERM Proteins at the Crossroad of Leukocyte Polarization, Migration and Intercellular Adhesion[END_REF][START_REF] Lau | HRV Signaling in Airway Epithelial Cells Is Regulated by ITAM-Mediated Recruitment and Activation of Syk[END_REF][START_REF] Mu | A phosphatidylinositol 4,5-bisphosphate redistribution-based sensing mechanism initiates a phagocytosis programing[END_REF].

On the other hand, ezrin could be the key regulator of membrane tension needed Ezrin-CD44 in Coxiella phagocytosis to allow the phagocytic process to develop correctly [START_REF] García-Ortiz | ERM Proteins at the Crossroad of Leukocyte Polarization, Migration and Intercellular Adhesion[END_REF][START_REF] Roberts | Neutrophil Cell Shape Change: Mechanism and Signalling during Cell Spreading and Phagocytosis[END_REF][START_REF] Tuckwell | Molecular and Cellular Biology of Phagocytosis[END_REF]. Several studies establish the participation of ERM proteins in the uptake of intracellular bacteria such as Shigella flexneri [START_REF] Skoudy | A functional role for ezrin during Shigella flexneri entry into epithelial cells[END_REF], Escherichia coli [START_REF] Goosney | Recruitment of cytoskeletal and signaling proteins to enteropathogenic and enterohemorrhagic Escherichia coli pedestals[END_REF], Neisseria meningitidis [START_REF] Eugène | Microvilli-like structures are associated with the internalization of virulent capsulated Neisseria meningitidis into vascular endothelial cells[END_REF], Chlamydia trachomatis [START_REF] Swanson | Chlamydia trachomatis species-specific induction of ezrin tyrosine phosphorylation functions in pathogen entry[END_REF], Brucella abortus [START_REF] Watanabe | Participation of ezrin in bacterial uptake by trophoblast giant cells[END_REF], Staphylococcus aureus [START_REF] Li | Regulation of Staphylococcus aureus infection of macrophages by CD44, reactive oxygen species, and acid sphingomyelinase[END_REF] by host cells.

CD44, the main receptor of hyaluronic acid, is a membrane glycoprotein widely distributed in different cell tissues [START_REF] Aruffo | CD44 is the principal cell surface receptor for hyaluronate[END_REF]. At the structural level, it presents an extracellular segment with binding sites for different ligands, a transmembrane domain that regulates its distribution in the plasma membrane and a cytoplasmic tail with binding sites for different cellular signaling proteins [START_REF] Dzwonek | CD44: molecular interactions, signaling and functions in the nervous system[END_REF][START_REF] Ponta | CD44: From adhesion molecules to signalling regulators[END_REF]. CD44 can be associated to the actin cytoskeleton through its interaction with ERM and ankyrin proteins [START_REF] Thorne | The role of the CD44 transmembrane and cytoplasmic domains in co-ordinating adhesive and signalling events[END_REF]. The ERM binding site in CD44 is a small sequence of basic residues very close to the plasma membrane [START_REF] Hao | Phospholipase C -mediated hydrolysis of PIP2 releases ERM proteins from lymphocyte membrane[END_REF][START_REF] Legg | Identification and functional analysis of the ezrin-binding site in the hyaluronan receptor, CD44[END_REF][START_REF] Sun | Molecular mechanism for bidirectional regulation of CD44 for lipid raft affiliation by palmitoylations and PIP2[END_REF].. CD44 can act as a fully functional phagocytic receptor for internalizing large particles [START_REF] Vachon | CD44 is a phagocytic receptor[END_REF]. Furthermore, CD44 can function as a co-receptor in the phagocytic process since it can induce the insideout activation of αMβ2 integrins [START_REF] Vachon | CD44mediated phagocytosis induces inside-out activation of complement receptor-3 in murine macrophages[END_REF]. CD44 is implicated in the interaction with and internalization of different bacteria [START_REF] Moffat | Involvement of CD44 and the cytoskeletal linker protein ankyrin in human neutrophil bacterial phagocytosis[END_REF] such as Shigella [START_REF] Skoudy | CD44 binds to the Shigella IpaB protein and participates in bacterial invasion of epithelial cells[END_REF], Mycobacterium tuberculosis [START_REF] Leemans | CD44 is a macrophage binding site for Mycobacterium tuberculosis that mediates macrophage recruitment and protective immunity against tuberculosis[END_REF] or S. aureus [START_REF] Li | Regulation of Staphylococcus aureus infection of macrophages by CD44, reactive oxygen species, and acid sphingomyelinase[END_REF] with the host cell. This report describes the participation of ezrin and CD44 in the internalization process of C. burnetii into HeLa cells. We observed that the knockdown of ezrin using small interference RNA (siRNA) inhibited bacterial uptake. The overexpression of a non-phosphorylatable mutant of ezrin (T567A) produced a decrease in internalization level, while the phosphomimetic mutant (T567D) increased it. Furthermore, the phosphomimetic mutant T567D was capable of countering the inhibitory effect observed on the internalization of C. burnetii induced by the ROCK inhibitor Y-27632. Interestingly, an increase in the levels of phosphorylation of endogenous ERMs proteins was observed in early stages of infection. In agreement with these results, C. burnetii infection triggered the Ezrin-CD44 in Coxiella phagocytosis recruitment of ezrin at the plasma membrane of infected cells. Finally, the overexpression of truncated forms of the CD44 receptor or the silencing of CD44 in HeLa cells produced a significant decrease in C. burnetii uptake. In summary, our results indicate that ezrin and CD44 are involved in the internalization process of C. burnetii into non-phagocytic cells.

Results

Depletion of ezrin affects the internalization of C. burnetii

ERM proteins regulate the interaction of actin microfilaments with the plasma membrane and receptors. They are involved in cellular membranes processes such as endocytosis [START_REF] Kvalvaag | ERM proteins: The missing actin linkers in clathrin-mediated endocytosis[END_REF][START_REF] Li | Ezrin directly interacts with AQP2 and promotes its endocytosis[END_REF]), macropinocytosis (Chiasson-MacKenzie et al., 2018;[START_REF] D'angelo | Interaction of ezrin with the novel guanine nucleotide exchange factor PLEKHG6 promotes RhoG-dependent apical cytoskeleton rearrangements in epithelial cells[END_REF] or phagocytosis [START_REF] Coxiella ; Marion | Ezrin Promotes Actin Assembly at the Phagosome Membrane and Regulates Phago-Lysosomal Fusion[END_REF][START_REF] Murad | miR-184 regulates ezrin, LAMP-1 expression, affects phagocytosis in human retinal pigment epithelium and is downregulated in age-related macular degeneration[END_REF].

