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Abstract 

Natural food contaminants such as mycotoxins are an important problem for human health. Deoxynivalenol 

(DON) is one of the most common mycotoxin detected in cereals and grains. Its toxicological effects mainly 

concern the immune system and the gastrointestinal tract. This toxin is a potent ribotoxic stressor leading to 
MAPKinase activation and inflammatory response. DON frequently co-occurs with its glycosylated form, the 

masked mycotoxin deoxynivalenol-3-β-D-glucoside (D3G). The toxicity of this later compound remains 

unknown in mammals. This study aims to assess the ability of D3G to elicit a ribotoxic stress and to induce 

intestinal toxicity. The toxicity of D3G and DON (0-10µM) was studied in vitro, on the human intestinal Caco-2 

cell line, and ex vivo on porcine jejunal explants.  First, an in silico analysis revealed that D3G, contrary to DON, 

was unable to bind to the A site of the ribosome peptidyl transferase center, the main targets for DON toxicity. 

Accordingly, D3G did not activate JNK and P38 MAPKs in treated Caco-2 cells and did not alter viability and 

barrier function on cells, as measured by the trans epithelial electrical resistance. Treatment of intestinal explants 

for 4 hours with 10µM DON, induced morphological lesions and upregulated the expression of proinflammatory 

cytokines as measured by qPCR and pan-genomic microarray analysis. By contrast, expression profile of D3G-

treated explants was similar to that of controls and these explants didn't show histomorphology alteration. In 
conclusion, our data demonstrated that glycosylation of DON suppress its ability to bind to the ribosome and 

decreases its intestinal toxicity. 

 

Keywords: glucosylation, trichothecenes, modified mycotoxins, gut, Fusarium, wheat 
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Introduction 

Mycotoxin contamination is a worldwide problem. Mycotoxins are toxic secondary metabolites produced by 

various molds, such as Aspergillus, Penicillium or Fusarium (Bennett and Klich 2003). Crops, at all stages of the 

food chain, are frequently contaminated by these fungi, and so by mycotoxins. Worldwide surveys indicate that 

72% of all agricultural commodities are contaminated with mycotoxins (Streit et al. 2013).  

Among mycotoxins, deoxynivalenol (DON) produced by Fusarium spp., is commonly detected in cereals and 

grains, particularly in wheat, barley, maize and their by-products. It is one of the most prevalent mycotoxins in 

food and feed (EFSA 2013). The toxicity of DON on mammals is well documented. Acute exposure induces 
abdominal pain, anemia, diarrhea, vomiting, circulatory shock that can result in death (Pestka 2010, Rocha et al. 

2005). At chronic low doses, DON induces anorexia, growth retardation, causes neuroendocrine changes and 

immune modulation (Pestka and Smolinski 2005). Molecular mechanisms of action of DON are well understood. 

DON binds to the A-site of the peptidyl transferase center of the 60S subunit of ribosomes in eukaryotic cells 

and interferes with protein translation (Garreau de Loubresse et al. 2014, Pestka 2010). A ribotoxic stress 

response is then induced and results in the activation of mitogen-activated protein kinases (MAPK). These 

signaling pathways are involved in regulation of multiple biological processes including development, apoptosis, 

and immunity (Joshi and Platanias 2012). Upon DON exposure, MAPK activation mediates apoptosis and 

aberrant up-regulation of pro-inflammatory cytokines and chemokines (Pestka 2010, Wu et al. 2014a). 

Upon ingestion of contaminated food, the gastrointestinal tract is particularly impacted by DON. This toxin 

alters the intestinal histomorphology, barrier function and nutrient absorption (Ghareeb et al. 2015, Maresca 
2013, Pinton et al 2012). DON alters the integrity of the intestine resulting in a loss of mucosal integrity and a 

translocation of commensal and pathogenic bacteria across the epithelium (Maresca 2013, Pinton and Oswald 

2014). DON also disturbs the intestinal immune responses: the toxin induces the local production of pro-

inflammatory cytokines and potentiates existing intestinal inflammatory processes (Cano et al. 2013, Van De 

Walle et al. 2010, Vandenbroucke et al. 2011).  

