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Abstract

Defensins are antimicrobial important effector g of the innate immune system, which provides
protection against bacterial infections in the stitee. Salmonella Choleraesuis angal monella
Typhimurium are the most commonly isolated seroirapsg, but disease outcome is dependent on
the Salmonella serovar. These infections are a serious problenh&swine industry and are also
posing a major threat to public health becausgabfonella-related food-borne illnesses in human.
To understand the innate immune response of pigs Sgmonella infections, we studied the effect
of theseSalmonella serovars in the porcine ileal epithelial cell l[iIREC-J2 on defensin gene
expression. With the use of scanning electron ragpy, we first visualized the surface
characteristics of this cell line, and captureditivasion ofSalmonella into the epithelial cell. Gene
expression levels of porcifiedefensin 1 and 2 were both induced ufaimonella Typhimurium
infection butSalmonella Choleraesuis had no effect. Invasion, adhesiordafehsin susceptibility of
both serovars were similar, which could not exptamobserved difference in host response to these
Salmonellae. In addition, induction of defensins was dependentiability of Salmonella

Typhimurium, since&almonella cell- or secreted components had no effect omdefegene
expression. These results provide further insigtat ihe porcine innate immune response towards
Salmonella infections, and could partially explain the ditfat epidemiology oBalmonella infections

in pig.

Keywords: Innate immunity, gut, antimicrobial pelatj pig, Salmonella
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Introduction.

Salmonella infections are an important source of food-bdme#ses and therefore a major public
health concern. In addition, Salmonellosis is aomaguse of disease in pigs and a serious problem
for the swine industry. In pigsalmonella enterica serovarCholeraesuis§ Choleraesuis) and
Salmonella enterica serovar Typhimurium DT1045( Typhimurium) are the most frequently isolated
serovars (Chiu et al., 2004, Schwartz, 1989kontrast t&5. Typhimurium, which is able to infect a
very broad range of hosts including humah<;holeraesuis appears to be specifically adaptedjto
(Chiu et al., 2004). Interestingly, these seroymogluce different patterns of disease in growirggpi
S Typhimurium usually causes mild enteritis and-$igliting diarrhea, whileS. Choleraesuis leads to

systemic disease such as septicaemia (Fraser 20@F, Schwartz, 1999).

In the intestine, the first line of defense againgading pathogens, such @@monella, is provided

by the innate immune system (Beutler, 2004). Fattis immune response is the release of
antimicrobial peptides (AMPs) into the lumen of thiestinal tract. These peptides are capable of
directly killing a wide variety of bacterial andral pathogens. One major subclass of AMPs is the
group off3-defensins (Lehrer, 2004). Up to date, 12 porfiaefensins (pBDs) have been identified
and the expression of pBD-1 and pBD-2 in the singdstine of the pig has recently been described

(Sang et al., 2006, Veldhuizen et al., 2007).

In order to study the effect 8lmonella infection on defensin regulation in the porcinet@lct we
used the porcine cell line IPEC-J2. These cellslarered from porcine jejunum and have
demonstrated to possess many of the charactergtidsuted to intestinal epithelial cellsvivo
(Schierack et al., 2006). Infection of intestinallg with S. Typhimurium resulted in a clear
upregulation of both pBD-1 and pBD-2 mRNA levelteaf4h of infection. Furthermore, this
upregulation required viable bacteria and was ieddpnt ofS. Typhimurium secreted components.
In contrast, infection of IPEC-J2 cells withCholeraesuis had no or little detectable effect on

defensin regulation.
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2. Materials and methods
2.1Bacterial strains and culture conditions

Overnight cultures oSalmonella enterica serovar Typhimurium DT104 (Hendriksen et al., 2004
and 4 field strains dgalmonella Choleraesuis (denoted 8sCholeraesuis 994-997) were prepared
freshly for every experiment by cultivation fronfrazen stock at 37 °C in Trypticase Soy Broth
(TSB, Oxoid Limited). Before use in adhesion, iri@asand infection experiments, an overnight
culture was subcultured 1:100 and incubated foa23v °C. Bacteria were then collected in the
exponential phase, spun down and resuspended @-JREell culture medium at 1 x°1€olony