To determine the role of ezrin in the internalization of C. burnetii, HeLa cells were co-transfected either with ezrin-targeting or scramble (non-targeting) siRNAs together with an EGFP expression vector to visualize transfected cells. Western Blot was used to assess the expression levels of endogenous ezrin for all conditions, using specific antibodies. Ezrin-targeting siRNA led to a six-fold decrease in the intracellular levels of ezrin as compared to cells transfected with control siRNA (Fig. 1A andB). Cells were thus infected with C. burnetii for 6 hours, fixed and processed for indirect immunofluorescence to estimate internalized bacteria by confocal microcopy (Fig. 1). Ezrin depletion led to a significant decrease in bacterial internalization without affecting the number of total bacteria associated to host cells (Fig. 1D andE). Similar results were observed in cells overexpressing a truncated non-functional mutant of ezrin (data not shown). These results suggest that ezrin is involved in the internalization of C. burnetii but not in the adhesion of the bacterium to the host cell.

Ezrin is recruited to the membrane of the host cell during C. burnetii infection

Ezrin-CD44 in Coxiella phagocytosis

The ezrin activation process depends on two key steps: the recruitment of the protein to membranes and the phosphorylation of its residue threonine 567 to acquire its open conformation [START_REF] Li | Ezrin directly interacts with AQP2 and promotes its endocytosis[END_REF][START_REF] Shabardina | Mode of Ezrin-Membrane Interaction as a Function of PIP2 Binding and Pseudophosphorylation[END_REF][START_REF] Tsai | Ezrin enrichment on curved membranes requires a specific conformation or interaction with a curvature-sensitive partner[END_REF]. Given that ezrin seems to regulate C. burnetii internalization, we speculated that infection might trigger ezrin recruitment to the host´s cell plasma membrane during infection. This was investigated by infecting HeLa cells for different periods of time and then determining ezrin localization by Western blot following cell fractionation. Indeed, endogenous ezrin was gradually recruited at the membrane fraction from 30 minutes of infection, peaked at 60 minutes, and then declined at 90 and 180 minutes of infection (Fig. 2). These results suggest that ezrin is recruited to the cell membrane at early stage during C. burnetii internalization.

The phosphorylation state of ezrin is important for the uptake of C. burnetii by the host cell

Ezrin recruitment at the plasma membrane is dependent of its phosphorylation state. Therefore, we decided to study the role of ezrin phosphorylation in the uptake of C. burnetii using single amino acid substitution mutants at the threonine 567 (T567). For this purpose, HeLa cells were transfected with constructs that encode an inactive mutant form of ezrin unable to be phosphorylated (T567A) or an active pseudophosphorylated mutant that mimics a permanent phosphorylation state (T567D). Transfected cells were then infected with C. burnetii for 6 hours, fixed, processed for immunofluorescence, and analyzed by confocal microscopy to quantify internalized and total bacteria (Fig. 3A). The overexpression of the T567A mutant led to a decrease in the number of internalized bacteria, while the phosphomimetic mutant triggered a strong increase with respect to the control conditions (Fig. 3B). Bacterial adhesion remained unaltered for all conditions tested (Fig. 3C). These results indicate that phosphorylation of the residue T567 of ezrin is important for the uptake of C. burnetii into the host cell.

To determine whether C. burnetii induces ezrin phosphorylation, we analyzed the phosphorylation status of carboxy terminal threonine residue of endogenous ERMs proteins (567 of ezrin, 564 of radixin and 558 of moesin) during infection.

Ezrin-CD44 in Coxiella phagocytosis

HeLa cells were infected with C. burnetii for different periods of time, lysed as previously indicated and analyzed by SDS-PAGE and Western blotting using a specific antibody. As shown in Fig. 4, infection with C. burnetii induced phosphorylation of ERM proteins and maximum levels were observed between 60 and 90 minutes of infection. These results indicate that phosphorylation of ERM proteins occurs during early times of C. burnetii internalization.

Ezrin is a member of the ROCK pathway implicated in the internalization of

C. burnetii to the host cell

We have previously demonstrated that Rho-associated kinase (ROCK) plays a key role in the internalization of C. burnetii in different cell lines [START_REF] Salinas | Coxiella burnetii Phagocytosis Is Regulated by GTPases of the Rho Family and the RhoA Effectors mDia1 and ROCK[END_REF]. The residue threonine 567 of ezrin is one of the ROCK substrates and the inhibition of this kinase causes an important decrease in ezrin phosphorylation levels [START_REF] Chen | Rho kinase phosphorylation promotes ezrinmediated metastasis in hepatocellular carcinoma[END_REF][START_REF] Hausrat | Radixin regulates synaptic GABAA receptor density and is essential for reversal learning and short-term memory[END_REF][START_REF] Hébert | Rho-ROCK-Dependent Ezrin-Radixin-Moesin Phosphorylation Regulates Fas-Mediated Apoptosis in Jurkat Cells[END_REF][START_REF] Matsui | Rho-Kinase Phosphorylates COOHterminal Threonines of Ezrin/Radixin/Moesin (ERM) Proteins and Regulates Their Head-to-Tail Association[END_REF][START_REF] Quang | Ezrin function is required for ROCK-mediated fibroblast transformation by the Net and Dbl oncogenes[END_REF]. As we have shown that ezrin phosphorylation is crucial for C. burnetii internalization in epithelial cells (Figs. 3 and4), we analyzed whether ROCK is involved in ezrin phosphorylation during infection using the pharmacological inhibitor of this kinase Y-27632. HeLa cells were transfected with plasmids encoding either mCherry alone, mCherry-ezrin-WT or the phosphomimetic mutant mCherry-ezrin-T567D. Cells were then treated for one hour with 10 μM Y-27632 [the lowest concentration used to produce a significant decrease in the internalization of C. burnetii [START_REF] Salinas | Coxiella burnetii Phagocytosis Is Regulated by GTPases of the Rho Family and the RhoA Effectors mDia1 and ROCK[END_REF]] and infected for 6 hours in the presence of the inhibitor. Cells overexpressing mCherry and not incubated with Y-27632 were used as control. Cells were fixed and processed as mentioned before to evaluate the number of intracellular and total bacteria (Fig. 5A). As shown in Fig. 5B, treatment with Y-27632 produced a decrease in the internalization of C. burnetii in cells that overexpressed either mCherry alone or mCherry-ezrin-WT. However, there were no significant differences in cells overexpressing T567D mutant treated with the inhibitor compared to untreated cells. The number of total bacteria did not show significant changes in the different conditions used, indicating that adherence was not affected (Fig. 5C), in agreement with our previous work [START_REF] Salinas | Coxiella burnetii Phagocytosis Is Regulated by GTPases of the Rho Family and the RhoA Effectors mDia1 and ROCK[END_REF]. These results would indicate that ezrin is part of the ROCK signaling pathway used by C. burnetii to promote its internalization in HeLa cells.

