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Introduction

The worldwide spread of multidrug-resistant (MDR) bacterial pathogens has become a major public health issue and there is an urgent need to find new tools and approaches to control it. The most critical MDR microorganisms have been grouped as "ESKAPE" pathogens that comprise Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter spp. [START_REF] Rice | Federal funding for the study of antimicrobial resistance in nosocomial pathogens: No ESKAPE[END_REF][START_REF] Santajit | Mechanisms of antimicrobial resistance in ESKAPE pathogens[END_REF]. Among them, E. faecium is a leading cause of nosocomial infections and hospital outbreaks, especially vancomycin-resistant E. faecium (VREF) isolates for which limited therapeutic options are available [START_REF] Arias | The rise of the Enterococcus: Beyond vancomycin resistance[END_REF][START_REF] Lebreton | Emergence of epidemic multidrug-resistant Enterococcus faecium from animal and commensal strains[END_REF]. The epidemiological success of VREF mainly results from the worldwide dissemination of a specific clonal complex (CC17) comprising clinical isolates that share a common MDR phenotype with high-level resistance to both ampicillin and fluoroquinolones [START_REF] Lee | Antimicrobial-resistant CC17 Enterococcus faecium: The past, the present and the future[END_REF]. CC17 is part of a human hospital-adapted lineage (clade A1) that emerged from the animal-associated lineage (clade A2) after the introduction of antibiotics, and which differs genetically from the human community-associated lineage (clade B) [START_REF] Lebreton | Emergence of epidemic multidrug-resistant Enterococcus faecium from animal and commensal strains[END_REF]. Thanks to a remarkable genomic plasticity, E. faecium is particularly adept at acquiring new genes through horizontal gene transfer of a large panel of mobile genetic elements [START_REF] Hegstad | Mobile genetic elements and their contribution to the emergence of antimicrobial resistant Enterococcus faecalis and Enterococcus faecium[END_REF][START_REF] Zhong | Comparative genomic analysis revealed great plasticity and environmental adaptation of the genomes of Enterococcus faecium[END_REF] while it also exhibits a versatile metabolism allowing it to cope with many environmental stresses [START_REF] Arias | The rise of the Enterococcus: Beyond vancomycin resistance[END_REF][START_REF] Gaca | Adaptation to adversity: The intermingling of stress tolerance and pathogenesis in enterococci[END_REF].

Post-transcriptional control by non-coding RNAs (ncRNAs) enables a rapid and tight regulation to environmental cues, with gene expression directly influenced by metabolic variations [START_REF] Repoila | Small regulatory non-coding RNAs in bacteria: Physiology and mechanistic aspects[END_REF]. ncRNAs can be divided into small RNAs (sRNAs) and RNA leaders, the latter including riboswitches and attenuators [START_REF] Dersch | Roles of regulatory RNAs for antibiotic resistance in bacteria and their potential value as novel drug targets[END_REF]. Regulation of the expression of antibiotic resistance genes by attenuators is widespread, particularly for ribosome-targeting antibiotics such as tetracyclines, aminoglycosides or MLS (macrolides-lincosamides-streptogramins) antibiotics [START_REF] Dersch | Roles of regulatory RNAs for antibiotic resistance in bacteria and their potential value as novel drug targets[END_REF][START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF][START_REF] St | Transcriptional attenuation controls macrolide inducible efflux and resistance in Streptococcus pneumoniae and in other Grampositive bacteria containing mef/mel(msr(D)) elements[END_REF][START_REF] Lovett | Ribosome regulation by the nascent peptide[END_REF]. The attenuation mechanism is based on the presence of a short open reading frame (ORF) coding for a leader J o u r n a l P r e -p r o o f peptide immediately upstream of the resistance gene, which recruits translating ribosomes to the regulatory 5'-untranslated region (5'-UTR) element. In the absence of antibiotics, there is an inhibition of the resistance gene expression through a premature transcriptional terminator (transcriptional attenuation) or the ribosome binding site (RBS) masking (translational attenuation) [START_REF] Lovett | Ribosome regulation by the nascent peptide[END_REF][START_REF] Gollnick | Transcription attenuation[END_REF]. When the antibiotic is present in the cell, there is a RNA leader conformational switch due to the ribosome stalling resulting in alternative base-pairing patterns that promote an antitermination conformation or a RBS release, which consequently activate the expression of the regulated gene [START_REF] Lovett | Ribosome regulation by the nascent peptide[END_REF][START_REF] Gollnick | Transcription attenuation[END_REF].

