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In 2022
• Conserved genes for anaerobic DCM biodegradation 

identified (the “mec cassette”)
• qPCR primers for key functional genes designed and tested

Today:
• New detections of mec cassettes in natural environments
• Location of mec cassettes in their natural hosts
• Radically different from laboratory enrichments
• What drives this?
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Dehalobacterium formicoaceticum
(Defo)

Ca. Dichloromethanomonas elyunquensis
(Diel)

Vs.

Diel

Defo

Comparative Genetics of DCM-degraders Identifies a Highly-Conserved 
Gene Cassette

The mec cassette
(”mec” = methylene chloride)

‘Ca. Formimonas warabiya’
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Developed qPCR assays targeting conserved core 
dehalogenating methyltransferases mecE and mecF

Capture diversity of genes in DCM degraders 
and mec genes in peatlands with single primer 

set for each gene

Mec genes emerge again in 4 new DCM enrichments

mecE and mecF qPCR of new DCM enrichment cultures
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qPCR primer assays: The same gene cassette emerges again in new anaerobic 
DCM enrichments



Described in:
Advanced Field Testing to Support Monitored Natural Attention of a Dichloromethane 

Groundwater Plume in Bedrock
Third International Symposium on Bioremediation and Sustainable Environmental Technologies (Miami, FL; May 2015). ISBN 978-0-9964071-0-6, Battelle Memorial Institute, Columbus, OH

David A. Marabello (marabelloda@cdmsmith.com)
Ricky Chenenko, Stephen Mirabello (CDM Smith, Edison, NJ, USA) Tamzen Macbeth (CDM Smith, Helena, MT, USA)

Regina Lamendella and Justin Wright (Juniata College, Huntingdon, PA, USA) Tomasz Kuder (University of Oklahoma, Norman, OK, USA)

DCM contaminated site groundwater samples
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• Fresh plume samples were assayed for DCM concentration and mecE, mecF, and 16S rRNA 
gene abundances
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Biomarker quantification: Mec genes are frequent in a DCM contaminated 
groundwater plume (qPCR)



mecB mecC mecD mecE mecF mecG mecH mecI mecJmecA

Anaerobic DCM degradation: Methyltransferse-mediated dechlorination



mec cassette homologs are 
found around the globe
• New highly similar mec 

gene cassettes identified 
in Wyoming and Sweden

Key differences between 
DCM enriched microbes 
and natural systems
• No natural mec includes 

mecJ
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Peatbog, Stordalen Mire,
Sweden

Floodplain, Riverton, Wyoming



Does enrichment drive the functional cassette into 
a host that has better background for very high 
rates of dehalogenation?
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• In nature, the mec cassette is found in entirely 
different bacterial taxa
• Smithella and Thermacetogenium are known as 

anaerobes living in syntrophy with methanogens

• Naturally-occurring mec cassettes also lack mecJ, which 
encodes a pH-acclimating ion channel



Implications and 
Future Work

• mecE and mecF qPCR assays are ready for 
refinement and field testing

• General lesson: Taxonomy in enrichments 
may not reflect natural reservoirs of 
functional capacity

Summary
• Mec cassette encodes for anaerobic DCM degradation
• Functional gene qPCR primers give reliable signals
• Present in diverse natural environments BUT:

• Is harbored in entirely different bacterial taxa
• Lacks mecJ
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Thank you!

Questions?
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Appendix
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Gene ID AA % ID Length E-value Bit Score Genome Name
adjacent 
dehalogenase

2628143161 96.5 397 9.90E-266 827
Ca. Dichloromethanomonas 
elyunquensis MEC cassette

2628141546 77.6 398 2.50E-214 680
Ca. Dichloromethanomonas 
elyunquensis HADase X 2

2753034167 63.5 400 2.80E-169 551 Dehalobacter sp. FTH1 RdhA

2775644313 60.5 394 1.70E-158 521 Dehalobacter sp. KB-1_124TCB1 RdhA

2578048931 57.5 395 2.80E-155 511 Dehalobacter sp. UNSWDHB RdhA X 2

2520955686 57.5 395 2.80E-155 511 Dehalobacter sp. 11DCA RdhA X 2

2520070062 57.5 395 2.80E-155 511 Dehalobacter sp. CF RdhA X 2

2753034216 57.4 395 3.90E-153 505 Dehalobacter sp. FTH1 RdhA

2578049036 53.1 399 1.10E-146 487 Dehalobacter sp. UNSWDHB MEC cassette

2776022298 52.9 620 7.60E-145 481 Clostridiaceae bacterium mt12 none

2775643454 52.2 397 3.70E-143 476 Dehalobacter sp. KB-1_124TCB1 RdhA

Co-localization of mecJ homologs with dehalogenase-encoding 
genes

Top 10 mecJ homologs
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Mec genes are expressed the DCM contaminated groundwater plume 
(metatranscriptomics)

mecB mecC mecD mecE mecF mecG

90% 95% 96% 96% 98% 99%
Amino acid identity to 

Dehalobacterium 
formicoaceticum 

mec gene transcripts 
were detected in core 
and edge samples from 
the DCM contamination 
plume, but not outside

TPM = ‘transcripts per 
million transcripts’

0 TPM

9.2 TPM

14.8 TPM

Single mRNA molecule
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• Probable human carcinogen
• Neurotoxin
• Ozone-depleting agent

Dichloromethane as a Contaminant Dichloromethane as a Natural Chemical

• Halomethanes form naturally
• Widespread, ancient energy source?

Dehalobacterium formicoaceticum
Contaminated groundwater

Ca. Dichloromethanomonas elyunquensis
Pristine stream sediment

CH2Cl2 Me-THF
WL-pathway

(1-carbon metabolism)
?

How dehalogenation and methyl-capture is catalyzed is unclear 19
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Evidence of marine production and/or persistence well below the photic zone

DCM
Chlorophyll-a



Mec genes may be more frequent in the Eastern Pacific Oxygen 
Minimum Zone than indicated by metagenomics

• New PCR primers for Eastern 
Tropical North Pacific OMZ

• DNA samples from OMZ 
vertical transects

• mecE and mecF detected at all 
depths throughout the OMZ



Comparative Genetics of DCM-degraders:
Many of the most similar genes are co-localized

Dehalobacterium formicoaceticum vs. Ca. Dichloromethanomonas elyunquensis 25 most similar genes



Detection of mec cassette homologs in public metagenomes



Phylogeny of mec cassette genes

• All are “evolutionarily isolated’, except for mecJ
• DCM degraders and peat cassette genes form tight families



Comparative Genetics of DCM-degraders 

Anaerobic DCM degrader

Chloroform respiration

Truncated gene
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Mec proteins are 
common in proteomes 
during growth on DCM
Most proteins encoded by the mec 
gene cassettes were detected in both 
proteomes.
• The three methyltransferases MecC, 

MecE, and MecF were in the top 1% 
most abundant proteins in both 
proteomes. 

• The corrinoid-binding protein MecB 
was the 4th and 3rd most abundant 
protein in Defo and Diel proteomes.
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