
Origin and function of the small chromosome of V. cholerae
Several lines of evidence suggest that chromosome 2 was originally a
megaplasmid captured by an ancestral Vibrio species. The phyloge-
netic analysis of the ParA homologues located near the putative
origin of replication of each chromosome shows chromosome 1
ParA tending to group with other chromosomal ParAs, and the
ParA from chromosome 2 tending to group with plasmid, phage
and megaplasmid ParAs (see Supplementary Information). In
general, genes on chromosome 2, with an apparently identical
functioning copy on chromosome 1, appear less similar to ortho-
logues present in other g-Proteobacteria species (see Supplemen-
tary Information). Also, chromosome 1 contains all the ribosomal
RNA operons and at least one copy of all the transfer RNAs (four
tRNAs are found on chromosome 2, but there are duplicates on
chromosome 1). In addition, chromosome 2 carries the integron
region, an element often found on plasmids26. Finally, the bias in the
functional gene content is more easily explained, if chromosome 2

was originally a megaplasmid (Fig. 4). The megaplasmid presum-
ably acquired genes from diverse bacterial species before its capture
by the ancestralVibrio. The relocation of several essential genes from
chromosome 1 to the megaplasmid completed the stable capture of
this smaller replicon. Apparently this capture of the megaplasmid
occurred long enough ago that the trinucleotide composition and
percentage G+C content between the two chromosomes has
become similar (except for laterally moving elements such as the
integron island, bacteriophage genomes, transposons, and so on).
The two chromosome structure is found in other Vibrio species19

suggesting that the gene content of the megaplasmid continues to
provide Vibrio with an evolutionary advantage, perhaps within the
aquatic ecosystem where Vibrio species are frequently the dominant
microorganisms14,16.
It is unclear why chromosome 2 has not been integrated into

chromosome 1. Perhaps chromosome 2 plays an important special-
ized function that provides the evolutionary selective pressure to
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Figure 3 Overview of metabolism and transport in V. cholerae. Pathways for energy

production and the metabolism of organic compounds, acids and aldehydes are shown.

Transporters are grouped by substrate speci®city: cations (green), anions (red),

carbohydrates (yellow), nucleosides, purines and pyrimidines (purple), amino acids/

peptides/amines (dark blue) and other (light blue). Question marks associated with

transporters indicate a putative gene, uncertainty in substrate speci®city, or direction of

transport. Permeases are represented as ovals; ABC transporters are shown as composite

®gures of ovals, diamonds and circles; porins are represented as three ovals; the large-

conductance mechanosensitive channel is shown as a gated cylinder; other cylinders

represent outer membrane transporters or receptors; and all other transporters are drawn

as rectangles. Export or import of solutes is designated by the direction of the arrow

through the transporter. If a precise substrate could not be determined for a transporter,

no gene name was assigned and a more general common name re¯ecting the type of

substrate being transported was used. Gene location on the two chromosomes, for both

transporters and metabolic steps, is indicated by arrow colour: all genes located on the

large chromosome (black); all genes located on the small chromosome (blue); all genes

needed for the complete pathway on one chromosome, but a duplicate copy of one or

more genes on the other chromosome (purple); required genes on both chromosomes

(red); complete pathway on both chromosomes (green). (Complete pathways, except for

glycerol, are found on the large chromosome.) Gene numbers on the two chromosomes

are in parentheses and follow the colour scheme for gene location. Substrates underlined

and capitalized can be used as energy sources. PRPP, phosphoribosyl-pyrophosphate;

PEP, phosphoenolpyruvate; PTS, phosphoenolpyruvate-dependant phosphotransferase

system; ATP, adenosine triphosphate; ADP, adenosine diphosphate; MCP, methyl-

accepting chaemotaxis protein; NAG, N-acetylglucosamine; G3P, glycerol-3-phosphate;

glyc, glycerol; NMN, nicotinamide mononucleotide. Asterisk, because V. cholerae does

not use cellobiose, we expect this PTS system to be involved in chitobiose transport.
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