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INTRODUCTION

Intestinal inflammation is a central feature of many of the chronic inflammatory diseases that are increasingly afflicting developed, and developing, countries. For example, inflammatory bowel diseases (IBD), which include Crohn's disease and ulcerative colitis, and whose central defining feature is histopathologically-evident intestinal inflammation, has steadily increased since the mid-20 th century and now afflicts more than 20 million people worldwide [START_REF] Ng | Worldwide incidence and prevalence of inflammatory bowel disease in the 21st century: a systematic review of population-based studies[END_REF]. Moreover, it is increasingly appreciated that low-grade intestinal inflammation, is associated with, and promotes, a variety of other chronic disease states including colon cancer and metabolic syndrome, whose features include obesity and dysglycemia [START_REF] Cani | Involvement of gut microbiota in the development of low-grade inflammation and type 2 diabetes associated with obesity[END_REF]Chassaing andGewirtz, 2014, 2016). Determinants of chronic intestinal inflammation include host genetics and gut microbiota composition, with IBD requiring a genetic predisposition to disease development [START_REF] Xavier | Unravelling the pathogenesis of inflammatory bowel disease[END_REF]. In contrast, metabolic syndrome and colon cancer are associated with, and promoted by, microbiota dysbiosis in a wide variety of host genetic backgrounds [START_REF] Arthur | Intestinal inflammation targets cancer-inducing activity of the microbiota[END_REF]Vijay-Kumar et al., 2010). While microbiota dysbiosis associated with gut inflammation is itself complex and varied, it frequently involves decreased in the abundance of some phyla, together with a greater relative abundance in Enterobacteriaceae [START_REF] Chassaing | The commensal microbiota and enteropathogens in the pathogenesis of inflammatory bowel diseases[END_REF]. One specific bacteria associated with gut inflammation, particularly IBD is a pathovar of Escherichia coli (E. coli) named Adherentinvasive E. coli (AIEC) [START_REF] Darfeuille-Michaud | High prevalence of adherentinvasive Escherichia coli associated with ileal mucosa in Crohn's disease[END_REF][START_REF] Palmela | Adherent-invasive Escherichia coli in inflammatory bowel disease[END_REF]. AIEC is implicated in the pathology of Crohn's disease, especially by its ability to adhere to and invade intestinal epithelial cells through expression of numerous virulence factors [START_REF] Barnich | Involvement of lipoprotein NlpI in the virulence of adherent invasive Escherichia coli strain LF82 isolated from a patient with Crohn's disease[END_REF][START_REF] Barnich | CEACAM6 acts as a receptor for adherent-invasive E. coli, supporting ileal mucosa colonization in Crohn disease[END_REF]Chassaing et al., 2011b;[START_REF] Glasser | Adherent invasive Escherichia coli strains from patients with Crohn's disease survive and replicate within macrophages without inducing host cell death[END_REF][START_REF] Rolhion | OmpC and the sigma(E) regulatory pathway are involved in adhesion and invasion of the Crohn's disease-associated Escherichia coli strain LF82[END_REF].

Development of gut inflammation is also influenced by diet, at least in part as a result of the influence of diet on gut microbiota composition [START_REF] Laudisi | The food additive maltodextrin promotes endoplasmic reticulum stress-driven mucus depletion and exacerbates intestinal inflammation[END_REF][START_REF] Nickerson | The dietary polysaccharide maltodextrin promotes Salmonella survival and mucosal colonization in mice[END_REF][START_REF] Nickerson | Crohn's disease-associated adherent-invasive Escherichia coli adhesion is enhanced by exposure to the ubiquitous dietary polysaccharide maltodextrin[END_REF][START_REF] Rodriguez-Palacios | The Artificial Sweetener Splenda Promotes Gut Proteobacteria, Dysbiosis, and Myeloperoxidase Reactivity in Crohn's Disease-Like Ileitis[END_REF]Suez et al., 2014;Tobacman, 2001), with various elements of macronutrient content influencing microbiota and proneness to development of gut inflammation (Chassaing et al., 2015c;[START_REF] Llewellyn | Interactions Between Diet and the Intestinal Microbiota Alter Intestinal Permeability and Colitis Severity in Mice[END_REF][START_REF] Miles | Supplementation of Low-and High-fat Diets with Fermentable Fiber Exacerbates Severity of DSS-induced Acute Colitis[END_REF]. Additionally, some food additives can promote gut inflammation. For example, and centrally relevant to this study, carboxymethylcellulose (CMC) and Polysorbate 80 (P80), which are commonly used synthetic emulsifiers that are added to a variety of processed foods to enhance texture and extend shelf-life, alter microbiota in a manner that promotes intestinal inflammation. More specifically, we have shown that administration of CMC or P80 to mice resulted in microbiota encroachment into the mucus, alterations in microbiota composition, including an increase of bacteria that produced pro-inflammatory flagellin and LPS, and development of chronic inflammation (Chassaing et al., 2015b;Chassaing et al., 2017b;Viennois and Chassaing, 2018). Such inflammation was associated with low-grade inflammation and metabolic syndrome in WT mice and increased incidence/severity of colitis in genetically susceptible mice (interleukin-10 (IL-10) -/-) (Chassaing et al., 2015b). Furthermore, emulsifier consumption increased the susceptibility of mice to developing colonic tumors by creating and maintaining a proinflammatory environment associated with an altered proliferation/apoptosis balance (Viennois et al., 2017). While precise determination of emulsifier exposure in humans is challenging, average consumption of CMC and P80 are 46 and 8.2 mg/kg/bw/day in the United Kingdom, respectively [START_REF] Cox | Food additive emulsifiers: a review of their role in foods, legislation and classifications, presence in food supply, dietary exposure, and safety assessment[END_REF][START_REF] Efsa | Scientific Opinion on the re-evaluation of polyoxyethylene sorbitan monolaurate (E 432), polyoxyethylene sorbitan monooleate (E 433), polyoxyethylene sorbitan monopalmitate (E 434), polyoxyethylene sorbitan monostearate (E 435) and polyoxyethylene sorbitan tristearate (E 436) as food additives[END_REF][START_REF] Efsa | Re-evaluation of celluloses E 460(i), E 460(ii), E 461, E 462, E 463, E 464, E 465, E 466, E 468 and E 469 as food additives[END_REF]. Although average intakes in humans appear lower than doses we previously used in mouse models, our animal studies employed relatively short-term emulsifier exposure (Chassaing et al., 2015b;Chassaing et al., 2017b) and the chronic nature of human intake over many years might allow to reach similar exposure levels. Moreover, we previously investigated the impact of these compounds individually, while processed food often simultaneously contain multiple dietary emulsifiers with, likely, additive or synergistic effects (Chassaing et al., 2015b;Chassaing et al., 2017b;[START_REF] Cox | Food additive emulsifiers: a review of their role in foods, legislation and classifications, presence in food supply, dietary exposure, and safety assessment[END_REF]. While results from clinical trials on emulsifiers are not yet available, the observations that diets lacking emulsifiers and other suspected triggers of IBD are more effective than elemental diet in maintaining remission of pediatric CD highlights the importance of dietary triggers in IBD [START_REF] Levine | Crohn's Disease Exclusion Diet Plus Partial Enteral Nutrition Induces Sustained Remission in a Randomized Controlled Trial[END_REF][START_REF] Sabino | Treating Inflammatory Bowel Disease With Diet: A Taste Test[END_REF].

