BACTERIAL GENOMIC ADAPTATION AND RESPONSE TO METALS

Background
The β-proteobacterium Cupriavidus metallidurans CH34 (formerly Ralstonia metallidurans) has been
intensively studied since 1976 in SCK•CEN and VITO, for its adaptation capacity to survive in harsh (mostly
industrial) environments, to overcome acute environmental stresses, for its resistance to a variety of heavy
metals and for applications in environmental biotechnology. Recently, CH34 has become a model bacterium
to study the effect of spaceflight conditions in several space flight experiments conducted by SCK•CEN (e.g.
MESSAGE, BASE). Furthermore, Cupriavidus and Ralstonia species are isolated from the floor, air and
surfaces of spacecraft assembly rooms; were found prior-to-flight on surfaces of space robots such as the
Mars Odyssey Orbiter and even in-flight in ISS cooling water and Shuttle drinking water, vindicating its role
as model bacterium in space research. In addition, Ralstonia species are also the causative agent of
nosocomial infections and are among the unusual species recovered from cystic fibrosis (CF) patients.

Objectives
The genomic organization of Cuprivavidus metallidurans CH34 was studied in-depth to identify the genetic
and regulatory structures involved in the resistance to heavy metals.

Principal results
The resistance of Cupriavidus metallidurans CH34 to heavy metals was intensively studied in the unit of
Microbiology from 1999 up to now, which led to the sequencing of the total genome of CH34 (in collaboration
with DOE Joint Genome Institute), the structural and functional annotation of the genes, and the construction
of a micro-array chip for transcriptomical analysis off all genes simultaneously. In addition, the genome of
CH34 was subjected to an expert annotation, performed by our group via the MaGe Microbial Genome
Annotation System (Genoscope, France) annotation platform, and which comprised the individual analysis of
each of the 6941 predicted genes of CH34 and of the genome structure by synteny. This process identified a
high number and variety of Mobile Genetic Elements (MGEs), which are DNA structures that can move
within a given genome (intra-cellular mobility) or between bacterial cells (inter-cellular mobility) and are
central players in mobilizing and reorganizing genes. Traditionally, MGEs have been classified as
bacteriophages, plasmids or transposons. However, this classification becomes more and more obsolete as
many chimerical elements are identified, therefore a comprehensive classification of the functional modules
of MGEs at the protein, gene, and higher levels is necessary and is provided by the ACLAME database
managed by our partners at the Université Libre de Bruxelles (ULB).
This study revealed the structure and
resistance features, specifically to heavy
metals, of two main MGEs in C.
metallidurans CH34, namely the large
plasmids pMOL28 and pMOL30. Plasmids
can be defined as typically circular and
double-stranded DNA molecules separate
from the chromosomal DNA and capable
of replicating autonomously. Plasmid
pMOL28 (171 kb) has a large backbone
(B in figure) in synteny with plasmid
pHG1, governing growth in autotrophic
conditions (H2, CO2 and O2), of C.
eutrophus, and pRATA, governing the
symbiosis
with
legumes,
of
R.
taiwanensis, and carries the genes
involved in the resistance to mercury,
chromate, cobalt and nickel, which are
located on one region. This putative
genomic island CMGI-28 is immobilized or
trapped by modification of its mobilizing
features near its extremities.
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Plasmid pMOL30 (234 kb) has a large
backbone (B in figure) with many orthologs of
pBVIE01 of Burkholderia vietnamiensis and
carries the genes involved in the resistance to
cobalt, zinc, cadmium, lead and mercury,
which are located on one region called CMGI30a, while the genes involved in the
resistance to copper and silver are located on
a second region CMGI-30b. A general
characteristic observed for both plasmids is
that genomic islands carrying the genes
involved in heavy metal resistance are flanked
by small MGEs on a general plasmid
backbone.
Expression analysis of pMOL28 and pMOL30
under various metal conditions indicated that
the genes encoding resistance to a particular
heavy metal are also induced by various other
heavy metals. Therefore, it appears that the
response of CH34 to heavy metals, which in
contaminated environments are generally mixtures of multiple metals, consists of an initial upregulation of all
metal resistance genes that could be followed by a more substrate-specific response. In addition, novel
genes were found to be induced by heavy metals which encode for glycosyltransferases involved in cell wall
biosynthesis and probably could act as maintainers of membrane integrity under heavy metal attack.
Besides pMOL28 and pMOL30, a wide variety of other MGEs have been identified namely 13 Insertion
Sequences (IS) elements and 5 transposons that can move around to different positions within the genome,
and at least 11 genomic islands. A few of these MGEs will be highlighted. A genomic island identical to one
found in P. aeruginosa clone C contains a P type ATPase (CadA) involved in Zn(II), Cd(II) and Pb(II)
resistance and mer genes. Two additional genomic islands belonging to the family of catabolic transposon
Tn4371 of C. oxalatica were found carrying genes involved in carbon dioxide fixation and in hydrogen
reduction. Particularly, interesting was the discovery of two transposons, TnCme2 and TnCme3, which do
not carry any selectable marker, therefore underlining the power of synteny for the discovery of MGEs with
novel functional associations. The transposon TnCme2 was found in 7 copies in the genome of CH34 and
contained next to the typical genes related to transposition one single gene encoding for protein involved in
type II secretion. Transposon TnCme3 carried genes encoding for a sulphate permease, a universal stress
protein and a DnaK suppressor protein.
The genome sequence of C. metallidurans CH34 showed a wide variety of genetic traits probably acquired
through horizontal transfer over time. These Mobile Genetic Elements (MGEs) played a central role in the
genetic evolution and diversification of the bacterium CH34 and its adaptation to environmental or man-made
changes. This work allows a new insight in the (up to now unnoticed) diversity of MGEs what will be of
importance for our current and future biosafety studies linked to the monitoring and prevention of gene
dissemination in confined environments (space research, planetary stations).

Future work
The regulation and organization of the genes involved in the resistance to heavy metals will be further
analyzed. This genetic information will further unravel its adaptation capabilities and will render additional
insights for potential experiments studying the interaction of CH34 with oxidative agents, radiation and
radionuclides. A sound understanding of the global response of C. metallidurans CH34 to heavy metals (or
other agents) allows further development of its biotechnological applications in e.g. bioremediation.
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