Recently, we identified the first set of transcripts expressed from non-annotated regions in E. faecium using the reference strain Aus0004 [START_REF] Lam | Comparative Analysis of the first complete Enterococcus faecium genome[END_REF] and provided a list of 61 sRNA candidates [START_REF] Sinel | Small RNAs in vancomycinresistant Enterococcus faecium involved in daptomycin response and resistance[END_REF].

Out of them, 10 were experimentally validated by Northern blots and by qPCR experiments as expressed along bacterial growth [START_REF] Sinel | Small RNAs in vancomycinresistant Enterococcus faecium involved in daptomycin response and resistance[END_REF]. However, their biological functions as well as their molecular targets and associated gene networks remain unknown. Among them, a putative sRNA (initially designated sRNA_0030 and renamed here Ern0030 for Enterococcus ribonucleotide acid) was located upstream of the tet(M) gene, which codes for a ribosomal protection protein involved in tetracycline resistance [START_REF] Burdett | Purification and characterization of Tet(M), a protein that renders ribosomes resistant to tetracycline[END_REF][START_REF] Dantley | Binding interaction between Tet(M) and the ribosome: Requirements for binding[END_REF][START_REF] Dönhöfer | Structural basis for TetM-mediated tetracycline resistance[END_REF][START_REF] Grossman | Tetracycline antibiotics and resistance[END_REF]. This gene is carried by the widespread Tn916-like conjugative transposons [START_REF] Burdett | Nucleotide sequence of the tet(M) gene of Tn916[END_REF][START_REF] Rice | Tn916 family conjugative transposons and dissemination of antimicrobial resistance determinants[END_REF][START_REF] Roberts | Tn916-like genetic elements: a diverse group of modular mobile elements conferring antibiotic resistance[END_REF][START_REF] Ciric | The Tn916/Tn1545 family of conjugative transposons[END_REF], and its expression is inducible by low concentrations of tetracycline [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF][START_REF] Beabout | Rampant parasexuality evolves in a hospital pathogen during antibiotic selection[END_REF].

The regulatory region upstream of tet(M), known as Ptet, has been described as RNA leader sequence encoding a putative peptide leader (Orf12), and it has been suggested by structure prediction that tet(M) regulation might be mediated by transcriptional attenuation with the hypothetical implication of the availability of rare aminoacyl-tRNAs [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF][START_REF] Celli | Circularization of Tn916 is required for expression of the transposon-encoded transfer functions: Characterization of long tetracycline-inducible transcripts reading through the attachment site[END_REF]. Interestingly, it has also been demonstrated in Enterococcus faecalis that partial deletions of Ptet could be responsible for an upregulation of tet(M) expression associated with resistance to tigecycline, antibiotic usually effective despite Tet(M) production [START_REF] Beabout | Rampant parasexuality evolves in a hospital pathogen during antibiotic selection[END_REF].

J o u r n a l P r e -p r o o f

Since the regulation mechanism of tet(M) expression has been poorly studied, the aim of this study was to molecularly characterize a small cis-regulatory RNA (Ern0030) expressed within the 5' UTR of tet(M) and to mechanistically investigate its role in regulation of tet(M) expression and associated tetracycline resistance.

J o u r n a l P r e -p r o o f

Materials and methods

Bacterial strains, plasmids and growth conditions

The reference strain E. faecium Aus0004 (GenBank accession number CP003351.1) and isogenic mutants (Table S1) were grown under ambient air at 37°C in brain heart infusion (BHI; Oxoid) broth or on BHI agar (Oxoid). Strains of Escherichia coli (Table S1) were grown under ambient air and agitation (160 rpm) at 37°C in Luria-Bertani (LB; ThermoFischer Scientific) medium or on LB agar (ThermoFischer Scientific). For some experiments, these media were supplemented with spectinomycin (Sigma) and/or tetracycline (Sigma) (see below). The plasmids pAT29 and pWS3 (Table S2) were used for cloning and gene disruption, respectively.

Antimicrobial susceptibility testing

Minimal inhibitory concentration (MICs) of tetracycline and tigecycline were determined by the microdilution reference method in Mueller-Hinton (MH; ThermoFischer Scientific) broth in accordance with EUCAST guidelines (www.eucast.org). The sub-inhibitory concentration (SIC) of tetracycline was determined in BHI broth and was defined as the highest antibiotic concentration that did not altered significantly the bacterial growth kinetics.

