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Objectives

The emergence of multidrug-resistant strains is a public health problem in the management of associated infections. Several resistance mechanisms are present and antibiotic efflux is often found at the same time as enzyme resistance and / or target mutations. However, routinely in laboratory, only the last 2 are identified when the prevalence of antibiotics expel is underestimated, causing a misinterpretation of bacteria resistance phenotype.

The development of a diagnostic system to quantify the efflux in routine is studied to improve the management of patients.

Methods

A quantitative technique based on detection of clinically used fluoroquinolones was investigated in Enterobacteriaceae clinical strains with a high or basal efflux activity. The detail of efflux involvement was studied from MIC determination and antibiotic accumulation inside bacteria. Whole Genome Sequencing was carried out on selected strains to determine the genetic background associated with efflux expression.

Results

Only one Klebsiella pneumoniae isolate exhibited a lack of efflux when 13 isolates had a basal and 8 presented efflux pump overexpression. The accumulation evidenced the respective efficacy of efflux mechanism in strains and contribution of dynamic expel vs. target mutations in the fluoroquinolone susceptibility.

Conclusions

We have developed an accumulation test that can be transferred to biological laboratory. We optimized the protocol with an enrofloxacin concentration of 3 mg/L and a threshold of 2. We found that some MDR strains did not express an efflux and that some sensitive strains did.

We confirmed that PAN is not a reliable marker of efflux due to the AcrB pump affinity for different substrates.

Introduction

Today, Resistance to antibiotics is a worrying concern for the medical profession, patients and health authorities. It contributes repeated, multiple treatments and generates increasing deaths worldwide due to infectious diseases. [START_REF] Baquero | Threats of antibiotic resistance: an obliged reappraisal[END_REF][START_REF] Huemer | Antibiotic resistance and persistence-Implications for human health and treatment perspectives[END_REF] At the same time, pharmaceutical companies are reducing their commitments in the research and development of new antibiotics, due to the limited impact of a new therapy only reserved for certain patients, in a therapeutic deadlock, for a limited time. [START_REF] Terreni | New Antibiotics for Multidrug-Resistant Bacterial Strains: Latest Research Developments and Future Perspectives[END_REF][START_REF] Imran | Novel approaches for the treatment of infections due to multidrug-resistant bacterial pathogens[END_REF] Moreover, the antibiotics released in recent years are selected only for hospital use, patients selected on precise diagnostics/arguments and finally relatively little prescribed. [START_REF] Tamma | Infectious Diseases Society of America Guidance on the Treatment of AmpC β-Lactamase-Producing Enterobacterales, Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections[END_REF] Consequently, it is mandatory to act upstream of bacterial infectious diseases to rapidly identify/diagnosis the occurrence of multiresistance and advise clinicians the most appropriate antibiotic therapy with available molecules. [START_REF] Tilahun | Emerging Carbapenem-Resistant Enterobacteriaceae Infection, Its Epidemiology and Novel Treatment Options: A Review[END_REF] In bacterial infections, several early initial steps are involved in triggering for the combination of a set of mechanisms that contribute to the multiresistance phenotype. [START_REF] Mayer | Interplay Between Membrane Permeability and Enzymatic Barrier Leads to Antibiotic-Dependent Resistance in Klebsiella Pneumoniae[END_REF][START_REF] Martins | A Simple Method for Assessment of MDR Bacteria for Over-Expressed Efflux Pumps[END_REF] Antibiotic efflux pumps, which control the accumulation of antibiotics in bacterial cells, effectively participate in the initial stages because it is an intrinsic mechanism that is easily controlled via a sophisticated internal regulatory cascade. [START_REF] Pages | Clinical Status of Efflux Resistance Mechanisms in Gram-Negative Bacteria[END_REF] This drug efflux allows the bacterium to acquire other specific and more effective mechanism. Combinations of enzymatic resistance, target mutation and impermeability allowing the bacteria to resist with high levels of MICs, often occurs after the establishment of penetration barrier. [START_REF] Grimsey | Overexpression of RamA, Which Regulates Production of the Multidrug Resistance Efflux Pump AcrAB-TolC, Increases Mutation Rate and Influences Drug Resistance Phenotype[END_REF] Enzymatic expressions or target mutations, are easily identified via conventional susceptibility test thanks to an interpretation system that is now well established. [START_REF] Vasala | Modern Tools for Rapid Diagnostics of Antimicrobial Resistance[END_REF][START_REF] Rentschler | Emerging Options for the Diagnosis of Bacterial Infections and the Characterization of Antimicrobial Resistance[END_REF] In contrast, resistance associated with antibiotic efflux is not easily detectable by conventional methods and this gap is detrimental to choice in the use of broad-spectrum antibiotics. [START_REF] Vergalli | Spectrofluorimetric quantification of antibiotic drug concentration in bacterial cells for the characterization of translocation across bacterial membranes[END_REF][START_REF] Masi | Fluorescence enlightens RND pump activity and the intrabacterial concentration of antibiotics[END_REF][START_REF] Dumont | Antibiotics and efflux: combined spectrofluorimetry and mass spectrometry to evaluate the involvement of concentration and efflux activity in antibiotic intracellular accumulation[END_REF] Early detect the level of antibiotic efflux would help to better anticipate the bacterial response under antibiotic stress and allow the clinician to rationally select the antibiotics to avoid the shift of the bacterium into multidrug resistant (MDR) phenotype. [START_REF] Vergalli | The challenge of intracellular antibiotic accumulation, a function of fluoroquinolone influx versus bacterial efflux[END_REF] In order to approach the relevance of antibiotic efflux in clinical isolates, a pioneer study is initiated by studying strains of Enterobacteriaceae recently collected in various hospital areas.