forming units (CFU) /ml.
2.2 Céll culture

The IPEC-J2 cell line (Schierack et al., 2006) waséntained in 50% Dulbecco’s Modified Eagle
Medium and 50% Nutrient Mixture F12 (Ham) (1:1 DMBM?2) (GIBCO, Invitrogen life
Technologies, Carlsbad, CA), supplemented withl{&l) penicillin, (10 mg/ml) streptomycin, (2
mM) L-glutamine and 5% fetal bovine serum (vol/v@)l provided by GIBCO, Invitrogen life
Technologies, Carlsbad, CA). Cells were grown imoiayers at 37C in 5% CQ atmosphere.
Medium was changed every other day and cells wasequl once a week. For infection experiments,
cells were cultured in 12-well cell culture plafearface area= 4.75 érper well; Costar, Corning
Incorporated, Corning, NY) and grown to confluerttrmolayers in 7 days. In all experiments IPEC-J2

cells were used between passages 80 and 100.
2.3 Scanning € ectron microscopy (SEM).

IPEC-J2 cells were seeded on plastic slides in é2tigsue-culture plates. After the cells reached
confluency, cells were incubated wBhTyphimurium orS. Choleraesuis for 1 h. The cells were then
washed three times with plain DMEM/F12 and incubatéh Karnovskys glutaraldehyde fixative for
a week. Subsequently, the following fixation, wasld rehydration steps were performed: washing

with 0.1 ml of cacodylate buffer (pH 7.4); postdtion with 2% OsQ@in 0.1 ml cacodylate buffer
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(pH 7.4) for 2 h. Rinsing in 0.1 M cacodylate f@ rhin and additionally 6 times in distilled water f
30 min; incubation in 2% tannic acid for 1 h; wahb times 1 h in distilled water; fixation in 2%
0sQ, buffered in 0.1 M cacodylate buffer pH 7.4 for;ldehydration using serial solutions of 50%,
70%, 80%, 96%, and 100% acetone, and critical-garieid using a Bal-Tec CPD 030 system.
Finally, the samples were coated with platinum thiekness of 10 nm and examined using a Philips

XL 30 SFEG scanning electron microscope.
2.4 Adhesion and invasion of Salmonella.

IPEC-J2 cells were grown to confluency in twelvdhtissue-culture plates, washed three times with
antibiotic free medium, and incubated with 1 miplBMEM/F12 medium (without serum, L-
Glutamine or antibiotics) containing 1 x*10FU/ml bacteria for 1 h at . The monolayers were
washed three times with plain media and lyzed inTi#n-X100 in PBS at room temperature for 5
min in order to release the bacteria. The suspegasi@re serially diluted and 1p0of each dilution
was plated on Trypticase Soy Agar (TSA, Oxoid Ladit The plates were incubated for 24 h at 37
°C. Numbers of cell-associated bacteria were caledlas total (adhering and intracellular) bacterial
CFU. In the invasion assay, the IPEC-J2 monolaiyetise wells were washed once with 1 ml warm
plain medium after 1 h incubation with bacteria #meh incubated for 2 h with 1 ml of 3Q@/ml
colistin in warm plain DMEM/F12 to kill extracellat bacteria. Cells were washed three times with
plain DMEM/F12, and finally lyzed in 1% Triton X-00The number of intracellular bacteria was

determined by colony-plating as described above.
2.5 Susceptibility of Salmonella towards porcine B-defensin 2.

The antimicrobial activity of a synthetic peptid@ghosphere Biotechnologies, Paris, France)
corresponding to the mature 37 form of pBD-2
(DHYICAKKGGTCNFSPCPLFNRIEGTCYSGKAKCCIR ) was assedsagainss Typhimurium
andS Choleraesuis 994, as described before (Veldhwézah, 2008). In short, 25 pl 210FU/mI

mid-logarithmic bacteria were incubated in 5 mM gpivate, pH 7.0, 1/200 TSB with 25 pl pBD2 (0-
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107 256 ug) for 3 h at 37 °C. Subsequently, 200 ul W&B added, further diluted 10-1000 fold in TSB

108  and transferred onto TSA plates. After 24 h incidmeat 37 °C colonies were counted.
109  2.6Infection of IPEC-J2 cellswith Salmondlla.

110 IPEC-J2 cells were grown to confluency in compl&EC-J2 medium as described above and
111 infected with 1 ml of 1 x T0CFU/ml bacteria in plain DMEM/F12 for 3 h. Afterdubation, cells
112 were washed twice and incubated with fresh completdium containing 30Ag/ml colistin. After 6
113  and 24 h (and in initial experiments also aftehlpost infection, IPEC-J2 cells were dissolved in

114 ml TRIzol ® (Invitrogen life technologies, CarlshadA) for quantitative PCR analysis.
116 2.7 Effect of viability of bacteria on defensin gene expression.

