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Supporting Methods 

Bacterial growth. E. coli DH10B-T1R strain was used as host for the cloning and 

propagation of plasmids except those with R6K-origin of replication. Suicide pGE 

plasmids with R6K-ori were indistinctly grown in either E. coli strains BW25141 or 

CC118-λpir, which express the π protein for R6K replication [1]. Cultures of EPEC 

strains were grown overnight (o/n) in static at 37oC in a flask with 5 ml of liquid LB, 

unless otherwise indicated. Next day, cultures were diluted to a 0.05 OD600 in 5 ml of 

DMEM in a well-capped Falcon tubes (BD Biosciences) and incubated in agitation (180 

rpm) for 4 h for the expression of the T3SS, these cultures were used for the analysis of 

the T3-secreted proteins to the supernatant. For the infection of cell cultures with EPEC 

strains, the o/n LB cultures were diluted 1:50 in 5 ml of DMEM and grown at 37 oC with 

5% CO2 in 50 ml Falcon tubes with the lid open in static during 2.5 or 3 h, as indicated. 

EPEC strains harbouring map and nleC were grown o/n with agitation at 37oC in a 30 ml 

tube SterilinTM with 5 ml of liquid LB, the o/n LB bacteria cultures were diluted 1:100 in 

5ml of DMEM in 30 ml tube SterilinTM and were grown at 37 oC and 5% CO2, with the lid 

open and in static during 3 h. EPEC strains harbouring TcR-plasmids used for the β-

lactamase assay were grown o/n at 37 oC in LB with agitation (180 rpm) with Tc and 

next day were diluted to 0.05 OD600 in 4 ml of DEMEM without Tc and grown in 6-well 

tissue culture plates (Falcon) during 3 h, at 37 oC and 5% CO2. 

Isolation of deletion and insertion mutant strains in EPEC. The EPEC strain to be 

modified carried plasmid pACBSR (CmR) [2], or its SpR-variant pACBSR-Sp [3], both 

expressing the I-SceI and λ-Red proteins under the control of the PBAD promoter 

(inducible with L-arabinose). Subsequently, bacteria were electroporated with the 

corresponding pGE- or pGETS- vector (KmR) (Table A) and plated on LB-Km-(Cm or 
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Sp). Plasmids and parental strains used to obtain all the effector mutants are listed in 

Table B. For pGE-vectors (R6K-ori), plates were incubated at 37 oC and individual KmR-

colonies of the initial integration of the plasmid were grown for 6 h in LB-Cm (or Sp) 

liquid medium containing L-arabinose 0.4% (w/v) with agitation (180 rpm) to induce 

the expression of I-SceI. A sample of these cultures was streaked on LB-Cm (or Sp) 

agar plates and incubated o/n to isolate individual colonies, which were replicated in 

LB-Cm (or Sp) and LB-Km-Cm (or Sp) agar plates to identify Km-sensitive colonies. 

 

When using a pGETS-vector (pSC101-ts ori), transformants after electroporation were 

plated in LB-Km-Cm (or Sp) and incubated o/n at 30°C to obtain individual colonies. 

Several colonies were streaked on LB-Km-Cm (or Sp) plates and incubated at 42°C 

during 7-9 h (to induce plasmid integration), and the plates were kept o/n at 37°C. Small 

and large colonies grown on these plates, and the larger colonies were picked and 

streaked on LB-Km-Cm (or Sp) plates and incubated o/n at 37°C. Individual colonies 

were grown at 37°C in liquid medium containing L-arabinose and KmS colonies isolated 

from these cultures, exactly as described above with pGE-vectors.  

 

In all cases, specific primers were used to identify the modified strains by PCR (Table 

C). Approximately, half of the Km-sensitive colonies isolated had the mutant allele in 

the genome while the other half contained the wild-type allele (S1 Fig.).  Only in the 

case of the deletion of clusters of effector genes found in prophages (PPs) we utilized a 

positive selection to identify the mutant strains.  In these cases, we performed a 

“double-deletion” procedure, first incorporating an Amp-FRT gene cassette with the 

deletion allele and selecting AmpR colonies, and later deleting this marker and selecting 

AmpS colonies, as follows. In the initial deletion step, the pGE or pGETS vectors had 
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the Amp-FRT cloned between the two homology regions (HRs) flanking the targeted 

gene cluster (Table A). After the initial integration of these vectors, individual colonies 

were grown for 6 h in LB-Amp-Cm (or Sp) liquid medium containing L-arabinose 0.4% 

(w/v) with agitation (180 rpm) to induce I-SceI. A sample of these cultures was streaked 

on LB-Amp-Cm (or Sp) agar plates and incubated o/n to isolate individual colonies, 

which were replicated in LB-Amp-Cm (or Sp) and LB-Amp-Km-Cm (or Sp) agar plates 

to identify AmpR and KmS colonies, which had the deletion of the gene cluster but 

incorporated the Amp-FRT cassette. The Amp-FRT cassette was later deleted leaving 

no FRT scars by the use of pGE-vectors with the HRs flanking the targeted gene cluster 

but lacking the Amp-FRT cassette. After electroporation of the AmpR-mutants with the 

corresponding pGE-vector, we followed the procedure described above for selection of 

cointegrants and their resolution by induction with L-arabinose.  A sample of these 

cultures was streaked on LB-Cm (or Sp) agar plates and incubated o/n to isolate 

individual colonies, which were replicated in LB-Cm (or Sp), LB-Amp-Cm (or Sp) and 

LB-Km-Cm (or Sp) agar plates to identify colonies that were both Amp-sensitive and 

Km-sensitive. Deletion of the effector gene cluster and the Amp-FRT cassette was 

confirmed with specific primers by PCR. 

 

Genome sequencing and analysis. A single colony of the bacterial strain EPEC1 or 

EPECwt was inoculated in 5 ml of LB and grown with shaking o/n at 37oC. Bacteria 

were harvested and the genomic DNA was using GNOME® DNA Isolation Kit (MP 

Biomedicals). The DNA libraries were prepared with NEBNext Ultra DNA Library 

Prep Kit (New England BioLabs). The library was sequenced on an Illumina Miseq 

platform. After quality filtering 97.56% and 98.09% of the total number of reads were 

high quality, in EPECwt and EPEC1 respectively, with an average read length of 150 
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bases in EPECwt and 174 bases in EPEC1. The reads obtained were quality filtered 

using NGS QC Toolkit [4] and used to build a reference-guided assembly with BWA 

[5] against the EPEC O127:H6 strain E2348/69 (nc_011601) and the in silico designed 

reference sequence of EPEC1, followed by processing of the results with Samtools [6]. 