That CMC and P80 did not induce low-grade gut inflammation or indices of metabolic syndrome in germ-free mice highlights that these compounds perturb host-microbiota homeostasis rather than directly trigger host pro-inflammatory gene expression (Chassaing et al., 2015b;Chassaing et al., 2017b;Viennois et al., 2017). Moreover, these compounds did not discernably impact mice harboring only a limited defined pathobiont-free microbiota, namely Altered Schaedler Flora (ASF) (Chassaing et al., 2017b), leading us to hypothesize that emulsifiers may not uniformly impact bacteria per se but rather provoke responses from pathobiont bacteria, particularly those, such as AIEC, that can induce virulence gene expression in response to select environmental conditions. Herein, we tested this hypothesis by administering CMC or P80 to gnotobiotic mice colonized by AIEC and, moreover, by directly examining the impact of these compounds on AIEC gene expression in vitro. We found that presence of AIEC was sufficient to make mice prone to the detrimental impacts of CMC and P80. Moreover, exposure to these compounds directly promoted AIEC virulence, as assessed by non-targeted transcriptomic analysis and ability to adhere to gut epithelial cells. These results suggest that CMC and P80 might promote ability of pathobionts to colonize the intestine and 117 promote gut inflammation and its associated disease states.
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RESULTS

AIEC confers proneness to detrimental effects of dietary emulsifiers

Administration of the dietary emulsifiers CMC and P80 to WT mice results in low-grade intestinal inflammation and metabolic syndrome (Chassaing et al., 2015b;Chassaing et al., 2017b). Such emulsifier-induced phenotypes were absent in germ-free mice as well as in ASF mice, which are colonized with a low complexity microbiota (Chassaing et al., 2017b), leading us to hypothesize that emulsifiers might promote gut inflammation by acting upon pathobiont bacteria that are present in many hosts. Hence, we investigated if addition of AIEC to ASF mice would render them prone to pro-inflammatory impacts of CMC and P80. ASF mice were colonized with AIEC reference strain LF82 [START_REF] Darfeuille-Michaud | High prevalence of adherentinvasive Escherichia coli associated with ileal mucosa in Crohn's disease[END_REF], as outlined in Figure S1A, and the impact of emulsifier on intestinal inflammation and metabolism measured. ASF/AIEC mice administered either CMC or P80 displayed a range of features of intestinal inflammation, including increased colon weight, colon shortening, increases in colon weight/length ratio, as well as a non significant tendancy toward increased spleen weight and elevated levels of fecal lipocalin-2 (Lcn2) (Figure 1A-G). Such indices of inflammation were associated with increased intestinal expression of genes that promote and/or reflect inflammation (Figure 1H-I and S1C-F). Moreover, histological scoring of colonic sections indicated a significantly increased inflammation in CMC-and P80-treated mice compared with control animals (Figure 1J andS1K). Furthermore, such emulsifier-induced intestinal inflammation was associated with features of metabolic syndrome including elevations in body weight, fat pad mass, and fasting levels of blood glucose (Figure 1 K-M). Combination of all these morphological and molecular measurments of inflammation into principal coordinate analysis using Bray-Crutis distance showed a clear and significant clustering of CMC-and P80-treated animals compared with control animals, further highligting the increase in inflammation level in emulsifier treated mice (Figure S1G). Together, these data indicate that, like conventional mice, and in contrast to ASF mice, which are fully protected against emulsifier-induced intestinal inflammation and metabolic deregulation (Chassaing et al., 2017b), mice colonized by AIEC amidst the ASF community are susceptible to emulsifier-induced low-grade inflammation and its metabolic consequences.

AIEC colonization results in alterations in microbiota composition upon emulsifier treatment

We envisaged that emulsifiers might have led to inflammation in ASF/AIEC mice via promoting increased AIEC abundance and/or more general alteration in microbiota composition and/or activity. To investigate these possibilities, we first examined the impact of emulsifiers on gut microbiota composition of AIEC/ASF mice via 16S rRNA gene sequencing. While we previously reported that ASF mice are fully protected against emulsifiers-induced alterations in microbiota composition (Chassaing et al., 2017b), principal coordinate analysis of the unweighted Unifrac distance revealed clear alteration in the microbiota composition of P80treated AIEC/ASF mice at day 56 compared to their water-treated counterpart (Figure 2A-C, Permanova p-value=0.015). This alteration in microbiota composition was not driven by an alteration in the relative abundance of AIEC (Figure 2D, based on 16S data), but rather by changes in levels of ASF species with, for example, a complete loss of the Clostridiaceae family (ASF 356 and/or ASF 502 (Gomes-Neto et al., 2017)) in P80-treated mice (Figure S2A). In contrast, CMC administration did not result in a clear overall difference in microbiota of AIEC/ASF mice but was associated with subtle alterations such as an increase in members of the Clostridiaceae family (Figure S2A, ASF 356 and/or ASF 502 (Gomes-Neto et al., 2017)) and a tendency toward a decrease in Parabacteroides genus (Figure S2B, ASF 519 [START_REF] Gomes-Neto | A real-time PCR assay for accurate quantification of the individual members of the Altered Schaedler Flora microbiota in gnotobiotic mice[END_REF]). These results are in accord with our previous studies using an in vitro microbiota system that suggested that P80 directly alters microbiota composition while CMC directly impacts microbiota gene expression (Chassaing et al., 2017b).

We next examined the extent to which CMC and P80 functionally impacted ability of microbiota to promote intestinal inflammation. One important mediator of host-bacterial interactions is bacterial flagella, which confers motility and whose major component flagellin directly activates host pro-inflammatory gene expression via TLR5 and NLRC4 [START_REF] Franchi | Cytosolic flagellin requires Ipaf for activation of caspase-1 and interleukin 1beta in salmonella-infected macrophages[END_REF][START_REF] Hayashi | The innate immune response to bacterial flagellin is mediated by Toll-like receptor 5[END_REF]. Hence, we used TLR5 reporter cells and observed that, in contrast to ASF mice that do not show any alteration in fecal flagellin in presence of emulsifiers (Chassaing et al., 2017b), CMC or P80 consumption by ASF mice colonized by AIEC resulted in higher levels of flagellin (Figure 2E-F), while fecal lipopolysaccharide levels were not affected by emulsifier consumption (Figure 2G-H). Use of quantitative PCR applied to purified fecal DNA demonstrated that this increase in fecal flagellin was not due to alteration in fecal bacterial density nor fecal AIEC abundance (Figure 2I-J). One potential consequence of increased flagella is a greater ability to penetrate the mucus layer resulting in decreased bacterial-epithelial distance (i.e. microbiota encroachment), which is a feature of gut inflammation in IBD and metabolic syndrome (Chassaing et al., 2015b;[START_REF] Chassaing | Intestinal epithelial cell toll-like receptor 5 regulates the intestinal microbiota to prevent low-grade inflammation and metabolic syndrome in mice[END_REF]Chassaing et al., 2017a;[START_REF] Palmela | Adherent-invasive Escherichia coli in inflammatory bowel disease[END_REF]. Confocal analysis of Carnoy-fixed colon specimen to measure the distance separating intestinal bacteria from the surface of the epithelium revealed microbiota encroachment in ASF/AIEC mice that had consumed CMC or P80 (Figure 3A-D). In light of these results, we measured intestinal expression of mucin-2 as well as lectin-like protein ZG16 (zymogen granulae protein 16), an abundant mucus protein that contributes to maintenance of bacteria-epithelial distance (Bergstrom JH, 2016, PNAS) and Ly6/PLAUR domain containing 8 (Lypd8), which prevents flagellated microbiota to invade the colonic epithelia. We found that expression of both ZG16 and Lypd8 was increased in CMC-treated ASF/AIEC mice compared to control mice (Figure S1I-J), while expression of mucin-2 was unchanged (Figure S1H).

These results suggest that the host responses to repel encroaching bacteria remain functional and are consistent with the notion that promotion of encroachment by emulsifiers might reflect impacts on microbiota. To further understand how CMC and P80 impacted microbiota-epithelial interactions, we utilized laser capture microdissection, which we recently developed as a means to identify inner mucus microbiota [START_REF] Chassaing | Identification of Inner Mucus-Associated Bacteria by Laser Capture Microdissection[END_REF]. This approach indicated that in ASF/AIEC mice, irrespective of emulsifier treatment, a striking majority of the inner mucus bacteria were proteobacteria, specifically AIEC strain LF82 since the ASF community originally lacks Proteobacteria (63.2-82.9%, Figure 3E). While neither CMC or P80 markedly impacted relative microbiota composition of inner mucus (Figure S2C), the high abundance of AIEC close to the epithelium suggests impacts of emulsifiers on this bacterium might play a key role in mediating impacts of these compounds on the intestine.