Construction of deleted mutants and trans-complemented strains

E. faecium Aus0004 contain a large sequence within tet(M) gene. The restoration of a functional tet(M) gene (named E. faecium Aus0004 TR ) was obtained from E. faecium Aus0004 (as represented in Fig. 1A) by homologous recombination and excision of the large sequence using the pWS3 suicide vector and specific primers, as previously described [START_REF] Zhang | A genetic element present on megaplasmids allows Enterococcus faecium to use raffinose as carbon source[END_REF] (Tables S1-S3). Using the same approach, the entire ern0030 gene (from 5' to 3' position; see Fig. 1B) was deleted in E. faecium Aus0004 TR and the corresponding deleted mutant was named ern0030-Aus0004 TR J o u r n a l P r e -p r o o f (Tables S1-S3). Both deletions were confirmed by PCR and sequencing using specific primers (Table S3).

Trans-complemented strains were constructed by cloning the ern0030 gene (with its native promoter and rho-independent terminator) in the pAT29 shuttle vector [START_REF] Trieu-Cuot | A pair of mobilizable shuttle vectors conferring resistance to spectinomycin for molecular cloning in Escherichia coli and in Gram-positive bacteria[END_REF] using specific primers (Tables S1-S3). The recombinant plasmid was transformed by electroporation into E. coli EC1000 then into both E. faecium Aus0004 TR and ern0030-Aus0004 TR strains (Table S1). For investigation of the Ern0030 function, different recombinant plasmids were generated using the pAT29 vector in which was cloned the functional tet(M) gene. The different recombinant plasmids contained wild-type sequence of ern0030 or several mutated ern0030 sequences. These plasmids were introduced into E. coli EC1000 strain and then into E. faecium Aus0004 (Tables S1-S3).

Transformants were selected on agar plates containing spectinomycin at the concentration of 100 mg/L (E. coli) or 300 mg/L (E. faecium). Inserts of recombinant plasmids were sequenced using specific primers (Table S3).

RNA extraction

Total RNAs were isolated at three different time points during growth: mid exponential (ME, OD600nm 1), late exponential (LE, OD600nm 2.2) and early stationary (ES, OD600nm 3) phase. In some experiments, tetracycline was added in the growth medium at the SIC (equivalent to 1/32 MIC).

Extractions were performed as previously described [START_REF] Bronsard | sRNA and cis-antisense sRNA identification in Staphylococcus aureus highlights an unusual sRNA gene cluster with one encoding a secreted peptide[END_REF]. Briefly, cell pellets were dissolved into 500 μL of lysis buffer, and cells were broken by acid-treated glass beads and acidic phenol (pH 4) using a FastPrep-24 cell disruptor (MP biomedicals). Following acid phenol extraction, total RNAs were cleaned with chloroform and absolute ethanol precipitated overnight at -20°C with sodium acetate. Residual chromosomal DNA was removed by treating all total RNA samples with the Turbo DNA-free kit (Life Technologies).

J o u r n a l P r e -p r o o f 2.5. RACE mapping RACE mapping was performed using bacterial cells grown in BHI broth and collected at ME growth phase, as previously described [START_REF] Pinel-Marie | Dual toxic-peptide-coding Staphylococcus aureus RNA under antisense regulation targets host cells and bacterial rivals unequally[END_REF]. Briefly, Total RNAs (5 μg) from E. faecium Aus0004 were circularized using T4 RNA Ligase (Promega). After precipitation, the reaction was reverse transcribed by the M-MLV RT (Promega) using primer sRNA0030R1 and then two PCR reactions were performed with Taq polymerase (Invitrogen) using sRNA0030R2-F1 and sRNA0030R3-F2 primers (Table S2). The PCR products were cloned in pGEM-T vector (Promega) and recombinant plasmids were transformed into E. coli XL1blue (Table S1), and sequenced with M13 reverse vector primer (Table S3).