Mean coverage for EPEC1 was 112X and for EPEC WT 210X. De novo assemblies of 

the quality-filtered reads were also carried out using the A5 assembler [7]. The 

assemblies were visualized with IGV [8]. Genome annotation was carried out using 

RATT	 [9]. All analysis and annotation steps were automated using in-house developed 

scripts (Scientific computing service of CNB-CSIC). Genome comparisons were carried 

out using the Last aligner [10] and the Mummer toolkit [11]. Differences between 

EPECwt (PRJEB18716) and EPEC1 (PRJEB18717) genome are listed in Table D. 

Sequence comparison with EPEC O127:H6 strain E2348/69 (nc_011601) confirmed a 

perfect match with EPECwt except for the presence of four gaps: gap1 between bp 

positions 1267984 and 1308771; gap2 between bp positions 3221322 and 3243834; 

gap3 between bp positions 3367950 and 3420209; gap4 between bp positions 4461321 

and 4462695. Positions referred to sequence nc_011601.  

Protein extracts. For the analysis of proteins in EPEC, bacteria were harvested from 1 

ml aliquots of the cultures by centrifugation (14000xg, 5 min). To obtain whole-cell 

protein extracts, the cells were resuspended in 400 μl of phosphate-buffered saline 

(PBS), mixed with 100 μl of 5X SDS-PAGE sample buffer and boiled for 10 min, and 

then protein were separated by SDS-PAGE and analyzed by Western blot. For the 

analysis of secreted proteins, the bacterial cultures were centrifuged 5 min at 4000 rpm 

(4 oC) in 50 ml Falcon tubes (BD Biosciences). Culture supernatant was collected 

centrifuged again under the same conditions to ensure removal of bacteria. Later 1 ml of 

the culture supernatants was chilled on ice and incubated 60 min with trichloroacetic 
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acid (TCA 20% w/v; Merck) for protein precipitation. After centrifugation (14000xg, 15 

min, 4 oC), TCA-precipitated protein pellets were rinsed with cold acetone (-20 ºC) and 

resuspended in 30 μl of SDS-PAGE sample buffer for Coomassie staining.  

To evaluate the amount p65 protein into HeLa cells after infection with EPEC strains. 

Infected HeLa cells (aprox. 1.2x106 cells) were scraped from one well of a 6-well tissue 

culture plate (Falcon) using 500 μl of lysis buffer (1X). Lysis buffer 1X was prepared 

by with 175 μl of Tetrasodium Diphosphate Decahydrate-NaPPi 250 mM, 25 μl of 

Protease Inhibitor Cocktail (P8340, Sigma), 1 ml of lysis buffer (7X) and 5.80 ml of 

H2O. The lysis buffer 7X is: 350 mM Tris-base (pH 7.4), 1.05 M NaCl, 14 mM EDTA, 

and 7%(v/v) NP-40. This buffer was kept in aliquots of 1 ml at -20 oC until use. The 

lysed cell samples were recovered in a 1.5 ml tube and incubated during 30 min at 4 oC 

with rotation.  Then samples were centrifuged (14000xg, 15 min) and 400 μl of the 

supernatant were mixed with 5X SDS-PAGE sample buffer and then protein were 

separated by SDS-PAGE and analyzed by Western blot. The membranes were 

incubated with rabbit polyclonal anti-NF-kB p65 (SC-109 Santa Cruz, 1:1000) and 

mouse monoclonal anti-alpha Tubulin (clone DM1A Sigma, 1:1000).  Bound antibodies 

were detected with goat anti-rabbit POD (Jackson ImmunoResearch, 1:5000) and goat 

anti-mouse POD (Jackson ImmunoResearch, 1:10000) respectively. 

Infection of cell cultures and fluorescence confocal microscopy. The human cell 

lines HeLa (ATCC, CCL-2) were routinely grown as monolayers in DMEM 

supplemented with 10% heat-inactivated fetal bovine serum (FBS; Sigma) and 2 mM 

glutamine, at 37 oC with 5% CO2. HeLa cells were seeded on 24-well tissue culture 

plates (Falcon) with sterile coverslips approximately 24 h before the infection to obtain 

~90% cell confluence (i.e. 2x105 cells/well). HeLa cells were washed once with pre-

heated serum-free DMEM 2 h before the infection, and infected with EPEC strains for 
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90 min using a multiplicity of infection (MOI) of 200:1, unless indicated otherwise. 

Infections were stopped by three washes of sterile PBS (sigma), fixed with 4% (w/v) 

paraformaldehyde (in PBS, 20 min, RT) and washed again with PBS three times. Cells 

were permeabilized by incubation in a solution of 0.1% (v/v) of saponin (Sigma) in PBS 

for 10 min and washed with PBS three times. To stain EPEC strains, bacteria were 

incubated with polyclonal rabbit anti-intimin280 (1:500), or anti-O127 (1:100; a gift of 

Dr. Jorge Blanco, Universidad Santiago de Compostela) for Deae mutants, in PBS with 

10% (v/v) goat serum (Sigma) for 60 min at RT. For mucin staining cells were 

incubated with polyclonal rabbit anti-MUC2 (1:250 Santa Cruz) for 60 min RT. 

Coverslips were washed three times with PBS and incubated 45 min at RT with goat 

anti-rabbit secondary antibodies conjugated to Alexa488 (1:500, Life technologies) in 

PBS with 10% goat serum; along with Phalloidin TRITC (1:500; Sigma) and 4',6-

diamidino-2-phenylindole DAPI (1:1000; Sigma) to label F-actin and DNA, 

respectively. Coverslips were washed 3 times with PBS and were mounted with 4 μl of 

ProLong Gold anti-fade reagent (Life technologies). Mounted coverslips were dried o/n 

at RT. Samples were observed in a SP5 confocal microscope (Leica) using the 100X 

objective or a fluorescence Olympus microscope (BX61) using the 40X and 60X 

objective. 