Associated to DON, DON-3-β-D-glucoside (D3G) is a “masked” mycotoxin produced from the enzymatic 

conjugation of glucose to DON in the plant (Berthiller et al. 2005, Poppenberger et al. 2003). The glucosylation 

reaction of DON is considered as an important detoxification mechanism occurring in plants to protect against 

Fusarium-related diseases (Lemmens et al. 2005). Thanks to the improvement of detection methods for 

mycotoxins, many publications investigated D3G contamination in recent years (Berthiller et al. 2013). D3G was 

found in cereals and cereal products all over the world at concentrations that can reach nearly half that of DON 
(Berthiller et al. 2009, De Boevre et al. 2012, Malachova et al. 2011).  

Despite its frequent occurrence, the toxicity of D3G remains largely unknown. To date, only one group 

investigated the toxicity of D3G in mammals (Wu et al. 2014a). The authors observed that D3G was ineffective 

in evoking splenic cytokine or chemokine mRNA responses. Because D3G is poorly absorbed, the intestine can 

be a target for this toxin (De Nijs et al. 2012, Nagl et al. 2012, Nagl et al. 2014). 

The purpose of this study was to investigate the toxicity of D3G on the intestine. An in silico analysis indicates 

that D3G is unable to bind to the ribosome and suggests a lack of toxicity of this compound. The toxicity of D3G 

was further assessed on intestinal cells and explants; physiological, morphological and transcriptomic analysis 

confirmed the absence of adverse effects of D3G. Our paper provides the first insight into the toxicity of this 

plant conjugate on the small intestine. 

 

Material and methods (Additional data are available in Online resource (Online resource 1)) 
Toxins  

Purified DON was purchased from Sigma-Aldrich (St Louis, MO, USA). D3G was isolated from DON-treated 

wheat (Berthiller et al. 2005) or enzymatically produced from DON (Michlmayr et al., in preparation). 

Mycotoxins were dissolved in dimethyl sulfoxide (DMSO) (Sigma-Aldrich) and stored at -20°C until use. 

 

Caco-2 cell culture and analysis 

Caco-2 cells were maintained in Dulbecco’s Modified Eagle Medium enriched with glutamine (Gibco, Cergy-

Pontoise, France) supplemented with 10% of heat inactivated fetal bovine serum, 1% non essential amino acids 

(Sigma-Aldrich) and 0.5% gentamycin (Eurobio, Courtaboeuf, France). Caco-2 cells were spontaneously 

differentiated from confluent monolayer after 21 days of culture with medium changed every 2 days (Sambuy et 

al. 2005; Pinton et al 2012). 
Cell viability was assessed on proliferating or differentiated cells seeded 96-well microtiter plates using the 

CellTiter-Glo Luminescent Cell Viability Assay (Promega, Madison, USA) according to manufacturer's 

instructions. Trans-epithelial electrical resistance (TEER) was measured on differentiated cells with a Millicell-

ERS Voltohmmeter (Millipore, Saint-Quentin-en-Yvelines, France) as already described (Pinton et al. 2012). 

Expression of non-phosphorylated and phosphorylated MAPK P38 and JNK was assessed on differentiated cells 

by immunoblotting (Meissonnier et al 2008) using specific rabbit antibodies (Pinton et al. 2012). The expression 

of the proteins was estimated after normalization to GAPDH.  
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Intestinal jejunal explants, preparation and analysis 

Jejunal explants were obtained from 5-week old crossbred castrated male piglets as described previously (Kolf-

Clauw et al. 2009). They were treated for 4 hours with toxins (DON or D3G) or diluent (DMSO) and fixed in 

10% formalin for histological analysis or stored at -80°C for RNA extraction. 

For histological analysis, explants were embedded in paraffin wax; sections (5 µm) were stained with 

hematoxylin and eosin for histopathological evaluation (Bracarense et al. 2012). 

