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INTRODUCTION

Pathogenic bacteria often affect the host cell physiology during infection to enable their own multiplication, spread, and evasion of the host immune defense (1). Post-translational modifications (PTMs), which are essential for controlling the location, activity, and interaction of proteins are often involved in these host-interaction processes upon infection [START_REF] Ribet | Listeria monocytogenes impairs SUMOylation for efficient infection[END_REF]. PTMs comprise phosphorylation, acetylation, and methylation, as well as the incorporation of small polypeptides like ubiquitin or ubiquitin-related proteins such as the Small Ubiquitin-like Modifiers (SUMOs). It is known that a number of pathogens highjack PTMs for their own benefit; however, it is only established that a small number of pathogenic microorganisms may interfere with the SUMOylation pathway [START_REF] Ribet | Listeria monocytogenes impairs SUMOylation for efficient infection[END_REF][START_REF] Fritah | Sumoylation controls host anti-bacterial response to the gut invasive pathogen Shigella flexneri[END_REF][START_REF] Verma | Salmonella Engages Host MicroRNAs To Modulate SUMOylation: a New Arsenal for Intracellular Survival[END_REF][START_REF] Dalmasso | Crohn's Disease-Associated Adherent-Invasive Escherichia coli Manipulate Host Autophagy by Impairing SUMOylation[END_REF][START_REF] Sá-Pessoa | Klebsiella pneumoniae Reduces SUMOylation To Limit Host Defense Responses[END_REF]. SUMOylation is a type of reversible post-translational modification that occurs in eukaryotic cells. In this regulation, a SUMO protein is covalently bound to its target proteins [START_REF] Celen | Sumoylation on its 25th anniversary: mechanisms, pathology, and emerging concepts[END_REF], thereby influencing cellular functions such as DNA replication, the transcription of genetic information, processing of RNA, and cell signaling [START_REF] Cubeñas-Potts | SUMO: a multifaceted modifier of chromatin structure and function[END_REF][START_REF] Flotho | Sumoylation: A Regulatory Protein Modification in Health and Disease[END_REF]. Only very recently, researchers started looking into the strategies utilized by pathogenic bacteria to alter SUMOylation of host proteins, and our understanding of these processes is still limited [START_REF] Ribet | Ubiquitin, SUMO, and NEDD8: Key Targets of Bacterial Pathogens[END_REF]. In a recent study, we were able to show that the human pathogen Staphylococcus aureus inhibits the SUMOylation of host proteins in order to increase its intracellular survival and persistence [START_REF] Youssouf | Staphylococcus aureus Decreases SUMOylation Host Response to Promote Intramacrophage Survival[END_REF].