To analyze the phenotype of filopodia formation, infection with EPEC strain was done 

in Swiss 3T3 mouse fibroblasts (ATCC; CCL-92) cells because these cells have more 

active actin dynamic than HeLa cells. Swiss 3T3 were grown as monolayer in DMEM-

high glucose, with 4500 mg glucose/l (D5671; Sigma) supplemented with 10% of heat-

inactivated fetal calf serum (FCS; Sigma), 2 mM glutamine and 1X of MEM non-

essential amino acid solution 100X (Sigma). The Swiss 3T3 cells were seeded on 24-

well tissue culture plates (Falcon) with coverslips 48 h before the infection to obtain cell 
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confluence between 60-70% (ca. 1.3x105 cells). Swiss 3T3 cells were washed three 

times with sterile pre-warmed PBS (Sigma) and serum-free DMEM 2 h previous to the 

infection. Infections were done with 500 μl of EPEC cultures grown in DMEM during 3 

h (aprox. MOI 500:1). The plates were centrifuged to synchronize the infection (500xg, 

5 min, in a rotor pre-warmed at 37 oC) and the infection was continued for additional 5 

min. Infections were stopped by three washes with sterile PBS (Sigma), fixed with 4% 

(w/v) paraformaldehyde (in PBS, 20 min, RT) and washed again with PBS three times. 

Fixed monolayers were treated with 50 mM NH4Cl (10 min, RT) for formaldehyde 

neutralization, permeabilized by incubation with 0.2% (v/v) Triton X-100 in PBS (4 

min, RT), and washed with PBS twice. Coverslips were treated with PBS-0.2% BSA 

(10 min, RT) and incubated with polyclonal rabbit anti-O127 (1:100) in PBS-0.2% BSA 

for 60 min at RT to stain EPEC bacteria. Coverslips were washed twice with PBS and 

then treated with PBS-0.2% BSA during 5 min. Then coverslips were incubated 45 min 

with donkey anti-rabbit-Alexa488 (Jackson ImmunoResearch, 1:100) in PBS-0.2% 

BSA together with Oregon-green Phalloidin (1:100, Invitrogen) to label bacteria and 

actin respectively. Coverslips were washed 3 times with PBS after incubation and 

mounted with ProLong Gold anti-fade reagent (Life technologies). Samples were 

observed at the Zeiss Axio imager microscope. The projections of the images were done 

with AxioVision LE Software (Zeiss).  

To analyze translocation of NleC, HeLa cells were grown in DMEM supplemented with 

10% fetal bovine serum (FBS; Sigma), 2 mM glutamine and 1% of MEM non-essential 

amino acid solution 100X (Sigma). HeLa cells were seeded on 6-well tissue culture 

plates (Falcon) 48 h before to the infection to obtain cell confluence between 70% and 

80% (aprox. 1.2x106 cells). Previous to the infection, HeLa cells were washed three 

times with sterile pre-warmed PBS (Sigma) and serum-free DMEM was added for 2 h. 
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Infections were done with 1.5 ml of EPEC cultures (MOI 200:1), except for EPEC0 

strains in which 3 ml were utilized (MOI 400:1), grown in DMEM 3 h previous to the 

infection. Cells were infected 1 h and then washed three times with PBS and incubated 

for additional 3 h with 200 �g/ml of gentamicin in DMEM. Cells were washed with 

PBS to remove unbound bacteria and cellular protein extracts were prepared analyzed 

by Western blot (see above).  

The adenocarcinoma colon human cells LS174T (ECACC 87060401) were routinely 

grown in DMEM supplemented with 10% heat-inactivated fetal bovine serum (FBS; 

Sigma) and 2 mM glutamine and 1X non essential amino acids (Sigma) at 37 oC with 

5% CO2. LS174T cells were seeded at a density of 105 cells per well on 24-well tissue 

culture plates (Falcon) with sterile coverslips for 7 days to reach 100% cell confluence. 

LS174T cells were washed three times with pre-heated PBS (Sigma) 2 h before the 

infection and serum-free DMEM was added. Infection was done using 200μl of 

preactivated EPEC strains during 90 min. Infections were stopped by three washes of 

sterile PBS (Sigma), fixed with 4% (w/v) paraformaldehyde (in PBS, 20 min, RT) and 

washed again with PBS three times. Cells were permeabilized by incubation in a 

solution of 0.1% of Triton X-100 (Sigma) in PBS for 10 min and washed with PBS 

three times. The immunofluorescence staining was done as described previously for 

HeLa cells. 

β-Lactamase translocation assay. HeLa cells were seeded in a 96-well opaque plate 

(Nunc) 48 h previous to the infection to obtain a cell confluence of 4x104 cell/well, at 

37oC with 5% CO2. The culture medium of the cells was changed 2 h before to the 

infection by serum-free DMEM. HeLa cells were infected with the induced EPEC 

strains with a MOI of 100:1, after 30 min of infection 1 mM of isopropyl �-D-1-

thiogalactopyranoside IPTG was added, and the infections were maintained during 1 
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extra hour under these conditions. Then cells were washed twice with pre-heated 

DMEM and cover with 100 μl of Hanks' balanced salt solution (HBSS; Sigma) and 20 

μl of 6X CCF2/AM solution (final concentration 1 μM) following manufacturer 

instructions (LiveBLAzer™ FRET-B/G Loading Kit with CCF2-AM; ThermoFisher 

Scientific). Samples were incubated for 1 h in the dark at a room temperature (RT) and 

plates were read in a SpectraMax M2 fluorometer (Molecular Devices) with a filter set 

450/520 nm. 

