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Chromosomal Locations of mcr-1 and 
blaCTX-M-15 in Fluoroquinolone-Resistant 

Escherichia coli ST410 

Technical Appendix 

Collection of Isolates 

Retail food samples originating from cattle, swine, and poultry (meat and milk) were 

sampled by food inspectors in 4 different regions of Germany during May 2012–April 2013. All 

samples were unrelated to each other. No information was recorded about the country from 

which the animals originated. Extended-spectrum β-lactamases (ESBL)–producing isolates were 

selected by using MacConkey agar plates supplemented with 1 mg/L cefotaxime. A subset of 62 

Escherichia coli isolates was analyzed by using whole-genome sequencing. 

Antimicrobial Susceptibility Testing 

Antimicrobial susceptibility tests were performed by using VITEK 2 (AST-card: N248; 

bioMérieux, Nürtingen, Germany). Colistin susceptibility testing was performed by using broth 

microdilution according to European Union Commission Implementing Decision 2013/652/EU 

(http://eur-lex.europa.eu/legal-content/EN/TXT/?uri = CELEX:32013D0652) (using EUVSEC 

Sensititer plates, Trek Diagnostic systems, Thermo Fischer Scientific, Dreieich, Germany). The 

results were interpreted according to the European Committee on Antimicrobial Susceptibility 

Testing (2015) and Clinical and Laboratory Standards Institute (2015) guidelines (1,2). 

Whole-Genome Sequencing 

Whole-genome DNA was isolated from overnight cultures by using the Purelink Genome 

DNA Mini kit (Invitrogen, Darmstadt, Germany). The sequencing library was produced by using 

Illumina Nextera XT Kit and sequenced on a MiSeq instrument (Illumina, San Diego, CA, 
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USA), with 2 × 300 read length. The average read length accounted for 180 nt with an average 

coverage of 51×. Raw reads were assembled by using SPAdes (v. 3.0) (3). To confirm the 

chromosomal location of mcr-1 in E. coli RL465, long-read single-molecule real-time (SMRT) 

sequencing was performed. For this, DNA was isolated by using the method described by Pitcher 

et al. (4). A SMRTbell template library was prepared according to the instructions, following the 

Procedure & Checklist—10 kb Template Preparation Using BluePippin Size-Selection System. 

Briefly, for preparation of 15-kb libraries 8 μg genomic DNA was sheared by using g-tubes 

(Covaris, Woburn, MA, USA) according to the manufacturer´s instructions. DNA was end-

repaired and ligated overnight to hairpin adapters applying components from the 

DNA/Polymerase Binding Kit P6 (Pacific Biosciences, Menlo Park, CA, USA). Reactions were 

conducted according to the manufacturer´s instructions. BluePippin Size-Selection to 4 kb was 

performed according to the manufacturer´s instructions (Sage Science, Beverly, MA, USA). 

Conditions for annealing of sequencing primers and binding of polymerase to purified SMRTbell 

template were assessed with the Calculator in RS Remote (Pacific Biosciences). SMRT 

sequencing was conducted on the PacBio RSII (Pacific Biosciences) taking one 240-min movie 

for a single SMRT cell. We assembled PacBio reads using RS_ HGAP_ Assembly.3 protocol 

included in the SMRT Portal 2.3.0. The number of reads from PacBio sequencing accounted for 

93,593 with a mean read length of 12,057 nt. To obtain a high-quality genome sequence, we 

mapped paired-end reads from Illumina sequencing using Burrows–Wheeler Aligner (5). The 

chromosome displayed a size of 4,894,900 bp (167× coverage). One plasmid of 157,187 bp (57× 

coverage), and 2 phage-like elements 89,746 bp, (Element 1, 39× coverage, circular), and 61,544 

bp (Element 2, 234× coverage, linear) were detected. 

In Silico Analyses 

We identified resistance genes using ResFinder (6), virulence genes using 

VirulenceFinder (7), plasmid incompatibility groups and plasmid multilocus sequence typing 

with PlasmidFinder and pMLST (8), and multilocus sequence types using MLST 1.8, according 

to the scheme of Wirth et al. (9,10). The genetic environment of mcr-1 and blaCTX-M-15 was 

identified using blastn and ISFinder (11,12). Annotation of the E. coli RL465 genome and 

extrachromosomal units was performed using RAST (13). To identify phages, we used the 

program PHAST (14). 
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Conjugation Experiments 

We conducted conjugation experiments at 37°C or at ambient temperatures as described 

previously (15) using E. coli J53 Azr as a recipient and 2 mg/L colistinsulfate and 200 mg/L 

sodiumazide as selective agents. Replicon typing of the transconjugants was performed as 

described in the literature (16,17). 
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Technical Appendix Table 1. Depiction of the MIC of the mcr-1-encoding and extended-spectrum β-lactamase ESBL–producing 
isolates from retail food* 