AIEC, by itself, is sufficient to make mice prone to detrimental effects of emulsifiers

To investigate the extent to which the impact of CMC and P80 on ASF/AIEC was mediated by AIEC alone or reflected that AIEC can have a long lasting impact on microbiota composition [START_REF] Bretin | AIEC infection triggers modification of gut microbiota composition in genetically predisposed mice, contributing to intestinal inflammation[END_REF]Chassaing et al., 2014a), we mono-colonized germ-free mice with the AIEC reference strain LF82 and subsequently subjected these mice to emulsifier treatment. As presented in Figure 4, AIEC by itself made mice prone to pro-inflammatory impacts of CMC and P80, as reflected by colon weight, colon length and slight increase in spleen weight (Figure 4A-G). Moreover, histological scoring of colon specimens indicated significantly increased inflammation in CMC-and P80-treated animals compared to control mice (Figure 4H and S2D). Such indices of low-grade inflammation correlated with mild increases in adiposity, although impacts on overall weight was not observed (Figure 4I-J). Analogous to observation in ASF mice, combination of all these morphological and molecular measurments into principal coordinate analysis using the Bray-Crutis distance demonstrated a clear and significant clustering of CMC-and P80-treated animals compared with control AIEC monocolonized animals (Figure S2E).

We next investigated the intestinal behavior of AIEC LF82 bacteria in response to CMC and P80 exposure. Use of quantitative PCR to quantitate fecal levels of AIEC indicated that absolute AIEC abundance was not impacted by CMC or P80 (Figure 4K). However, confocal analysis of Carnoy-fixed colon specimen to measure the distance separating AIEC LF82 bacteria from the surface of the epithelium revealed bacterial encroachment in AIEC mono-colonized mice that had consumed CMC or P80 (Figure 4L), suggesting that emulsifier-induced alterations in AIEC gene expression promoted an encroaching phenotype. In any case, collectively, these results indicate that AIEC is sufficient to make mice prone to detrimental impacts of CMC and P80, with the observation that such effects are more pronounced when additional microbial species, such as ASF members, are present.

We next examined if AIEC, by itself, would confer proneness to developing colitis upon emulsifier treatment in IL10 -/-, which are highly susceptible to developing this disorder in conventional condition but not under germ-free condition [START_REF] Kuhn | Interleukin-10-deficient mice develop chronic enterocolitis[END_REF][START_REF] Sellon | Metabolic syndrome and altered gut microbiota in mice lacking Toll-like receptor 5[END_REF].

Germ-free IL10 -/-mice were mono-colonized with AIEC reference strain LF82 and subsequently administered CMC or P80. Most (80%) of the AIEC-colonized IL-10 -/-mice died within 40 days of P80 treatment with marked signs of gut inflammation including slight increase in spleen weight and colon shortening (Figure 5A-F). Such severe illness was not seen in CMC-treated mice, rather, such mice displayed evidence of mild inflammation including colon shortening amidst an increased colon weight (Figure 5A-F), further illustrating the different impact of CMC and P80 on the host-microbiota relationship, as previously reported (Chassaing et al., 2017b).

Analysis of colon expression of CXCL-1, IL1-β, TNF-α by q-RT-PCR supported the notion that AIEC-monoassociated IL10 -/-mice were prone to emulsifier-induced gut inflammation (Figure 5G-I), while expression of IL-6 and IL-22 was unchanged (Figure S3A-B). Combinatorily assessing these morphological and molecular measurements via principal coordinate analysis of Bray-Crutis distance revealed a clear and significant clustering of CMC-and P80-treated animals compared with control AIEC monocolonized IL10 -/-mice (Figure S3C). In accord with previous work reporting that high levels of TNFα and IL-1β promote cachexia, gut inflammation in IL-10 - /-mice did not result in metabolic syndrome (Figure 5J-K).

Another consequence of the inflammation promoted by CMC and P80 is increased proneness to colitis-associated cancer, which was modeled by an AOM injection and repeated exposures to DSS (Viennois et al., 2017). Hence, we examined if mice mono-colonized with AIEC LF82 and concomitantly treated with emulsifiers would exhibit increased carcinogenesis upon AOM/DSS treatment, as schematized in Figure S1B. As presented figure 5L-M, CMC consumption, but not P80, significantly increased the total tumor count and total tumor area in AIEC mono-colonized mice and enhanced associated intestinal inflammation (Figure S3D-I).

Such increased tumor burden suggested the possibility of increased cell proliferation in CMCtreated mice. In accord with this possibility, analysis of proliferation of colonic epithelial cells by Ki67 staining revealed that the consumption of emulsifier by itself (i.e., no AOM/DSS) increased cell proliferation compared with AIEC-mono-colonized water-treated control group (Figure S4).

AOM/DSS treatment increased the number of Ki67-positive cells in all groups of mice, but the proliferation level remained significantly higher in AOM/DSS-treated mice that had consumed CMC, in accordance with the increased tumor burden observed in this group (Figure S4), while P80 exposure did not impacted epithelial cells proliferation. To further address the role of cell turnover in AIEC/emulsifier promotion of colonic carcinogenesis, TUNEL-based quantification of apoptosis in colonic sections was performed. Analogous to our results for cell proliferation, we observed that consumption of emulsifiers by itself (i.e., no AOM/DSS) increased the basal level of TUNEL+ cells in AIEC mono-colonized mice (Figure S5). Moreover, this difference between water-and emulsifier-consuming groups was further increased in response to AOM/DSS treatment (Figure S5), indicating that AIEC/emulsifier combination is sufficient to upregulates both apoptosis/proliferation in the intestinal epithelium, resulting in increased cell turnover that can promote tumorigenesis.

Altogether, these data suggest that AIEC bacteria are sufficient to confer proneness to emulsifier-induced intestinal inflammation in WT and genetically susceptible hosts. Such inflammation is sufficient to promote detrimental phenotypes of such inflammation, which are influenced by host genetics and numerous other environmental factors. Moreover, the various models used above further exemplify that CMC and P80 alter the host/microbiota homeostasis through both shared and unique mechanisms.

Dietary emulsifiers increase adherent-invasive Escherichia coli pathogenic potential through transcriptome modulation

The results described above suggests that understanding direct impacts of emulsifiers on AIEC might elucidate mechanisms underlying detrimental impacts of these compounds. Hence, we examined impacts of CMC and P80 on AIEC in vitro. We first investigated the impact of emulsifier exposure on the defining features of AIEC, namely ability to adhere to and invade intestinal epithelial cells. Only subtle inhibitiory effects on AIEC growth in vitro were observed for both CMC and P80 (Figure S6A-B), which aligns with our in vivo observations that fecal AIEC density is not impacted by emulsifiers exposure. However, we observed that both CMC and P80 increased AIEC adhesion to Int-407 intestinal epithelial cells in a dose dependent manner (Figure 6A), while invasion ability was not affected (Figure 6B). We next broadly examined the impact of CMC and P80 on AIEC gene expression via RNA-Seq approach. CMC dramatically impacted the AIEC LF82 transcriptome in a concentration-dependent manner, as shown in the volcano plots Figure 6C. CMC impacted expression of both chromosomal and plasmid gene expression (Figure S6C-D). In contrast, this approach indicated that P80 had only a modest impact on AIEC gene expression. Use of Principal coordinate analysis to visualize these transcriptomes confirmed that CMC induced a strong concentration-dependent alteration in the AIEC transcriptome, while P80 had a subtler, albeit significant, effect (Figure S7A-B).

Bacterial genes impacted by emulsifier exposure included virulence factors and genes involved in numerous processes, including LPS biosynthesis, DNA replication and transcription (Figure S7C-G). For example, expression of diaA, which encodes a DnaA initiator-associating protein, was significantly induced by both CMC and P80 in a dose dependent manner (Figure S7F), indicating a broad impact of emulsifier on AIEC replication and fitness [START_REF] Keyamura | The interaction of DiaA and DnaA regulates the replication cycle in E. coli by directly promoting ATP DnaA-specific initiation complexes[END_REF].