 

Plasmid constructs. Plasmids based on pGE- or pGETS-vector backbones were 

constructed for the deletion and insertion of effector genes sequences in the 

chromosome of EPEC (Table A). A list of all EPEC mutants generated indicating 

parental strain and plasmid used can be found in Table B. Oligonucleotide primers used 

in DNA constructs are described in Table C.  Vectors pGE [12], pGETS [3], pACBSR 

[2] and pACBSR-Sp [3] have been described previously. 

pGETS∆map: is a pGETS-derivate with two homology regions (HRs) of 300 bp 

flanking map ORF of EPEC, the HRs are fused and were synthesized (GeneArt, Life 

Technologies) with flanking XhoI-SphI restriction sites and cloned into the same sites of 

pGETS.  

pGE∆espG:  is a pGE-derivate with two HRs of ca. 700 bp flanking the espG ORF that 

were amplified by PCR from the chromosome of EPEC. The HR1 was amplified with 

primers 3 and 4 and the HR2 was amplified with primers 5 and 6.  The HRs were fused 

by a fusion PCR using primers 3 and 6 and the resulting DNA fragment was cloned 

with XhoI and SphI in the pGE-backbone. 

pGETS∆espF: is a pGETS-derivate with two homology regions (HRs) of 300 bp 

flanking the espF ORF of EPEC, the HRs are fused and were synthesized (GeneArt, 
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Life Technologies) with flanking XhoI-SphI restriction sites and cloned into the pGETS-

backbone.  

pGE∆espH:  is a pGE-derivate with two HRs of ca. 600 bp flanking the espH gene that 

were amplified by PCR from the chromosome of EPEC. The HR1 was amplified with 

primers 11 and 12 and the HR2 was amplified with primers 13 and 14.  The HRs were 

fused by a fusion PCR using primers 11 and 14 and the resulting DNA fragment was 

cloned with XhoI and SphI in the pGE-backbone. 

pGE∆IE5:  is a pGE-derivate with two HRs of ca. 600 bp flanking the cluster of effector 

genes in IE5 (espC and espG) that were amplified by PCR from the chromosome of 

EPEC. The HR1 was amplified with primers 15 and 16 and the HR2 was amplified with 

primers 17 and 18.  The HR1 was digested XhoI-SacI, the HR2 was digested SacI-SphI 

and the pGE-vector was digested XhoI-SphI. The HRs were cloned with a triple ligation 

between XhoI-SacI-SphI sites in the pGE-backbone.  

pGE∆IE6:  is a pGE-derivate with two HRs (HR1 1000 bp and HR2 ca. 600 bp) 

flanking the cluster of effector genes in IE6 (espL, nleB, nleE, efa1/lifA) that were 

amplified by PCR from the chromosome of EPEC. The HR1 was amplified with 

primers 21 and 22 and the HR2 was amplified with primers 23 and 24. The HR1 was 

digested XhoI-SacI, the HR2 was digested SacI-SphI and the pGE-vector was digested 

XhoI-SphI. The HRs were cloned with a triple ligation between XhoI-SacI-SphI sites in 

the pGE-backbone.  

pGE∆IE2:  is a pGE-derivate with two HRs (HR1 1000 bp and HR2 ca. 600 bp) 

flanking the cluster of effector genes in IE2 (efa1/lifA, nleE, nleB*, espL*) that were 

amplified by PCR from the chromosome of EPEC. The HR1 was amplified with 

primers 27 and 28 and the HR2 was amplified with primers 29 and 30.  The HR1 was 

digested XhoI-SacI, the HR2 was digested SacI-SpeI and the pGE-vector was digested 
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XhoI-SpeI. The HRs were cloned with a triple ligation between XhoI-SacI-SpeI sites in 

the pGE-backbone.  

pGE∆PP2: is a pGE-derivate with two HRs (HR1 300 bp and HR2 ca. 700 bp) flanking 

the cluster of effector genes in PP2 (nleH, Cif*, espJ) that were amplified by PCR from 

the chromosome of EPEC. The HR1 was amplified with primers 33 and 34 and the HR2 

was amplified with primers 35 and 36.  The HR1 was digested XhoI-SacI, the HR2 was 

digested SacI-SphI and the pGE-vector was digested XhoI-SphI. The HRs were cloned 

with a triple ligation between XhoI-SacI-SphI sites in the pGE-backbone.  

pGE∆PP2-Amp-FRT: is a pGE∆PP2-derivate with the bla gene (AmpR) flanked by two 

FRT sites inserted between the HRs. The Amp-FRT cassette flanked by SacI restriction 

sites was amplified with primers 57 and 59 from plasmid pGE-Amp-FRT and cloned in 

the SacI restriction site of the pGE∆PP2. Plasmid pGE-Amp-FRT was constructed by 

amplification of the Ampicillin resistance gene from pUC18 [13] with oligos 

incorporating FRT sites (Table C). 

pGE∆PP3: is a pGE-derivate with two HRs (HR1 ca. 400 bp and HR2 ca. 600 bp) 

flanking nleJ gene that were amplified by PCR from PP3 in the chromosome of EPEC. 

The HR1 was amplified with primers 39 and 40 and the HR2 was amplified with 

primers 41 and 42.  The HR1 was digested XhoI-SacI, the HR2 was digested SacI-SphI 

and the pGE-vector was digested XhoI-SphI. The HRs were cloned with a triple ligation 

between XhoI-SacI-SphI in the pGE-backbone.  

pGE∆PP3-Amp-FRT: is a pGE∆PP3-derivate with the bla gene (AmpR) flanked by two 

FRT sites inserted between the HRs. The Amp-FRT cassette flanked by SacI restriction 

sites was amplified with primers 57 and 59 from a plasmid carrying bla gene, and 

cloned in the SacI restriction site of the pGE∆PP3.  
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pGE∆PP4: is a pGE-derivate with two HRs (HR1 300 bp and HR2 ca. 900 bp) flanking 

the cluster of effector genes in PP4 (nleG, nleB, nleC, nleH*, nleD) that were amplified 

by PCR from the chromosome of EPEC. The HR1 was amplified with primers 45 and 

46 and the HR2 was amplified with primers 47 and 48.  The HR1 was digested XhoI-

SacI, the HR2 was digested SacI-SphI and the pGE-vector was digested XhoI-SphI. The 

HRs were cloned with a triple ligation between XhoI-SacI-SphI in the pGE-backbone.  

pGE∆PP4-Amp-FRT: is a pGE∆PP4-derivate with the bla gene (AmpR) flanked by two 

FRT sites inserted between the HRs. The Amp-FRT cassette flanked by SacI restriction 

sites was amplified with primers 57 and 59 from plasmid carrying the bla gene and 

cloned in the SacI restriction site of pGE∆PP4.  

pGE∆PP6: is a pGE-derivate with two HRs of ca. 500 bp flanking the cluster of effector 

genes in PP6 (nleA/espL, nleH ,nleF, espO) that were amplified by PCR from the 

chromosome of EPEC. The HR1 was amplified with primers 51 and 52 and the HR2 

was amplified with primers 53 and 54.  The HR1 was digested XhoI-SacI, the HR2 was 

digested SacI-SphI and the pGE-vector was digested XhoI-SphI. The HRs were cloned 

with a triple ligation between XhoI-SacI-SphI in the pGE-backbone.  