116 S Typhimurium were grown to log phase and colleasdiescribed above and resuspended in IPEC-
117 J2 medium. The bacteria were then subjected t@btie following treatments: 1) incubation at 80
118  °C for 60 min. 2) Incubation in IPEC-J2 medium @ning 1 mg/ml colistin, or 3) incubation in

119 IPEC-J2 medium (without antibiotics) for 1h, folled by filtration (0.4fm pore size) to remove

120  bacteria. Subsequently, the medium containing iledkbacteria (treatment 1 and 2), or the

121  Salmonella secreted proteins were used in the IPEC-J2 imieetkperiments. A small portion of the
122  solution containing the treated bacteria was dgniflluted and colony-plated on TSA to detect the

123 presence of viabl& Typhimurium.
124 2.8Quantitative PCR.

125  Total cellular RNA was isolated from cell cultunesing TRIzol as recommended by the suppliers. An
126  extra wash step with ice cold 70% ethanol was peréd to remove the final traces of organic

127  solvents. Purity and quality of the RNA extractsswhaecked on 1% agarose gels and using UV

128  absorption at 260/280 nm. Approximately 500 ng RM#s used to produce cDNA, using iScript

129  (Bio-rad Laboratories BV, Veenendaal, The Nethelraccording to the manufacturer’s

130  recommendations. Quantitative PCR (qPCR) was paddron cDNA samples using a gPCR

131 mastermix for Primer-Probe reactions (RT-QP2X-0®dgentec Nederland b.v., The Netherlands).
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All gPCR reactions were performed according torttaaufacturer’'s recommendation, using gene
specific primers and probes at concentrations tkxgbio table 1. Probes were labeled with 5° FAM
(pBD-1 and HPRT) or 5’ Yakima Yellow (pBD-2) and Beep Dark Quencher 1 (all probes). All
gPCR reactions were performed in 25 pl on an ABIR7000 sequence detection system (Applied
Biosystems, Weiterstadt, Germany), using the fahgveycling protocol: 10 min 95 °C
(denaturation); 40 cycles: 15s at 95 °C, 20s 60408, 72°C. Relative gene expression to the
housekeeping gene HPRT, expressefi@s= G (pBD)- G (HPRT), was performed in order to

correct for the variance in amounts of cDNA inputhe reactions.

2.9 Statistical analyses.

Statistical analyses were performed using SPS$ovet$.0 for windows. All data were analyzed for
normality using the Shapiro-Wilk test. Differendetween treated and control groups were

determined using the Mann-Whitney test. Signifiadifferences were defined as p<0.05
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3. Results

3.1 Scanning Electron Microscopy.

The apical surface of IPEC-J2 cells was visualizgdg scanning electron microscopy (Figure 1).
The cell surface shows the presence of microeifigracteristic of intestinal epithelial cells. The
microvilli are spread all over the apical surfaé¢he cells, but density and structure differs sommat
between separate cells (Fig. 1A). In Figure 1.B, Byphimurium is shown that is adhered to the cell
surface. The picture shows that the flagella aexhéd to the microvilli of the intestinal cell. In
Figure 1C and an enlargement thereof in 1D, the¢ stahe invasion process is captured. The
intestinal cell microvilli in the area surrounditite bacterium are shorter and deformed. The
bacterium is engulfed and seems to invade the IPECEII. The flagella are still visible while the
bacterium enters the IPEC-J2 cell. Some unidedtlfaloon- or elongated shaped structures were
also visible, most clearly shown in Fig 1C. Theseansidered cell debris, likely due to the

experimental handling of the cell mixtures, siroeytwere also observed in non-infected IPEC cells.

3.2 Adhesion and invasion.

The capacity of the porcine pathog&3yphimurium and fous. Choleraesuis strains to adhere and
invade IPEC-J2 cells was assessed. In these exgagmo difference in adhesion between these
bacteria was observed although large variatiosglivesion were detected for all bacteria between
different experiments, resulting in relatively higtandard deviations (Table 2). The invasion of
IPEC-J2 cells was comparable for all strains a$, wrtept forS. Choleraesuis 977, which showed a

reduced capacity to invade the epithelial cells.