The aim is to conjointly 1) assess the level of efflux resistance in antibiotic-susceptible or resistant bacteria, 2) develop an appropriate quantitative technique for the diagnosis of antibiotic efflux on strains with a robust reference standard to validate concentration measurement and a significant detection threshold of efflux obtained with this method, 3) compare this methodology and the align with the usual MIC method, and the technique of detection of efflux activity with the efflux blocker, Phenylalanine Arginine ß-Naphthylamide (PAN).

Then, on the most relevant strains that were tested, we performed a whole genome sequencing to identify all the genetic mutations that could be involved in the resistance mechanism.

Moreover, the identification of mutations in quinolone resistance-determining region (QRDR) allowed us to evaluate the relative contribution of mutations and efflux level in fluoroquinolone susceptibility. In parallel, the lack of PAN effect on strains containing target mutations is clearly evidenced in MIC assays.

The technique reported here is promising: it can be automated and, unlike other approaches based on dye accumulation, allows a fairly fine quantification of the antibiotic efflux and the determination of the real contribution of efflux and mutation mechanisms in clinical strains.

Material & methods

Bacterial strains and growth media

A total of 93 Enterobacteriaceae isolates (30 Enterobacter cloacae, 21 K. pneumoniae, 17

Escherichia coli and K. aerogenes, 5 Citrobacter koseri, 3 K. oxytoca) were collected in three hospitals located in south of France between March 2017 and November 2020 (Table S1). All the strains were identified and tested for their susceptibility by using the Vitek ® 2 testing system (bioMérieux, Marcy l'Etoile, France). More than 50% of these isolates came from urine samples and others came from a variety of clinical specimens (respiratory tract, rectal swabs, suppurations, blood, etc ...). To test the methodology of efflux quantification we selected the various isolates according to their antibiotic susceptibility. Both susceptible strains with a wild type phenotype and resistant strains with noticeable resistance against βlactams and fluoroquinolones antibiotics with a multidrug-resistant phenotype were selected (Figure 1). 59 among 93 isolates were MDR, namely non-susceptible to ≥1 agent in >3 antimicrobial categories. [START_REF] Magiorakos | Multidrug-resistant, extensively drugresistant and pandrug-resistant bacteria: an international expert proposal for interim standard definitions for acquired resistance[END_REF] As reference strains for efflux detection, E. coli: AG100 (wild type), AG100A (acrAB::Kan r non (AcrAB-)) and AG102 (mar mutant) were respectively used for their absence of efflux or basal expression or overexpression of AcrAB efflux pump. [START_REF] Vergalli | The challenge of intracellular antibiotic accumulation, a function of fluoroquinolone influx versus bacterial efflux[END_REF] Bacteria were routinely grown in LB or Mueller-Hinton II (MHII) broth at 37°C.