pGETS∆PP6-Amp-FRT: is a pGETS-derivate with two HRs of ca. 500 bp flanking the 

cluster of effector genes in PP6 (nleA/espL, nleH ,nleF, espO). The pGE∆PP6 was 

digested XhoI-SphI and the DNA fragment with the HRs was cloned in the pGETS 

backbone. The Amp-FRT cassette flanked by SacI restriction sites was amplified with 

primers 58 and 59 from a plasmid carrying the bla gene and cloned in the SacI 

restriction site of pGETS∆PP6.  

pGE∆espZ-2: is a pGE-derivate with two HRs of ca. 700 bp flaking the espZ gene that 

were amplified by PCR from EPEC chromosome. The HR1 was amplified with primers 

71 and 72 and the HR2 was amplified with primers 73 and 74.  The HR1 was digested 
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XhoI-SacI, the HR2 was digested SacI-SphI and the pGE-vector was digested XhoI-

SphI. The HRs were cloned with a triple ligation between XhoI-SacI-SphI in the pGE-

backbone.  

pGE∆tir: is a pGE-derivate with two HRs (HR1 300 bp and HR2 ca. 700 bp) flaking the 

tir gene that were amplified by PCR from EPEC chromosome. The HR1 was amplified 

with primers 77 and 78 and the HR2 was amplified with primers 79 and 80.  The HR1 

was digested XhoI-SacI, the HR2 was digested SacI-SphI and the pGE-vector was 

digested XhoI-SphI. The HRs were cloned with a triple ligation between XhoI-SacI-SphI 

in the pGE-backbone.  

pGE∆escN: is a pGE-derivate with two HRs of ca. 600 bp flaking the escN gene that 

were amplified by PCR from EPEC chromosome. The HR1 was amplified with primers 

60 and 61 and the HR2 was amplified with primers 62 and 63.  The HR1 was digested 

XhoI-SacI, the HR2 was digested SacI-SphI and the pGE-vector was digested XhoI-

SphI. The HRs were cloned with a triple ligation between XhoI-SacI-SphI in the pGE-

backbone. 

pGE∆eae: is a pGE-derivate with two HRs of ca. 500 bp flanking eae gene. The HRs 

were amplified by PCR from EPEC chromosome. The HR1 was amplified with primers 

102 and 103 and the HR2 was amplified with primers 104 and 105.  The HR1 was 

digested XhoI-SacI, the HR2 was digested SacI-SphI and the pGE-vector was digested 

XhoI-SphI. The HRs were cloned with a triple ligation between XhoI-SacI-SphI in the 

pGE-backbone.  

pGE+map: is pGE-derivatibe with the map gene and flanking HRs as in the 

chromosome of EPEC.  The DNA fragment with map gene plus the HRs was amplified 

with primers 66 and 67 from EPEC chromosome and was cloned XhoI-SphI in the pGE-

backbone.  
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pGE+espH: is pGE-derivate with the espH gene and flanking HRs as in the 

chromosome of EPEC.  The DNA fragment with espH gene plus the HRs was amplified 

with primers 11 and 68 from EPEC chromosome and was cloned XhoI-SpeI in the pGE-

backbone. 

pGE+espF: is a pGE-derivate with the espF gene and flanking HRs as in the 

chromosome of EPEC.  The DNA fragment with espF gene plus the HRs was amplified 

with primers 69 and 70 from EPEC chromosome and was cloned XhoI-SphI in the pGE-

backbone.  

pGE+espG: is pGE-derivate with the espG gene plus the HRs as in the chromosome of 

EPEC.  The DNA fragment with espG gene plus the HRs was amplified with primers 3 

and 6 from EPEC chromosome and was cloned XhoI-SphI in the pGE-backbone.  

pGE∆PP4+nleC: is a pGE∆PP4-derivate with the intergenic region between nleG and 

nleB fused to nleC plus the HRs as in the chromosome of EPEC. The intergenic region 

between nleG and nleB2 was amplified with primers 83 and 84 and the nleC gene was 

amplified with primers 85 and 86 from EPEC chromosome. Both fragments were fused 

by a fusion PCR using primers 83 and 86 and the resulting DNA fragment was cloned 

in the SacI site between the HRs in the pGE∆PP4.  

pGE∆lifA-like: is a pGE∆IE2-derivative with HRs flanking lifA-like gene in IE2 of 

EPEC. The HR2 was amplified with primers 87 and 88 from EPEC chromosome and 

was cloned between SacI-SphI sites in the pGE∆IE2.  

pGE∆lifA: is a pGE∆IE6-derivative with HRs flanking lifA gene in IE6 of EPEC. The 

HR1 was amplified with primers 114 and 115 from EPEC chromosome and was cloned 

between XhoI-SacI sites in the pGE∆IE6. 

pGE∆nleE2: is a pGE-derivate with two HRs of ca. 500 bp flanking nleE2 gene. The 

HRs were amplified by PCR from IE2 in the chromosome of EPEC. The HR1 was 
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amplified with primers 90 and 91 and the HR2 was amplified with primers 92 and 93.  

The HR1 was digested XhoI-SacI, the HR2 was digested SacI-SphI and the pGE-vector 

was digested XhoI-SphI. The HRs were cloned with a triple ligation between XhoI-SacI-

SphI in the pGE-backbone.  
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Table A. E. coli K-12 strains and plasmids used in this work 
Name Relevant genotype and features         Reference 
DH10B-T1R (F- l-) mcrA Δmrr-hsdRMS-mcrBC φ80lacZDM15 ΔlacX74 recA1 endA1     [14]  