Ezrin-CD44 in Coxiella phagocytosis

CD44 participates in the uptake of C. burnetii into the host cell

As previously mentioned, ezrin anchors actin filaments to plasma membrane domains enriched in PIP2 [START_REF] Jayasundar | Open conformation of ezrin bound to phosphatidylinositol 4,5-bisphosphate and to F-actin revealed by neutron scattering[END_REF]. A previous study shows that PIP2 can induce the assembly of specific CD44-ezrin heterocomplexes [START_REF] Chen | Phosphatidylinositol 4,5-bisphosphate clusters the cell adhesion molecule CD44 and assembles a specific CD44-Ezrin heterocomplex, as revealed by small angle neutron scattering[END_REF]. The authors indicate that such complexes may be involved in the assembly of receptor clusters dependent of actin cytoskeleton on the plasma membrane or at host-pathogen interaction sites [START_REF] Chen | Phosphatidylinositol 4,5-bisphosphate clusters the cell adhesion molecule CD44 and assembles a specific CD44-Ezrin heterocomplex, as revealed by small angle neutron scattering[END_REF][START_REF] Grover | Basic Motifs Target PSGL-1, CD43, and CD44 to Plasma Membrane Sites Where HIV-1 Assembles[END_REF]. Because ezrin is recruited to the plasma membrane and phosphorylated during C. burnetii infection, we decided to analyze the role of the receptor CD44 in the internalization of the bacterium. To do this, HeLa cells were co-transfected with pcDNA3/HA-CD44 in combination either with scramble or CD44-targeting shRNA, lysed and analyzed by Western blot to assess the knockdown efficiency of CD44. As shown in Fig. 6A andB, the CD44 shRNA effectively reduced the expression levels of the receptor. On the other hand, HeLa cells were cotransfected with the human CD44-targeting or the scramble (non-targeting) shRNA and the empty vector mCherry. The mCherry vector was used to visualize shRNA transfected cells. Cells were then infected with C. burnetii for 6 hours at 37°C, fixed and processed as previously mentioned to analyze bacterial adherence and internalization by confocal microscopy (Fig. 6C). The internalization levels of C. burnetii were significantly decreased in cells transfected with CD44 shRNA compared to the control (Fig. 6D). The adherence of the bacteria to the host cell was not affected by the knockdown of the CD44 receptor (Fig. 6E).

To further investigate the participation of CD44 in C. burnetii internalization we transfected HeLa cells with pFLAG-myc plasmids encoding either CD44 WT, a CD44 mutant unable to interact with ERM proteins following a point mutation of the binding site (CD44 KR), truncated forms of CD44 with deletions of the extracellular (CD44 ΔE) or the intracellular (CD44 ΔICD) domains. HeLa cells were transfected with the empty vector pFLAG-myc (control). Following transfection, cells were infected with C. burnetii during 6 hours at 37°C, fixed and processed as mentioned in Materials and Methods to evaluate the number of intracellular and total bacteria (Fig. 7A). As shown in Fig. 7, the overexpression of CD44 WT did not produce significant modifications in the internalization or the Ezrin-CD44 in Coxiella phagocytosis adherence of the bacterium to the host cell compared to control. Instead, all the mutant forms of CD44 induced an important decrease in the levels of internalization without affecting the number of total associated bacteria. Together these findings suggest that the receptor CD44 is important to the internalization of C. burnetii but would not be involved in the bacterial cell adherence.

Discussion

C. burnetii is an obligate intracellular pathogen causative agent of Q fever. This bacterium displays a tropism for monocytes and alveolar macrophages [START_REF] Fernandes | Murine alveolar macrophages are highly susceptible to replication of Coxiella burnetii phase II In Vitro[END_REF][START_REF] Sobotta | Coxiella burnetii infects primary bovine macrophages and limits their host cell response[END_REF], however it has been shown that different types of epithelial cells are permissive to this microorganism [START_REF] Baca | Q fever and Coxiella burnetii: a model for host-parasite interactions[END_REF][START_REF] Sobotta | Permissiveness of bovine epithelial cells from lung, intestine, placenta and udder for infection with Coxiella burnetii[END_REF]. It would be considered that the intracellular trafficking of C. burnetii is much better known than the mechanisms implicated in its internalization which remain poorly characterized. C. burnetii internalization is independent of the bacterial secretion system (Beare et al., 2011;[START_REF] Carey | The Coxiella burnetii Dot/Icm System Delivers a Unique Repertoire of Type IV Effectors into Host Cells and Is Required for Intracellular Replication[END_REF] but requires the interaction between components of the bacterium surface and host cell factors [START_REF] Capo | Subversion of monocyte functions by coxiella burnetii: impairment of the cross-talk between alphavbeta3 integrin and CR3[END_REF]Dellacasagrande et al., 2000;[START_REF] Gilk | Bacterial Colonization of Host Cells in the Absence of Cholesterol[END_REF]Martinez et al., 2014;[START_REF] Rosales | Cortactin Is Involved in the Entry of Coxiella burnetii into Non-Phagocytic Cells[END_REF][START_REF] Salinas | Coxiella burnetii Phagocytosis Is Regulated by GTPases of the Rho Family and the RhoA Effectors mDia1 and ROCK[END_REF]van Schaik et al., 2013).