Antimicrobial drug class, 
drug 

RL138  RL145  RL158  RL465 

MIC Interpretation  MIC Interpretation  MIC Interpretation  MIC Interpretation 

Aminoglycosides            
 Amikacin <2 S  <2 S  <2 S  <2 S 
 Gentamicin <1 S  <1 S  <1 S  <1 S 
 Tobramycin <1 S  <1 S  <1 S  <1 S 
Penicillins            
 Ampicillin >32 R  >32 R  >32 R  >32 R 
 Ampicillin/Sulbactam 16 R  >32 R  16 R  16 R 
 Piperacillin >128 R  >128 R  >128 R  >128 R 
 Piperacillin/Tazobactam <4 S  8 S  <4 S  <4 S 
Carbapenems            
 Ertapenem <0.5 S  <0.5 S  <0.5 S  <0.5 S 
 Imipenem <0.25 S  <0.25 S  <0.25 S  <0.25 S 
 Meropenem <0.25 S  <0.25 S  <0.25 S  <0.25 S 
Cephalosporins            
 Cefepime 2 I  <1 S  2 I  2 I 
 Cefotaxime 8 R  8 R  8 R  32 R 
 Cefpodoxime >8 R  >8 R  >8 R  >8 R 
 Ceftazidime <1 S  16 R  <1 S  4 R 
 Cefuroxime >64 R  >64 R  >64 R  >64 R 
Fluoroquinolones            
 Ciprofloxacin >4 R  <0.25 S  <0.25 S  >4 R 
 Moxifloxacin >8 R  <0.25 S  <0.25 S  >8 R 
Miscellaneous agents            
 Fosfomycin <16 S  <16 S  <16 S  <16 S 
 Trimethoprim/ 
 sulfamethoxazole 

>320 R  <20 S  >320 R  >320 R 

Monobactams: Aztreonam <1 S  2 I  2 I  16 R 
Tetracyclines            
 Tetracycline >16 R  >16 R  <1 R  >16 R 
 Tigecycline <0.5 S  <0.5 S  <0.5 S  <0.5 S 
*The MIC results were interpreted according to the European Committee on Antimicrobial Susceptibility Testing (2015) and the Clinical and 
Laboratory Standards Institute (2015) guidelines (1,2). MIC, minimal inhibitory concentration; R, resistant; S, susceptible. 

 
 
Technical Appendix Table 2. Characteristics of the mcr-1-encoding ESBL-producing Escherichia coli isolates from retail meat* 

Variable Characteristic 

Name RL138 RL145 RL158 RL465 
Species E. coli E. coli E. coli E. coli 
Sequence type ST602 ST88 ST357 ST410 
Year of isolation 2012 2012 2012 2013 
Colistin MIC 4 mg/L 4 mg/L 4 mg/L 4 mg/L 
Source Chicken breast Minced meat, beef Turkey hen Schnitzel Turkey hen meat 
Antimicrobial 
resistance genes 

aadA1, aadA2-like,  
blaCTX-M-14, catA1-like, 

cmlA1-like, dfrA1, mcr-1, 
strA-like, strB, sul1, sul3, 

tet(A) 

aadA1-like,  

aph(3)-Ia-like, blaOXA-1, 
blaTEM-52C, mcr-1, sul1, 

tet(B) 

aadA1, blaCTX-M-1, dfrA1, 
mcr-1, sul1-like, sul2 

aadA1, aph(3)-Ia,  
blaCTX-M-15, blaTEM-1B, dfrA1, 
mcr-1, strA-like, strB-like, 

sul2, sul3, tet(A)-like 

Virulence genes iroN, iss, lpfA, mchF, tsh iha, iroN, iss, lpfA, mchF, 
mcmA 

iroN, iss, mchF cma, iroN, iss, lpfA 

Plasmid 
incompatibility 
groups 

IncHI2, IncFIC(FII), 
IncHI2A, IncI1, 

IncFIB(AP001918), 
IncFIA, IncP, Col(MG828) 

IncFIB(AP001918), IncI1, 
IncFIC(FII), IncI2, IncX4, 

ColRNAI 

IncFIC(FII), IncFIA, IncI1, 
IncFIB(AP001918), 

ColRNAI, IncX4, 
Col(MG828) 

IncFIB(AP001918), 
IncFII(pCoo), Col156, 

ColRNAI 

pMLST IncHI2[ST-4], 
IncI1(unknown sequence 
type), IncF[F18:A6*:B1] 

IncI1[ST-36],  
IncF[F18:A-:B1] 

IncF[F18:A6*:B1], 
IncI1[ST-7] 

IncF [F16:A-:B1] 

mcr-1 location IncHI2 plasmid IncX4 plasmid IncX4 plasmid Chromosome 
*MIC, minimal inhibitory concentration; pMLST, plasmid multilocus sequence type. 
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Technical Appendix Figure 1. Genetic environments of the chromosomally located antimicrobial 

resistance genes (A) mcr-1 and (B) blaCTX-M-15 of the Escherichia coli isolate RL465. attR, right phage 

attachment site; DR, direct repeat; cos site, cohesive end sequence of prophage; IR, inverted repeats. 

Genes marked in red display an antimicrobial resistance gene; in light blue transposase genes from the 

transposition units, green, other genes in the transposition units, pink bars depict the presence of the 

inverted repeats of ISApI1. Unrelated flanking genes are shaded gray. 
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Technical Appendix Figure 2. Schematic depiction of the chromosome, its IncFII/FIB plasmid and the 2 

phage elements in Escherichia coli RL465. 