3.3 Susceptibility of Salmonella towards porcine g-defensin 2.
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The antimicrobial effect of pBD2 was assessed ag&irmyphimurium ands. Choleraesuis 994.
Bacteria were incubated with pBD-2 and plated oA Pftes for colony counting. No significant
difference in susceptibility was observed betwédenttvoSalmonella strains (Figure 2). At 4 ug/mi
pBD-2 the number of viable bacteria decreases dreatist and at 8-16 pg/ml affalmonella were
effectively killed by pBD-2. These minimal bactédal concentration (MBC) values correspond to

approximately 4-8 uM pBD-2, which is in the expetéetivity range of defensins.

3.4 Effect of infection on defensin gene expression.

In order to determine the effect &ilmonella infection on defensin regulation, IPEC-J2 cellsave
infected withS Typhimurium andS. Choleraesuis strains 994 and 997, which have cabjea(944)
and reduced (997) invasion characteristicS. fbyphimurium. The effect of infection on porcifie
defensin gene expression is shown in Figure 3.ghlfisignificant upregulation of both pBD-1
(p<0.01 at t=24 h) and especially pBD-2 (p<0.0t=a% h) was observed when IPEC-J2 cells were
infected withS Typhimurium. The observed increase of 5 unitha40-AC,; value (Fig. 3B)
corresponds to a 32-fold increase in gene expressiqpBD-2. Induction of pBD-1 gene expression
was approximately 8-fold (three 4Q¢€; units) after 24 h. In contras§, Choleraesuis (both strains) or
sham treatment of IPEC-J2 cells did not lead tigaificant increase in pBD-1 expression, indicating
that this is &. Typhimurium serovar specific process. The higheregexpression of pBD-2 for S.
Choleraesuis 997 infected cells compared to th&alorells did actually reach statistical significa
(p=0.024 at t = 24 h), but the extent of inductémm time dependency was completely different from
that observed for S. Typhimurium. To further sttidy requirements for defensin upregulatin,
Typhimurium were killed before IPEC-J2 infection &gher heat treatment or colistin treatment. Both
methods resulted in complete killing of bacteres(its not shown). In addition, to detect whether
Typhimurium secreted virulence factors or otheresed proteins were responsible for the observed
B-defensin upregulating effectSaTyphimurium sample was allowed to grow in antiludtee
IPEC-J2 cell medium for 3 h after which the baetevere discarded through filtration, resulting in a

solubleS. Typhimurium secretome fraction. The filtrationgs®iccessfully removed viable bacteria

9
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198
199
200
201
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203

from this sample as detected by plating on TSAegl@tesults not shown). As is shown in Figure 4,
heat or colistin treated bacteria were not capabsgnificantly inducing the expression of pBD-1 o
pBD-2, although a tendency (p=0.063) towards pBipfegulation is observed for colistin treated
bacteria after 6h. Similarly, the secretome of ke& Typhimurium did also not have an effect on
defensin gene expression. Overall, these resuits at viableS. Typhimurium, and not a cell- or

secreted component 8f Typhimurium, are required for upregulation of poe-defensins.
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4, Discussion

From an immunological point of view, the epitheliaing of the intestine has long been considered
solely a physical barrier to protect the underlinmucosa. Intestinal epithelial cells form a tightl
packed monolayer covered by a mucus layer thaffisudt to penetrate for pathogenic bacteria.
Although this is still an important function of épglial cells, their role in the innate immune respe
upon infection, and their role in homeostasis efglt microbiota is now generally being recognized
(Oswald, 2006). Intestinal epithelial cells prodegéokines and chemokines, which are crucial for
the recruitment and activation of immune cellsadidition, they produce and secrete effector
molecules such gsdefensins that can directly affect bacterial papahs in the gut. Many of the
characteristics of intestinal epithelial cells araintained within the IPEC-J2 cell line, includiting
presence of microvilli and the expression of paedieta defensins, described in this report. The
increasing number of reports using IPEC-J2 cefle ahows that the cell line has established ieself

a useful model for intestinal research.