Additionally, a correlation between the decreased degree of SUMOylation and the reduction in the amount of the SUMO-conjugating enzyme Ubc9 was observed. Moreover, artificial increased SUMOylation in macrophages was shown to reduce the intracellular proliferation of bacteria, whereas treatment with the SUMOylation inhibitor ML-792 led to an increase of the bacterial survival within this immune cell type [START_REF] Youssouf | Staphylococcus aureus Decreases SUMOylation Host Response to Promote Intramacrophage Survival[END_REF]. Interestingly, human pathogens such as Listeria monocytogenes [START_REF] Ribet | Listeria monocytogenes impairs SUMOylation for efficient infection[END_REF] and Yersinia pestis [START_REF] Orth | Disruption of Signaling by Yersinia Effector YopJ, a Ubiquitin-Like Protein Protease[END_REF], or the plant pathogen Xanthomonas euvesicatoria [START_REF] Kim | Xanthomonas Type III Effector XopD Desumoylates Tomato Transcription Factor SlERF4 to Suppress Ethylene Responses and Promote Pathogen Growth[END_REF] have been shown to release effectors that are able to elicit a general deSUMOylation. S. aureus is an opportunistic human pathogen that is extremely versatile and the cause of a variety of nosocomial and community-acquired diseases [START_REF] Archer | Staphylococcus aureus: A Well-Armed Pathogen[END_REF][START_REF] Lowy | Staphylococcus aureus Infections[END_REF]. Pathogenicity of this bacterium is largely attributed to its reservoir of virulence factors and regulatory elements [START_REF] Bischoff | Genetic Regulation[END_REF][START_REF] Schlievert | Staphylococcal Virulence Factors[END_REF]. The bacterium is able to invade a variety of non-professional and professional phagocytic cells, where it may persist for many days [START_REF] Garzoni | Staphylococcus aureus: new evidence for intracellular persistence[END_REF][START_REF] Kubica | A Potential New Pathway for Staphylococcus aureus Dissemination: The Silent Survival of S. aureus Phagocytosed by Human Monocyte-Derived Macrophages[END_REF][START_REF] Lacoma | Investigating intracellular persistence of Staphylococcus aureus within a murine alveolar macrophage cell line[END_REF]. PtpA is a low-molecular-weight protein tyrosine phosphatase that is secreted by S. aureus. We have previously shown that PtpA is released during growth and macrophage infection, and that deletion of ptpA reduces S. aureus intramacrophage survival and infectivity [START_REF] Gannoun-Zaki | PtpA, a secreted tyrosine phosphatase from Staphylococcus aureus, contributes to virulence and interacts with coronin-1A during infection[END_REF]. In this study, we show that a reduction in the levels of cellular SUMO-conjugated proteins is associated with PtpA, which causes a reduction of the Ubc9 level, the essential enzyme of the SUMOylation modification machinery. In addition, we demonstrate here that the phosphatase activity is required for the PtpA-dependent reduction in SUMOylation.

RESULTS

S. aureus

PtpA phosphatase activity is required for survival in murine macrophages.

We recently showed that PtpA enhances the intracellular survival of S. aureus in murine macrophages [START_REF] Gannoun-Zaki | PtpA, a secreted tyrosine phosphatase from Staphylococcus aureus, contributes to virulence and interacts with coronin-1A during infection[END_REF], but it is unknown yet, whether the phosphatase activity of PtpA is necessary for this intramacrophage survival capacity of S. aureus. In order to test this, we created a PtpA phosphatase deficient mutant in S. aureus strain Newman (Newman ΔptpA::ptpA_D120A), based on earlier findings showing that residue D120 in the catalytic loop of PtpA is necessary for its phosphatase activity [START_REF] Brelle | Phosphorylation-mediated regulation of the Staphylococcus aureus secreted tyrosine phosphatase PtpA[END_REF]. Next, we determined how cells of the S. aureus strains Newman (WT), Newman ptpA, Newman ptpA::ptpA, and Newman ΔptpA::ptpA_D120A survived inside of cells of the murine macrophage cell line RAW 264.7. Intracellular CFU counts at T0 were similar between all strains used to infect the RAW 264.7 cells, thus ruling out a phagocytosis defect of the mutant (Fig. 1a). However, at 24 h post-Gentamycin treatment (pGt), intracellular bacteria loads decreased significantly for Newman ΔptpA::ptpA_D120A, when compared to the WT (Fig. 1b). In line with our previous findings [START_REF] Gannoun-Zaki | PtpA, a secreted tyrosine phosphatase from Staphylococcus aureus, contributes to virulence and interacts with coronin-1A during infection[END_REF], survival rates of the ptpA mutant also dropped to around 50% of the survival rates seen in macrophages that had been infected with the WT and the cis-complemented Newman ptpA::ptpA strain, respectively (Fig. 1b). These findings confirmed on the one hand the important role PtpA plays for the capacity of S. aureus to persist within murine macrophages, and demonstrated on the other hand that the phosphatase activity of PtpA is required for the intracellular survival of S. aureus strain Newman in murine macrophages. To exclude that the decreased numbers of Newman ptpA and Newman ptpA::ptpA_D120A cells seen in infected RAW 264.7 cells at 24 h pGt might be due to alterations in bacterial cytotoxicity elicited by these strains during the intracellular passage, we next used the lactate dehydrogenase (LDH) assay to determine the damage rates of the infected macrophage cells. The LDH test is a classic assay for identifying cytotoxicity by evaluating the level of damage to the cellular plasma membrane via the amount of LDH enzyme that is released into the culture media [START_REF] Chan | Detection of necrosis by release of lactate dehydrogenase activity[END_REF]. Notably, infection with all four S. aureus strains resulted in LDH release rates in the culture supernatants over time that were comparable to the LDH release rates seen with uninfected RAW 264.7 macrophages (Fig. 1c). This finding indicates that S. aureus strain Newman and its ptpA derivatives are able to survive intracellularly in macrophages for extended periods of time without inducing a clear cytotoxicity. This observation also ruled out that the reduced bacterial cell numbers seen in Newman ptpA and Newman ptpA::ptpA_D120A infected RAW 264.7 cells at 24 h pGt were due to an elevated cytotoxicity of the internalized bacterial cells. An elevated cytotoxicity would have led to an enhanced killing of the infected macrophages and a subsequent release of bacterial cells into the extracellular milieu in which large proportions of the released cell population would have been killed by the lysostaphin present in the cell culture medium. To test whether complementation of the Newman ptpA mutant with ptpA_D120A might have an effect on the growth behavior, we also studied its growth in Tryptic Soy Broth at 37°C and 225 rpm over time (Fig. 1d). The in vitro growth curves obtained with all four Newman derivatives yielded rather comparable growth kinetics, except for a non-significant reduced growth of the ptpA::ptpA_D120A mutant during the exponential growth phase (i.e. 2-4 h).

