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• Genomics: state of the art 
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– Environmentally-relevant sequencing projects

– Microbial halogenated C1 metabolism: a minimal model

– From dehalogenase sequence to function

• Perspectives: Metagenomics

– Soil: the ultimate frontier?



Why bother about environmental pollution? 

http://basol.ecologie.gouv.fr
(http://basias.brgm.fr)

>4200 officially listed sites in France (>660 with halogenated contaminants)
In total, more than 500’000 disused industrial sites in the country
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Remediation methods : the biological option

Vapor extraction

Venting

Chemical degradation in situ

Excavation

Extraction (multiphasic)

Phytoremediation

Bioremediation ex situ

Bioremediation in situ

Other

Pandey et al. (2009) 
Integrative approaches for assessing the ecological sustainability of in situ bioremediation.
FEMS Microbiol. Rev. 33, 324-375.



Enzymes and pathways

http://umbdd.msi.umn.edu



Bioremediation of chlorinated pollutants:

Dehalogenases

R-Cl > « R-H » or « R-OH » + Cl-

• hydrolytic

• thiolytic

• dehydrodehalogenation

• Methyl group transfer

• oxydative

• reductive

• respiratory



Microbial degradation of halogenated pollutants:

It’s not just the enzymes!

?

Excretion
Adaptations ?

?

Degradation-dependent toxicity
?

Import Pathways
Energy
Biomass
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Genomic information databases

www.genomesonline.org



Microbial genomes: what about biodegradation ?

NCBI (March 2009)

- 3670 microbial genomes, 1087 complete

(December 2009: 3155 total/979 complete)

- Biorem* 101

- Metal 90

- Pollut* 51

- Dehalo* 13

- Dechlor* 12

- Chlorinated 8

- Halogenated 3

Total of 
190 «biodegradation-
relevant» projects

«dehalogenation»: 21



Genes annotated as dehalogenases 

in genome databases

Integrated Microbial Genomes 
(Joint Genomic Institute, December 2009)

1535 Bacterial, 71 Archaeal, 49 Eucaryota genomes

«Dehalogenase» annotations

Types Total #genomes/type

Eucaryota 19 32 1.3

Archaea 21 111 3.0

Bacteria 237 3534 7.6
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One-carbon metabolism : a minimal model 

for microbial dehalogenation goes genomic



ADEME BIO-DCM project (2010):

WWTP biofilter for treatment of gaseous effluents

- Dichloromethane elimination by inoculation of sequenced strains

- Sequence-based follow-up > metagenome? > metatranscriptome?
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metagenom* vs complete genomes : publications
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The « soil » frontier: Complete sequencing 

of the dehalogenation function in soil?

- Huge, isolation-technique dependent diversity of soil…

Gans et al. (2005), revisiting DNA reassociation data from Torsvik et al.:

Non-polluted soil 8.3.106 «phylotypes»
Heavily polluted soil 7.9.103 «phylotypes»

Metagenome size estimate (assuming 5 Mb/genome):
Non-polluted soil 40.104 Gb (4.1013 bases)
Heavily polluted soil 40 Gb (4.1010 bases)

« next generation » sequencing : ~2 (+?) Gb / run

> In principle, today:
the complete metagenome of a heavily polluted soil may be sequenced



Preparation of environmental DNA -

still a major technical issue

Carrigg et al. (2007) DNA extraction method affects microbial community profiles from soils and sediment. 
Appl. Microbiol. Biotechnol. 77, 955-964.

Principal
Component
Analysis:

4 methods M1-M4,
4 soils A-D

DGGE gel and dendrogram constructed 
from similarity matching data produced from the 
DGGE profiles of one soil obtained with M1–M4. 
Two replicate DGGE analysis from a single DNA 
extract and one DGGE profile generated from a 

separate DNA extraction shown (asterisk)



Application of genomic studies in bioremediation

• Fundamental knowledge 

on microbial transformation of contaminants

• Development of new bioindicators 

for practical bioremediation :

– Follow-up of relevant subpopulations

– Fingerprinting (>forensics)

– Estimation of biodegradation activity

– Estimation of contaminant response

– Assessment of horizontal gene transfer

> For genomes AND metagenomes
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