Antibiotic susceptibility tests

Minimum inhibitory concentrations (MIC) were determined in triplicate by the twofold standard microbroth dilution method as previously described. [START_REF]Performance Standards for Antimicrobial Susceptibility Testing -Twenty-Sixth Edition: M100[END_REF][START_REF]EUCAST: Clinical breakpoints and dosing of antibiotics[END_REF] Approximately 2x10 5 cfu (colony forming unit) were inoculated in 200 μl of MH II broth containing twofold serial dilutions of the targeted molecule. Five antibiotics were selected for the study according to their various susceptibilities to efflux [START_REF] Vergalli | The challenge of intracellular antibiotic accumulation, a function of fluoroquinolone influx versus bacterial efflux[END_REF] : norfloxacin, pefloxacin, pazufloxacin, enrofloxacin 6 and chloramphenicol. Tests were carried out without or with a fixed concentration (20 mg/L) of phenylalanine arginine β-naphthylamide (PAβN) (Sigma-Aldrich Chemical Co.), a broadspectrum efflux pump inhibitor. [START_REF] Chevalier | Identification and Evolution of Drug Efflux Pump in Clinical Enterobacter aerogenes Strains Isolated in 1995 and 2003[END_REF] The results were classified according to the Antibiogram Committee of the French Society for Microbiology. [START_REF]EUCAST: Clinical breakpoints and dosing of antibiotics[END_REF]21,22 Antibiotics and PAβN were supplied by Sigma Chemical (MO, USA).

Results were estimated visually after 18 hours incubation at 37°C, without and with addition of INT (Iodonitrotetrazolium chloride) reagent at 0.2 mg/L. The resulting medians were presented.

Enrofloxacin accumulation assay

Accumulation assays were performed as previously described. [START_REF] Vergalli | Spectrofluorimetric quantification of antibiotic drug concentration in bacterial cells for the characterization of translocation across bacterial membranes[END_REF] Bacteria were grown at 37°C in LB to mid-exponential phase, centrifuged at 2700 / 3200 g (isolates/control strains) for 15 min at 20 °C, concentrated to a density of 6x10 9 cfu (colony forming units) per ml in 50 mM sodium phosphate buffer at pH 7 supplemented with 5 mM MgCl 2 (NaPi-MgCl 2 buffer). In glass culture tubes, the bacterial suspensions were incubated at 37°C in the absence (used as control samples) or in the presence of enrofloxacin at 3 mg/l, in the absence or in the presence of CCCP (carbonyl cyanide m-chlorophenylhydrazone, Sigma-Aldrich) at 20 µM. The incubation mixtures were sampled at 5 and 20 minutes, then loaded on NaPi-MgCl 2 buffer and centrifuged at 1544' x g for 5 min at 4°C. The pellets of washed bacteria were lysed with 500 μl of 0.1 M glycine hydrochloride pH 3 overnight at room temperature. Accumulation assays for each tested condition were performed in triplicate in at least three independent times.

Spectrofluorimetry

Consecutively to the accumulation assay, spectrofluorimetry measurements of enrofloxacin accumulation in lysates were performed as previously described. [START_REF] Vergalli | Spectrofluorimetric quantification of antibiotic drug concentration in bacterial cells for the characterization of translocation across bacterial membranes[END_REF] Fluorescence signals of enrofloxacin and tryptophan were measured in lysates (275/300-500 nm, excitation/emission) with a TECAN Infinite Pro M200 spectrofluorometer. Fluorescence signals were standardized by the tryptophan fluorescence and corresponding calibration curves as previously described to obtain number of enrofloxacin molecules accumulated per cell. [START_REF] Vergalli | Spectrofluorimetric quantification of antibiotic drug concentration in bacterial cells for the characterization of translocation across bacterial membranes[END_REF] 

SDS-PAGE and Western Blot analysis

Suspension of exponential-phase bacteria in liquid LB was centrifuged and each pellet was solubilized in loading buffer, then heated 15 min at 50°C. The samples homogeneity corresponding to total proteins was checked by Coomassie blue staining 0.5 OD600 units.

Bacterial proteins were separated on SDS-polyacrylamide gels (10% polyacrylamide, 0.1% SDS) after solubilization. Then, protein electro-transfer onto nitrocellulose membranes and membranes saturation were performed as previously described. [START_REF] Dumont | Antibiotics and efflux: combined spectrofluorimetry and mass spectrometry to evaluate the involvement of concentration and efflux activity in antibiotic intracellular accumulation[END_REF] The nitrocellulose sheets were then incubated in TBS and skimmed milk powder and Triton X-100 (0.2%) for 1 h at room temperature in the presence of polyclonal antibodies (generous gift from Rajeev Misra) directed against AcrB protein (1:1,000). After washes, the detection of antigen-antibody complexes was performed with horseradish peroxidase conjugated Immune-Stargoat antirabbit IgG antibodies (BioRad) and revelation was done with the Clarity Western ECL kit (BioRad) using a Chemidoc XRS+ (BioRad). Quantities of AcrB production relative to AG102 were estimated using the "Image Lab" software.