In this report we used the IPEC-J2 cells as a mimdéétermine the effect @&lmonella infection on
porcinep-defensin regulation of intestinal epithelial cef&st, adhesion and invasion characteristics
towards IPEC-J2 cells (Table 1) were tested f8alnonella Choleraesuis strains and désmonella
Typhimurium. All testedsalmonella strains showed similar adhesion except for stgaibholeraesuis
997, which had a reduced invasive activity (TabBleThis corresponds well to observations in other
cell lines where similar invasion of S. Cholerassand S. Typhimurium were detected in the human
colonic carcinoma cell line Caco-2, the human egigirlike tumor cell line HEp-2, and rabbit ileal
epithelia (Bolton et al., 1999, Bolton et al., 2DA8owever, in our studies, there was a relatilaige
variation observed in adhesion and invasion betveageriments, which might have hampered
detection of relatively small differences betwé&atmonella serovars. Fo8. Typhimurium, Schmidt

et al (Schmidt et al., 2008) have described arceffegrowth phase of the bacterium on invasiveness
of cell lines showing that log phaSeTyphimurium have higher invasive activity thantistaary

phase bacteria. Although only log phase bacteri@ weed in this study, small day-to-day

11
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experimental differences could have affected theaune. The actual growth phaseSafmonella

could therefore, at least partially account forhigh variance in the observed results.

S Typhimurium reproducibly induced gene expressibbath pBD-1 and pBD-2, while no or little
effect was observed for the toCholeraesuis strains 994 and 997. TheseSv&Zholeraesuis strains
were chosen because of the similar (strain 994d#feting (strain 997) adhesion and invasion
characteristic compared & Typhimurium, to possibly determine an effect ofasiveness on
defensin regulation upon infection. The effecBoTyphimurium on defensin expression in IPEC-J2
cells corresponds well to the effect observed @ildal cell line IPI-21, (Veldhuizen et al., 2008he
effect is apparently specific f& Typhimurium, since Acobacter Cryaerophilg andSalmonella
Enteritidis (in the IP1-2I cell line) o& Choleraesuis (IPEC-J2) did not show the inducdedrdn
upregulation. However, studies by Sabgl also showed an increased pBD-1 expression inedath
cells upon infection wittescherichia coli andListeria Monocytogenes (Sang et al., 2005). The time
course of pBD-1 expression was slightly differemtifeal and jejunal cells. In the IPI-2] cell line
maximum induction was observed after 6 h whilejéenal cell line IPEC-J2 showed the highest
upregulation after 24 h. Whether this reflectsue wifference between jejunal and ileal cells or

whether this is a cell line specific effect is ot#ar at this stage.

The fact that two related serovars sucls.aByphimurium ands. Choleraesuis have such a different
effect on defensin expression of epithelial cedleeimarkable. Skjolaast al described a comparable
difference in chemokine expression upon infectidth whese twdsalmonella serovars (Skjolaas et

al., 2006). In these studies, II-8 and MIF (Macragé migration inhibitory factor) expression was
comparably regulated up&almonella infection but other innate immune genes such as20@CC
chemokine ligand 20) and osteopontin expressionSwaigphimurium specific. It is known that

vivo the outcome of clinical disease is dependent esdhmonella serovar, withs. Choleraesuis

being more likely to cause systemic disease Sdiyphimurium (Reed et al., 1986). In a recent study
this difference was at least partially contributec different localization and replication ratetteése

serovars in the porcine intestimevivo. S. Choleraesuis persisted better in the mesentariplty

12
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258  nodes and showed a lower replication rate thary@hifmurium in the epithelium layer (Paulin et al.,
259  2007). The described different response in terntytwkine and defensin production of epithelial
260  cells to invasion of botBalmonella serovars could add to the pathogenic differences Gglmonella

261 infection.

262  The experiments in this report indicated that ve&bITyphimurium are required to trigger the

263  induction of defensin gene expression, since biattar secreted components did not result in any
264  effect (Figure 4). This could mean tt&a monella has to invade the epithelial cell first before an

265 immune reaction is triggered, and would imply thgbsolic immunosensors, such as NOD or NOD-
266  like receptors could be involved (Delbridge and iGf&an, 2007). However, that cannot easily

267  explain whyS. Choleraesuis, which has a comparable invasiowiggtiloes not elicit such a

268  response, since these receptors recognize ligaademi in bottgalmonellae. Elucidation of the

269 initial receptor and signal transduction pathwaaling to defensin upregulation upan

270  Typhimurium infection could possibly resolve thssiie. Besides providing insight into infection and
271  disease development in pigs, this could also leachportant clues on how to prevesaimonella

272  infections. If the pathway leading to defensin prcttbn can be stimulated through simple feed

273  additives, the pig intestine would be well prepa@dncoming pathogens, thereby preventing

274  infection. The potential of this approach is supgdiby recent studies that have shown that

275  probiotics, but also non-microbial compounds suEhraino acids, vitamins and glucose, can induce
276  defensin expression (Barnea et al., 2008, Fehlketuah, 2000, Wang et al., 2004, Wehkamp et al.,
277  2004). The IPEC-J2 cell line provides a good arsy éa use porcine model to test new feed additives
278  that could stimulate defensin production, or irr@ader view, induce innate immunity in the porcine

279  intestinal tract.