Northern Blot

Northern blots were done using total RNAs extracted at the three different time points during growth (see above). RNA samples (5 to 20 µg) were loaded on denaturing 8% polyacrylamide/8M urea gels for separation of smaller RNA transcripts (100-600 nt) or denaturing 0.8% agarose gel for separation of larger RNA transcripts (0.2-3 kb), and transferred onto membrane Hybond N+ (GE Healthcare). Membranes were hybridized with specific γ32 P 5' end-labeled probes (Table S3) in ExpressHyb solution (Clontech), washed, exposed, and scanned with a Typhoon FLA 9500 scanner (GE Healthcare). tmRNA levels were used as internal loading controls.

RT-PCR and RT-qPCR

For RT-PCR, DNase-treated RNAs isolated from E. faecium Aus0004 grown at the ME phase (OD600nm 1) in BHI broth supplemented with tetracycline SIC were used. cDNA was synthetized using the High Capacity cDNA reverse transcription kit (ThermoFischer Scientific) with qPCRTETMR or qPCRsRNA0030R primers (Supplementary Table S3). PCRs were then carried out under standard conditions using specific primers (Table S3). Each PCR amplification was J o u r n a l P r e -p r o o f performed on cDNA, chromosomal DNA (positive control), water or RNAs with no RT step (negative controls).

From 40 ng of DNase-treated total RNA samples, RT-qPCR was performed using the Power SYBR Green RNA-to-CT 1-Step kit (ThermoFischer Scientific) and a StepOnePlus Real-Time PCR system (Applied Biosytems). Transcript levels (expressed as copy numbers per ng of RNA) in each sample were determined by absolute quantification using serial dilutions of PCR products.

The primers efficiencies mainly ranged between 95 to 120%. Expression of the adk gene as a housekeeping control gene was also measured to control expression homogeneity between the samples. Each experiment was performed in triplicate. For statistical analysis, two-way ANOVA and Tukey tests were employed using the GraphPad Prism 7.0 software.

Half-life determination

E. faecium Aus0004 TR cells were cultured overnight, diluted 1:50, then grown to ME phase (OD600nm 1) at 37°C in BHI broth supplemented or not with tetracycline SIC, and then incubated with 150 mg/L of rifampicin. Total RNAs were extracted at different time intervals and transcript levels of Ern0030 and tet(M) RNA were quantified by RT-qPCR with specific primers (Table S3).

Half-lives of both RNAs were calculated by non-linear regression curve fitting (one phase decay) using GraphPad Prism 7.0 software as previously described [START_REF] Ratnadiwakara | mRNA stability assay using transcription inhibition by actinomycin D in mouse pluripotent stem cells[END_REF].

Toeprints assays

In vitro transcription was conducted from PCR-amplified templates using Aus0004 genomic DNA and the MEGAscript T7 kit (Ambion) with specific primers (Table S3). RNAs were gelpurified, eluted and precipitated with ethanol in the presence of 0.3M sodium acetate. Toeprint assays were performed as previously described [START_REF] Riffaud | Functionality and cross-regulation of the four SprG/SprF type I toxin-antitoxin systems in Staphylococcus aureus[END_REF] with some minor modifications. Briefly, annealing mixtures containing 5 pmol 5'UTR-tet(M) RNA with 1 pmol γ32 P 5' end-labeled primers (Table S3) were incubated in a buffer (20 mM Tris-HCl, pH7.5, 60 mM NH4Cl) for 1 min at 90°C. J o u r n a l P r e -p r o o f reactivated for 15 min at 37°C, diluted in the reaction buffer and incubated again for 15 min at 37°C. Various concentrations (0 to 1.9 pmol) of purified 70S ribosomes were added to each sample, and these were incubated for 5 min at 37°C, after which MgCl2 was adjusted to 10 mM. After 15 min at 37°C, an amount of 10 pmol of uncharged tRNA fMet was added and incubated for 5 min at 37°C. The cDNAs were synthesized with 10 U of AMV RT (New England Biolabs) for 20 min at 42°C. Reactions were stopped by the addition of 15 μl of loading buffer II (Ambion), and cDNAs were loaded and separated onto 8% polyacrylamide/8M urea gels. Sequencing ladders were generated with the same 5' end-labeled primer for toeprint.