Sequencing of selected strains

Extraction: DNA of 10 isolates (2 E. coli, 4 K. pneumoniae and 4 E. cloacae) was extracted using the genomic DNA purification kit Wizard® of Promega, following the manufacturers recommendations.

Sequencing: DNA libraries were prepared using the Illumina kit 'Nextera XT DNA Library Prep' according to the supplier's recommendations. The final library was checked qualitatively and quantitatively by capillary electrophoresis on Agilent DNA high sensitivity chip and by fluorimetric assay, respectively. Sequencing was performed with Illumina technology in paired-end 2x150bp by GenoScreen®.

Assembly: Following the quality control (using FastQC), cleaning (using 'Trim Galore!' and 'Prinseq-lite') and quality control again, the genomes of the 10 samples were de novo assembled using SPAdes v3.15.3. [START_REF] Bankevich | SPAdes: A New Genome Assembly Algorithm and Its Applications to Single-Cell Sequencing[END_REF] Contigs with a size of less than 500 bp were filtered. The quality of these assemblies was then evaluated according to their contiguity (QUAST), correctness (evaluation of assembly errors), completion (BUSCO), and contamination (Kraken2, Blast). Annotation was performed using Prokka v1.14.6. [START_REF] Seemann | Prokka: rapid prokaryotic genome annotation[END_REF] Alignment: Sequences coding for regulatory and expression of efflux pump proteins were extracted and compared with the sequences of the ATCC strains of the corresponding species: E. coli ATCC25922, K. pneumoniae ATCC13883, E. cloacae ATCC13047. Sequences alignment was carried out using clustalW (https://www.ebi.ac.uk/Tools/msa/clustalo/). 

Mutated genes referenced in

Statistics

The statistical analyses of experimental data were performed using the computing environment R (R-4.2.1). ANOVAs with Tukey's post-hoc tests were used to determine differences between species RATIO EFF . The data normality and homoscedasticity were checked by the respective Shapiro-Wilk and Fligner-Killeen tests.

Results

Antibiotic susceptibility tests and PAN effect on susceptibility

All strains previously tested in medical hospital laboratories (Vitek ® ) were systematically assayed to determine MIC of the fluoroquinolones studied in the presence or not of PAN (Table 1). The results obtained precised the phenotypes observed on antibiograms with the MIC of antibiotics of interest (Table S1). To evaluate the prevalence of the efflux in our isolates collection, the PAN effect was assayed on the level of chloramphenicol and fluoroquinolones susceptibility according to previous studies. [START_REF] Chevalier | Identification and Evolution of Drug Efflux Pump in Clinical Enterobacter aerogenes Strains Isolated in 1995 and 2003[END_REF] For a number of isolates, PAN addition caused an increase in antibiotic susceptibility by at least three dilution factors indicating the involvement of a PAN-susceptible efflux in the resistance. Thus, the MIC for chloramphenicol was noticeably decreased in about 18% of all isolates (17/93) and 30% (17/57) of non-susceptible (intermediate+resistant strains, I+R) isolates tested by this method.

The prevalence of efflux mechanism was more important for the species E. cloacae (28% of strains). For some resistant strains (e.g. strains Ec30, Kp48, Ko52, Ecl133…), no significant reduction of MIC was noted in the presence of PAN.

Selection of strains for accumulation studies

According to the results obtained and the species concerned, 24 strains, of the 93, sensitive or resistant were selected as representatives (6 K. pneumoniae, 5 E. coli, 7 E. cloacae, 2 K. oxytoca, 4 K. aerogenes), for enrofloxacin accumulation studies. These strains are represented with their MIC characteristics as well as the level of restoration in the presence of PAN in Figure S1. The effect on susceptibility were variable depending on the strain and the fluoroquinolone combined with PAβN. The fluoroquinolone that best responded to the inhibitor action was enrofloxacin followed by pefloxacin, and the least responsive was norfloxacin. Enrofloxacin yielded MIC changes similar to chloramphenicol in the presence of PAN, e.g. strains Kp49, Ec48 and Eclo53 with a restorative fold up to 5 for enrofloxacin and or choramphenicol.