Among numerous virulence factors expressed by AIEC bacteria, flagella (composed by the major sub-unit flagellin FliC and regulated by the FlhDC master regulator), type 1 pili (composed by the major sub-unit FimA) and long polar fimbriae (composed by the major subunit LpfA) are known to play central role in bacterial motility, adhesion, and Peyer's patches targeting, respectively (for review, [START_REF] Palmela | Adherent-invasive Escherichia coli in inflammatory bowel disease[END_REF]. Expression of these virulence factors was significantly increased by CMC in a dose dependent manner (Figure 6D), while the effect of P80 seems minimal in regulating AIEC virulence gene expression. Additionally, other genes encoding known AIEC virulence factors were also significantly impacted by emulsifier exposure, as presented in the heatmap figure S7C, where CMC induced the expression of numerous known AIEC virulence factors, while P80 had an effect on type VI secretion system.

Hence, CMC, and to a much lesser extent, P80, can be directly sensed by AIEC bacteria, leading to alteration in bacterial transcriptome and increases in the expression of numerous virulence factors.

Flagella contributes to AIEC's mediation of emulsifier-induced inflammation

In accord with its impacts on AIEC gene expression, CMC significantly increased flagella-mediated AIEC motility (Figure 6E), while P80 did not impact such phenotype. In light of the potential role of flagella/motility in mediating AIEC's promotion of inflammation and mucus penetration [START_REF] Carvalho | Transient inability to manage proteobacteria promotes chronic gut inflammation in TLR5-deficient mice[END_REF]Chassaing et al., 2014a;[START_REF] Palmela | Adherent-invasive Escherichia coli in inflammatory bowel disease[END_REF], we next examined if flagellin was necessary for AIEC to confer proneness to emulsifier-induced inflammation. Germ-free WT mice were mono-colonized with AIEC LF82-∆fliC isogenic mutant and subsequently subjected to emulsifier treatment. Mice monoassociated with aflagellate AIEC exhibited only modest evidence of intestinal inflammation in response to CMC, which was not associated with indices of metabolic syndrome, while P80 wholly lacked impacts in such mice (Figure 7 andS8). Moreover, in these LF82-∆fliC mono-colonized mice, the proliferative status of the epithelium was normalized in P80-treated group while the apoptosis activity was normalized in both CMC-and P80-treated group, suggesting a key role played by AIEC flagella in altering the intestinal epithelial cell turnover following emulsifier consumption (Figure S4 and S5). Hence, the ability of emulsifiers to increase AIEC's promotion of intestinal inflammation appear to be mediated, in part, by flagella.

DISCUSSION

The intestinal microbiota plays a critical role in mediating the impacts of diet composition upon health [START_REF] Zmora | You are what you eat: diet, health and the gut microbiota[END_REF]). The best understood example of this notion is the catabolism of complex carbohydrates by gut bacteria into short-chain fatty acids, which aids energy harvest and has a variety of beneficial impacts upon intestinal health. Moreover, the ability of microbiota composition to broadly predict post-prandial glycemic control in response to a variety of foods underscores the role of specific bacterial taxa in mediating how diet impacts the host [START_REF] Zeevi | Personalized Nutrition by Prediction of Glycemic Responses[END_REF]. Microbiota is also a key mediator of some of the detrimental impacts that some diets can have on their host. The example germane to this present study is our observation that mice administered 2 common synthetic dietary emulsifiers, CMC and P80, develop gut inflammation that can promote a range of disease states including colitis, metabolic syndrome, and cancer (Chassaing et al., 2015b;Viennois et al., 2017). Such emulsifier-induced inflammation is mediated by microbiota in the sense that it correlates with changes in microbiota composition and localization, and that emulsifiers lack discernable impacts in germ-free mice.

Emulsifiers also lack impact in ASF mice, which have a very limited microbiota (Chassaing et al., 2017b), thus suggesting that CMC and P80 disturb the complex inter-relationship between the intestine and the diverse microbial ecosystem it normally harbors, while how such disturbance occur remained unclear. Our findings herein that emulsifiers can directly elicit virulence gene expression and encroachment within the inner mucus inner by pathobiont E. coli in a way that is sufficient to make mice prone to detrimental impacts of these compounds help fill this gap of knowledge.

The observation that, in contrast to ASF mice, mice carrying only AIEC or carrying AIEC amidst the other ASF species display emulsifier-induced inflammation leads us to conclude that the presence of AIEC is sufficient to mediate the detrimental impacts of CMC and P80. While it is more difficult to make firm conclusions regarding how the presence of AIEC makes mice prone to emulsifiers, the ability of these compounds to directly elicit AIEC virulence gene expression in vitro suggests a plausible mechanism. Specifically, we hypothesize that, in vivo, consumption of CMC and P80, which are non-absorbed, results in their direct interaction with AIEC, increasing expression of genes that facilitate its penetration of the mucus layer and adherence to epithelial cells, resulting in activation of host pro-inflammatory signaling. Hence, we propose that carriage of AIEC may be one specific determinant of the extent to which an individual will be prone to inflammation upon consumption of emulsifiers.

Studies of basic microbial pathogenesis in classic pathogens such as Salmonella and Enterohemorragic E. coli have revealed complex mechanisms of sensing the environment allowing robust and rapid induction virulence gene expression under select conditions [START_REF] Duprey | Bacterial virulence and Fis: adapting regulatory networks to the host environment[END_REF][START_REF] Fang | Bacterial Stress Responses during Host Infection[END_REF][START_REF] Jubelin | Modulation of Enterohaemorrhagic Escherichia coli Survival and Virulence in the Human Gastrointestinal Tract[END_REF]. That AIEC is known to have somewhat analogous sensing machinery (Chassaing and Darfeuille-Michaud, 2013;Chassaing et al., 2013;Chassaing et al., 2011a;[START_REF] Rolhion | OmpC and the sigma(E) regulatory pathway are involved in adhesion and invasion of the Crohn's disease-associated Escherichia coli strain LF82[END_REF][START_REF] Palmela | Adherent-invasive Escherichia coli in inflammatory bowel disease[END_REF]Vazeille et al., 2016) suggests that emulsifiers might impact bacterial surfaces due to their detergent properties. Specifically, it suggests the possibility that these compounds may alter AIEC permeability to select molecules, thus altering AIEC periplasm homeostasis, known to play a central role in the regulation of virulence gene expression by AIEC bacteria (Chassaing and Darfeuille-Michaud, 2013;Chassaing et al., 2015a;[START_REF] Rolhion | OmpC and the sigma(E) regulatory pathway are involved in adhesion and invasion of the Crohn's disease-associated Escherichia coli strain LF82[END_REF]. Such a mechanism offers a potential explanation as to why CMC and P80 might have somewhat similar but yet also distinct impacts on AIEC gene expression, in that these chemically distinct detergents would likely impact permeability in unique ways. Such a mechanism could also potentially explain the seemingly unusual concentration-dependent effect of P80, in that a low concentration of P80 might permit impact AIEC permeability to specific molecules while higher concentration may also increase permeability to other molecules with countering effect. In any event, analogous dose-dependence of P80 was previously observed in vivo (Chassaing et al., 2015b;Chassaing et al., 2017b).

That CMC had a stronger impact on AIEC virulence gene expression than P80 mimics our work with complex human microbiotas in the simulated human intestinal microbiota ecosystem (SHIME) model, in which CMC had a rapid pronounced impact on microbial gene expression that did not associate with differences in species composition (Chassaing et al., 2017b). Conversely, that P80 altered microbiota composition in the SHIME system mimics our observations herein that, in AIEC/ASF mice, only P80 markedly impacted microbiota composition. While the mechanisms explaining these differential impacts of CMC and P80 are not known, they are also potentially explainable by direct impacts of these compounds on microbial surfaces. Interestingly, the detergent-like properties of emulsifiers were pivotal in leading Rhodes and colleagues, and subsequently ourselves, to hypothesize that these compounds might impact host-microbiota interactions and subsequently gut inflammation (Chassaing et al., 2015b;[START_REF] Roberts | Translocation of Crohn's disease Escherichia coli across M-cells: contrasting effects of soluble plant fibres and emulsifiers[END_REF][START_REF] Roberts | Hypothesis: Increased consumption of emulsifiers as an explanation for the rising incidence of Crohn's disease[END_REF]. However, this hypothesis was based on the notion that emulsifiers might impact the functional properties of mucus. While this possibility remains under consideration, our attempts to generate data in support of it have not yet been successful. Rather, our results to date suggest that the impact of emulsifiers on bacteria themselves are sufficient to explain their detrimental impacts.