J o u r n a l P r e -p r o o f

Results and discussion

3.1.Characterization of ern0030 transcripts in E. faecium Aus0004

In a previous study, we identified a set of novel transcripts in the ESKAPE pathogen E. faecium strain Aus0004 [START_REF] Sinel | Small RNAs in vancomycinresistant Enterococcus faecium involved in daptomycin response and resistance[END_REF]. Among them, ern0030 was found to be expressed upstream from the initiation codon of the tet(M) tetracycline resistance gene. In E. faecium Aus0004, tet(M) is chromosomally encoded but interrupted by a large insertion sequence (from EFAU004_00064 to EFAU004_00066) containing the dfrG trimethoprim resistance gene (Fig. 1A) related to Tn5801 'type A5' transposons [START_REF] León-Sampedro | Diversity and evolution of the Tn5801tet(M)-like integrative and conjugative elements among Enterococcus, Streptococcus, and J o u r n a l P r e -p r o o f Staphylococcus[END_REF]. Due to an overlap between ern0030 and Ptet, we hypothesized a functional relationship between ern0030 and tet(M). Therefore, we repaired the tet(M) gene of E. faecium Aus0004 producing E. faecium strain Aus0004 TR and confirmed its functionality by Northern blot (Fig. S1) and determination of tetracycline MICs (Table 1).

By RACE mapping, the 5' end of ern0030 was determined to be located at the genomic position 65144 on E. faecium Aus0004 chromosome (T1; Fig. 1B). This position corresponds to the transcription initiation site (TSS) previously reported for tet(M) [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF]. Its 3' end corresponded to a predicted rho-independent terminator (A233; Fig. 1B). This revealed that ern0030 corresponded to Ptet, the RNA leader sequence upstream tet(M) previously reported [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF][START_REF] Celli | Circularization of Tn916 is required for expression of the transposon-encoded transfer functions: Characterization of long tetracycline-inducible transcripts reading through the attachment site[END_REF]. Surprisingly, by using the same probe previously published to reveal Ern0030 [START_REF] Sinel | Small RNAs in vancomycinresistant Enterococcus faecium involved in daptomycin response and resistance[END_REF], we identified three transcripts of different lengths (ca. 230, 150 and 100 nucleotides; Fig. 2) expressed from Ptet, which has not been previously described [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF][START_REF] Sinel | Small RNAs in vancomycinresistant Enterococcus faecium involved in daptomycin response and resistance[END_REF]. Using other ern0030-specific probes, we demonstrated that the two shorter forms were located in the 5' end of the Ptet sequence between positions G29 and C133 (Fig. 1B and Fig. 2), suggesting RNA processing or premature transcription termination. Note that Su et al. were not able to detect these shorter transcripts since they used a probe targeting the 3' moiety of the Ptet sequence [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF]. The study of RNA level of these three different transcripts showed significant variations during bacterial growth, with high-level expression of 230-and 150-nt J o u r n a l P r e -p r o o f transcripts and weak expression of the 100-nt transcript at the ME phase whereas an opposite pattern was observed at the ES phase (Fig. 2). The high-level expression of the 100-nt transcript at the ES phase suggests post-transcriptional regulation of Ern0030 expression allowing its accumulation.

To complete Ern0030 characterization, the half-life of 233-nt form RNA was measured in E. faecium Aus0004 TR in the absence of tetracycline. The half-life of Ern0030 (mean = 4 minutes and 18 seconds) was slightly higher than that of tet(M) (mean = 1 minute and 48 seconds) (Fig. 3). The Ern0030 half-life is shorter than those of conventional trans-acting sRNAs while the very short half-life of tet(M) mRNA is consistent with a dynamic transcriptional adaptation [START_REF] Felden | Diversity and Versatility in Small RNA-Mediated Regulation in Bacterial Pathogens[END_REF]. Half-life measurement with a SIC of tetracycline was not calculable since transcript levels did not differ between different time points. This may be related to the fact that tetracycline SIC may result in a global mRNA stabilization, as previously described in Bacillus subtilis [START_REF] Wei | Tetracycline induces stabilization of mRNA in Bacillus subtilis[END_REF].

