Genomic characterization of a uropathogenic Escherichia coli ST405 isolate harboring blaCTX-M-15-encoding IncFIA-FIB plasmid, blaCTX-M-24-encoding IncI1 plasmid, and phage-like plasmid

Mianzhi Yao1, Qianhui Zhu2,3, Jin Zou4, Abebe Mekuria Shenkutie1,5, Songnian Hu2,3, Jiuxin Qu4, Zilong He6,7, Polly H M Leung1

1Department of Health Technology and Informatics, The Hong Kong Polytechnic University, Hung Hom, Hong Kong SAR, China.
2State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing, China.
3College of Life Sciences, University of Chinese Academy of Sciences, Beijing, China.
4Department of Clinical Laboratory, Shenzhen Third People’s Hospital, Second Hospital Affiliated to Southern University of Science and Technology, National Clinical Research Center for Infectious Diseases, Shenzhen, China.
5Department of Microbiology, Immunology, and Parasitology, St Paul’s Hospital Millennium Medical College, Addis Ababa, Ethiopia.
6Beijing Advanced Innovation Center for Big Data-Beased Precision Medicine, Interdisciplinary Innovation Institute of Medicine and Engineering, Beihang University, Beijing, China. 
7School of Engineering Medicine, Beihang University, Beijing, China. 

Abstract:
Statement of the Problem: Escherichia coli sequence type 405 is an emerging antibiotic-resistant clonal group associated with the global dissemination of extended-spectrum β-lactamase-producing E. coli. E. coli ST405 has recently caused several outbreaks in China, raising concerns about its public health threat. Understanding the mechanisms underlying its increasing ability to cause outbreaks requires an in-depth knowledge of the genetic features of ST405. In this study, we report the genome assembly and characterization of a uropathogenic E. coli ST405 strain, SZESBLEC201. 
Methodology and Theoretical Orientation: The MDR E. coli isolate SZESBLEC201 was recovered from a urine specimen of a patient suffering from a UTI on the fourth day of hospitalization. Antimicrobial susceptibility testing was performed to determine the resistant characteristics. The conjugative transferability of plasmids in SZESBLEC201 was investigated by solid mating conjugation. Plasmids profiles of the donor and recipient were determined by S1-nuclease digestion followed by pulsed-field gel electrophoresis. Whole genome sequencing was performed on the Illumina HiSeq 2500 platform and the Oxford MinIon Nanopore platform. High-quality lone reads were assembled de novo using Canu. Contigs were circularized by Circlator. High-quality short-reads were used to correct circularized contigs.
Findings: Whole-genome sequencing revealed that SZESBLEC201 harbors a 5,020,403 bp chromosome and three plasmids, namely, pSZESBLEC201-1, pSZESBLEC201-2, and pSZESBLEC201-3. pSZESBLEC201-1 (111,621 bp) belongs to the IncFIA-FIB type and harbors blaCTX-M-15. However, this plasmid does not harbor conjugative transfer-associated genes, rendering pSZESBLEC201-1 unable to be conjugatively transferred. pSZESBLEC201-2 (95,138 bp) is a phage-like plasmid that shows a strong genome synteny with Escherichia phage P1 but with the absence of mobile genetic elements and some regulatory genes, pSZESBLEC201-3 (92,865 bp) belongs to the IncI1 type and carries blaCTX-M-24. In contrast to pSZESBLEC201-1, pSZESBLEC201-3 retains its full activate conjugation machinery and can be transferred via conjugation. The genetic features of the genome show that the SZESBLEC201 isolate has a unique virulence pattern compared with genetically similar strains found in China. The plasmid backbones exhibit a high degree of similarity to those of geographically distant isolates, highlighting the global spread of blaCTX-M genes and the genome plasticity of this clonal group.
Conclusion and Significance: This is the first study to report E. coli ST405 harboring blaCTX-M-15 and blaCTX-M-24 variants in the same isolate in China. The availability of the complete genome of E. coli ST405 facilitates a further investigation of the underlying mechanisms of becoming a globally successful clone and the potential roles played by its blaCTX-M-bearing plasmids and phage-like plasmid in gene transfer.
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