S. aureus PtpA phosphatase is involved in the decrease of host SUMOylation upon infection.

Given the findings that a ptpA deletion or D120 mutation reduced the intramacrophage survival of S. aureus, and based on our recent observations showing that S. aureus inhibits the SUMOylation of host proteins in order to increase its intracellular survival and persistence in macrophages [START_REF] Youssouf | Staphylococcus aureus Decreases SUMOylation Host Response to Promote Intramacrophage Survival[END_REF], we wondered whether PtpA might be involved in the interference with the host SUMOylation response of RAW 264.7 cells to S. aureus infection. In order to test this hypothesis, we analyzed the amounts of SUMO1-and SUMO2/3-conjugated proteins in uninfected RAW 264.7 cells and infected RAW 264.7 cells at 24 h pGt. First, in comparison to non-infected cells, macrophages that were infected with S. aureus Newman showed a significant and specific decrease in the amount of SUMO1 (Fig. 2a) and SUMO2/3 (Fig. 2b) modified proteins, in accordance with our previous observations [START_REF] Youssouf | Staphylococcus aureus Decreases SUMOylation Host Response to Promote Intramacrophage Survival[END_REF]. On the other hand, the global pattern of SUMOconjugated proteins were rather comparable to that of non-infected RAW 264.7 cells (ni) when RAW 264.7 were infected with Newman ptpA and ΔptpA::ptpA_D120A cells, respectively (Fig. 2). In contrast, decreased SUMOylation profiles were again observed in RAW 264.7 cells infected with the cis-complemented Newman ptpA::ptpA derivative (Fig. 2). These data strongly suggest that PtpA phosphatase activity plays a major role in the decrease in SUMOylation observed in RAW 264.7 cells infected with S. aureus. As demonstrated in our previous study, S. aureus Newman survival is decreased at 5 h post infection [START_REF] Youssouf | Staphylococcus aureus Decreases SUMOylation Host Response to Promote Intramacrophage Survival[END_REF]. However, despite of the high amount of intracellular bacteria after 5 h of infection (around 5,75x10 5 CFU/mL, or 12 % survival percentage), no reduction in the amount of SUMOylated proteins in WT-infected macrophages in comparison with uninfected macrophages was observed. On the other hand, after 24 h of infection, the intracellular survival of strain Newman was further reduced by 1 log10 (around 2x10 4 CFU/mL, or 3% survival percentage) and a decrease in the amount of SUMOylated proteins in these infected macrophages was observed [START_REF] Youssouf | Staphylococcus aureus Decreases SUMOylation Host Response to Promote Intramacrophage Survival[END_REF]. In addition, we can exclude the possibility that differences in SUMOylation profile between macrophages infected with S. aureus strains Newman or Newman ΔptpA are due to the reduced number of intracellular bacteria. This demonstration was performed by reducing the MOI of the wild-type strain (MOI 10) to half of the one used for the mutant (MOI 20) as the survival default is about 50% between strains (Fig. 2c,2d). These observations allow us to exclude the hypothesis that the absence of SUMOylation reduction by S. aureus ptpA is linked to a low quantity of intracellular bacteria after 24h of infection.