Enrofloxacin accumulation and assessment of efflux phenotype of isolates

Accumulation of enrofloxacin was measured at 5 and 20 minutes in the 24 selected strains (Figure S2). Enrofloxacin has been previously reported as an efflux marker. [START_REF]Fluoroquinolones, flux and efflux across bacterial membranes[END_REF] CCCP collapses the energy-driven force needed by the efflux pump and allows the determination of the maximal accumulation of enrofloxacin with no active efflux. [START_REF] Pagès | An original deal for new molecule: reversal of efflux pump activity, a rational strategy to combat gram-negative resistant bacteria[END_REF] The ratio of efflux (RATIO EFF ) calculated as the ratio of the concentration of enrofloxacin accumulated in the strain in the presence of CCCP (no efflux, maximal accumulation) to the concentration accumulated without CCCP were calculated to determine the efficacy of efflux transporter (Figure 2). [START_REF] Vergalli | Spectrofluorimetric quantification of antibiotic drug concentration in bacterial cells for the characterization of translocation across bacterial membranes[END_REF][START_REF] Vergalli | The challenge of intracellular antibiotic accumulation, a function of fluoroquinolone influx versus bacterial efflux[END_REF][START_REF] Masi | Mechanisms of envelope permeability and antibiotic influx and efflux in Gram-negative bacteria[END_REF][START_REF] Vergalli | Fluoroquinolone structure and translocation flux across bacterial membrane[END_REF] Importantly, the calculation of RATIO EFF allows to overcome the variations of influx efficacy between the various strains and therefore only describes efflux activity. Interestingly, RATIO EFF was negatively correlated to accumulated concentration of enrofloxacin (Figure S3). Among the studied isolates, E. cloacae isolates had the highest RATIO EFF while K. pneumoniae isolates had the lowest ones, with decreased differences at 20 minutes compared to 5 minutes (Figure S4).

RATIO EFF of the 24 isolates were compared to the ones of the three isogenic strains (AG100A, AG100, AG102) expressing various levels of the AcrB efflux pump (AcrAB-, AcrAB+, AcrAB++, [START_REF] Vergalli | Fluoroquinolone structure and translocation flux across bacterial membrane[END_REF] respectively and consequently ranked according to their efflux phenotype: RATIO EFF below 1.5 indicated a non AcrAB-producing profile similarly to AG100A, RATIO EFF between 1.5 and 2.3 indicated a basal efflux mechanism similar to that of the wild type AG100, and RATIO EFF above 2.3 indicated an important efflux mechanism similar or higher to the AG102 profile. Only the Kp72 strain had a non AcrAB-producing efflux profile, while 13 isolates had a basal efflux profile: 4 K. pneumoniae (Kp2, Kp48, Kp49 and Kp86), 3 E. coli (Ec30, Ec48, Ec77), 3 E. cloacae (Ecl71, Ecl80, Ecl93), 1 K. oxytoca (Ko52) and 2 K. aerogenes (Ka59 and Ka140). 8 isolates had an overexpressing efflux phenotype: 2 E. coli (EC55 and EC68), 3 E. cloacae (Ecl53, Ecl133 and Ec136), 2 K. aerogenes (Ka85 and Ka127) and 1 K. oxytoca (Ko109). EC69 and Ecl139 isolates had different profiles according to the incubation time: overexpressing efflux phenotype at 5 min and basal efflux at 20 min. This latter behaviour, as well as the greater range of RATIO EFF distributionparticularly for E coli and E cloacae isolates -at 5 minutes compared to 20 minutes, points the greater variability of responses at 5 minutes. Therefore, 20 minutes of accumulation necessary to reach a flux steady state, seems more reproducible and more discriminating for establishing the efflux phenotypes.

SDS-PAGE and Western Blot analysis

Among the 24 strains, 15 were checked for expression of efflux pump component AcrB by western blot assays (Figure 3). No significant signal of AcrB expression has been observed for Kp2 even if a very small signal seems to be detected during the estimation of the relative quantities (Table S2). In contrast, Ec55 and Ecl53 strains seemed to overexpress the efflux pump similarly to reference E. coli AG102 consistently with their overexpressing efflux phenotypes based on RATIO EFF . However, Kp2 had shown basal efflux with accumulation assay. Isolate Ec48 also overexpressed AcrB at a lower level than those of AG102, Ec55 and Ecl53. All the other isolates exhibited basal levels of AcrB, consistent with their assigned efflux phenotypes based on their RATIO EFF , except for Ec68 which had been classified as an overexpressing efflux isolate.

Genome sequencing of selected strains

Twenty-one regulatory genes from the Helix-turn-Helix (HTH) family of regulators (including the AraC/XylS family) and repressors of pump genes TetR/AcrR and GntR type OqxR were studied for each selected strain after sequencing, and mutations are presented in Table 2.