In our experimental model, ezrin knockdown in HeLa cells inhibits C. burnetii internalization. Our results are in agreement with what has been observed in previous studies carried out with other bacterial pathogens. For instance, the entry of S. flexneri into epithelial cells is blocked by overexpression of the dominant negative N-terminal domain of ezrin [START_REF] Skoudy | A functional role for ezrin during Shigella flexneri entry into epithelial cells[END_REF]. Furthermore, it has been observed that the expression of that ezrin mutant in endothelial cells abolishes actin cytoskeleton reorganizations induced by N. meningitidis to promote its internalization [START_REF] Eugène | Microvilli-like structures are associated with the internalization of virulent capsulated Neisseria meningitidis into vascular endothelial cells[END_REF]. In addition, the internalization of C. trachomatis into LLC-PK1 or HeLa cells is inhibited by overexpression of the N-terminal domain of ezrin or by depletion of endogenous ezrin using specific siRNA [START_REF] Swanson | Chlamydia trachomatis species-specific induction of ezrin tyrosine phosphorylation functions in pathogen entry[END_REF]. Moreover, it has been shown that ezrin knockdown decreases the uptake of B. abortus into giant trophoblasts [START_REF] Watanabe | Participation of ezrin in bacterial uptake by trophoblast giant cells[END_REF]. Interestingly, we observe that the overexpression of ezrin WT only slightly Ezrin-CD44 in Coxiella phagocytosis increased the uptake of C. burnetii by HeLa cells. Our results are consistent with several reports which have showed that cells transfected with plasmids encoding ezrin WT have similar behavior that those transfected with the empty vector [START_REF] Gautreau | Morphogenic effects of ezrin require a phosphorylation-induced transition from oligomers to monomers at the plasma membrane[END_REF]Zhang et al., 2020). This result suggests that the amount of ezrin expressed in HeLa cells is not a limiting factor for the bacterial internalization. Interestingly, a recent work has determined that HeLa cells have a very little amount of endogenous ezrin phosphorylated and that the overexpressed ezrin WT form is not phosphorylated (Kamiyama et al., 2018).

In the present study, we demonstrated the importance of the phosphorylation state of the residue threonine 567 of ezrin in the internalization process of C. burnetii by HeLa. We observed that while the non-phosphorylatable ezrin mutant (T567A) sufficiently decrease the levels of bacterium internalization, the phosphomimetic form (T567D) enhances the entry of the bacteria to the host cell.

Moreover, we determined that C. burnetii induces phosphorylation of endogenous ERM proteins in HeLa cells during early stages of infection. Similar results were observed during C. trachomatis infection of HeLa cells induce ezrin phosphorylation at the early time points (before 2 hours post-infection) [START_REF] Swanson | Chlamydia trachomatis species-specific induction of ezrin tyrosine phosphorylation functions in pathogen entry[END_REF]. Group A Streptococcal invasion into epithelial cells HEp-2 is dramatically blocked in the presence of the inhibitors of ezrin phosphorylation NSC668394 and disorazoles (Rox et al., 2017). A rapid and marked phosphorylation of ERM proteins of BMDMs during infection with S. aureus was observed [START_REF] Li | Regulation of Staphylococcus aureus infection of macrophages by CD44, reactive oxygen species, and acid sphingomyelinase[END_REF].

Several groups have identified specific substrates for Rho-kinase such as ezrin (Amano et al., 2010;Nishioka et al., 2012;Riento and Ridley, 2003). [START_REF] Chen | Rho kinase phosphorylation promotes ezrinmediated metastasis in hepatocellular carcinoma[END_REF] reported that the treatment of HepG2 cells with Y-27632 or ROCK siRNA produced a decrease in the levels of ezrin phosphorylation [START_REF] Chen | Rho kinase phosphorylation promotes ezrinmediated metastasis in hepatocellular carcinoma[END_REF]. In a previous work, we demonstrated that ROCK is involved in the internalization of avirulent C. burnetii into phagocytic and non-phagocytic cells [START_REF] Salinas | Coxiella burnetii Phagocytosis Is Regulated by GTPases of the Rho Family and the RhoA Effectors mDia1 and ROCK[END_REF]. During the development of this work, we have demonstrated that the inhibitory effect of Y-27632 in the internalization is significantly reverting by the overexpression of the phosphomimetic mutant of ezrin (T567D) but not by the overexpression of the ezrin WT. These results would indicate that ezrin participates in the ROCK signaling pathway involved in the uptake of C. burnetii.

Ezrin-CD44 in Coxiella phagocytosis

Interestingly, in our system the fact that the T567D mutant did not completely restore the uptake levels of the bacteria in comparison to cells untreated with Y-27632 does not rule out that other substrates of ROCK could be involved in the internalization of C. burnetii. LIM kinases (LIMK) and non-muscular myosin type II (NMII) are two well know ROCK substrates (Amano et al., 2010;Nishioka et al., 2012;Riento and Ridley, 2003). When we studied LIMK and NMII, only the myosin affected the internalization of C. burnetii by HeLa cells (data not shown).

It is noteworthy that during the ezrin activation process, the protein migrates from the cytoplasm to the plasma membrane [START_REF] Fievet | Phosphoinositide binding and phosphorylation act sequentially in the activation mechanism of ezrin[END_REF][START_REF] Gautreau | Morphogenic effects of ezrin require a phosphorylation-induced transition from oligomers to monomers at the plasma membrane[END_REF][START_REF] Yonemura | Direct involvement of ezrin/radixin/moesin (ERM)-binding membrane proteins in the organization of microvilli in collaboration with activated ERM proteins[END_REF]. We have previously demonstrated that RhoA, the main regulator of ROCK, migrate to the membrane fraction after 30 minutes and peaked after 60 minutes of infection [START_REF] Salinas | Coxiella burnetii Phagocytosis Is Regulated by GTPases of the Rho Family and the RhoA Effectors mDia1 and ROCK[END_REF]. In the present study, we observe that endogenous ezrin is recruited to the membrane at 30 to 60 minutes of infection with C. burnetii. We have previously shown the kinetics of RhoA recruitment at the membrane during infection of HeLa cells infected with C. burnetii [START_REF] Salinas | Coxiella burnetii Phagocytosis Is Regulated by GTPases of the Rho Family and the RhoA Effectors mDia1 and ROCK[END_REF] and, interestingly, it is similar to the ERM phosphorylation observed in this work.