araD139 Δ(ara, leu)7697 galU galK rpsL (StrR) nupG tonA 
BW25141 (F- l-) Δ(araD-araB)567, ΔlacZ4787(::rrnB-3), Δ(phoB-phoR)580, galU95,     [15] 
 ΔuidA3::pir, recA1, endA9(del-ins)::FRT, rph-1, Δ(rhaD-rhaB)568, hsdR51 
CC118 lpir ∆(ara-leu) araD ∆lacX74 galE galK phoA20 thi- rpsE rpoB argE(Am) recA1, lpir    [16] 
pCX340 (TcR) pBR ori, ptrc promoter, for fusions to the β-lactamase     [17] 
pEspF1-20Bla pCX340 derivative; EspF residues 1-20 fused to β-lactamase    [18] 
pACBSR (CmR) p15A ori, PBAD promoter, I-SceI endonuclease and λ Red genes    [2] 
pACBSR-Sp (SpR) p15A ori, PBAD promoter, I-SceI endonuclease and λ Red genes    [3] 
pGE (KmR) R6K-ori, polylinker flanked with two I-SceI restriction sites    [12] 
pGETS (KmR) pSC101-ts ori, polylinker flanked with two I-SceI restriction sites    [3] 
pGE∆escN pGE derivative; with HRs flanking escN of EPEC    This work 
pGETS∆map pGETS derivative; with HRs flanking the map gene of EPEC    This work 
pGE∆espG pGE derivative; with HRs flanking the espG gene of EPEC    This work 
pGETS∆espF pGETS derivative; with HRs flanking espF gene of EPEC    This work 
pGE∆espH pGE derivative; with HRs flanking the espH gene of EPEC    This work 
pGE∆IE5 pGE derivative; with HRs flanking IE5 cluster espC and espG of EPEC    This work 
pGE∆IE6 pGE derivative; with HRs flanking IE6 cluster espL, nleB, nleE, efa1/lifA of EPEC     This work 
pGE∆IE2 pGE derivative; with HRs flanking IE2 cluster efa1/lifA-like, nleE, nleB*, espL* of EPEC    This work 
pGE∆PP2 pGE derivative; with HRs flanking PP2 cluster nleH, cif*, espJ of EPEC    This work 
pGE∆PP3 pGE derivative; with HRs flanking PP3 gene nleJ of EPEC    This work 
pGE∆PP4 pGE derivative; with HRs flanking PP4 cluster nleG, nleB, nleC, nleH*, nleD of EPEC    This work 
pGE∆PP6 pGE derivative; with HRs flanking PP6 cluster nleA/espL, nleH ,nleF, espO of EPEC    This work 
pGE∆PP2-Amp-FRT pGE derivative; Amp-FRT and HRs of PP2 cluster nleH, Cif*, espJ of EPEC     This work 
pGE∆PP3-Amp-FRT pGE derivative; Amp-FRT and HRs of PP3 gene nleJ of EPEC    This work 
pGE∆PP4-Amp-FRT pGE derivative; Amp-FRT and HRs of PP4 cluster nleG, nleB, nleC, nleH*, nleD of EPEC    This work 
pGETS∆PP6-Amp-FRT  pGETS derivative; Amp-FRT and HRs of PP6 cluster nleA/espL, nleH, nleF, espO of EPEC    This work 
pGE∆espZ-2 pGE derivative; HRs flanking espZ gene and its RBS     This work 
pGE∆tir pGE derivative; HRs flanking tir gene of EPEC    This work 
pGE+map pGE derivative; with map plus HRs as in the chromosome of EPEC    This work 
pGE+espH pGE derivative; with espH plus HRs as in the chromosome of EPEC    This work 
pGE+espF pGE derivative; with espF plus HRs as in the chromosome of EPEC    This work 
pGE+espG pGE derivativee; with espG plus HRs as in the chromosome of EPEC    This work 
pGE∆PP4+nleC pGE∆PP4 derivative; with nleC and intergenic region between nleG and nleB2    This work 
pGE∆eae pGE derivative; with HRs flanking eae gene of EPEC    This work 
pGE∆nleE2 pGE derivative; with HRs flanking nleE2 gene in IE2 of EPEC    This work 
pGE∆lifA-like pGE derivative; with HRs flanking efa1/lifA-like gene in IE2 of EPEC    This work 
pGE∆lifA pGE derivative; with HRs flanking efa1/lifA gene in IE6 of EPEC     This work   
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Table B. Modifications of EPEC genome using pGE and pGETS plasmids  
Resulting strain Parental strain Plasmid integrated  Checking primers 
EPEC∆escN EPEC pGE∆escN 64,65 
EPEC∆map EPEC pGE∆map 1,2 
EPEC11 EPEC∆map pGE∆espG 7,8 
EPEC10 EPEC11 pGE∆espF 9,10 
EPEC9 EPEC10 pGE∆espH 11,14 
EPEC8 EPEC9 pGE∆IE5 19,20 
EPEC7 EPEC8 pGE∆IE6 25,26 
EPEC6 EPEC7 pGE∆IE2 31,32 
EPEC5-Amp-FRT EPEC6 PGE∆PP2-Amp-FRT 37,38 
EPEC5 EPEC5-Amp-FRT PGE∆PP2 37,38 
EPEC4-Amp-FRT EPEC5 pGE∆PP3-Amp-FRT 43,44 
EPEC4 EPEC4-Amp-FRT pGE∆PP3 43,44 
EPEC3-Amp-FRT EPEC4 pGE∆PP4-Amp-FRT 49,50 
EPEC3 EPEC3-Amp-FRT pGE∆PP4 49,50 
EPEC2-Amp-FRT EPEC3 pGETS∆PP6-Amp-FRT 55,56 
EPEC2 EPEC2-Amp-FRT pGE∆PP6 55,56 
EPEC1 EPEC2 pGE∆espZ-2 75,76 
EPEC0 EPEC1 pGE∆tir 81,82 
EPEC7∆lifA-like EPEC7 pGE∆lifA-like 31,89 
EPEC7∆nleE2 EPEC7 pGE∆nleE 94,95 
EPEC2map EPEC2 pGE+map 1,2 