For gene expression analysis, total RNA was extracted in lysing matrix D tubes (MP Biomedicals, Illkirch, 
France) containing guanidine thiocyanate-acid phenol (Eurobio). Quality of these samples was assessed (Agilent 

RNA 6000 Nano Kit Quick, Agilent Bioanalyzer 2100); the mean RNA Integrity Number (RIN) of these mRNA 

was 6.32 ± 0.83.  

Reverse transcription and RT-qPCR steps were performed as already described (Halloy et al. 2005; Gourbeyre et 

al. 2015). Primers are indicated in the Table (Online ressource 2). Amplification efficiency and initial 

fluorescence were determined by the ΔCt method. Obtained values were normalized using two reference genes, 

ribosomal protein L32 (RPL32) and cyclophillin A. mRNA expression levels were expressed relative to the 

mean of the control. 

The 60K microarray (Voillet et al. 2014) was used as described in the supplemental Material (see Supplemental 

Material, Part Methods). The experimental details are available in the Gene Expression Omnibus (GEO) 

database under accession GSE66918 (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?token=olixoosedvmdnqr& 
acc=GSE66918). Microarray data from Feature Extraction software was analyzed with R using Bioconductor 

packages. 

 

Statistical Analysis 

The Fisher test on equality of variances, one-way ANOVA and Bonferroni as test post-hoc were used to compare 

the effect of DON and D3G on Caco-2 cells and explants; p values < 0.05 were considered significant.  

For microarray data, statistical analysis was performed with R 3.0.1 software. 

 

Results 

In silico analysis of the interaction of DON and D3G with ribosome 

A recent paper shows that DON binds to the 60S subunit inside the A-site of the peptidyl transfer center of yeast 
ribosome (Garreau de Loubresse et al. 2014). The crystallographic data (4UJX) were used to compare the ability 

of DON and D3G to interact with the ribosome (Figure 1, Online resources 3 and 4). DON is able to fit in the 

pocket of the A-site of the ribosome 60S subunit. In this position, the 3-hydroxyl group of DON is associated 

with a magnesium atom and stabilized by other nucleotides. The alignment of the common backbone of D3G 

and DON allows us to generate a model of interaction with the ribosome and to study the sterical hindrance of 

glucoside inside the A-site pocket. Even in the absence of the magnesium atom, the size of the pocket is too 

small for the glucosyl group, showing that D3G cannot sterically bind the ribosome 60S subunit A-site pocket. 

 

Inability of D3G to activate MAPK 

As other ribosome-binding translational inhibitors, DON rapidly activates MAPK. As expected (Pinton et al. 

2012), 1 hour of exposure of differentiated Caco-2 monolayers to10 µM DON, significantly increased the 

expression of phosphorylated p38 and phosphorylated JNK but did not changed the expression of the non 
phosphorylated MAPK. By contrast the activation of these MAPK upon treatment with D3G was similar to 

untreated control monolayers (Figure 2A). Taken together our data indicate that D3G does not bind to ribosome 

and does not activate MAPK. The lack of MAPK activation is indicative of an absence of toxicity of D3G and 

was further tested. 

 

D3G does not impair cell viability and barrier function of human intestinal cells  

Comparative toxicity of DON and D3G was evaluated both on proliferating (Figure 3) and differentiated (Figure 

2B and C) Caco-2 human cells. After 48 hours of exposure to DON the viability of the proliferating cells was 

decreased in a dose dependent-manner, and 50% inhibition was observed at 1.30 µM DON. Exposure to 10 µM 

DON for 48 hours reduced cell viability by approximately 80%. By contrast, no cytotoxicity was observed on 

