
Identifying the microbial guilds responsible forIdentifying	the	microbial	guilds	responsible	for	
methylmercury	cycling	in	wetlands

Jeffra Schaefer
Rutgers University



Rose‐Marie KronbergRose Marie Kronberg
Ulf Skyllberg
Ida Tjerngrenj g
Erik Björn



Wetlands are often “hot spots” for Hg methylation 
and methylmercury accumulation

Uppsala

EdshultEdshult

Alder swamps appear to be a net sink for MeHg



Demethylation limits MeHg accumulation
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Bacterial Hg cycle

Hg(0)

mer

Hg(II)

?

mer‐mediated
(oxic)

Hg‐resistance

CH3Hg(I)

?methylation

demethylation

(anoxic)

3 demethylation



Who is producing/degrading MeHg?

• Activity measurements

p g/ g g g

– Nutrient additions
– Specific inhibitors

• Molecular signals (RNA/DNA)
– Gene expressionGene expression
– Diversity
– Abundance

• Culturing techniques



Which microbial group(s) influence MeHg 
accumulation?accumulation?

Me204Hg
198Hg(II)

Nutrients
Inhibitors Incubation Assays

48 h

RNA/DNA

Me204Hg, Me198Hg

Activity measurements Molecular approach

RNA/DNA

Microbial
Guild

Inhibitor Nutrient 
additions

Guild Specific
gene/transcript

Hg methylation 
gene/transcripts

FeRB ‐ Fe(III), Mn(IV) 16S rRNA hgcA

SRB MoO4 Sulfate dsrB hgcA

Methanogens BES ‐ mcrA hgcA



EdB7
High methylation;
Low demethylation

pH 5.2

80m



Potential methylation rate constants
~10% ambient as 198H (II)

Oct 2011 Aug 2012
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High methylation;
High demethylation

pH 5.6

350m

p

EdB2



Potential methylation rate constants
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Demethylation
~15% ambient as Me204Hg(II)
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Microbial guilds implicated in MeHg cycling
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Methanogen diversity in incubations
mcrA trans riptsMcrA

80 m, t0 genes B7 t48 C B7 t48 SO4

mcrA transcriptsMcrA

350 m, t0 genes

N=20 N=8N=51

350 m, t0 350 m,  t48 +SO4

N=28

Methanocellaceae
Methanomicrobia

N=9 N=16

Methanobacteria
Methanococci

Methanoregulaceae
Methanosarcinaceae
Methanosaetaceae

Methanobacteria



Microbial guilds implicated in MeHg cycling

High methylation;
Low demethylation
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FeRB
“SRB”?

350m

High methylation;
Hi h d h l i

Methanogens
MeHg  Degradation:

High demethylation

Low MeHg



SRB diversity in incubations (dsrB)
dsrB transcripts (t48)
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SRB diversity in incubations (dsrB)
80 m, t0 genes 350 m, t0 genes

dsrB transcripts 
not detected at 

N=11 N=26

350 m

Desulfobacterales/Desulfovibrionales
Desulfobacterales (Desulfobulbus sp.)
Syntrophobacteraceae (Syntrophobacter wolnii)
S h



Nitrospirae
Unknown (Common Fen OTUs)

Syntrophaceae

MPNs: 2 – 3 x 104 cells/g soil



Microbial guilds implicated in MeHg cycling

High methylation;
Low demethylation
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Geobacter (FeRB) are 
abundant and active

Hg(II) MethylationqPCR
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Science

SRB

‐Proteobacteria

HgcA = corrinoid protein
HgcB = ferredoxin

SRB

ND132 FeRB

Firmicutes
Geobacter

Methanogens



transmembrane domainCobalamin‐binding domainHgcA

Geobacter sp.

FermicutesFermicutes

SRB
Syntrophs

Methanogens

Syntrophs



HgcAAlder swamp: 80 m, 350 m
Ombrotrophic bog
Humic lake sediments

‐Proteobacteria

Humic lake sediments
Everglades sediments

Geobacter (FeRB)

‐Proteobacteria
SRB

Chlorflexi

‐Proteobacteria
Syntrophs

MethanomicrobiaMethanomicrobia



HgcA diversity in Edshult soils
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HgcA diversity in Edshult soils
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HgcA diversity in various environments
350 m
Oct. 2011

80 m
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What about abundance?What about abundance?



Quantitation of genes/transcripts
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hgcA gene abundance

Methanogen clade
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80 m Edshult

Summary
High methylation, Low abiotic demethylation

Microbial
Guild

Phyla Km
Activity

Guild specific
transcripts

hgcA
phylotypes

FeRB Geobacteraceae Methylation in  16S rRNA Transcripts

80 m Edshult High methylation,  Low abiotic demethylation

+MoO4 or BES increased detected

SRB ‐Proteos ~30% inhib MoO4 dsrB

Syntrophs ‐Proteos Similar effects of 
M O & BES

dsrB
MoO4 & BES

Methanogens Methanomicrobia ~30% inhib BES mcrA Transcripts
detected

Microbial
Guild

Phyla Km / Kd
Activity

Guild specific
transcripts

hgcA
phylotypes

350 m Edshult High methylation, High biotic demethylation

FeRB Geobacteraceae Methylation in 
+MoO4 or BES

nd Transcripts
detected

Methanogens Methanomicrobia Demethylate
(inhib. by BES)

mcrA Genes detected
(not transcripts)(inhib. by BES) (not transcripts)



Various guilds contribute to MeHg production

Total Hg(II)

FeRB MethanogenBioavailable Hg
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