S. aureus

PtpA reduces Ubc9 level in a transcriptional-independent manner. After demonstrating that PtpA is a critical factor for S. aureus intramacrophage survival and that it is responsible for the reduction of SUMOylation in this immune cell type, we wondered how PtpA might accomplish this regulation. One potential effector molecule might be the ubiquitin conjugating enzyme 9 (Ubc9), which is the only E2 conjugating enzyme of the SUMOylation machinery required for the SUMOylation to occur [START_REF] Flotho | Sumoylation: A Regulatory Protein Modification in Health and Disease[END_REF]. Therefore, we started with measuring the amount of the Ubc9 enzyme present in macrophages infected with our S. aureus Newman strain set. We observed that the Ubc9 protein level in macrophages infected with S. aureus Newman or the ptpA-complemented strain decreased by approximately 50% at 24 h pGt when compared to uninfected cells (Fig. 3a). In contrast, no clear reductions in Ubc9 signals were observed in macrophages infected with the ptpA derivative and the PtpA phosphatase-inactive ptpA_D120A derivative, respectively (Fig. 3a). Next, we utilized the proteasome inhibitor MG132 in order to evaluate whether the proteasome had a role in Ubc9 reduction. These experiments revealed that inhibition of proteasome activity by MG132 had no impact on the amount of Ubc9 (Fig. 3b), which continued to drop in macrophages infected with S. aureus strains expressing a WT PtpA. In addition, qRT-PCR was used to examine the levels of ubc9 expression. Here, we found that S. aureus infection indeed affected the expression of the Ubc9 enzyme at the mRNA level (Fig. 3c), however, in a rather PtpA-independent manner. (Fig. 3c). Taken together, these findings suggest that PtpA does have an effect on the quantity of Ubc9, though, without affecting the proteasome and the transcriptional pathway, respectively.

Modulating the level of SUMOylation confirms the role of PtpA to promote intracellular survival of S. aureus Newman. In our next series of experiments, we made use of RAW 264.7 cells overexpressing SUMO1 or SUMO3 moities to artificially increase the level of SUMOylated proteins in order to substantiate the role of PtpA in the host SUMOylation response to S. aureus infection. When these SUMO1 or SUMO3 overexpressing macrophages were challenged with S. aureus Newman and the quantity of viable intracellular bacteria was counted after 24 hours post infection, a clear decrease in the intracellular persistence rate of this strain was observed in SUMO1 or SUMO3 overexpressing RAW 264.7 cells, when compared to control macrophages expressing GFP (Fig. 4a). Notably, a rather similar effect was noticed with the ciscomplemented ptpA::ptpA derivative, whereas SUMO1 or SUMO3 overexpressing RAW 264.7 cells challenged with the ptpA strain presented considerably lower survival rates. We observed 4.6-and 4-fold reductions between SUMO1 or SUMO3 overexpressing macrophages in comparison to GFP overexpressing macrophages infected with the ptpA mutant while 3.2-fold and 1.7-fold reductions between SUMO1 or SUMO3 overexpressing macrophages and GFP overexpressing macrophages infected with the WT. A similar trend was also noticed for SUMO1