Caco-2 cells treated with 0-10 µM D3G (Figure 3) or higher concentrations (up to 100 µM, data not shown). 
The comparative toxicity of D3G and DON was also performed on differentiated Caco-2 cells. As already 

described (Bony et al 2006, Vandenbroucke et al 2011) differentiated cells are fairly resistant to DON and toxin 

concentration of 30µM or higher are needed to induce a significant decrease of viability (Figure 2C). At 10µM, a 

non-cytotoxic concentration, DON induced a significant decrease of TEER (Figure 2B). The decrease was time-

dependent and the cell viability reached 69%, 42%, 30% and 19% after 2, 4, 6 and 8 days of exposure to DON 

respectively. By contrast cell treatment with D3G did not decrease TEER.  
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D3G does not induce histological and functional alterations in intestinal explants 

In order not to restrict the observations to an intestinal cell line, the comparative toxicity of DON and D3G was 

also performed on whole intestinal tissue, using porcine jejunal explants.  

Control intestinal explants displayed normal villi lined with columnar enterocytes and goblet cells (Figure 4A). 

As already described (Pinton et al. 2012), the main histological changes observed on explants after 4 hours 

incubation with 10 µM DON were multifocal to diffuse villi atrophy, multifocal villi fusion, necrosis of apical 

enterocytes and cellular debris (Figure 4B). Conversely, explants exposed to D3G showed normal villi height 

lined with columnar enterocytes. However mild cellular debris in the apical surface and lymphatic vessel dilation 
were also observed in D3G treated explants (Figure 4C). 

 

D3G by contrast to DON does not alter gene expression profile in intestinal explants 

To complete the investigations on the intestinal toxicity, gene expression was analyzed by RT-qPCR and 

microarray.  

Exposure to 10 µM DON for 4 hours significantly increased the expression of IL-1α, TNFα, IL-1β, IL-8, IL-17A 

and IL-22 (3.5 to 17.4-fold increase, Figure 3B). By contrast, no increase expression of these pro-inflammatory 

cytokines was observed in D3G treated explants, demonstrating that this toxin was not able to induce an 

intestinal inflammation. 

To deeper investigate the extent of DON and D3G on gene expression, a 60K microarray covering the whole 

transcriptome was used (Voillet et al. 2014). Principal component analysis, Venn diagram and heat map indicate 
a similar expression pattern of D3G-treated and control explants (Figure 5). In contrast, two clusters were 

distinguished in DON treated samples: cluster 1 contains 303 genes (corresponding to 681 probes) that are up-

regulated by the mycotoxin, cluster 2 includes 33 down-regulated genes (corresponding to 66 probes). As 

expected, the 6 pro-inflammatory cytokines tested in RT-qPCR were also up-regulated in the gene expression 

microarray analysis and a linear regression revealed a strong correlation between these two techniques 

(R²=0.96). Besides pro-inflammatory cytokines, DON treatment also up-regulates (fold change > 2.4) genes 

involved in inflammation and immune response such as CCL20, CXCL2, PRDM1, AREG, CSF2, FOSL1 as well 

as genes involved in oxidative stress, NFkB activation pathway, cell cycle regulation and apotosis. Down 

regulated genes concerned molecular transport (ABCC2, SLC15A1, and SLC9A2) and mitochondrial functions 

(CPT1A).  

 

Discussion 

Food safety authorities such as JECFA (WHO-FAO) and EFSA recognized the need for regulating masked 

mycotoxins. However, scientific data especially concerning the toxicity of these toxins are scarce (JECFA 2011). 

The aim of our work was to assess the toxicological relevance of D3G on intestinal gut health in comparison to 

the parent molecule DON. The intestine is the first line of defense protecting against harmful luminal food 

contaminants. It acts as physical barrier limiting penetration of agents and releases chemical and immunological 

mediators that contribute to the development of innate immune responses and maintenance of intestinal 

homeostasis (Pinton and Oswald 2014, Maresca 2013). 

DON induces several pathophysiological effects in experimental animals and in cells culture that are attributable, 

in part, to ribotoxic stress and the activation of MAPK (Pestka 2010, Pinton and Oswald 2014). In silico analysis 

demonstrates that glucoside-residue of D3G hinders interaction of this masked mycotoxin with the ribosome. 