EPEC1map EPEC1 pGE+map 1,2 
EPEC0map EPEC0 pGE+map 1,82 
EPEC2nleC EPEC2 pGE+nleC 49,50 
EPEC1nleC EPEC1 pGE+nleC 49,50 
EPEC0nleC EPEC0 pGE+nleC 49,50 
EPEC2map+espH EPEC2map pGE+espH 11,14 
EPEC2map+espH+espF EPEC2map+espH pGE+espF 9,10 
EPEC2LEE EPEC2map+espH+espF pGE+espG 7,8 
EPEC∆espZ-2 EPEC EPEC∆espZ-2 75,76 
EPEC2∆eae EPEC2 pGE∆eae 106,107 
EPEC1∆eae EPEC1 pGE∆eae 106,107 
EPEC∆lifA-like EPEC pGE∆lifA-like 31, 89 
EPEC∆lifA EPEC pGE∆lifA 116, 26 
EPEC∆lifA-like ∆lifA EPEC∆lifA-lke pGE∆lifA 116,26
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Table C. Oligonucleotides used in this work (1/4) 
Number Name Sequence (5´-3´) 
1 PF.CesF82  cgtgaaaagcgagggcgtcagtttg 
2 PR-tir.86   gcgccgtctgtttgtgaaggtagtg 
3 F.XhoI.espG.HR1(2) ccggttctcgaggcctctggaatagttgcttgctttacactcag 
4 R.espG.HR1.Fus tatgatgctataataaaactttattaatcaaaaccaataatagaaatc 
5 F.espG.HR2.Fus taaagttttattatagcatcatatagtgtcaataatatacaagatatttatagcgg 
6 R.sphI.espG.HR2(2) cgacatgcatgcgaacaagggacaaatagctgaacaagtaaccgcg 
7 F.check.∆espG cgattcatcggacagaatcatcagactttcat 
8 R.check.∆espG tcggcgaaagaggatctgccatacatcaag 
9 PF.escF.179  cgataaaagatctggtctcaaccatttctaacc 
10 PR.IE.espF  gtaatacggaaatacattgag 
11 F.XhoI.espH.HR1(3)  cggctcgagccggaaggtgatgtgtcagttgatgatg 
12 PR.EspH.HR1.Fus cataaaataatactcctgattaatcacatacta 
13 PF.EspH.HR2.Fus tgattaatcaggagtattattttatgctgttttctttttctcc 
14 R.sphI.espH.HR2  gcccgcatgcctgacgccctcgcttttcacgataacg 
15 F.XhoI.espG2.HR1 cccgctcgagtgaaggcgaaaaagatgattg 
16 R.SacI.espG2.HR1.Fus cagatttaaacgtctggagctctacacatcctttttattc 
17 F.SacI.espC.HR2.Fus gaataaaaaggatgtgtagagctccagacgtttaaatctggc 
18 R.speI.espC.HR2 ccggactagtcagtagctgaagtaatggtattgc 
19 F.check.∆IE5 cttaaccagataagagttaaatg 
20 R.check.∆IE5 gccacgggtaaaaagtggcgttttcg 
21 F.XhoI.espL.HR1 ccggctcgaggtgaagccaccctcctctcccctggcg 
22 R.SacI.espL.HR1 cagagattttaagagctcaacaacatttgtgcctgaggaaag 
23 F.SacI.lifA.HR2 cacaaatgttgttgagctcttaaaatctctgttaaagatg 
24 R.SpeI.lifA.HR2 cctagactagtgtcagattctgaccagacg 
25 F.check.∆IE6 gtcggtttttccgtcccaccgggatatc 
26 R.check.∆IE6 gttaccaattcttgtctaatggc 
27 F.XhoI.lifA-like.HR1 ccggctcgagggtgtgcaggatacctgcctctatcatc 
28 R.SacI.lifA-like.HR1 cataccatctttatggagctctagttttgcacaatatattc 
29 F.SacI.espL*.HR2 gtgcaaaactagagctccataaagatggtatgacc 
30 R.SpeI.espL*.HR2 cctagactagttcatgattgattagctaaccagg 
31 F.check.∆IE2 cagccagaaaaatgtggtgtttaac 
32 R.check.∆IE2 ctgtttacctctttctcagggagtttag 
33 F.XhoI.PP2.HR1.n cccctcgagagtgtgtggtaagaccgctg 
34 R.PP2.HR1.n gaacgtgaaacgctgagctcccccattatccgagctag 
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Table C. Oligonucleotides used in this work (continued 2/4) 
Number Name Sequence (5´-3´) 
35 F.PP2.HR2.n cggataatgggggagctcagcgtttcacgttcagc 
36 R.sphI.PP2.HR2 cgcggcatgcccgcctcctttcctccccggtctg 
37 F.check.∆PP2 ctgaagtccggctggagtgagtg 
38 R.check.∆PP2.n gggtaatcacgcaggtggtgatac 
39 F.XhoI.nleJ.HR1 cccgctcgaggttgtaagtaccccgcttaggtg 
40 R.SacI.nleJ.HR1.n ctactcctcatagagctcttacgggtaaaagcattctttattc 
41 F.SacI.nleJ.HR2.n gcttttacccgtaagagctctatgaggagtagcaaagtgcactc 
42 R.SphI.nleJ.HR2 cgcggcatgccatgcaccacctttatccag 
43 F.check.∆nleJ gagacataaattcctaactgtg 
44 R.check.∆nleJ ggtgaggtacaaccgcaaacac 
45 F.XhoI.PP4.HR1.n gcgctcgagccgctgcaaatcctgcgtgc 
46 R.SacI.PP4.HR1.n caagaaacacaggagctcatatgtgatactaaccg 
47 F.SacI.PP4.HR2.n gtatcacatatgagctcctgtgtttcttgtgc 
48 R.SphI.PP4.HR2.n cgcggcatgcccggcagacttgctacctgc 
49 F.check.∆PP4.n cattctggagtcagatgagaatgg 
50 R.check.∆PP4 cagatatcgccctggttgatag 
51 F.XhoI.PP6.HR1 cccgctcgagatttgtggatgacatttgttgtggacc 
52 R.SacI.PP6.HR1.n cacactagatcgagctcgttggacaacggcatccaaatc 
53 R.SacI.PP6.HR2.n ccgttgtccaacgagctcgatctagtgtgattacaatc 
54 R.SphI.PP6.HR2.n cgcgcatgcccactttaactgcatgacagg 
55 F.check.∆PP6 gccgatacagtgcgtggtgaggc 
56 R.check.∆PP6.n ggtttacattgttctaccacaatag 
57 F.SacI.HindIII.Amp-FRT cgcgagctcaagcttgaagttcctatactttctagagaataggaacttcggaataggaacttcatgagtaaacttggtctgac 
58 F.SacI.NdeI.Amp-FRT cgcgagctccatatggaagttcctatactttctagagaataggaacttcggaataggaacttcatgagtaaacttggtctgac 
59 R.SacI.SpeI.Amp-FRT cgcgagctcactagtgaagttcctattccgaagttcctattctctagaaagtataggaacttctcggggaaatgtgcgcgg 