Direct impacts of emulsifiers on AIEC results in changes in expression of hundreds of genes, in which many of the upregulated genes are putative virulence factors. While we presume that many of these might have potentially important roles in promoting inflammation, that an AIEC flagellar mutant conferred only slight proneness to emulsifier-induced inflammation supports a central role for flagella in mediating impacts of these compounds. Such a role may reflect a role for flagella in mediating mucus penetration, adherence, or activation of innate immune signaling via TLR5 or the NLRC4 inflammasome. Future experimentation will be needed to distinguish these possibilities and determine the relative importance of numerous other genes induced by emulsifiers.

CONCLUSION

We demonstrated here that dietary emuslsifier upregulate AIEC virulence gene expression, promoting intestinal inflammation. Moreover, this study further highlights specificities of CMC and P80 effects on pathobionts, suggesting a synergistic detrimental effects of emulsifiers when present in combinations, as it is often the case in processed foods. While determining the importance of emulsifier impacts upon AIEC amidst a complex microbiota remains an important challenge for future studies, we presume that multiple emulsifierresponsive bacteria might be present. Hence, we submit that the extent to which non-absorbed food additives can act directly upon select microbial taxa may prove to be an important consideration in predicting detrimental impacts of food additives (Viennois et al., 2019).

Moreover, these findings further support the need for microbiota-based dietary intervention in the management of chronic gut inflammation, in which individuals carrying specific microbiota members will benefit from targeted dietary recommendations. For each chromosomic gene, the difference in abundance between the two groups is indicated in log2 fold change on x-axis (with positive values corresponding to an increase in emulsifiertreated group compare to water-treated group, and negative values corresponding to a decrease in emulsifier-treated group compare to water-treated group), and significance between the two groups is indicated by -log10 p-value on the y-axis. Red dots correspond to chromosomic genes with a p-value <0.05 between emulsifier-treated and water-treated groups. Orange dots correspond to chromosomic genes with at least a 2-fold decreased or increased abundance in emulsifier-treated group compare to water-treated group. Green dots correspond to chromosomic genes with at least a 2-fold decreased or increased abundance in emulsifier-treated group compare to water-treated group and with a p-value <0.05. (D) AIEC reference strain LF82 was grown in vitro with various concentration of CMC and P80, mRNAs extracted and subjected to q-RT-PCR analysis of fliC, flhDC, fimA and lpfA gene expression. (E) Motility assay of AIEC reference strain LF82 grown in vitro with various CMC or P80 (1%). Bacteria were washed before inoculation of 0.3% agar medium and motility was assessed quantitatively 15 hours post inoculation by examining the circular swimming motion formed by the growing motile bacterial cells. Data are the means +/-S.E.M (N=2-6). *P < .05 compared to water-treated group, determined by a one-way analysis of variance corrected for multiple comparisons with a Bonferroni post-test. 

FIGURE LEGENDS

STAR METHODS

KEY RESSOURCE

RESOURCE AVAILABILITY

Lead Contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by the Lead Contact, Benoit Chassaing (benoit.chassaing@inserm.fr).

Materials Availability

This 8strains) using feces purchased from ASF Taconic Biosciences Inc. and resuspended in drinking water, as previously described [START_REF] Chassaing | Mice harboring pathobiont-free microbiota do not develop intestinal inflammation that normally results from an innate immune deficiency[END_REF]. Mice used in this study were 4-5 weeks old.

Materials

Sodium carboxymethylcellulose (CMC, average MW ~250,000) and Polysorbate-80 (P80) were purchased from Sigma (Sigma, St. Louis, MO).

METHOD DETAILS Colonization with Adherent Invasive Escherichia coli strain LF82

For mono-colonization of germ-free mice and colonization of ASF mice with Adherent

Invasive Escherichia coli (AIEC), reference strain LF82 and LF82-∆fliC mutant were grown overnight in 200 mL of LB at 37C without agitation. Bacterial suspensions with an OD620nm of 2.0 were placed in the water bottles of germ-free or ASF C57Bl/6 mice placed in isolated ventilated caging system (Isocage) that prevents exogenous bacterial contamination. One week later, water solution was put back and supplemented with CMC or P80 (1.0%) (Figure S1). After 12 weeks, mice were euthanized and their organs were collected for downstream analysis.

Emulsifier agent treatment

Mice were exposed to CMC or P80 diluted in the drinking water (1.0%). The same water (reverse-osmosis treated Atlanta city water) was used for the water-treated (control) group.

Emulsifier solutions were autoclaved and changed every week. Fresh feces were collected every other week for downstream analysis. After 3 months of emulsifier treatment, body weight was measured and blood was collected by retrobulbar intraorbital capillary plexus. Hemolysis-free serum was generated by centrifugation of blood using serum separator tubes (Becton Dickinson, Franklin Lakes, NJ). Mice were then euthanized and adipose weight, spleen weight, caecum weight, colon length, and colon weight were measure. Organs were collected for downstream analysis.

Fasting blood glucose measurement

Mice were placed in a clean cage and fasted for 5h. Blood glucose concentration was then determined using a Nova Max Plus Glucose Meter and expressed in mg/dL.

Colitis-associated cancer model

Colitis-associated cancer (CAC) was induced as previously described with some modifications [START_REF] Greten | IKKbeta links inflammation and tumorigenesis in a mouse model of colitisassociated cancer[END_REF]Viennois et al., 2017). As schematized in Figure S1, after mono-association with AIEC reference strain LF82 and 4 weeks of emulsifier administration, mice were intraperitoneally injected with AOM (10 mg/kg body weight) (Sigma-Aldrich, St.

Louis, MO) diluted in PBS and maintained on autoclaved chow diet and water or emulsifiersupplemented water for 5 days. Mice were then subjected to two cycles of DSS treatment (MP Biomedicals, Solon, OH, USA), in which each cycle consisted of 2.5% DSS for 7 days followed by a 14-day recovery period with regular water or emulsifier-supplemented water. After treatment, mice were fasted for 5h at which time blood was collected by retrobulbar intraorbital capillary plexus. Hemolysis-free serum was generated by centrifugation of blood using serum separator tubes (Becton Dickinson, Franklin Lakes, NJ). After colitis-associated cancer protocol, mice were euthanized, and colon length, colon weight, spleen weight and adipose weight were measure. Organs and blood were collected for downstream analysis. Colonic tumors were counted and surface measured using a dissecting microscope. The total area of tumors for each colon was determined.

Adhesion and invasion assay

The bacterial adhesion assay was performed as described previously [START_REF] Boudeau | Invasive ability of an Escherichia coli strain isolated from the ileal mucosa of a patient with Crohn's disease[END_REF]. Briefly, Intestine-407 cells were seeded in 24-well tissue culture plates with 4 x 10 5 cells per well. Monolayers were then infected at a multiplicity of infection of 10 bacteria per cell in 1 ml of the cell culture medium without antibiotics and with heat-inactivated fetal calf serum (FCS, PAA), using bacteria grown at 37°C in LB with or without CMC or P80 at various concentration (0.0625, 0.2500 and 1.0000) and subsequently washed twice in PBS in order to avoid any direct effect of emulsifier on adhesion and invasion processes. After a 3 h incubation period at 37°C, monolayers were washed three times in phosphate-buffered saline (PBS, pH 7.2).