This result suggests an absence of ribotoxic stress and literature data report a reduced inhibitory activity of D3G 
on wheat ribosomes (Poppenberger et al. 2003). We further observed that D3G, in contrast to DON did not 

induce phosphorylation of JNK and P38 proteins in Caco-2 cells. These results suggest an absence of toxic effect 

of D3G on mammalian cells as recently described for microbial cells (Suzuki and Iwahashi 2015). This 

hypothesis was further tested and the impact of DON and D3G was compared on the Caco-2 intestinal cell lines 

and intestinal explants. Mycotoxins were tested at 10 µM, a concentration corresponding to food contaminated at 

3mg/kg (Sergent et al. 2006). We confirmed that DON induced cytotoxicity and alter intestinal barrier integrity 

in human intestinal epithelial cells (Alassane-Kpembi et al. 2013, Sergent et al. 2006). In contrast, D3G was not 

cytotoxic on intestinal cells and did not impaired transepithelial electrical resistance.  

The impact of DON and D3G was further assessed on porcine jejunum tissue. Pig can be regarded as a good 

model of extrapolation to humans (Helke and Swindle 2013). DON induces morphological injury (Osselaere et 

al. 2013) and inflammation on porcine jejunum explants (Cano et al. 2013). Cytokines and chemokines are 
sensitive biomarkers for DON exposure (Pestka 2010, Wu et al. 2014a). Indeed, proinflammatory response upon 

DON exposure has been described both in vitro in cell lines from murine, human and porcine origins as well as 

in vivo in several organs (Cano et al. 2013, Pestka 2010). In contrast to DON, D3G did not induced any 

histological damage and was largely incapable of evoking ribotoxin-induced cytokine production on pig jejunum 

confirming data obtained in vivo in mouse spleens (Wu et al. 2014a). The lack of induction of gene expression 

by D3G was further demonstrated using a pan-genomic DNA array containing 62,976 probes. Indeed the 

transcriptomic analysis revealed that no probes were differentially expressed between control explants and the 
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one treated with D3G.   

As already mentioned data concerning metabolism and toxicity of D3G are very scarce. Only one study has been 

performed in mice that indicated that D3G was ineffective in evoking inducing the expression of cytokine or 

chemokine mRNA in the spleen (Wu et al. 2014a). To the best of our knowledge, our experiment provides the 

first data on the lack of toxic effect of D3G on human cells and on the intestine. It has been described that D3G 

are considerably less bioavailable in mammals when compared to DON. Indeed, following oral administration, 

only small percentage of applied dose of D3G was found in urine in rats and piglets (Nagl et al. 2012, Nagl et al. 

2014). Moreover, in a human volunteer consuming a diet naturally contaminated with D3G, the masked 
mycotoxin could not be detected in urine (Warth et al. 2013). Interestingly, De Nijs et al. (2012) observed that 

D3G is less absorbed by human intestinal Caco-2 cells than DON. In fact, because of its higher molecular weight 

and its increased polarity, D3G would have a reduced ability to enter the cells by lipid diffusion or through 

membrane transporters if such transporters are involved.   

In vitro data indicated that D3G can be cleaved to DON by lactic acid bacteria and human feces (Berthiller et al. 

2011, Dall'Erta et al. 2013, Gratz et al. 2013). These findings correlate well with those of Nagl et al. (2012, 

2014) underlining that the majority of oral administrated D3G was recovered as DON in feces. In vivo the 

conversion of D3G to its toxic aglycone may occur in the distal part of the gut, while ingested DON is absorbed 

in the proximal part of the small intestine (Maresca 2013). Hence, ingestion of D3G contaminated food might 

lead to a release of DON in the distal part of intestine, shifting the toxic effect of D3G in the distal part of the 

intestine as already described for ingestion of DON-contaminated food in the presence of this adsorbing agent 
(Osselaere et al. 2013). Nevertheless acute ingestion of high doses of D3G does not induce inflammatory 

reaction in mice and mink (Wu et al. 2014a) nor emetic effect in mink (Wu et al. 2014b). Of note D3G causes an 

anorectic response in mice suggesting that this later effect is mediated through a different mechanism than 

ribotoxic stress involving CCK and PYY release from enteroendocrine cells via GPCRs and TRP Channels 

(Zhou and Pestka 2015). 