Role of ern0030 in tet(M) expression

We firstly investigated the functional link between ern0030, tet(M) and tetracycline resistance by using the ern0030-deleted Aus0004 TR mutant. Phenotypically, the ern0030 deletion caused an eight-fold decrease in MICs of tetracycline (from 32 to 4 mg/L) while no change was observed for tigecycline (Table 1). This observation was consistent with variations of tet(M) expression between the two strains with a ~10-fold increase of tet(M) expression in Aus0004 TR upon addition of tetracycline and no change in the steady state mRNA level in ern0030-Aus0004 TR (Fig. 4A). Noteworthy, tetracycline did not affect ern0030 expression in Aus0004 TR (Fig. 4B). This decrease in tetracycline MICs is quite surprising since in a previous study bioreactor-adapted E. faecalis mutants with partial deletions in Ptet were resistant to higher levels of tetracycline resistance, especially towards tigecycline [START_REF] Beabout | Rampant parasexuality evolves in a hospital pathogen during antibiotic selection[END_REF]. In the latter study, two types of tet(M)-overexpressing J o u r n a l P r e -p r o o f chromosomal mutants were obtained, one with a partial deletion of 3' end of Ptet (named BTR87b) and another with a partial deletion of 5' end of Ptet (named BTR22). Since the complete deletion of ern0030 seems to confer a phenotype different from those obtained by partial deletions, it suggests a complex mechanism of regulation.

To assess whether Ern0030 could act in trans on Tet(M) expression, we expressed pAT29ern0030 in Aus0004 TR and ern0030-Aus0004 TR strains (Tables S1 andS2). No difference in MICs of tetracycline and tigecycline was observed between trans-complemented strains and those harboring the pAT29 empty vector (Table 1), indicating that Ern0030 does not Tet(M) in a cis-trans manner [START_REF] Sayed | A cis-antisense RNA acts in trans in Staphylococcus aureus to control translation of a human cytolytic peptide[END_REF].

Investigation of transcriptional attenuation mechanism

The upstream sequence of the tet(M) gene, Ptet, was defined as a transcriptional attenuator only based on predicted secondary structures and on the presence a putative peptide leader ORF (orf12) [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF][START_REF] Celli | Circularization of Tn916 is required for expression of the transposon-encoded transfer functions: Characterization of long tetracycline-inducible transcripts reading through the attachment site[END_REF]. This mechanism hypothetically relies on peptide leader translation and ribosome stalling that may cause an alternative structure of the rho-independent transcriptional terminator located at 3' end of ern0030 (Fig. 1B). The role of these two elements (i.e. rho-independent transcriptional terminator and putative peptide leader ORF) was then investigated.

First, we verified that there was a transcriptional read-through of ern0030 and tet(M) promoted by tetracycline as previously described [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF][START_REF] Celli | Circularization of Tn916 is required for expression of the transposon-encoded transfer functions: Characterization of long tetracycline-inducible transcripts reading through the attachment site[END_REF]. For this, we used Aus0004 TR strain and its isogenic mutant Δern0030-Aus0004 TR and we confirmed the read-through after tetracycline addition (Fig. 5). The co-transcription of ern0030 and tet(M) was also observed by RT-PCR (Fig. S2). The role of the rho-independent transcriptional terminator was investigated by studying the Aus0004_pAT29Ωtet(M)-205-239ern0030 strain that carries a pAT29tet(M) (that contained both ern0030 and tet(M) genes) derivative with a 35-nt deletion covering the rho-independent terminator J o u r n a l P r e -p r o o f in ern0030 (Tables S1 andS2). MICs of tetracycline and tigecycline were similar (only a onedilution difference) between the two strains (Table 1), suggesting a minor effect of the rhoindependent transcriptional terminator.

The second important element in transcriptional attenuation mechanism is the ribosomal binding to the 5' UTR and the peptide leader translation. Based on structural predictions, it has been suggested that the RNA leader termination conformation was induced by the ribosome stalling during peptide leader translation [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF]. According to this hypothesis, under non-induced conditions, the translation of the leader peptide is delayed since it is composed of codons corresponding to rare aminoacyl-tRNAs, and then the expression of Tet(M) is limited only to what can be generated as a result of transcriptional read-through of the terminator. When bacterial cells are exposed to tetracycline SIC, which delays translation, there is an increased availability of those rare aminoacyl-tRNAs, which allows leader peptide translation to more easily keep up with transcription, disrupt the terminator stem-loop base pairing and enable continuing tet(M) transcription. To determine whether the peptide leader had a function in regulation of tet(M) expression, we investigated the ribosomal loading onto the predicted peptide leader RBS by toeprint assays. This in vitro assay relies on the inhibition of reverse transcription due to stalled ribosome onto the initiation codon. Recognition of a RBS sequence by ribosomes induces a toeprint during primer extension that usually occurs 16-19 nucleotides downstream of the initiation codon [37]. We used the two different radiolabeled primers TETMPRINT and RBSTETM-R targeting the RBS of tet(M) and that of the putative leader peptide [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF], respectively (Fig. 1B). With the TETMPRINT primer, three different toeprints (A300, G292 and U260) were detected (Fig. 6A). The position G292 corresponds to the expected tet(M) RBS (Fig. 1B). Being close to G292, A300 may be the result of structural changes due to ribosome binding. For U260, it is located ~15-20 nucleotides downstream of an AUG that has a putative RBS (GGGA) suggesting that another leader peptide J o u r n a l P r e -p r o o f might exist (Fig. 1B). Note that the stop at the position A233 was independently observed regardless of the ribosome concentration and corresponded to the end of the stem-loop of the Ern0030 rhoindependent transcription terminator, which is undoubtedly a very robust structure (Fig. 6A).