In E. coli Ec55 presented multiple mutations. They were mainly found in the repressors MarR, SoxR and it was even observed an important deletion in AcrR. These mutations point sites in repressors have been described elsewhere but not necessarily focus on same amino acid. [START_REF] Alzrigat | Fitness cost constrains the spectrum of marR mutations in ciprofloxacin-resistant Escherichia coli[END_REF][START_REF] Zayed | Supermutators' found amongst highly levofloxacin-resistant E. coli isolates: a rapid protocol for the detection of mutation sites[END_REF][START_REF] Watanabe | Contributions of mutations in acrR and marR genes to organic solvent tolerance in Escherichia coli[END_REF][START_REF] Vinué | Multiple Copies of qnrA1 on an IncA/C2 Plasmid Explain Enhanced Quinolone Resistance in an Escherichia coli Mutant[END_REF] The remaining K62R found in MarR has been identified before but is probably a silent mutation with limited influence in fluoroquinolones MICs as demonstrated. [START_REF] Alzrigat | Fitness cost constrains the spectrum of marR mutations in ciprofloxacin-resistant Escherichia coli[END_REF][START_REF] Vinué | Chromosomal Mutations that Accompany qnr in Clinical Isolates of Escherichia coli[END_REF] The T38S change in SoxS is responsible of an increase in basal SoxS expression. [START_REF] Vinué | Chromosomal Mutations that Accompany qnr in Clinical Isolates of Escherichia coli[END_REF] All of these mutations/deletions could partly explain the efflux phenotype for this strain. Moreover, substitutions were also found in TolC and BaeS. About MarA, MarR and SoxR, the mutations identified were conservative. For strain Ec55, the mutation in MarA, N127S, concerned the last amino acid of the protein and seems to be related to a clonal evolution. [START_REF] Camp | Limited Multidrug Resistance Efflux Pump Overexpression among Multidrug-Resistant Escherichia coli Strains of ST131[END_REF] In E cloacae, it was found a pair of identical conservative substitutions on MarR at position 84 for strains Ecl136 and Ecl53 and at position 128 for strains Ecl80 and Ecl93. These disruptive mutations are variable with respect to the sequence of ATCC reference strain and not linked to a specific MDR phenotype. Thus, strains Ecl136 and Ecl53 have the same substitutions in AcrA and AcrR which may lead to the consideration that these strains are clonally related. These mutations could explain their overexpressing efflux phenotypes observed with accumulation assays. Strains Ecl80 and Ecl93 showed the same substitutions on TolC but only strain Ecl80 shows mutations on OqxA. Finally, strain Ecl93 presented a mutation on BaesR.

In K. pneumoniae, strain Kp49 had a terminal deletion on the OqxR repressor, however no overexpression efflux phenotype was observed, concluding on a weak impact of OqxAB dysfunction alone in this strain.

Strain Kp72 presented numerous mutations on all repressors excepted SoxR but also in genetic activators such as SoxS, Rob and RarA. Some mutations in MarR [START_REF] Vinué | Multiple Copies of qnrA1 on an IncA/C2 Plasmid Explain Enhanced Quinolone Resistance in an Escherichia coli Mutant[END_REF][START_REF] Alekshun | Mutational analysis of MarR, the negative regulator of marRAB expression in Escherichia coli, suggests the presence of two regions required for DNA binding[END_REF][START_REF] Cengiz | Molecular characterisation of quinolone resistance in Escherichia coli from animals in Turkey[END_REF][START_REF] Chakrabarty | Contribution of target alteration, protection and efflux pump in achieving high ciprofloxacin resistance in Enterobacteriaceae[END_REF][START_REF] Oethinger | Overexpression of the marA or soxS Regulatory Gene in Clinical Topoisomerase Mutants of Escherichia coli[END_REF][START_REF] Sáenz | Mechanisms of Resistance in Multiple-Antibiotic-Resistant Escherichia coli Strains of Human, Animal, and Food Origins[END_REF] , RamR [START_REF] Ricci | Regulation of RamA by RamR in Salmonella enterica Serovar Typhimurium: Isolation of a RamR Superrepressor[END_REF][START_REF] Veleba | Genetic characterization of tigecycline resistance in clinical isolates of Enterobacter cloacae and Enterobacter aerogenes[END_REF] , OqxR [START_REF] Veleba | Characterization of RarA, a Novel AraC Family Multidrug Resistance Regulator in Klebsiella pneumoniae[END_REF] and AcrR 43 have already been described at the same positions in other Enterobacteriaceae. Moreover, strain Kp72 presents numerous mutations on the proteins pumps elements AcrA, AcrB, OqxA, OqxB, BaeS, MdfA and in particular for TolC.