As demonstrated in this study exploring intestinal explants by microarray analysis offers a promising approach 

for assessing the intestinal toxicity of mycotoxins. Using intestinal explants allows integrating the overall 

complexity of the gastrointestinal tract including their cytoarchitectures, intercellular interactions and the 

presence of target cells. The microarray analysis allows having a view of the modulated genes. Using this 

approach we demonstrated the lack of effect of D3G while confirming the interference of DON with the immune 

response. Effects of DON using microarray analysis have previously been described in vitro in human T-
lymphocyte cell line (Jurkat cells) and human peripheral blood mononuclear cells (PBMCs) or in vivo in murine 

thymus, exposed to DON (Katika et al. 2012, van Kol et al. 2011). We also observe the interference of DON 

with genes involved in other biological functions such as oxidative stress, cell cycle molecular transport and 

mitochondrial functions. As recently described in vivo (Alizadeh et al. 2015), a decreased expression of mRNA 

levels of efflux transporters was observed also in intestinal explants exposed to DON. Studies reported that DON 

is a substrate for ABC transporter (Videmann et al, 2007) thus a decrease expression of efflux protein would 

decrease uptake of DON by intestinal cells and thereby decrease its toxicity.  

The approach combining explant and microarray can be used to investigate the effect of other contaminants or 

additives on the intestine and may represent an interesting tool for health risk assessment. 

This study significantly extends the current knowledge about intestinal toxicity of D3G. D3G is not toxic by 

itself but may pose a risk for gut health through its reconversion into its parent mycotoxin DON.  
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Figures  

 

 
 

Figure 1. Interaction between the Ribosome 60S subunit binding site and DON or D3G (Front view: panels 

A and D, right orthogonal view: panels B and E, left orthogonal view: panels C and F. P and A sites of the yeast 

ribosome 60S subunit are colored in purple and yellow respectively). 

Panels A, B and C: detailed views of the co-crystal (4UJX) of DON inside the A-site. The 3-hydroxyl group of 
DON has been pointed out being in red CPK representation. The magnesium atom inside the A-site pocket has 

been pointed out in green CPK representation. 

Panels D, E and F: detailed of the interaction model of D3G inside the A-site after alignment of the backbone of 

D3G over the DON. The 3-O-glucosyl group of D3G has been colored in red. Videos showing 360°C view of 

DON and D3G inside the A-site of the ribosome 60S subunit are available as Supplemental Material Figures S1 

and S2 
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Figure 2. Effects of DON and D3G on differentiated human intestinal epithelial cells 

Panel A: Effect on the activation of MAPK. Caco-2 cells, differentiated on inserts, were treated for 1h with 10 

µM toxins and analyzed by western blot for expression of total and phosphorylated p38 and JNK and GAPDH as 

a protein loading control. Results are expressed as mean ± SEM of 3-4 independent experiments, **p<0.01, 

***p<0.001. 
Panel B: Effect on trans-electrical epithelial resistance. Caco-2 cells, differentiated on inserts, were treated at 

day 0 with 10 µM of diluent (♦), D3G (▲) or DON (■) and TEER was measured. 

Panel C: Effect on cytotoxicity. Caco-2 cells, differentiated in plate, were incubated with increasing 

concentrations of diluent, D3G or DON for 8 days. Cell viability evaluated by measurement of ATP, is 

expressed as % of control cells. 

Results are expressed as mean ± SEM of 3-4 independent experiments, **p<0.01, ***p<0.001. 
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Figure 3. Toxicity of DON and D3G on proliferating human intestinal epithelial cells. 

Proliferative Caco-2 cells were incubated with increasing concentrations of diluent (♦), D3G (▲) or DON (■) for 
48 hours. Cell viability evaluated by measurement of ATP, is expressed as % of control cells. 