The receptor CD44 participates in the internalization of different bacterial pathogens [START_REF] Leemans | CD44 is a macrophage binding site for Mycobacterium tuberculosis that mediates macrophage recruitment and protective immunity against tuberculosis[END_REF][START_REF] Li | Regulation of Staphylococcus aureus infection of macrophages by CD44, reactive oxygen species, and acid sphingomyelinase[END_REF][START_REF] Moffat | Involvement of CD44 and the cytoskeletal linker protein ankyrin in human neutrophil bacterial phagocytosis[END_REF][START_REF] Skoudy | CD44 binds to the Shigella IpaB protein and participates in bacterial invasion of epithelial cells[END_REF]. It has been described that αvβ3 integrins and complement receptor 3 (CR3) are involved in the internalization of C. burnetii by monocytes THP-1 [START_REF] Capo | Subversion of monocyte functions by coxiella burnetii: impairment of the cross-talk between alphavbeta3 integrin and CR3[END_REF][START_REF] Gilk | Bacterial Colonization of Host Cells in the Absence of Cholesterol[END_REF]. However, epithelial cell lines such as HeLa cells lack CR3 (Tam et al., 2014) but express high levels of αvβ3 integrins (Oba et al., 2007;Orgovan et al., 2015;Xiong et al., 2009) andCD44 (Bruno et al., 2000;Figueroa et al., 2015;[START_REF] Chiasson-Mackenzie | Merlin/ERM proteins regulate growth factor-induced macropinocytosis and receptor recycling by organizing the plasma membrane:cytoskeleton interface[END_REF]Picaud et al., 2014;Shen, 2013). We observe that knockdown of CD44 reduces the levels of internalization of C. burnetii without affecting bacterial adhesion to HeLa cells that could depend mainly on the αvβ3 integrins. Our results are consistent with a recent work which demonstrated that CD44 knockdown in macrophages produces lower levels of internalization of S. aureus without affecting its adhesion to the cell [START_REF] Li | Regulation of Staphylococcus aureus infection of macrophages by CD44, reactive oxygen species, and acid sphingomyelinase[END_REF] or inhibits phagocytosis of P. aeruginosa [START_REF] Tian | Pseudomonas aeruginosa ExsA Regulates a Metalloprotease, ImpA, That Inhibits Phagocytosis of Macrophages[END_REF].
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The overexpression of CD44 WT did not modify the internalization of C. burnetii.

This could be due to the fact that HeLa cells present high levels of endogenous CD44 (Bruno et al., 2000;Figueroa et al., 2015;[START_REF] Chiasson-Mackenzie | Merlin/ERM proteins regulate growth factor-induced macropinocytosis and receptor recycling by organizing the plasma membrane:cytoskeleton interface[END_REF]Picaud et al., 2014;Shen, 2013) and exogenous overexpression would have a redundant effect. Furthermore, the activity of CD44 could be limited by interaction with other receptors or signaling molecules. These hypotheses have yet to be tested. On the other hand, the effect generated by ΔE, ΔICD and KR constructs allows us to describe the role of CD44 in the internalization of C. burnetii. In the case of the mutant that lack the extracellular domain (CD44 ΔE), the inhibitory effect could be due to competition with the endogenous receptor (Brown et al., 2005). It has been shown that the intracellular domain of CD44 acts as a dominant negative form interfering the association of the receptor with actin cytoskeleton and extracellular matrix proteins (Mellor et al., 2013). The mutant truncated in the intracellular region (CD44 ΔICD) could not trigger the corresponding signaling pathways or bind to host effectors. It has been shown that these domains participate in the interaction of the receptor with hyaluronic acid (Perschl et al., 1995) and its absence prevents the receptor endocytosis (Jiang et al., 2002). The result obtained with the construct CD44 KR, a mutant that is unable to interact with ERM proteins, is really interesting because it would establish the importance of the CD44 and ezrin relationship during internalization of C. burnetii. This interaction is necessary for the internalization of bacterial pathogens such as S. aureus [START_REF] Li | Regulation of Staphylococcus aureus infection of macrophages by CD44, reactive oxygen species, and acid sphingomyelinase[END_REF].

In conclusion, our results indicate that ezrin is involved in the uptake of C. burnetii by HeLa cells. Furthermore, the recruitment to the host cell membrane and the phosphorylation of ezrin are important to the internalization process of C. burnetii.

We could speculate that ezrin is part of the RhoA/ROCK signaling pathway involved in the entry of C. burnetii. Moreover, we described CD44 as a possible novel receptor for the internalization of C. burnetii. The interaction of ezrin with CD44 during the entry of the bacteria remains to be determine. SiRNAs scramble and against ezrin were purchased from Bioneer (Alameda, USA). The mouse anti-ezrin monoclonal antibody (610602, 1:500) was purchased from BD Biosciences (California, USA). The rabbit anti-phosphoezrin(Thr567)/radixin(Thr564)/moesin(Thr558) polyclonal antibody (#3141, 1:100) was purchased from Cell Signaling Technology (Leiden, The Netherlands). The mouse anti-HA monoclonal antibody (H-9658, 1:100) was obtained from Sigma-Aldrich (Buenos Aires, Argentina). The mouse anti-α-tubulin monoclonal antibody (T6074, 1:500) was purchased from Sigma-Aldrich (Buenos Aires, Argentina). The rabbit anti-myc polyclonal antibody (PA1-981, 1:100) was purchased from Invitrogen (Buenos Aires, Argentina). The guinea pig anti-C. 
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Materials

Cell culture

HeLa cells (ATCC) (Asociación Banco Argentino de Células, Buenos Aires, Argentina) were routinely tested for mycoplasma by PCR. Cells were grown in DMEM supplemented with 10% heat-inactivated FBS, 2.2 g/l sodium bicarbonate, 2 mM glutamine, 100 IU/ml penicillin and 100 μg/ml streptomycin, pH 7, at 37°C under a 5% CO2 atmosphere. Vero cells used for propagation of phase II C. burnetii were maintained in the same culture conditions described for HeLa cells.