or SUMO3 overexpressing RAW 264.7 cells infected with the ptpA_D120A mutant. These results confirm, as previously observed, that an increase in SUMOylation in host cells has a negative impact on the ability of S. aureus to survive inside of macrophages [START_REF] Youssouf | Staphylococcus aureus Decreases SUMOylation Host Response to Promote Intramacrophage Survival[END_REF], and, importantly, demonstrate that PtpA expression is necessary to minimize the SUMOylation host response in order to improve S. aureus long-term survival. In addition, the function of PtpA in the regulation of S. aureus survival inside of macrophages that had been pretreated with an inhibitor of the SUMOylation machinery targeting the SUMO-activating enzyme E1, which is a heterodimer of the SAE1/SAE2 subunits enzyme, was addressed [START_REF] He | Probing the roles of SUMOylation in cancer cell biology by using a selective SAE inhibitor[END_REF]. Macrophages that were treated with the inhibitor ML-792 exhibited a substantial increase in the amount of intracellular bacterial cells regardless of the strains used to infect the treated macrophages (Fig. 4b). According to these findings, treatment with the ML-792 inhibitor is able to restore S. aureus survival regardless of PtpA..

DISCUSSION

SUMOylation is an important post-translational modification system deployed by eukaryotes to modulate diverse cellular mechanisms [START_REF] Flotho | Sumoylation: A Regulatory Protein Modification in Health and Disease[END_REF]. Only lately, researchers started to look whether pathogenic bacteria might make use of this system for their own benefit, and our understanding of these interactions is still limited [START_REF] Ribet | SUMOylation and bacterial pathogens[END_REF][START_REF] Srikanth | Sumoylation as an Integral Mechanism in Bacterial Infection and Disease Progression[END_REF]. Some pathogens interfere with the host SUMOylation machinery [START_REF] Srikanth | Sumoylation as an Integral Mechanism in Bacterial Infection and Disease Progression[END_REF]. The enteropathogenic species Salmonella Typhimurium interferes with the SUMOylation host response by inducing the overexpression of two host microRNAs that posttranscriptionally reduce Ubc9 expression (4). Shigella flexneri is responsible for the modification of SUMO-conjugated proteins involved in the regulation of mucosal inflammation and epithelial infiltration, respectively [START_REF] Fritah | Sumoylation controls host anti-bacterial response to the gut invasive pathogen Shigella flexneri[END_REF][START_REF] Sidik | Shigella Infection Interferes with SUMOylation and Increases PML-NB Number[END_REF]. Adherent-invasive Escherichia coli (AIEC) are thought to restrict autophagy by altering the host's SUMOylation, thus enabling intracellular proliferation [START_REF] Dalmasso | Crohn's Disease-Associated Adherent-Invasive Escherichia coli Manipulate Host Autophagy by Impairing SUMOylation[END_REF]. By reducing the induction of host inflammatory pathways, Klebsiella pneumoniae diminishes SUMOylation to enhance its infectivity [START_REF] Sá-Pessoa | Klebsiella pneumoniae Reduces SUMOylation To Limit Host Defense Responses[END_REF]. Bacteria such as Xanthomonas euvesicatoria [START_REF] Kim | Xanthomonas Type III Effector XopD Desumoylates Tomato Transcription Factor SlERF4 to Suppress Ethylene Responses and Promote Pathogen Growth[END_REF] and Yersinia pestis [START_REF] Orth | Disruption of Signaling by Yersinia Effector YopJ, a Ubiquitin-Like Protein Protease[END_REF] have been shown to release effectors that are able to imitate host deSUMOylases, which in turn induces deSUMOylation of host proteins. The poreforming toxin listeriolysin (LLO) produced by Listeria monocytogenes was demonstrated to modify the host SUMOylation response by degrading Ubc9 [START_REF] Ribet | Listeria monocytogenes impairs SUMOylation for efficient infection[END_REF]. More recently, we demonstrated that S.

aureus reduces the SUMOylation response in macrophages, thereby promoting its intracellular persistence within this immune cell type [START_REF] Youssouf | Staphylococcus aureus Decreases SUMOylation Host Response to Promote Intramacrophage Survival[END_REF]. However, the bacterial effector(s) that modulate the host SUMOylation response following S. aureus ingestion remained unknown yet. In this study, we show that (i) the secreted protein tyrosine phosphatase PtpA is associated with the reduction of the SUMOylation response in murine macrophages to promote its intracellular persistence, (ii)

the PtpA phosphatase function is required for the modulation of the SUMOylation response, (iii)