Results are expressed as mean ± SEM of 3-4 independent experiments, ***p<0.001. 

 

 

 

 
 

Figure 4. Effects of DON and D3G on intestinal explants:  

Morphology (upper panels) and inflammation (lower panels) 

Upper panels: Jejunal explants were exposed for 4hours, to diluent (3A), 10 µM DON (3B) or 10 µM D3G (3C) 

and stained with hematoxylin and eosin. Arrowheads indicate necrosis of apical enterocytes and cellular debris. 

Bar 100 µm (3A and 3B), 50 µm (3C). 

Lower panels: Jejunal explants were exposed for 4hours, to diluent or 10 µM toxins and relative expression of 

mRNA encoding for pro-inflammatory cytokines was measured by RT-qPCR. Data are normalized to diluent 

and expressed, in arbitrary unit, as mean ± SEM of explants from 6 animals, **p<0.01; ***p<0.001. 
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Figure 5. Gene expression profile of intestinal explants exposed to DON or D3G  

Jejunal explants from 4 different animals were exposed for 4hours, to diluent or 10 µM toxins and gene 

expression was analyzed with a 60K microarray. 

Panel A: Venn diagram illustrating the overlaps between the probes significantly up- or down-regulated in 

response to DON or D3G treatment. 

Panel B: Principal Component Analysis of differentially expressed probes between DON/D3G and control (747 

with BH adjusted p-value < 0.05). 
Panel C: Heat map representing differentially expressed probes between DON, D3G and control explants. Red 

and green colors indicate values above and below the mean (average Z-score) respectively. Black color indicates 

values close to the mean. 
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ESM_ 1: Supplemental Material and methods 

Caco-2 cell culture 

The human epithelial colorectal adenocarcinoma cells Caco-2 (passages 99 - 106) obtained from the TC7 were 

used. Cells were maintained in a humidified atmosphere of 90% air and 5% CO2 at 37°C. Medium was refreshed 

every 2 days and cells were passaged one a week. Cells were trypsinized using Trypsin –Versene (EDTA, 

Eurobio) and were diluted in culture medium. Caco-2 cells were spontaneously differentiated from confluent 

monolayer after 21 days of culture with medium changed every 2 days (Sambuy et al. 2005; Pinton et al 2012). 

 
Cell viability assay 

Cell viability assay were performed with the CellTiter-Glo Luminescent Cell Viability (Promega, Madison, 

USA). Cells were seeded at the density of 1.56.105cells/cm² in 96-well microtiter plates (surface area 0.28cm²) 

(Greiner bio-one, Vilvoorde, Belgique). 

For proliferating cells, after 24 hours of incubation, cells were exposed for 48 hours at different doses of diluents 

(DMSO) or toxins: DON or D3G. For differentiating cells, cell viability assay was performed after 21 days of 

differentiation and cells were exposed for 8 days at different doses of diluents (DMSO) or toxins: DON or D3G. 

Luminescence was measured with a spectrophotometer (TECAN Infinite M200, Männedorf, Switzerland). 

 

Trans-epithelial electrical resistant measurement 

Cells (1.34x105cells/cm² of seeding) were grown until complete differentiation on polyethylene terephtalate 
membrane inserts (surface area 0.3 cm2, pore size 0.4 µm) in 24-well format (Becton Dickinson, Pont de Claix, 

France). Medium was changed every two days. Differentiated cells were exposed to 10µM of DMSO, DON or 

D3G. The culture medium in apical side of differentiated cells in each well was replaced every two days with 

medium containing toxin. The TEER was measured for each well daily during 8 days using a Millicell-ERS 

Voltohmmeter (Millipore, Saint-Quentin-en-Yvelines, France). TEER values were expressed as kΩ × cm2. 

