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Enterobacter cloacae is an important nosocomial pathogen. Here, we report the completion of the genome
sequence of E. cloacae ATCC 13047, the type strain of E. cloacae subsp. cloacae. Multiple sets of virulence
determinant and heavy-metal resistance genes have been found in the genome. To the best of our knowledge,
this is the first complete genome sequence of the E. cloacae species.

Enterobacter species are important human opportunistic chromosome contains 5,166 protein-encoding genes, 24 tRNA-
pathogens, responsible for nosocomial infections such as uri- encoding genes, and 8 rRNA-encoding genes. Plasmids
nary tract infections, osteomyelitis, cholecystitis, and neonatal pECL_A and pECL_B carry 278 and 124 protein-encoding
meningitis (15). Enterobacter cloacae, the type species of  genes, respectively.

Enterobacter, is a prevalent nosocomial pathogen due to high- The genome of E. cloacae ATCC 13047 possesses virulence
level resistance to disinfectants and antimicrobial agents (9). E. properties recognized to be important in the onset of infection.
cloacae ATCC 13047 was isolated from human cerebrospinal On the chromosome, seven loci encoding proteins for fimbrial
fluid by Edwin Oakes Jordan in 1890 and is the type strain of  bjosynthesis and six genes encoding adhesin/invasin-like pro-
E. cloacae subsp. cloacae (8). teins are found. This strain has two loci encoding iron-chelat-

Whole-genome sequencing of E. cloacae ATCC 13047 was ing compounds and three genes encoding hemolysin-like pro-
performed with a combined strategy using a Sanger shotgun  teins. The O antigen gene cluster contains all genes necessary
approach (5) and 454 single-end sequencing technology (13). for the biosynthesis of pseudaminic acid, which belongs to the
Genomic libraries containing 5-kb inse.rts were constructed, family of nonulosonic acid (NulO) (12). During infection, mi-
and 10,236 sequences were generated with an ABI 3730 DNA crobes displaying NulO sugar mimicry may downregulate host
analyzer, giving 1.5-fold coverage of the genome. A total of complement-mediated killing and be advantageous in a wide

281,462 single-end reads, giVing 19.1-fold coverage of the ge range of animal body habitats (1). The organism carries genes
nome, were generated using the GS FLX system (454 Life for 37 multidrug efflux proteins, 7 antimicrobial peptide resis-

Sciences Corporation) and assembled into 255 contigs with th.e tance proteins, and 11 B-lactamases, suggesting its broad range
454 Newbler assembler (www.454.com/product-solutions/analysis o . . .
. of antibiotic resistance. All the above-mentioned genetic ele-
-tools/gs-de-novo-assembler.asp). Newbler-generated contigs and . . .
ments are important for adherence and invasion and for sur-

ABI reads were assembled using the Phred/Phrap/Consed soft- . . o
ware package (6). Sequence gaps were filled through sequenc- vival and growth during antibiotic therapy and therefore may
) contribute to pathogenesis (11).

ng Of. PCR products. Prediction and annotation .Of protein- The chromosome of E. cloacae ATCC 13047 carries seven
encoding genes were performed as described previously (4). . . . . . .
operons involved in toxic heavy-metal resistance, including two

The complete E. cloacae ATCC 13047 genome contains a :
single circular chromosome of 5,314,588 bp and two circular sil operons (7), three ars operons (10), a mer operon (14), and a

plasmids, pECL_A and pECL_B, of 200,370 and 85,650 bp. cop operon (_2). Plasmid pECL_A harbors a cop operon, two mer
The overall GC content of the chromosome is 54.79%, whereas ~ OPETOns; a sil operon, an ars operon, and a fer operon (3). The

the two plasmids have GC contents of 52.45 and 46.76%. The presence of diverse and duplicated copies of heavy-metal resis-
tance operons may be important for this organism to survive,

especially in a heavy-metal-rich environment, such as sewage.
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