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Zymomonas mobilis is an ethanol-producing alphaproteobacterium currently considered a major candidate
organism for bioethanol production. Here we report the finished and annotated genome sequence of Z. mobilis
subsp. mobilis strain NCIMB 11163, a British ale-infecting isolate. This is the first Z. mobilis strain whose
genome, chromosomal and plasmid, is presented in its entirety.

Zymomonas mobilis is a bacterium vigorously studied as a
platform organism for bioethanol production in North Amer-
ica and other parts of the world. Z. mobilis converts sugars such
as glucose or sucrose into ethanol and carbon dioxide to almost
theoretical yields and to rates higher than those of yeasts (17).
Genetically engineered strains that ferment pentoses in addi-
tion to naturally utilized hexoses also hold great promise for
use in lignocellulosic biomass degradations (5, 22). Besides
ethanol, Z. mobilis can produce other high-value chemicals
such as sorbitol, levan, or phenylacetylcarbinol and has at-
tracted interest for its unusual membrane steroid content (11).
Lastly, Zymomonas is regarded as a safe organism and is even
used for medicinal purposes (12, 20), which further facilitates
its employment in large-scale biotechnological endeavors.

The chromosomal sequence of the Z. mobilis subsp. mobilis
industrial strain ATCC 31821 (ZM4) was recently published
(19). Here we announce the first entire genome sequence of a
Z. mobilis subsp. mobilis strain, that of the United Kingdom-
originating strain NCIMB 11163 (B70) (20). Total DNA from
NCIMB 11163 (16) was used for whole-genome shotgun se-
quencing at the U.S. DOE Joint Genome Institute. For this, an
8.7-kb DNA library and 454 and Solexa reads were used (http:
//www.jgi.doe.gov). Draft assemblies were based on 8,551
Sanger reads and 454 pyrosequencing to 20� coverage,
whereas the Phred/Phrap/Consed software package was used
for sequence assembly and quality assessment (6, 7, 9; http:
//www.phrap.com). After the shotgun stage, reads were assem-
bled with parallel Phrap (High Performance Software, LLC),
and misassemblies were corrected with Dupfinisher (10) or
transposon bombing of bridging clones (Epicentre Biotechnol-
ogies, Madison, WI). A total of 144 primer walk reactions, five

transposon bomb libraries, 53 PCR end reads, and two PCR
shatter libraries were necessary to close gaps, resolve repetitive
regions, and raise the quality of the finished sequence. The
completed genome sequence of NCIMB 11163 was based on
11,048 reads, with an error rate of less than 6 bp out of
100,000 bp.

Open reading frame prediction and annotation were per-
formed using Prodigal (http://compbio.ornl.gov/prodigal/) and
BLAST (1); tRNAscan-SE and RNAmmer (14, 15) were used
for tRNA and rRNA recognition, respectively. Functional as-
signment of genes was performed by searching translated open
reading frames against sequences in the SPTR (TrEMBL) (2),
Pfam (8), TIGRFAMs (18), COG (21), and KEGG (13) data-
bases.

Z. mobilis NCIMB 11163 contains a single, circular chromo-
some of 2,124,771 bp and three plasmids, p11163_1, p11163_2,
and p11163_3 of 53,380 bp, 40,818 bp, and 4,551 bp, respectively.
The overall GC content of the chromosome is 46.83%, whereas
those of the plasmids are 42.32%, 43.80%, and 36.37%, respec-
tively. The entire genome of NCIMB 11163 contains 1,884
protein-encoding genes and 51 tRNA and nine rRNA genes,
which are chromosomally located.

The chromosome of NCIMB 11163 is 68,355 bp larger than
that of ZM4 (GenBank accession number NC_006526) (19)
and colinear at its largest part with that of ZM4 (genome
structure comparisons were performed using ACT) (3). It
bears several unique regions, among which are two genomic
islands of ca. 25 and 79 kb, with no detectable nucleotide
homology to same-species sequences and high regional sim-
ilarity to chromosomal stretches of Paracoccus denitrificans
PD1222 (GenBank accession number CP000489.1), Xan-
thobacter autotrophicus Py2 (GenBank accession number
CP000781.1), and Gluconacetobacter diazotrophicus PAl 5
(GenBank accession number CP001189.1). Genome plasticity
in NCIMB 11163 is further indicated by the presence of a type
IV secretion system on the 79-kb island, syntenous to the
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Agrobacterium tumefaciens Ti (IncRh1) conjugal trb system (4),
and also by multiple transposase and phage-related genes.

In plasmids, housekeeping genes implicated in replication,
active partitioning, and plasmid addiction are recognized, as
well as genes involved in metabolism, transport, regulation,
transposition, and DNA modification. Most notably, p11163_1
bears an arsenical resistance operon inserted in a type II se-
cretion locus, whereas p11163_2, otherwise homologous to the
41-kb ZM4 plasmid (GenBank accession number AY057845),
harbors a unique ca. 12-kb CRISPR insertion that interrupts
nucleotide colinearity with the aforementioned replicon.

Nucleotide sequence accession numbers. The genome se-
quence was deposited in GenBank, with accession number
CP001722 for the chromosome and accession numbers
CP001723, CP001724, and CP001725 for the plasmids.
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