Epithelial cells were then lysed with 1% Triton X-100 (Euromedex) in deionized water. Samples were diluted and plated onto Muller-Hinton agar plates to determine the number of colonyforming units (CFU) corresponding to the total number of cell-associated bacteria (adherent and intracellular bacteria). In order to determine the number of intracellular bacteria, fresh cell culture medium containing 100 mg.ml -1 gentamicin was added for 1h to kill extracellular bacteria. Monolayers were then lysed with 1% Triton X-100, and bacteria were quantified as described above.

Motility assay

Bacterial strains were grown overnight at 37°C without agitation in LB broth with CMC or P80 at 1.0% concentration, and 2μl portions of the culture were inoculated into the center of 0.3% LB agar plates. The plates were then incubated at 37°C, and motility was assessed quantitatively 15 hours post inoculation by examining the circular swimming motion formed by the growing motile bacterial cells.

AIEC transcriptomic analysis

Cultures were grown at 37°C in LB with or without CMC or P80 at various concentration (0.0625, 0.2500 and 1.0000). Total mRNAs were extracted from overnight-cultured bacteria and treated with DNase (Roche Diagnostics) to remove any contaminating genomic DNA. After purification, RNA concentration and integrity were determined using Epoch Microplate Spectrophotometer (Bio-Tek, Winooski, VT, USA) and agarose gel electrophoresis, respectively.

rRNAs were removed using Ribo-Zero® rRNA Removal Kit (Illumina) and total mRNAs were then prepared for sequencing using Illumina TruSeq RNA kit according to the manufacturer's protocol. Briefly, rRNA-depleted RNAs were fragmented, and converted to cDNA. After end repair and ligation of adapters, mRNA libraries were amplified by PCR and validated using BioAnalyser, according to manufacturer's recommendations. The purified library was then subjected to sequencing using an Illumina NextSeq500 (single end, 75bp) at the Cornell University sequencing core (Ithaca, NY). Sequencing data obtained were analyzed by alignment against LF82 genome (both chromosome and plasmid [START_REF] Miquel | Complete genome sequence of Crohn's disease-associated adherent-invasive E. coli strain LF82[END_REF]) using bowtie 2 software [START_REF] Langmead | Fast gapped-read alignment with Bowtie 2[END_REF], and gene expression were compared between conditions using cufflinks (Trapnell et al., 2012). Data were visualized using principal coordinate analysis of the Euclidean distance, volcano plot created using R software, heatmap representation using Morpheus (Chassaing et al., 2017b). Unprocessed sequencing data are deposited in the Genome Sequence Archive (GSA)46 in BIG Data Center 47, Beijing Institute of Genomics, Chinese Academy of Sciences, under accession number CRA003155, publicly accessible at https://bigd.big.ac.cn/gsa.

Quantification of fecal lipocalin-2 (Lcn-2) by ELISA

For quantification of fecal Lcn-2 by ELISA, frozen fecal samples were reconstituted in PBS containing 0.1% Tween 20 to a final concentration of 100 mg/mL and vortexed for 20 min to get a homogenous fecal suspension [START_REF] Chassaing | Fecal lipocalin 2, a sensitive and broadly dynamic non-invasive biomarker for intestinal inflammation[END_REF]. These samples were then centrifuged for 10 min at 14 000 g and 4°C. Clear supernatants were collected and stored at -20°C until analysis. Lcn-2 levels were estimated in the supernatants using Duoset murine Lcn-2 ELISA kit (R&D Systems, Minneapolis, MN, USA) using the colorimetric peroxidase substrate tetramethylbenzidine, and optical density (OD) was read at 450 nm (Versamax microplate reader).

Colonic RNAs extraction and q-RT-PCR analysis

Distal colon was collected during euthanasia and placed in RNAlater. Total RNAs were isolated from colonic tissues using TRIzol (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions and as previously described [START_REF] Chassaing | Fecal lipocalin 2, a sensitive and broadly dynamic non-invasive biomarker for intestinal inflammation[END_REF]. Quantitative RT-PCR were performed using the Qiagen kit QuantiFast® SYBR® Green RT-PCR in a CFX96 apparatus (Bio-Rad, Hercules, CA) with specific mouse oligonucleotides (Table S1). Gene expression are presented as relative values using the ∆∆Ct approach with 36B4 housekeeping gene.

Ki67 immunohistochemistry

Mouse proximal colon devoid of tumor were fixed in 10%-buffered formalin for 24 h at room temperature and subsequently embedded in paraffin. Tissues were sectioned at 5-µm thickness and deparaffinized. Sections were incubated in sodium citrate buffer and cooked in a pressure cooker for 10 minutes for antigen retrieval. Sections were then blocked with 5% goat serum in TBS followed by one-hour incubation with anti-Ki67 (1:100, Vector Laboratories, Burlingame, CA) at 37º C. After washing with TBS, sections were treated with biotinylated secondary antibodies for 30 minutes at 37°C, and color development was performed using the Vectastain ABC kit (Vector Laboratories). Sections were then counterstained with hematoxylin, dehydrated, and coverslipped. Ki67-positive cells were counted per crypt.

Terminal deoxynucleotidyl transferase deoxyuridine triphosphate nick-end labeling (TUNEL)

To quantitate the number of apoptotic cells in colonic epithelial cells, mouse proximal colon devoid of tumor were fixed in 10%-buffered formalin for 24 h at room temperature, embedded in paraffin, sectioned at 5-µm thickness, deparaffinized and stained for apoptotic nuclei according to the manufacturer's instructions using the In Situ Cell Death Detection Kit (Roche Diagnostics, Indianapolis, IN). TUNEL-positive cells overlapping with DAPI nuclear staining were counted per crypt.

H&E Staining of Colonic Tissue and Histopathologic Analysis

Mouse colons were fixed in 10% buffered formalin for 24 hours at room temperature and then embedded in paraffin. Tissues were sectioned at 5-μm thickness and stained with hematoxylin & eosin (H&E) using standard protocols. Images were acquired using a Lamina (Perkin Elmer) at the Hist'IM platform (INSERM U1016, Paris, France). Histological scoring was blindly determined on each colon as previously described [START_REF] Chassaing | Fecal lipocalin 2, a sensitive and broadly dynamic non-invasive biomarker for intestinal inflammation[END_REF][START_REF] Katakura | Toll-like receptor 9-induced type I IFN protects mice from experimental colitis[END_REF]. Briefly, each colon was assigned four scores based on the degree of epithelial damage and inflammatory infiltrate in the mucosa, submucosa and muscularis/serosa [START_REF] Katakura | Toll-like receptor 9-induced type I IFN protects mice from experimental colitis[END_REF]. Each of the four scores was multiplied by a coefficient 1 if the change was focal, 2

if it was patchy and 3 if it was diffuse [START_REF] Chassaing | Fecal lipocalin 2, a sensitive and broadly dynamic non-invasive biomarker for intestinal inflammation[END_REF] and the 4 individual scores per colon were added.