The research of the putative peptide leader RBS was also performed with RBSTETM-R primer.

According to Su et al. [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF], the expected theoretical ribosome toeprint should have been detected between positions U191 and U194 (Fig. 1B). However, none toeprint was observed suggesting that this putative leader peptide does not exist or is not involved in ribosomal recruitment and regulation of tet(M) expression (Fig. 6B). The role of this putative peptide leader was also challenged by studying the Aus0004_pAT29Ωtet(M)-TGA172-174 strain that carries a pAT29tet(M) (that contained both ern0030 and tet(M) genes) derivative with a unique mutation (ATG  TGA) in the translation initiation codon of the putative peptide leader (Tables S1 andS2). Despite the absence of leader peptide translation, tetracycline MICs were similar (only one-dilution difference) between Aus0004_pAT29Ωtet(M) and Aus0004_pAT29Ωtet(M)-TGA172-174 strains (Table 1), indicating that this putative leader peptide (if it does exist) has no major role in tetracycline-mediated regulation of tet(M) regulation.

The tet(M) regulation by transcriptional attenuation was unlikely with the peptide leader ORF12 previously described [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF]. Another more likely hypothetic mechanism could be a regulation mediated by regulatory protein included within Tn916-like transposon. In fact, recent study demonstrated than tet(M) induction by tetracycline was Tn916-dependent [START_REF] Scornec | Inducibility of Tn916 conjugative transfer in Enterococcus faecalis by subinhibitory concentrations of ribosome-targeting antibiotics[END_REF]. In absence to ribosome recruitment on RBS of ORF12 supported by our toeprint assay (Fig. 6), the antitermination conformation was likely the most stable [START_REF] Su | Characterization of the tet(M) determinant of Tn916: Evidence for regulation by transcription attenuation[END_REF]. We could suspect a read-through, in accordance with basal expression of tet(M) without tetracycline (Fig. 4), to regulatory region containing genes coding for some proteins with unknown function [START_REF] Roberts | Tn916-like genetic elements: a diverse group of modular mobile elements conferring antibiotic resistance[END_REF][START_REF] Celli | Circularization of Tn916 is required for expression of the transposon-encoded transfer functions: Characterization of long tetracycline-inducible transcripts reading through the attachment site[END_REF]. One of these proteins J o u r n a l P r e -p r o o f could interact with Ptet and promote the termination conformation, corresponding to Ern0030. The addition of tetracycline could inhibit the regulatory protein translation and indirectly induce the antitermination conformation.

Finally, it has been demonstrated that tetracycline could interact with double-stranded RNAs [START_REF] Chukwudi | Interaction of the tetracyclines with double-stranded RNAs of random base sequence: New perspectives on the target and mechanism of action[END_REF] and hypothetically might interfere with ribosomal interaction. This ability to alter ribosome binding onto the mRNA was also evaluated by toeprint assays, but we did not detect differences regardless of tetracycline concentration (Fig. S3). Another argument suggesting another regulation mechanism is that it has been previously demonstrated that a partial deletion of 5' Ptet (mutant BTR22), which does not include the peptide leader orf12, is more resistant to tetracyclines with upregulation of tet(M) [START_REF] Beabout | Rampant parasexuality evolves in a hospital pathogen during antibiotic selection[END_REF].

Conclusion

Here, we have for the first time investigated the role of a regulatory RNA (Ern0030) expressed in E. faecium. We have demonstrated that Ern0030 had a role in regulation of tet(M) expression.