Ubc9 levels are markedly decreased in a PtpA-dependent manner, (iv) the intracellular survival of S. aureus ptpA cells is significantly decreased in macrophages overexpressing SUMO1 or SUMO3, suggesting the involvement of PtpA in this SUMO-dependent regulation, and (v) when macrophages were treated with the SUMOylation inhibitor ML-792, ptpA mutants were able to survive inside of macrophages to a similar extent as WT cells. Our findings suggest that PtpA is required for a global deSUMOylation in host cells, at least at a later stage of infection (i.e. 24 h pGt), by lowering the level of Ubc9 to promote its intracellular survival. Furthermore, in a previous study, we demonstrated that S. aureus PtpA is significantly secreted in macrophages 18 h after infection that could correlate with a late decrease of SUMOylation involving PtpA at 24h post-infection [START_REF] Gannoun-Zaki | PtpA, a secreted tyrosine phosphatase from Staphylococcus aureus, contributes to virulence and interacts with coronin-1A during infection[END_REF]. However, as treatment with the proteasome inhibitor MG132 had no effect on the amount of Ubc9 in RAW 264.7 cells infected with S. aureus strain Newman, we assume that the Ubc9 degradation seen in murine macrophages infected with S. aureus Newman cells expressing a functional PtpA is independent of the proteasome. Our qRT-PCR studies suggest furthermore that PtpA does not markedly affect Ubc9 expression, at least on the transcriptional level. As other virulence effectors released by bacterial pathogens have been demonstrated to downregulate Ubc9 (5), it was already suggested that interfering with host SUMOylation via this critical enzyme of the SUMO machinery is a mechanism utilized by many different kinds of pathogenic bacteria [START_REF] Srikanth | Sumoylation as an Integral Mechanism in Bacterial Infection and Disease Progression[END_REF], and the same seems to hold truth for S. aureus. However, the PtpAdependent target(s) that is/are responsible for the reduction of Ubc9 seen in S. aureus-infected macrophages still remain to be identified, and the specific mechanism of action to be defined.

Another limitation of this study is that we tested the impact of S. aureus PtpA on host cell SUMOylation only with strain Newman yet, a cytotoxic and mouse pathogenic laboratory strain that features a couple of uncommon characteristics such as the rare saeS P allele leading to a constitutive expression of the sae system, and truncations of the fibronectin-binding proteins important for host cell invasion (doi: Our findings show that a catalytically active form of the PtpA tyrosine phosphatase is required to induce the host SUMOylation reduction, thus we hypothesize that a Tyrphosphorylation-dependent control mechanism may be involved. As the ptpA deletion mutant displayed no clear effect on ubc9 transcription, post-translational regulation seems to be the most likely mode of regulation. One possible mechanism might be that PtpA affects the phosphorylation status of Ubc9, which in turn influences the stability of the protein [START_REF] Tomasi | Ubiquitin-Conjugating Enzyme 9 Phosphorylation as a Novel Mechanism for Potentiation of the Inflammatory Response[END_REF]. However, due to the fact that PtpA is a tyrosine phosphatase and that Ubc9 is known to be phosphorylated on threonine residues [START_REF] Lin | SUMO modification of Akt regulates global SUMOylation and substrate SUMOylation specificity through Akt phosphorylation of Ubc9 and SUMO1. 5[END_REF][START_REF] Su | Phosphorylation of Ubc9 by Cdk1 Enhances SUMOylation Activity[END_REF], it is unlikely that PtpA directly dephosphorylate Ubc9, but might influence the phosphorylation status of Ubc9 by a cascade of kinases that are phosphorylated on tyrosine residues. One putative candidate for such a scenario is the Ser/Thr protein kinase Akt that is activated through tyrosine phosphorylation [START_REF] Conus | Direct Identification of Tyrosine 474 as a Regulatory Phosphorylation Site for the Akt Protein Kinase * 210[END_REF] Predictably, low levels of Ubc9 are accompanied by decreased amounts of SUMOylated proteins. In this context, one would expect to observe an accumulation of unconjugated SUMO moieties. However, this was not the case in our Western blot analyses, as the fast migrating band (~20 kDa) reactive to the anti-SUMO antibodies was always weak to undetectable in our immunoblots of S. aureus Newman-infected cells, and on a comparable level to the corresponding signals seen on immunoblots performed with cell lysates of uninfected RAW 264.7 cells, or of those infected with the PtpA-defective strains (data not shown). These observations suggest that S. aureus PtpA might also interfere with host cell SUMOylation by affecting the availability of SUMO, potentially via interference with the Lin-28/let-7 pathway [START_REF] Sahin | Interferon controls SUMO availability via the Lin28 and let-7 axis to impede virus replication. 1[END_REF].