Immunostaining of mucins and localization of bacteria by FISH

Mucus immunostaining was paired with fluorescent in situ hybridization (FISH), as previously described [START_REF] Johansson | Preservation of mucus in histological sections, immunostaining of mucins in fixed tissue, and localization of bacteria with FISH[END_REF], in order to analyze bacteria localization at the surface of the intestinal mucosa (Chassaing et al., 2015b;[START_REF] Chassaing | Intestinal epithelial cell toll-like receptor 5 regulates the intestinal microbiota to prevent low-grade inflammation and metabolic syndrome in mice[END_REF]. Briefly, colonic tissues (proximal colon, 2nd cm from the cecum) containing fecal material were placed in methanol-Carnoy's fixative solution (60% methanol, 30% chloroform, 10% glacial acetic acid) for a minimum of 3 h at room temperature. Tissues were then washed in methanol 2 x 30 min, ethanol 2 x 15 min, ethanol/xylene (1:1) 15 min and xylene 2 x 15 min, followed by embedding in Paraffin with a vertical orientation. Five µm sections were performed and dewax by preheating at 60°C for 10 min, followed by xylene 60°C for 10 min, xylene for 10 min and 99.5% ethanol for 10 minutes. Hybridization step was performed at 50°C overnight with EUB338 probe (5'-GCTGCCTCCCGTAGGAGT-3', with a 5' labeling using Alexa 647) diluted to a final concentration of 10 µg/mL in hybridization buffer (20 mM Tris-HCl, pH 7.4, 0.9 M NaCl, 0.1% SDS, 20% formamide). After washing 10 min in wash buffer (20 mM Tris-HCl, pH 7.4, 0.9 M NaCl) and 3 x 10 min in PBS, PAP pen (Sigma-Aldrich) was used to mark around the section and block solution (5% fetal bovine serum in PBS) was added for 30 min at 4°C. Mucin-2 primary antibody (rabbit H-300, Santa Cruz Biotechnology, Dallas, TX, USA) was diluted 1:1500 in block solution and apply overnight at 4°C. After washing 3 x 10 min in PBS, block solution containing anti-rabbit Alexa 488 secondary antibody diluted 1:1500, Phalloidin-Tetramethylrhodamine B isothiocyanate (Sigma-Aldrich) at 1µg/mL and Hoechst 33258 (Sigma-Aldrich) at 10µg/mL was applied to the section for 2h. After washing 3 x 10 min in PBS slides were mounted using Prolong anti-fade mounting media (Life Technologies, Carlsbad, CA, USA). Observations were performed with a Zeiss LSM 700 confocal microscope with software Zen 2011 version 7.1. This software was used to determine the distance between bacteria and epithelial cell monolayer, as well as the mucus thickness.

Immunostaining of mucins and localization of AIEC bacteria

Mucus immunostaining was performed as described above. Anti Mucin-2 (from rabbit, Gene Tex, Irvine, CA, United States) anti Escherichia coli (from goat Biorad, Hercules, CA, United States)primary antibodies were diluted 1:500 in block solution and apply overnight at 4°C. After washing 3 x 10 min in PBS, block solution containing anti-rabbit Alexa 488 and antigoat Alexa 647 secondary antibodies diluted 1:1500, Phalloidin-Tetramethylrhodamine B isothiocyanate (Sigma-Aldrich) at 1µg/mL and Hoechst 33258 (Sigma-Aldrich) at 10µg/mL was applied to the section for 2h. After washing 3 x 10 min in PBS slides were mounted using Prolong anti-fade mounting media (Life Technologies, Carlsbad, CA, USA). Image acquisition were performed at the IMAG'IC Platform (INSERM U1016, Paris, France) using a Spinning-Disk IXplore (Olympus). Olyvia software (Olympus) was used to determine the distance between bacteria and epithelial cell monolayer.

Inner mucus microdissection

Microdissection were performed on an Arcturus® Laser Capture Microdissection system, as previously described [START_REF] Chassaing | Identification of Inner Mucus-Associated Bacteria by Laser Capture Microdissection[END_REF]. Inner mucus layers were selected and collected on CapSure™ Macro LCM Caps (Arcturus) using a combination of infrared (IR) capture and ultraviolet (UV) laser cutting. The membrane covering caps were subsequently carefully collected, placed in clean DNA-free 0.5mL tubes, and store in -80°C until DNA extraction.

DNA extraction and 16S rRNA gene amplification from laser capture microdissected mucus

As previously described [START_REF] Chassaing | Identification of Inner Mucus-Associated Bacteria by Laser Capture Microdissection[END_REF], Qiagen QIAamp DNA Micro Kit were used to isolate DNA from laser-microdissected inner mucus. 30µL of buffer ATL and 20µL of proteinase K were added to the microdissected samples and incubated at 56°C overnight. 50µL of buffer ATL and 100µL of buffer AL were added, sample were mixed by vortexing, and 100µL of ethanol was added followed by a 5 min incubation at room temperature.

The sample was next transferred to a QIAamp MinElute column (without the membrane) and centrifuge at 6,000 g for 1 min. The column was washed with 500µL of buffer AW1 and 500µL

of buffer AW2 and dried with a 3 min centrifugation at 20,000 g. 20µL of DNA free water (Mobio) were then applied to the center of the column, incubated at room temperature for 10min, followed by a final centrifugation at 20,000 g for 1min in order to collect eluted DNA.

Microbiota analysis was subsequently performed by 16S rRNA gene sequencing using Illumina technology, as described above.

Fecal flagellin and lipopolysaccharide load quantification

Levels of fecal bioactive flagellin and lipopolysaccharide (LPS) were quantified as previously described (Chassaing et al., 2014a) using human embryonic kidney (HEK)-Blue-mTLR5 and HEK-BluemTLR4 cells, respectively (Invivogen, San Diego, CA, USA) (Chassaing et al., 2014a). Fecal material was resuspended in PBS to a final concentration of 100 mg/mL and homogenized for 10 s using a Mini-Beadbeater-24 without the addition of beads to avoid bacteria disruption. Samples were then centrifuged at 8000 g for 2 min and the resulting supernatant was serially diluted and applied on mammalian cells. Purified E. coli flagellin and LPS (Sigma-Aldrich) were used for standard curve determination using HEK-Blue-mTLR5 and HEK-Blue-mTLR4 cells, respectively. After 24 h of stimulation, the cell culture supernatant was applied to QUANTI-Blue medium (Invivogen) and the alkaline phosphatase activity was measured at 620 nm after 30 min.

Bacterial RNAs extraction and q-RT-PCR analysis

Cultures were grown at 37°C in LB with or without CMC or P80 at various concentration (0.015625, 0.031250, 0.062500, 0.125000, 0.250000, 0.500000 and 1.000000). Total mRNAs were extracted from overnight-cultured bacteria and treated with DNase (Roche Diagnostics) to remove any contaminating genomic DNA. Total RNAs were amplified by RT-PCR using specific primers to 16S, fliC, flhDC, fimA and lpfA (Table S1) on a Biorad CFX96 apparatus (BioRad) using iTaq™ Universal SYBR® Green One-Step Kit (BioRad) with 0.25 µg of total RNA. Amplification of a single expected PCR product was confirmed by electrophoresis on a 2% agarose gel. (www.earthmicrobiome.org/emp-standard-protocols) [START_REF] Caporaso | Ultra-high-throughput microbial community analysis on the Illumina HiSeq and MiSeq platforms[END_REF][START_REF] Gilbert | The Earth Microbiome Project: Meeting report of the "1 EMP meeting on sample selection and acquisition" at Argonne National Laboratory October 6 2010[END_REF].

Microbiota analysis by

Bulk DNA was extracted from frozen feces using a PowerSoil-htp kit from MoBio Laboratories (Carlsbad, CA, USA) with mechanical disruption (bead-beating). The 16S rRNA genes, region V4, were PCR amplified from each sample using a composite forward primer and a reverse primer containing a unique 12-base barcode, designed using the Golay error-correcting scheme, which was used to tag PCR products from respective samples [START_REF] Caporaso | Ultra-high-throughput microbial community analysis on the Illumina HiSeq and MiSeq platforms[END_REF]. We used the forward primer 515F 5'-

AATGATACGGCGACCACCGAGATCTACACGCTXXXXXXXXXXXXTATGGTAATTGTG

TGYCAGCMGCCGCGGTAA-3': the italicized sequence is the 5' Illumina adapter, the 12 X sequence is the golay barcode, the bold sequence is the primer pad, the italicized and bold sequence is the primer linker and the underlined sequence is the conserved bacterial primer 515F. The reverse primer 806R used was 5'-CAAGCAGAAGACGGCATACGAGATAGTCAGCCAGCC GGACTACNVGGGTWTCTAAT-3': the italicized sequence is the 3' reverse complement sequence of Illumina adapter, the bold sequence is the primer pad, the italicized and bold sequence is the primer linker and the underlined sequence is the conserved bacterial primer 806R. PCR reactions consisted of Hot

Master PCR mix (Quantabio, Beverly, MA, USA), 0.2 µM of each primer, 10-100 ng template, and reaction conditions were 3 min at 95°C, followed by 30 cycles of 45 s at 95°C, 60s at 50°C

and 90 s at 72°C on a Biorad thermocycler. PCRs products were purified with Ampure magnetic purification beads (Agencourt, Brea, CA, USA), and visualized by gel electrophoresis. Products were then quantified (BIOTEK Fluorescence Spectrophotometer) using Quant-iT PicoGreen dsDNA assay. A master DNA pool was generated from the purified products in equimolar ratios.