Concerning topoisomerases genes in these isolates (Table S3), two E. coli isolates (Ec30 and Ec55), two E. cloacae (Ecl53 and Ecl136) and one K. pneumoniae (Kp49) exhibited the most common mutations in QRDR of GyrA (Ser83) and ParC (Ser80). [START_REF] Bagel | Impact of gyrA and parC mutations on quinolone resistance, doubling time, and supercoiling degree of Escherichia coli[END_REF] The S83L mutation observed in the two E. coli and E. cloacae isolates have been reported to generate high quinolone resistance, while the S80I mutation in ParC seems to be dependent on the presence of mutation in GyrA. [START_REF] Bagel | Impact of gyrA and parC mutations on quinolone resistance, doubling time, and supercoiling degree of Escherichia coli[END_REF] Moreover, Ec30 and Ec55 presented an additional QRDR mutation in GyrA, the D87N, the second most common mutation found in fluoroquinolone resistant strains. [START_REF] Hooper | Topoisomerase Inhibitors: Fluoroquinolone Mechanisms of Action and Resistance[END_REF] This combination of a GyrA double mutation and one ParC mutation confers a highlevel of fluoroquinolones resistance. [START_REF] Bagel | Impact of gyrA and parC mutations on quinolone resistance, doubling time, and supercoiling degree of Escherichia coli[END_REF] It should be noted that Ec30 also presented a second mutation in ParC. The presence of QRDR mutations in these isolates is consistent with their susceptibilities to fluoroquinolones except for strain Kp72 which has a single QRDR mutation on serine 83 but have shown a high susceptibility to fluoroquinolones.

Discussion

Antibiotic resistance is now a well-established threat for human health and one of the ways to combat it is through anticipation regarding the bacterial response to antibiotic treatment. We now know that (i) enzyme resistance is transmissible inter-species, diffused worldwide, selected by the use of broad-spectrum antibiotics and evolves by epidemic outbreaks, (ii) resistance by target mutation is due to in vivo selection through the use of certain antibiotics and (iii) that efflux resistance is present naturally, activated in the presence of antibacterial agents and facilitator for other resistance mechanisms. However, it is important to anticipate the behavior of the bacterium before it becomes MDR.

Our study showed that 30% of the MDR isolates had an efflux estimated from the MIC rescue PAN assay. In 2008, Chevalier et al. had found higher percentages. [START_REF] Chevalier | Identification and Evolution of Drug Efflux Pump in Clinical Enterobacter aerogenes Strains Isolated in 1995 and 2003[END_REF] Efflux is very often present and detection techniques are either unusable in routine or not very sensitive for detecting the variation of efflux expression. Our aim is to develop a tool that is both robust and easy to implement in the biology laboratory in order to use it on the first isolate recovered from the patient under antibiotherapy. The method should be simple, sufficiently sensitive and useful in choosing the most appropriate antibiotic in the context. This will provide the clinician with a probability of the evolution of the bacterium as MDR.

Interestingly, both methods used in this study (MIC rescue by PAN and fluorimetry assay) highlight a higher prevalence of efflux for the species E. cloacae, which are among the most frequently isolated species in hospital infections and frequently associated with a MDR phenotype. [START_REF] Lavigne | Enterobacter spp.: Update on Taxonomy, Clinical Aspects, and Emerging Antimicrobial Resistance[END_REF] However, efflux phenotypes reported in this study with the two methods were not always concordant. Apart from some isolates that rank as basal/overexpressing efflux with both methods (Ecl53, Ec55), some isolates whose activity is highly impacted by PAN are not among the strains overexpressing efflux in accumulation (Ec48, Kp49) or conversely (Ecl136, Ka85). The two methods measure different parameters in the isolates: MICs measure activity and therefore provides information on the level of resistance, whereas fluorimetry quantifies the concentration resulting from antibiotic influx and efflux. Importantly, since the observed resistance can be due to a decrease of membrane permeability such as mutations in membrane permeability, [START_REF] Vergalli | Porins and small-molecule translocation across the outer membrane of Gram-negative bacteria[END_REF] we calculated the RATIO EFF to focus specifically on efflux activity.

In this regard, a correlation seems to emerge between the efflux level defined with fluorimetry assay and the mutations in regulators and expression efflux pump proteins: Ecl53 and Ecl136 both overexpress efflux and have similar mutations, same as for Ecl80 and Ecl93 which have both a basal efflux phenotype, while Ec30 have one of the lowest efflux capacity and no mutations in the analyzed genes.