280  In summary, we further validated IPEC-J2 epithadills as a useful model for intestinal researgh, b
281  visualizing microvilli on the surface of the ceflad describin@-defensin gene expression. The

282  expression op-defensins was induced up8nTyphimurium but no&. Choleraesuis infection. This
283  induction is dependent on vialeTyphimurium since bacterial or secreted componeittsiot

284  affect gene expression of thgsdefensins.
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Figurelegends.

Fig. 1. Scanning electron micrographs of IPEC-J8 cg\) Non-infected IPEC-J2 cells. (B)
Salmonella Typhimurium attached to the cell surface of an@GRE cell. (C ) Invasion dgalmonella,
the bacterium is engulfed by the IPEC-J2 cell dgngace. (D) Enlargement of the invasion process

shown in 1C.
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Fig. 2. Concentration dependent killing of (@I monela Typhimurium and (Bsalmonella
Choleraesuis 994 by pBD-2almonella were incubated with pBD-2 for 3 h, after which eening

viable bacteria were detected using colony counting

Fig 3. Effect ofSalmonella infection of IPEC-J2 cells on the gene expressigpBD-1 and pBD-2.
IPEC-J2 cells were Sham treated (C) or infectetd @atmonela Typhimurium (ST) Salmonella
Choleraesuis 994 (SC994) galmonella Choleraesuis 997 (SC997). Shown are mean expnessio
values (r4) expressed as 40 minus the corrected thresholdl@, plus SEM; 6, 12 and 24 h after
infection. Experiments were (minimally) performedduplicate and repeated on 2 separate days. ¥
indicates significant differences (p<0.05) compdrethe control levels at the same time point. **'

indicates p<0.01.

Fig. 4. Effect of viability ofS. Typhimurium on the expression of pBD-1 and pBDgdmi infection of
IPEC-J2 cellsS. Typhimurium were killed by heat inactivation ofistin treatment. Secreted
proteins ofS Typhimurium were collected by filtration after ftitubation ofS Typhimurium in
IPEC-J2 cell medium. ‘C’ = sham treated cells, ‘€8 Typhimurium infected cells. ‘Heat’ = heat-
killed S Typhimurium, ‘Col’= Colistin killedS. Typhimurium, ‘Sec’= secreted protein fractionf
Typhimurium. Shown are mean expression valued)rexpressed as 40 minus the corrected
threshold Ct value, plus SEM; 6 and 24 h afteratiém. Experiments were (minimally) performed in
duplicate and repeated on 2 separate days. ‘itates significant differences (p<0.05) compared to

the control levels at the same time point. **' indtes p<0.01.
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Tables

Table 1. Primer and probe sequences used for quantitative PCR

Gene Sequence Concentration

HPRT Forw. tggaaagaatgtcttgattgttgaag 300 nM

Rev. atctttggattatgctgettgacc 300 nM

Probe acactggcaaaacaatgcaaacctget 200 nM

pBD-1 Forw. tgccacaggtgccgatct 400 nM

Rev. ctgttagctgcttaaggaataaagge 400 nM

Probe tttggagcacacttgcccggeata 200 nM

pBD-2 Forw. ccagaggtccgaccactaca 300 nM
Rev. ggtcecttcaatcctgttgaa 300 nM
Probe ctgcaacttctcccectgeeeg 200 nM

Table 2. Adhesion and invasion of Sa/monella Typhimurium and Choleraesuis in IPEC-J2

Cells. Data are expressed as the number of bacteria per [PEC-J2 cell.

S. Choleraesuis . Choleraesuis  S. Choleraesuis  S. Choleraesuis  S. Typhimurium

994 995 996 997

Adhesion 2.35+1.68 1.83 £0.47 1.49 +£0.62 1.49+£0.25 1.94+1.04

Invasion 0.98 £ 060 0.70 £ 0.37 0.65 +0.31 0.14 £ 0.07 0.94 +0.57
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Figure 2
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Figure 3
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Figure 4
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