The pooled products were quantified using Quant-iT PicoGreen dsDNA assay and then sequenced using an Illumina MiSeq sequencer (paired-end reads, 2 x 250 bp) at Cornell University, Ithaca.

16S rRNA gene sequence analysis

Forward and reverse Illumina reads were joined using the fastq-join method [START_REF] Aronesty | Command-line tools for processing biological sequencing data[END_REF][START_REF] Aronesty | Comparison of Sequencing Utility Programs[END_REF], sequences were demultiplexed, quality filtered using Quantitative Insights Into Microbial Ecology (QIIME, version 1.8.0) software package [START_REF] Caporaso | QIIME allows analysis of highthroughput community sequencing data[END_REF]. QIIME default parameters were used for quality filtering (reads truncated at first low-quality base and excluded if: (1) there were more than three consecutive low quality base calls (2), less than 75% of read length was consecutive high quality base calls (3), at least one uncalled base was present (4), more than 1.5 errors were present in the bar code (5), any Phred qualities were below 20, or (6) the length was less than 75 bases). Sequences were assigned to operational taxonomic units (OTUs) using UCLUST algorithm [START_REF] Edgar | Search and clustering orders of magnitude faster than BLAST[END_REF] with a 97% threshold of pairwise identity (with the creation of new clusters with sequences that do not match the reference sequences), and classified taxonomically using the Greengenes reference database 13_8 [START_REF] Mcdonald | An improved Greengenes taxonomy with explicit ranks for ecological and evolutionary analyses of bacteria and archaea[END_REF].

A single representative sequence for each OTU was aligned and a phylogenetic tree was built using FastTree [START_REF] Price | FastTree: computing large minimum evolution trees with profiles instead of a distance matrix[END_REF]. The phylogenetic tree was used for computing the unweighted UniFrac distances between samples [START_REF] Lozupone | UniFrac--an online tool for comparing microbial community diversity in a phylogenetic context[END_REF][START_REF] Lozupone | UniFrac: a new phylogenetic method for comparing microbial communities[END_REF], rarefaction were performed and used to compare abundances of OTUs across samples.

Principal coordinates analysis (PCoA) plots were used to assess the variation between experimental group (beta diversity 

Bacterial density quantification by 16S rRNA qPCR

Extracted DNAs were diluted 1/10 with sterile DNA-free water and amplified by quantitative PCR using the 16S V4 specific primers 515F 5'-GTGYCAGCMGCCGCGGTAA-3' and 806R

5'-GGACTACNVGGGTWTCTAAT-3' or using the using the AIEC LF82 PTM specific primers PTM-F 5'-CCATTCATGCAGCAGCTCTTT -3' and PTM-R 5'-ATCGGACAACATTAGCGGTGT -3' on a LightCycler 480 (Roche) using QuantiFast SYBR® Green PCR Kit (Qiagen). Amplification of a single expected PCR product was confirmed by electrophoresis on a 2% agarose gel, and data are expressed as relative values normalized with feces weight used for DNA extraction.

QUANTIFICATION AND STATISTICAL ANALYSIS

Results were expressed as mean ± SEM. Significance was determined using one-way group ANOVA with Bonferroni's multiple comparisons test (GraphPad Prism software, version 6.01). Differences were noted as significant *p≤0.05. For clustering analysis on principal coordinate plots, categories were compared and statistical significance of clustering was determined via Permanova. 
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  16S rRNA gene sequencing using Illumina technology16S rRNA gene amplification and sequencing were done using the Illumina MiSeq technology following the protocol of Earth Microbiome Project with their modifications to the
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 12345 Figure 1: Colonization by adherent-invasive Escherichia coli bacteria is sufficient to promote detrimental effects of emulsifiers in normally protected ASF mice.
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 6 Figure 6: Dietary emulsifiers increase adherent-invasive Escherichia coli pathogenic potential through transcriptome modulation.
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 7 Figure 7: Bacterial flagellin contributes to AIEC-mediated emulsifier detrimental effects.

TABLE AVAILABILITY

 AVAILABILITY 

	REAGENT or RESOURCE	SOURCE	IDENTIFIER
	Antibodies		
	Anti-Mucin 2	Santa Cruz	Cat. # sc-15334; RRID: AB_2146667
		Biotechnology	
	Alexa Fluor 488 Goat Anti-Rabbit IgG	Invitrogen	Cat.# A11008; RRID: AB_143165
	Chemicals, Peptides, and Recombinant Proteins		
	Sodium carboxymethylcellulose	Sigma-Aldrich	419311
	Polysorbate-80	Sigma-Aldrich	P1754
	Phalloidin-Tetramethylrhodamine B	Sigma-Aldrich	Cat.# P1951-.1MG
	isothiocyanate		
	Rodent chow	LabDiet	Cat. # 5001
	Luria Broth	BD	Cat. # BD 244620
	Azoxymethane	Sigma-Aldrich	Cat. # A5486
	Dextran sulfate sodium salt, colitis grade	MP Biomedical	Cat. # SKU 02160110-CF
	(36,000 -50,000)		
	Critical Commercial Assays		
	One-Step RT-PCR Kit with SYBR Green	Qiagen	Cat. # 204154
	Duoset murine Lcn-2 ELISA kit	R&D Systems	Cat. # DY1857
	In Situ Cell Death Detection Kit	Roche Diagnostics Cat. # 11684795910
	Deposited Data		
	16S sequencing: unprocessed sequencing data	This paper	CRA003162
	RNA-Seq: unprocessed sequencing data	This paper	CRA003155
	Experimental Models: Organisms/Strains		
	Mice: C57BL/6	Taconic Inc	Cat. # C57BL/6NTac
	Mice: C57BL/6 IL10-/-	Taconic Inc	Cat. # GF-16006
	Oligonucleotides		
	See Table S1	This study	N/A
	Software and Algorithms		
	GraphPad Prism	GraphPad	Version 8
		Software	

  study did not generate new unique reagents

	established by colonizing WT C57BL/6 GF mice with the complete Altered Schaedler flora (
	Data and Code Availability
	Unprocessed sequencing data are deposited in the Genome Sequence Archive (GSA) in
	BIG Data Center , Beijing Institute of Genomics, Chinese Academy of Sciences, under accession
	numbers CRA003155 and CRA003162, publicly accessible at https://bigd.big.ac.cn/gsa.
	EXPERIMENTAL MODEL AND SUBJECT DETAILS
	Mice
	C57BL/6 mice (C57BL/6NTac) were maintained in gnotobiotic conditions in a germ-free
	(GF) or Altered Schaedler flora state (ASF, containing the 8 bacteria Clostridium sp. (ASF356),
	Lactobacillus intestinalis (ASF360), Lactobacillus murinus (ASF361), Mucispirillum shaedleri
	(ASF457), Eubacterium plexicaudatum (ASF492), Firmicutes bacterium (ASF500), Clostridium
	sp. (ASF502) and Parabacteroides sp. (ASF519)) in a Park Bioservices isolator as previously
	described (Chassaing et al., 2015b). Germ-free C57BL/6 IL10-/-male mice (C57BL/6NTac-
	Il10 em8Tac ; Taconic model GF-16006) were maintained in isolated ventilated cages Isocages
	(Techniplast, West Chester, PA, USA) (Hecht et al., 2014). All mice were bred and housed at
	Georgia State University (Atlanta, GA, USA) under institutionally-approved protocols (IACUC
	# A17047 and A18006). Mice were fed autoclaved LabDiet rodent chow # 5021. ASF mice were

  ). Unprocessed sequencing data are deposited in the Genome Sequence Archive (GSA)46 in BIG Data Center 47, Beijing Institute of Genomics, Chinese Academy of Sciences, under accession number CRA003162, publicly accessible at https://bigd.big.ac.cn/gsa.
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