By using the fluorimetric approach, we found that all but one of the isolates tested, susceptible or MDR, express at least basal efflux and that some sensitive strains overexpress an active efflux mechanism. Interestingly, accumulation measurements in these strains have shown a decrease in efflux capacity with incubation time. This time-effect can be generated by a saturation of the basal efflux capability as previously reported when the external concentration of fluoroquinolones exceeds the transport rate of the molecule by the AcrB pump. [START_REF] Dumont | Antibiotics and efflux: combined spectrofluorimetry and mass spectrometry to evaluate the involvement of concentration and efflux activity in antibiotic intracellular accumulation[END_REF] 16 Accumulation results have allowed us to propose the limit of RATIO EFF between basal and overexpressing efflux isolates at 2.3. Some isolates remain difficult to categorize because RATIO EFF change with incubation time or are distributed around this limit with high heterogeneity. This aspect could be improved by using two incubation times or two different concentrations. [START_REF] Dumont | Antibiotics and efflux: combined spectrofluorimetry and mass spectrometry to evaluate the involvement of concentration and efflux activity in antibiotic intracellular accumulation[END_REF] Importantly, this study allows for the first time to clarify the respective contribution of active efflux 'versus' target mutation in the fluoroquinolone susceptibility of clinical strains. Even in the presence of PAN reported to alter efflux pump activity at appropriate concentration, it is not possible to restore a complete susceptible phenotype, only a partial MIC decrease is observed in some resistant isolates such as Ec30 or Ecl136. This may suggest that efflux can be the early response against low antibiotic concentration, and when the concentration increases in the infectious niche, then QRDR mutations are mandatory to confer an efficient protection and promote survival. This shift could be balanced by the energy cost caused by DNA gyrase and topoisomerase mutations on the bacterial physiology. [START_REF] O'regan | Fitness Costs and Stability of a High-Level Ciprofloxacin Resistance Phenotype in Salmonella enterica Serotype Enteritidis: Reduced Infectivity Associated with Decreased Expression of Salmonella Pathogenicity Island 1 Genes[END_REF] In the work carried out on the detection of efflux in hospital strains collected during two periods, [START_REF] Chevalier | Identification and Evolution of Drug Efflux Pump in Clinical Enterobacter aerogenes Strains Isolated in 1995 and 2003[END_REF] it seems clear that the target mutations interfere with the phenotype "PAN-sensitive efflux strain". This can induce some bias in the previous calculation of efflux prevalence in resistant clinical isolates by using the MIC rescue PAN assay. It is also interesting to note that the impact of PAN on the antibacterial activity of tested fluoroquinolones change depending on the tested molecule reflecting the respective affinity of AcrB sites for fluoroquinolone and PAN. [START_REF] Vergalli | The challenge of intracellular antibiotic accumulation, a function of fluoroquinolone influx versus bacterial efflux[END_REF][START_REF] Vergalli | A framework for dissecting affinities of multidrug efflux transporter AcrB to fluoroquinolones[END_REF] To conclude, this fluorimetry method offers the means of discriminating in the clinical strains those which overproduce a fluoroquinolone efflux system and those which produce only a weak level.

With the recent work [START_REF] Vergalli | A framework for dissecting affinities of multidrug efflux transporter AcrB to fluoroquinolones[END_REF] it will be possible to rationalize a competitive quantitative assay associated with a mathematical model to pick up bacteria that derepresses this efflux mechanism under drug treatment. The adaptation of the accumulation assay coupled with spectrofluorimetry for microplate process and reading remains the next step for routine use. S2. 
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 3 Figure 3: Immunodetection of AcrB in selected strains.

  

Table 2

 2 have been deposited on GenBank. Accession numbers:

	EC55_AcrR OP974628; ECl53_AcrR OP974629; Ecl136_AcrR OP974630; KP72_AcrR
	OP974631; EC55_AcrS OP974632; EC55_BaeS OP974633; ECl53_BaeS OP974634 ;
	Ecl93_BaeS OP974635 ; Ecl136_BaeS OP974636 ; KP72_BaeS OP974637 ; EC55_MarA
	OP974638 ; EC55_MarR OP974639 ; EC69_MarR OP974640 ; ECl53_MarR OP974641 ;
	Ecl80_MarR OP974642 ; Ecl93_MarR OP974643 ; Ecl136_MarROP974644 ; KP72_MarR
	OP974645 ; EC55_SoxR OP974646 ; EC55_TolC OP974647 ; Ecl80_TolC OP974648 ;
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