In conclusion, the current work shows for the first time that the secreted phosphatase PtpA is capable of reducing the Ubc9 conjugation enzyme level to impede host SUMOylation response in S. aureus Newman infected murine macrophages, thus promoting the intracellular survival of the ingested bacterial cells in this immune cell type. SUMOylation crosstalk during bacterial infection represents a promising area of research that will not only enhance our knowledge on how SUMOylation occurs in cells, but may also reveal potential targets for therapeutic treatment against S. aureus infections and persistence at long-term infections.

MATERIALS AND METHODS

Bacterial strains and growth conditions. Strains and plasmids used in this study are listed in Table 1. Sequencing was used to confirm all mutant strains and plasmids used for this study.

Strains of Escherichia coli were cultivated at 37°C in LB medium with the addition of 100 mg/ml ampicillin when needed. S. aureus isolates were either cultured in Tryptic Soy Broth (TSB; Becton Dickinson) at 37°C and 225 rpm with a culture to flask volume of 1:10, or plated on Tryptic Soy Agar (TSA; Becton Dickinson) supplemented with 10 mg/ml erythromycin when required.

Bacterial growth in 96-well plates was observed using a microplate reader (Tecan, Lyon, France).

Construction of the S. aureus ptpA cis-complementation strain Newman

ptpA::ptpA_D120A. For cis-complementation of the ptpA mutation in strain Newman ptpA with a ptpA derivative harboring the D120A exchange, the vector pEC1_ptpA [START_REF] Brelle | Phosphorylation-mediated regulation of the Staphylococcus aureus secreted tyrosine phosphatase PtpA[END_REF] was used as template to generate the suicide plasmid pEC1_ptpA_D120A by using the QuikChange Site-Directed Mutagenesis Kit (Agilent Technologies) with the primer #1559 (5'-GGAAGAGAGTGATGTACCAGCTCCATACTACACGAATAATT-3').Plasmid pEC1_ptpA_D120A was then electroporated into the strain RN4220 ptp, a marker-free ptpA variant of S. aureus strain RN4220, which was previously constructed [START_REF] Brelle | Phosphorylation-mediated regulation of the Staphylococcus aureus secreted tyrosine phosphatase PtpA[END_REF]. The RN4220 derivative that integrated pEC1_ptpA_D120A was subsequently used as a donor for phage transducing the cis-integrated pEC1_ptpA_D120A genome region into Newman ptpA [START_REF] Brelle | Phosphorylation-mediated regulation of the Staphylococcus aureus secreted tyrosine phosphatase PtpA[END_REF], thereby replacing the aphAIIItagged ptpA deletion with the ptpA_D120A derivative. Replacement of the ptpA deletion with ptpA_D120A in Newman ptpA::ptpA_D120A was confirmed by sequencing.