 

Immunoblotting 

Caco2 cells differentiated on 24-well format (same process that for TEER), were treated with             10 µM of 

DMSO for control, D3G or DON for 1 hour to analyze the expression of the total and phosphorylated MAPK 

P38 and JNK. Proteins were extracted from cells as previously described (Pinton et al. 2009) quantified and 15 

µg of total proteins was separated by SDS-PAGE. The membranes were probed with rabbit antibodies (Cell 
Signaling Technology, Danvers, USA) specific for: SAPK/JNK and phospho-SPAK/JNK or p38 and phospho-

p38 diluted at 1:500 or GAPDH diluted at 1:1000. After washing, the membranes were incubated with 1:10,000 

CFTM770 goat anti-rabbit IgG (Biotium, Hayward, USA) for the detection. Antibody detection was performed 

using an Odyssey Infrared Imaging Scanner (Li-Cor Science Tec, les Ulis, France) with the 770nm channel. The 

expression of the proteins was estimated after normalization with GAPDH signal. Three independent 

experiments were proceeding for each cell culture condition. 

 

Intestinal jejunal explants, preparation for microarray analysis 

The microarray GPL16524 (Agilent technology, 8 x 60K) used in this experiment consisted in 43,603 spots 

derived from the 44K (V2:026440 design) Agilent porcine specific microarray, 9,532 genes from adipose tissue, 

3,776 genes from immune system and 3,768 genes from skeletal muscle (Voillet et al. 2014). For each sample, 

Cyanine-3 (Cy3) labeled cRNA was prepared from 200 µg of total RNA using the One-Color Quick Amp 
Labeling kit (Agilent) according to the manufacturer's instructions, followed by Agencourt RNAClean XP 

(Agencourt Bioscience Corporation, Beverly, Massachusetts). About 600ng of Cy3-labelled cRNA was 

hybridized on SurePrint G3 Porcine GE microarray (8X60K) following the manufacturer’s instructions. Slides 

were scanned immediately after washing on an Agilent G2505C Microarray Scanner with Agilent Scan Control 

A.8.5.1 software. All experimental details are available in the Gene Expression Omnibus (GEO) database under 

accession GSE66918 (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?token=olixoosedvmdnqr &acc=GSE6691 

8). Microarray data from Feature Extraction software was analyzed with R (www.r-project.org, R v. 3.0.1), using 

Bioconductor packages (www.bioconductor.org, v 2.12, ((Gentleman et al. 2004). 

 

Statistical Analysis 

For microarray data, statistical analysis was performed with R 3.0.1 software. The limma package (Ritchie et al. 
2015) was used to analyze differences between treatments. A model including animal explants pairs were fitted 

using the limma lmFit function (Smyth 2004). A correction for multiple testing was then applied using False 

Discovery Rate (Benjamini and Hochberg. 1995). Probes with adjusted p-value ≤ 0.05 were considered 

differentially expressed between treated and control conditions. Hierarchical clustering was applied to the 

samples and the probes using 1-Pearson correlation coefficient as distance and Ward’s criterion for 

agglomeration.  
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ESM_2 : Table of primer sequences used for RT-qPCR analysis (F: Forward; R: Reverse) 

 

ESM_3 : Video of DON inside the A-site of the ribosome 60S subunit 

P and A sites of the ribosome 60S subunit are respectively in purple and yellow, the 3-hydroxyl group of DON is 

represented in red and the atom of magnesium in green, in CPK representation. Video shows a 360° view of the 

binding of the DON inside the A-site of the ribosome 60S subunit. 

https://secure.yazibadrive.net/my/FileLink/f49e17bf-43e3-0286-d255-243243c707f9/false 
 

 

 

ESM_4 : Video of D3G  inside the A-site of the ribosome 60S subunit 

P and A sites of the ribosome 60S subunit are respectively in purple and yellow, the 3-hydroxyl group of DON is 

represented in red and the atom of magnesium in green, in CPK representation. Video shows a 360° view of the 

interaction model of the D3G inside the A-site of the ribosome 60S subunit after alignment of the backbone of 

D3G over the DON. 

https://secure.yazibadrive.net/my/FileLink/bfb9d494-c401-7764-1020-04cfc5fef3e7/false 
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