Even though further investigations are needed, results obtained here indicate the existence of alternative or complementary mechanism(s) of tet(M) regulation other than transcriptional attenuation, and we propose a new hypothetic model where it may be envisaged the existence of a putative regulatory protein encoded by Tn916-like transposon that might interact with Ptet and promote the termination conformation. Indeed, a recent study demonstrated that the induction of tet(M) expression by tetracycline was Tn916-dependent [START_REF] Scornec | Inducibility of Tn916 conjugative transfer in Enterococcus faecalis by subinhibitory concentrations of ribosome-targeting antibiotics[END_REF] and in our hypothesis, tetracycline may inhibit translation of this regulatory protein and indirectly induce the anti-termination conformation. Nevertheless, this hypothesis needs further investigations for the identification of this putative regulatory protein and the demonstration of its direct interaction with Ptet. The complexity of regulation tet(M) expression has also been pointed out since it has been demonstrated that the transcription of tet(M) from Tn916 was induced by SICs of other antibiotics (such as J o u r n a l P r e -p r o o f spectinomycin and MLS) or biocides (such as ethanol) [START_REF] Scornec | Inducibility of Tn916 conjugative transfer in Enterococcus faecalis by subinhibitory concentrations of ribosome-targeting antibiotics[END_REF][START_REF] Seier-Petersen | Effect of subinhibitory concentrations of four commonly used biocides on the conjugative transfer of Tn916 in Bacillus subtilis[END_REF]. Besides its role in the regulation of the tet(M) resistance gene, Ern0030 may also be involved in the control of the transfer of Tn916 and then the dissemination of antibiotic resistance genes [START_REF] Roberts | Tn916-like genetic elements: a diverse group of modular mobile elements conferring antibiotic resistance[END_REF][START_REF] Beabout | Rampant parasexuality evolves in a hospital pathogen during antibiotic selection[END_REF]. S3) are indicated. Toeprint positions (Figure 6A) are symbolized by black triangles. S3). tmRNA levels were used as internal loading controls.
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The data show a representative experiment among three independent biological replicates. After reaching the ME phase, rifampicin was added at t = 0. RNA abundance was measured by absolute RT-qPCR (number of copies by ng of total RNAs) and half-lives (in seconds) were determined by nonlinear one phase decay. Northern Blots were performed on total RNAs extracted from Aus0004 TR and ern0030-Aus0004 TR cells collected at an OD600nm of 1 corresponding to mid exponential (ME) phase of growth. The RNAs were extracted on cells grown in the absence (-) or presence (+) of tetracycline SIC (equivalent 1/32 of MIC). The detection of transcripts was performed on two different probes, one with a ern0030-specific probe and another with a tet(M)-specific probe (Table S3). tmRNA J o u r n a l P r e -p r o o f levels were used as internal loading controls. The data show a representative experiment among three independent biological replicates.

Figure 6 | Translational toeprint assays on 5' untranslated region (5' UTR) of tet(M).

The cDNAs were synthetized using primers TETMPRINT (A) and RBSTETM-R (B) that target the RBS of tet(M) and that of the putative leader peptide, respectively. Concentrations of 70S ribosomes were indicated as follows: R0: 0 nM, R1: 0.25 nM, R2: 0.5 nM, R3: 1 nM, R4: 1.9 nM.

Positions of toeprints are represented by black triangles according to ern0030 numbering (Figure 1B). The position A233 corresponds to the end of the stem-loop of the Ern0030 rho-independent transcription terminator. 
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 1 Figure 1 | Genetic environment of chromosomal ern0030 and tet(M) genes in E. faecium strains.
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 2 Figure 2 | Expression of Ern0030 transcripts with or without induction by tetracycline SIC in E.
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 3 Figure 3 | Half-life measurement of Ern0030 (A) and tet(M) (B) transcripts in E. faecium Aus0004 TR in the absence of tetracycline.
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 5 Figure 5 | Expression of Ern0030 and tet(M) transcripts with or without induction by tetracycline
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In vitro transcription

R-PCRTETM GTCCTCGTTGTACCTTTGTC

Concentrations of 70S ribosomes were indicated as follows: R0: 0 nM, R4: 1.9 nM. Concentrations of tetracycline were from 0 to 288 μM (0 M; 281 nM; 9 μM; 288 μM). Positions of toeprints are represented by black triangles according to ern0030 numbering (Figure 1B). The position A233 corresponds to the end of the stem-loop of the ern0030 rho-independent transcription terminator.
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