60 F.XhoI.escN.HR1 ggccctcgagtgtgaaagagctgcagcgccagc 
61 R.SacI.escN.HR1 gggcgagctcttaccgttcctaatactttaag 
62 F.SacI.escN.HR2 gggcgagctcgtatgttggacagaattttatctattcg 
63 R.SphI.escN.HR2 gacatgcatgcgattccgttactacatttaattg 
64 F.check.∆escN cggcgtacaagaaacgcgttatttg 
65 R.check.∆escN cgaaaacatagtcttttttatg 
66 F.XhoI.map.HR1 gcgctcgagagatctttgcaaaattgttcattc 
67 R.SphI.map.HR2 gccgcatgcacacgttcctttatattactatg 
68 R.SpeI.espH.HR2 gcgactagtctgacgccctcgcttttcacgataacg 
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Table C. Oligonucleotides used in this work (continued 3/4) 
Number Name Sequence (5´-3´) 
69 F.XhoI.espF.HR1. ggccctcgagtaagcttcccaaatatgcgg 
70 R.SphI.espF.HR2 cgccgcatgccttcaggaaaaatataaccagataac 
71 F.XhoI.espZ.HR1 ccggttctcgagacagtgcttgcatctgattagcttctttttctg 
72 R.SacI.espZ.HR1.new.E gcgcgagctccataaaaatagagaggtaatggatgcattatgc 
73 F.SacI.espZ.HR2.new.E cgcgcgagctcctaatttagacatttacctgg 
74 R.SphI.espZ.HR2 cgacatgcatgcgcgacaggcgcatcaacgtcgtaatcaac 
75 F.check.∆espZ cctctttttccacactgagtgtcatatttcc 
76 R.check.∆espZ gttaccgaaggagtaaataatgtcacccgc 
77 F.XhoI.tir.HR1.new cgcgctcgagggggaaacttactgcgctgttattttttttc 
78 R.SacI.tir.HR1.new gcgcgagctcacatatatccttttatttagaaatttg 
79 F.SacI.tir.HR2.Fus aaggatatatgtgagctcatatatctgtgagtatttag 
80 R.SphI.tir.HR2 cgcggcatgcgtttgggctccaccacaatgag 
81 F.check.∆tir cgtgaaaagcgagggcgtcagtttg 
82 R.check.∆tir caatcctaaaccagcactaagc 
83 F.SacI.intergenic.nlGB gcgcgagctcaataaatattacccaagc 
84 R.Fus.intergenic.nlGG ctatatcaaattcattcgtcgtcctgtttatcc 
85 F.Fus.nleC gataaacaggacgacgaatgaatttgatatagtttattttg 
86 R.SacI.nleC gcgcgagctcaaaatgtatgaatagtaac 
87 F.SacI.lifA-like.HR2 ggccgagctcctgcaaaggtttagatattaac 
88 R.SpeI.lifA-like.HR2 ggccactagtagaagctcagcaacttgtgtaagg 
89 R.check.∆lifA-like gtgaaatgggagaaatctttagctac 
90 F.XhoI.nleE.HR1 ggccctcgagctgcaaaggtttagatattaac 
91 R.SacI.nleE.HR1 cagttcatggtaagagctcagaagctcagcaacttgtg 
92 F.SacI.HR2.nleE gctgagcttctgagctcttaccatgaactgc 
93 R.SpeI.nleE.HR2 ggccactagtccctgccagtgagaggg 
94 F.check.∆nleE catattccggatgttctttgatac 
95 R.check.∆nleE gagcagatgtggatttcagcatg 
96 F.AscI.repA101 cttggcgcgccgttagtcttgatgcttcactg 
97 R.I-SceI.XhoI.oriR101 cttggcgcgccgttagtcttgatgcttcactg 
98 F.XhoI.PACBSR gcgccctcgagtttagcttccttagctcctgaaaatctcg 
99 R.SacI.PACBSR cgcccgagctctttttttaaggcagttattggtgccc 
100 F.XhoI.Sm/Sp gcgccgctcgaggaaccttgaccgaacgcagcgg 
101 R.SacI.Sm/Sp gcgccggagctcttatttgccgactaccttggtg 
102 F.XhoI.eae.HR1 ccggctcgagcgttatctgatgccaatgacg 
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Table C. Oligonucleotides used in this work (continued 4/4) 
Number Name Sequence (5´-3´) 
103 R.SacI.eae.HR1 gatatttattaaatgagctcgtttgggctccaccacaatgag 
104 F.SacI.eae.HR2 gtggagcccaaacgagctcatttaataaatatctaatcattg 
105 R.SpeI.eae.HR2 ggccactagtagatccttgccattataaatgc 
106 F.check.∆eae gcggaaaaaattggtgttg 
107 R.check.∆eae caatgaactggcatcag 
108 qPCR-lifAhomo Rev acgccgtgataaaatactccg 
109 qPCR-lifAhomo For cgatacaacgcccttcattg 
110 qPCR tir For cggaatagtctatcggctcatc 
111 qPCR tir Rev tactttggataccttgccctg 
112 qPCR nleE2 For atggttgttgtgtacagaaatgac 
113 qPCR nleE2 Rev ctgcctttaaatctggtaactcataat 
114 F.XhoI.lifA.HR1 gcgcccggctcgagcaggcgcttcacgatacgataacgcg 
115  R. SacI.lifA.HR1 ccgcgagctcaattacatttccgcttaaaaaattatttatg 
116 F.check.∆lifA ccataaaagtcgggaaacacagcgctg 
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Table D. Genome comparison between EPECwt and EPEC1 strains 
Gene(s) deleted    Start positiona End position Deletion size (bp) 
map       4000250 4000862    612 
espG       4019635 4020832  1197 
espF       3987712 3988333    621 
espH       4001701  4002232    531 
espG2, espC    2964706 2970366    5660 
espL, nleB1, nleE1, efa1/lifA  3281976 3300236            18260 
espL*, nleB*, nleE2, efa1/lifA-like 1129857 1144231            14374 
nleH1, cif*, espJ     767779   771747  3968 
nleJ        863525   864073    548 
nleG, nleB, nleC, nleH*, nleD  1084531 1088543  4012 
nleA/espI, nleH2, nleF, espO*  1432916 1438953  6037 
espZ      4007774 4008100    326 
a Nucleotide positions referred to the parental WT strain E2348/69 
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