Cell transfection

HeLa cells (5 x 10 5 ) seeded in 24-well on sterile glass coverslips placed in 24well plates were transfected with 2 μg/ml of the different constructs used in this work. To knockdown ezrin, cells were co-transfected with pEGFP and ezrin siRNA or scramble siRNA at concentration of 100 nM (Bioneer, Alameda, USA).

Cell transfection was carried out using Lipofectamine® 2000 (Invitrogen, Buenos Aires, Argentina) diluted in OptiMEM (Thermo Fisher Scientific, Argentina).

Briefly, HeLa cells were incubated with Lipofectamine® 2000 and the specific plasmids or siRNA during 2 hours. Then, cells were washed and incubated for 18-24 hours in DMEM supplemented with 10% heat-inactivated FBS, 2.2 g/l sodium bicarbonate, 2 mM glutamine, pH 7 at 37°C under a 5% CO2 atmosphere.

Cells transfected with the different CD44 myc-tagged constructs were detected by indirect immunofluorescence using anti-myc antibody.

Propagation of phase II C. burnetii

Clone 4 phase II Nine Mile strain of C. burnetii which are infective for cells in culture but not for mammals, were provided by Ted Hackstadt (Rocky Mountain Laboratories, NIAID, NIH, Hamilton, MT, USA) and handled in a biosafety level II facility. Vero cells were seeded at low confluence in T75 flasks at 37°C under a 5% CO2 atmosphere in DMEM supplemented with 5% FBS, 2.2 g/l sodium bicarbonate, 2 mM glutamine, pH 7. Cultures were infected with C. burnetii phase Ezrin-CD44 in Coxiella phagocytosis II suspensions for 6 days at 37°C under a 5% CO2 atmosphere. In order to prepare cell lysates, cells were frozen at -70°C, then thawed at 37°C, scraped and passed 20 times through a 27-gauge needle connected to a syringe. Cell lysates were centrifuged at 800 xg for 10 minutes at 4°C. Supernatants were centrifuged at 24,000 xg for 30 minutes at 4°C, and pellets containing C. burnetii were resuspended in phosphate-buffered saline (PBS; 10 mM sodium phosphate, 0.9% NaCl), aliquoted and frozen at -70°C.

Infection of HeLa with C. burnetii

HeLa cells (5 x 10 5 ) were seeded in 24-well on sterile glass coverslips placed in 24-well plates. For infection, a 5 μl aliquot of C. burnetii suspension mixed with DMEM supplemented with 5% FBS, 2.2 g/l sodium bicarbonate, 2 mM glutamine, pH 7 was added per well (Multiplicity of infection: 30-60). Cells were centrifuged at 400 xg for 10 minutes at 4°C to allow an efficient contact between cells and bacteria. Cells were then washed to remove unbound bacteria, incubated for different lengths of time at 37°C under a 5% CO2 atmosphere with DMEM supplemented with 5% FBS and processed for the different assays carried out.

Immunofluorescence. Detection of intracellular C burnetii by double immunofluorescence staining technique.

HeLa cells on sterile glass coverslips placed in 24-well plates were fixed with 2% paraformaldehyde in PBS for 10 minutes at 37°C, washed with PBS and blocked with 50 mM NH4Cl in PBS. After washing, cells were incubated with a guinea pig antiserum against C. burnetii (1:1000) and a goat anti-guinea pig secondary antiserum conjugated to Alexa Fluor 647 diluted 1:500 in PBS containing 0.5% BSA (Bovine Serum Albumin) (non-permeabilizing conditions). In this condition, only extracellular bacteria were stained (blue pseudo color). After washing, cells were incubated with the same guinea pig antiserum against C. burnetii (1:1000) and a goat anti-guinea pig secondary antiserum conjugated to Alexa Fluor 488 or Alexa Fluor 594 diluted 1:500 in PBS containing 0.5% BSA and 0.05% saponin (permeabilizing conditions). Under these conditions, the blue-labeled extracellular bacteria were stained in green pseudo color (double mark), thus the extracellular one acquired both colors, while the intracellular ones were only Ezrin-CD44 in Coxiella phagocytosis stained in green pseudo color (simple mark). After washing, coverslips were mounted with Mowiol (Sigma-Aldrich, Buenos Aires, Argentina) and examined under confocal fluorescence microscope.

Infected cells transfected with CD44 myc-tagged constructs and processed by immunofluorescence as described above were incubated with an anti-myc antibody followed by an appropriate fluorophore conjugated secondary antibodies to detect infected cell overexpressing the different CD44 constructs.

Fluorescence microscopy

Cells were analyzed by confocal fluorescence microscopy using an FV1000 Olympus Confocal Microscope and the FV10-ASW 1.7 software (Olympus, Japan 

Subcellular fractionation

HeLa cells were cultured in T-25 flasks and infected as described above for different lengths of time. Cells were washed with cold PBS and homogenization buffer (HB) (250 mM sucrose, 3 mM imidazole, pH 7.4), and scraped in HB containing protease inhibitors and 0.5 mM Ethylenediaminetetraacetic acid (EDTA). Scraped cells were homogenized using a Dounce type homogenizer with a Teflon pestle. The homogenate was centrifuged at 13000 xg for 15 seconds at 4°C. The supernatant (post-nuclear supernatant) was centrifuged at 100000 xg for 30 minutes at 4°C. The supernatant and the pellet obtained represented the cytosolic (C) and membrane (M) fractions, respectively. Equal volumes of the different fractions were transferred to clean tubes, mixed with Laemmli buffer, boiled for 5 minutes and analyzed by SDS-PAGE and Western blot.
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Detection of ERM phosphorylation.