Macrophages culture and infection. The murine macrophage cell line RAW 264.7 (mouse leukemic monocyte macrophage, ATCC TIB-71), was cultured in Dulbecco's modified Eagle's medium (DMEM) (ThermoFisher Scientific), which was augmented with 10% foetal bovine serum and kept at 37°C in a humidified atmosphere containing 5% carbon dioxide. Lentiviral transduced Raw264.7 cell lines that expressed 6His-tagged SUMO1 and SUMO3 proteins were previously generated [START_REF] Youssouf | Staphylococcus aureus Decreases SUMOylation Host Response to Promote Intramacrophage Survival[END_REF]. RAW 264.7 cells (5x10 5 cells/mL, in 24 well plates) were challenged with S. aureus at a MOI of 20:1 (bacteria:cells), and the cell mixtures were then incubated for 1 h at 37°C and 5 % CO2. Residual extracellular bacteria were eliminated by incubating the RAW 264.7 cells with gentamicin (100 µg/mL) for 30 minutes after the cells had been washed once with PBS. Following gentamicin treatment, macrophages were washed twice with PBS (T0), and subsequently incubated for 24 h in DMEM in presence of 5 µg/mL lysostaphin (AMBI Products LLC, USA). Afterwards, macrophages were lysed by 0.1% Triton X100 treatment (T24), and serial dilutions of the lysates plated on TSA plates, which were incubated for 24 h at 37°C. The number of bacterial colonies at T24/number of bacterial colonies at T0 x 100 percent was used to calculate the survival rate of bacteria.

Immunoblotting. Infected macrophages were lysed in 100 µL of 2.5X Laemmli buffer, boiled for 10 min at 95°C, sonicated for 10 sec at 50 % amplitude of a 20 kGz sonifier (DIGITAL, Model 450-D, BRANSON) and centrifuged for 1 min at 12000 x g. Proteins were separated on SDS-PAGEs, transferred to PVDF membranes, and analyzed by Western-blotting using an anti-SUMO1 (#21C7, Developmental Studies Hybridoma Bank) or anti-SUMO2/3 antibody (#8A2, Developmental Studies Hybridoma Bank) as primary antibody, and a HRP-coupled donkey-antimouse antibody as secondary antibody (Jackson ImmunoResearch, Interchim, France). The immunoblots were detected with the Enhanced Chemiluminescence Detection kit (ChemiDocTM, BioRad) and quantified using Image Lab software (BioRad).

Quantitative RT-PCR (qRT-PCR).

Total RNAs were extracted using the RNeasy® plus Mini kit (Qiagen, GmbH, Germany) following the manufacturer's instructions. To measure the levels of mRNA expression, one µg of total RNA was reverse-transcribed using the SuperScript III® Reverse Transcriptase kit from Invitrogen. Using SYBR Green qPCR Master Mix (Roche) and specific primers (Table 2), quantitative RT-PCR (qRT-PCR) was carried out using a LightCycler 480 (Roche, France). As internal controls for mRNA quantification, the mouse β-actin gene was utilized. Using the Ct technique, the fold-induction was determined as follows: ∆∆Ct = (Ct target gene -Ct internal control) treatment -(Ct target gene -Ct internal control) non-treatment, and the final data were derived from 2-∆∆Ct.

Statistical Analyses. The statistical significance of changes between groups was determined using the GraphPad software package Prism 9.4.0. P values < 0.05 were considered statistically significant. 
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 1 TABLES Strains and plasmids used in this study1 Erm R , erythromycin-resistant; Kan R , kanamycin-resistant

Table 2 .

 2 qRT-PCR primer used in this stud

	Strain	Description 1	Reference or
			source
	S. aureus		
	Newman	Laboratory strain, wildtype	
	Newman ptpA	Newman ptpA::lox66-aphAIII-lox71; Kan R	(22)
	Newman	Newman ptpA derivative cis-complemented with	(22)
	ptpA::ptpA	pEC1_ptpA-Flag; Erm R	
	Newman	Newman ptpA derivative cis-complemented with	This study
	ptpA::ptpA_D120A	pEC1_ptpA_D120A-Flag; Erm R	
	RN4220 ptpA	RN4220 ptpA::lox72	(22)
	RN4220	RN4220 ptpA::lox66-aphAIII-lox71	(22)
	ptpA_lox_aph		
	E. coli		
	IM08B	E. coli DC10B derivative harboring hsdS of S. aureus	
		strain NRS384, dcm	
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