HeLa cells were cultured in 6-wells plates and infected as described earlier for different lengths of time. After infection, cells were washed with PBS, scraped into ice-cold lysis buffer (50 mM Tris-HCl, pH 7.2, 1% Triton X-100, 0.5% deoxycholate, 0.1% SDS, 50 mM NaCl, 10 mM MgCl2, 2 mM Na3VO4, 10 mM NaF, 0.5 mg/ml DTT, 2 mM EDTA) supplemented with a protease inhibitor cocktail and kept on ice for 15 minutes. Lysates were clarified by centrifugation at 12500 xg for 15 minutes at 4°C. Clarified lysates were transferred to clean tubes, mixed with Laemmli buffer and boiled for 5 minutes. Samples were analyzed by SDS-PAGE and Western blot.

Western blots

Samples were resolved by SDS-PAGE and the proteins transferred to nitrocellulose membranes using standard procedures. Membranes were blocked for 2 hours at 4°C in Tween-Tris-buffered saline (TTBS; 0.1% Tween 20, 100 mM Tris/HCl, 0.9% NaCl) supplemented with 5% BSA, then incubated overnight at 4°C with the appropriate primary antibodies. Anti-α-tubulin antibody was used as loading controls. Membranes were washed three times with TTBS and then incubated for 2 hours at room temperature with appropriate HRP-conjugated secondary antibodies. After washing with TTBS, membranes were incubated with the Enhanced Chemiluminescence (ECL) reagent (General Electric, # RPN2232) and analyzed with a Fujifilm LAS-4000 equipment. Band densitometry was performed with the ImageJ software (NIH, USA [http://rsb.info.nih.gov/ij]).

Statistical analysis

All data analysis was performed using GraphPad Prism 5.0 (San Diego, CA, USA Results are expressed as means ± S.E.M. of three independent experiments. *p < 0.05, ***p < 0.001, compared to cell transfected with pmCherry (statistical differences were determined using Kruskal-Wallis test followed by Dunn's post hoc test for multiple comparisons). ns: non-significant differences between groups (p > 0.05). Extracellular C. burnetii are pseudocolored blue and green (double mark) while intracellular ones are pseudocolored only green (single mark). Untreated cells transfected with mCherry plasmid were used as controls (panels a-e). Cells were fixed, processed for immunofluorescence, analyzed by confocal microscopy and representative micrographs are presented in the panel. Transfected cells boundaries were marked with dotted lines and non-transfected with filled lines.

In the Insets, extracellular and intracellular C. burnetii are indicated with arrows and arrowheads, respectively. Scale bar: 10 µm. (B) Quantification of C. burnetii internalized and (C) total bacteria associated to host cells. An average of 30 cells and 900 bacteria were counted in each experiment. Results are expressed as means ± S.E.M. of three independent experiments. ****p < 0.0001, compared to control cells (statistical differences were determined using Kruskal-Wallis test followed by Dunn's post hoc test for multiple comparisons). ns: non-significant differences between groups (p > 0.05). 

  Dulbecco's Modified Eagle's Medium (DMEM), Fetal Bovine Serum (FBS), penicillin and streptomycin were obtained from Gibco BRL/Life Technologies (Buenos Aires, Argentina). Plasmid encoding mCherry-ezrin-WT was generated in the laboratory of the Dr. Matteo Bonazzi (Institut de Recherche en Infectiologie de Montpellier, Centre National de la Recherche Scientifique, Montpellier, France). Vectors encoding mutants form of ezrin mCherry-ezrin-T567A and mCherry-ezrin-T567D were kindly provided by Dr. Lucas Pelkmans (Department of Molecular Life Sciences, University of Zurich, Zurich, Switzerland). Plasmids pFLAGmyc-CMV™-21 encoding the WT form of the rat receptor CD44 and its truncated mutants (CD44 KR, ΔE and ΔICD) doubly-tagged with both an Nterminal FLAG epitope and a C-terminal myc epitope were kindly provided by Dr. Peter Herrlich (Leibniz Institute for Age Research, Fritz Lipmann Institute, Jena, Germany). Vectors pcDNA3 encoding human CD44-WT tagged with human influenza hemagglutinin (HA) epitope was kindly provided by Dr. Miguel Quintanilla (Instituto de Investigaciones Biomédicas Alberto Sols, Consejo Superior de Investigaciones Científicas, Universidad Autónoma de Madrid, Madrid, Spain). Construct pSIREN-RetroQ encoding CD44 small hairpin RNA (shRNA) targeting all human CD44 isoforms and scramble control shRNA were kindly provided by Shinya Toyokuni (Department of Pathology and Biological Responses, Nagoya University Graduate School of Medicine, Nagoya, Japan).

  burnetii antiserum (1:1000) was kindly provided by Dr Robert Heinzen (Rocky Mountain Laboratories, NIAID, NIH, Hamilton, MT, USA). Secondary antibodies Ezrin-CD44 in Coxiella phagocytosis (1:500) were purchased from Jackson ImmunoResearch Laboratories, Inc. (West Grove, PA, USA). The inhibitor Y27632 were from Merck-Calbiochem® (Buenos Aires, Argentina).

  [https://www.olympus-lifescience.com/en/support/downloads]). Projections of confocal planes along the Z axis were generated using ImageJ software (NIH, USA [http://rsb.info.nih.gov/ij]). The number of adhered extracellular (double label) and internalized (single label) bacteria were manually quantified from the confocal projections. The sum of these two values was considered as the number of total bacteria per cells. The percentage of internalization was calculated as the number of bacteria internalized with respect to the total bacteria in each cell analyzed (Internalized C. burnetii * 100 / Total C. burnetii). Panel images were deconvolved using the plugin Parallel Spectral Deconvolution from ImageJ software (NIH, USA [http://rsb.info.nih.gov/ij]).

[

  https://www.graphpad.com]). Differences between conditions were tested by one-way analysis of variance (ANOVA) and Dunnett's post hoc tests or Kruskal-Wallis test followed by Dunn's post hoc test for multiple comparisons and Student's t single group test or two-tailed Wilcoxon matched-pairs signed rank test for two groups analyses. Differences were considered significant at p < 0.05.
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 2 Figure 2. Ezrin is recruited to membrane of host cell infected with C. burnetii. HeLa cells were infected with C. burnetii for different lengths of time, lysed and centrifuged to obtain post-nuclear supernatant (T: total), membrane (M) and cytosolic (C) fractions as described in Materials and Methods. (A) The obtained fractions were analyzed by SDS-PAGE and Western blot using specific antibodies against ezrin and α-tubulin (loading control). (B) The band intensitieswere quantified using the ImageJ software and the ratio between ezrin in the membrane fractions and α-tubulin total fractions was calculated and considerate as the ezrin recruitment to membranes. Results are expressed as means ± S.E.M. from at least four independent experiments. Mean values were compared with the 0 minutes of infection condition by one-way ANOVA and Dunnett's post hoc test (*p < 0.05). ns: non-significant differences between groups (p > 0.05).RU: Relative Units.

Figure 3 .

 3 Figure 3. The phosphorylation state of ezrin regulates the uptake of C. burnetii by the host cell. (A) HeLa cells that overexpress mCherry (panels a-e), mCherry-ezrin-WT (panels f-j), mCherry-ezrin-T567A (panels k-o) or mCherry-ezrin-T567D (panels p-t) were infected for 6 hours at 37°C with C. burnetii, fixed and processed for immunofluorescence as described in Material and Methods. mCherry signal is shown in red color. Extracellular C. burnetii are pseudocolored blue and green (double mark) while intracellular ones are pseudocolored only green (single mark). Cells were analyzed by confocal microscopy and representative micrographs are presented in the panel. Transfected cells boundaries were marked with dotted lines and non-transfected with filled lines. In the insets, extracellular and intracellular C. burnetii are indicated with arrows and arrowheads, respectively. Scale bar: 10 µm. (B) Quantification of C. burnetii internalized and (C) total bacteria associated to host cells. An average of 30 cells and 900 bacteria were counted in each experiment.

Figure 4 .

 4 Figure 4. C. burnetii induces ERM protein phosphorylation early during internalization process. (A) Lysates of HeLa cells infected for different time periods with C. burnetii were analyzed by SDS-PAGE and subsequently Western Blot using specific antibodies for the detection of phosphorylated ERM proteins (pERM). The time 0 minutes (control) corresponds to HeLa cells exposed to C. burnetii, as indicated in Materials and Methods, washed and lysed at time 0 minutes of infection. (B) The images obtained were analyzed with ImageJ software and protein band intensity ratiobetween pERM and α-tubulin was calculated. Results are expressed as average band intensity ± S.E.M. from at least three independent experiments. Statistical differences were determined using Kruskal-Wallis test followed by Dunn's post hoc test for multiple comparisons (*p < 0.05). ns: non-significant differences between groups (p > 0.05). (RU): Relative Units.

Figure 5 .

 5 Figure 5. Ezrin phosphomimetic mutant abolishes the inhibitory effect of Y-27632 on the internalization of C. burnetii. (A) HeLa cells that overexpress mCherry (panels f-j), mCherry-ezrin-WT (panels k-o) or mCherry-ezrin-T567D (panels p-t) were treated for one hour with Y-27632, infected for 6 hours at 37°C with C. burnetii and maintained during

Figure 6 .

 6 Figure 6. CD44 silencing diminishes the internalization of C. burnetii. (A) Lysates of HeLa cells co-transfected with pcDNA3/HA-CD44 and shRNA scramble or specific to CD44 were analyzed by SDS-PAGE and Western blot using specific antibodies against hemagglutinin (HA). Anti-α-tubulin antibodies were used as loading control. (B) Protein band intensities were measured by the ImageJ software and normalized with the loading control. The level of CD44 expression in the scramble transfected cells was arbitrarily defined as 1. (C) HeLa cells were co-transfected with mCherry plasmid and shRNA scramble or specific to CD44 (CD44 shRNA). Then cells were infected with C. burnetii for 6 hours at 37°C, fixed and processed for immunofluorescence as described in Materials and Methods. mCherry signal is shown in red color. Extracellular C. burnetii are pseudocolored blue and green (double mark) while intracellular ones are pseudocolored only green (single mark). Cells were analyzed by confocal microscopy and representative micrographs of cells are presented in the panel. Transfected cells boundaries were marked with dotted lines and non-transfected with filled lines. Insets extracellular C. burnetii are indicated with arrows and intracellular bacteria with arrowheads. Scale bar: 10 µm. (D) Quantification of C. burnetii internalized by transfected HeLa cells and (E) total bacteria associated to host cells. An average of 30 cells and 900 bacteria were counted in each experiment. Results are expressed as means ± S.E.M. of three independent experiments. ****p < 0.0001, compared to scramble shRNA (student two-tailed t test or two-tailed Wilcoxon matched-pairs signed rank test was used to determine statistical significance). ns: non-significant differences between groups (p > 0.05).

Figure 7 .

 7 Figure 7. Overexpression of CD44 mutants decrease the uptake of C. burnetii into the host cell. (A) HeLa cells that overexpress FLAG-myc, myc-CD44-WT-FLAG, myc-CD44-KR-FLAG, myc-CD44-ΔE-FLAG or myc-CD44-ΔICD-FLAG were infected for 6 hours at 37°C with C. burnetii, fixed and processed for immunofluorescence as described in Materials and Methods. mCherry signal is shown in red color. Extracellular C. burnetii are pseudocolored blue and green (double mark) while intracellular ones are pseudocolored only green (single mark). Cells were analyzed by confocal microscopy and representative micrographs are presented in the panel. Transfected cells boundaries were marked with dotted lines and non-transfected with filled lines. Insets extracellular C. burnetii are indicated with arrows and intracellular bacteria with arrowheads. Scale bar: 10 µm. (B) Quantification of C. burnetii internalized by transfected HeLa cells and (C) total bacteria associated to host cells. An average of 30 cells and 900 bacteria were counted in each experiment. Results are expressed as means ± S.E.M. of three independent experiments. ****p < 0.0001, compared to cell transfected with pFLAGmyc empty vector (Kruskal-Wallis test followed by Dunn's post hoc test for multiple comparisons). ns: non-significant differences between groups (p > 0.05).
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