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

i # P &

FINLAND ~ *#

Al -
&,
o Gulf of Finland

1 Wi
o Ul
S
Vo
o/ Yy o

mmawq% ESTONIA

dshult .= "%

.

034 NVISSNY
LK ll:‘ B

Saanmn{:;{+ [
Golland




Demethylation limits MeHg accumulation
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Bacterial Hg cycle

Hg-resistance
Hg(l I) mer-mediated
(oxic)
methylation
(anoxic)

CH3Hg(1) demethylation



Who is producing/degrading MeHg?
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e Activity measurements e ¥R
— Nutrient additions '

— Specific inhibitors

e Molecular signals (RNA/DNA)

— Gene expression
— Diversity
— Abundance

e Culturing techniques




Which microbial group(s) influence MeHg

accumulation?
Me?20%Hg Nutrients
Jeng(”) Inhlbnors

Incubation Assays

48 h
— Me?Hg, M
RNA/DNA

e198Hg

Activity measurements

Molecular approach

Microbial Inhibitor Nutrient Guild Specific Hg methylation
Guild additions gene/transcript gene/transcripts
FeRB - Fe(lll), Mn(IV) 16S rRNA hgcA
SRB MoO, Sulfate dsrB hgcA
Methanogens BES - mcrA hgcA




EdB7

High methylation;
Low demethylation

High DOC

peat soil
High MeHg

Alder
Swamp

High DOC
Low MeHg



Potential methylation rate constants

~10% ambient as °2Hg(ll)

B7, 80 m from inlet 48 h incubations (anaerobic)
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FeRB Geobacter species?



High methylation;
High demethylation

spruce

peat soil
High MeHg

pH 5.6

Alder 350m
Swamp

Ed B2 High DOC

Low MeHg



Potential methylation rate constants

B2, 350 m from inlet
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Demethylation

ky (1/d)

~15% ambient as Me?%*Hg(Il)
48 h incubations (anaerobic)
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Methanogens implicated in the demethylation of MeHg



Microbial guilds implicated in MeHg cycling

High methylation;

-Low demethylation
MeHg !
Production: \ .\ 80m

SRB
FeRB
Methanogens

MeHg
Production:
FeRB
“SRB”?

MeHg Degradation:
Methanogens

350m

High methylation;
High demethylation

Low MeHg



Methanogen diversity in incubations

McrA mcrA transcripts

80 m, t0 genes B7t48 C B7 t48 SO4

—9 N
N=20 N8

350 m, t0 genes 350 m, t0 350 m, t48 +SO4

N. N.

Methanobacteria

" Methanococci
B Methanobacteria

Methanomicrobia

f- Methanocellaceae

" Methanoregulaceae
I Methanosarcinaceae
\ Methanosaetaceae )




Microbial guilds implicated in MeHg cycling

High methylation;

-Low demethylation
MeHg !
Production: \ .\ 80m

| SRB |
FeRB
Methanogens

MeHg

Production:
FeRB

| “SRB”? |

350m

MeHg Degradation:
Methanogens

High methylation;
High demethylation

Low MeHg



SRB diversity in incubations (dsrB)

80 m, t0 genes

X 1]

SRB

dsrB transcripts (t48)

80 m, control 80 m +SO,

\_

B pesulfobacterales/Desulfovibrionales

8 "% Desulfobacterales (Desulfobulbus sp.)
B8 syntrophobacteraceae (Syntrophobacter wolnii)

B sSyntrophaceae

J

" Nitrospirae
B Unknown (Common Fen OTUs)



SRB diversity in incubations (dsrB)

80 m, t0 genes 350 m, t0 genes

dsrB transcripts
not detected at

350 m
N=26
0.8 - (" o )
] Desulfobacterales/Desulfovibrionales
~ 0.6 - S " pesulfobacterales (Desulfobulbus sp.)
'%» T _ B8 syntrophobacteraceae (Syntrophobacter wolnii)
T 0.4 \. M syntrophaceae )
& 55 " Nitrospirae
. B8 B unknown (Common Fen OTUs)

MPNs: 2 — 3 x 10 cells/g soil




Microbial guilds implicated in MeHg cycling

High methylation;

-Low demethylation
MeHg !
Production: \ .\ 80m

SRB
| FeRB |
Methanogens

MeHg

Production:

| FeRB |
“SRB”?

MeHg Degradation:
Methanogens

350m

High methylation;
High demethylation

Low MeHg



Geobacter (FeRB) are
abundant and active

qPCR Hg(ll) Methylation
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The Genetic Basis for Bacterial
Mercury Methylation

HgcA = corrinoid protein

ND132

D. aespoeensis

D. africanus Walvis Bay

D. propionicus

|_<

Geobacter

G. metallireducens

DD - EEE

DND132_1056 DND132_1057

Daes_2662

Desaf_o117

Despr_0439

G5U1440

Gmet_1240

Daes_2663

putative cobalamin-binding domain
I

predicted transmembrane domain
T

T
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* Desuifovibrio desulfimicans MD132

1
L

= Dieguf apo-2

= Desul Wahis Bay
Diesud S R B [ X
Diesuf mutanz ASO3-1
D 7951

Desufovibrio oxyciines DSM 11498
= Desuffobutbus propionicus DSM 2032

Dospr_0438

GSUT441

Gmet_1241

o0-Proteobacteria

Firmicutes

Euryarchaeota

3 FRC-3Z
Geobacter sp. M18

G S0. MZ1

Geg

= FeRB |-

delta profecbacterium MLMS-1
delta profeobacterium NaphS2
Defemisoma camini S3R1
Acetivibrio calkiolyticus CD2
Dehalobacler resiicius DSM 9455
Dehalobacter sp. GF
Dehalobacter sp. DCA
Dehalobacler sp. FTH1

= Firmicutes

Desulfosporesinus sp. OT
Desuffosporosinus youngise DSM 17734
Ethanafigensans harbinenss YUAN-3
Symirmphoboluius glycolices DSM 8271
Dsthiobacter alkaliphius AHT 1
Acetonems kongum DEM 6540
Methanofolis iminafans GKIPZ
Mefhanoregula boonei 6AS

Methanogens

Methanolobus psychrophiuz R15
Methanocella arvonyzae MRESO RC-|
Melhanoceds paludivels SANAE
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HgcA Cobalamin-binding domain transmembrane domain
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GSU1440_1/1-325
Gmet 1240 1/1-323
Gura_0480_1/1-318
Ghem_1183_1/1-340
Geob_ 2483 1/1-324
Desde_2772 1/1-334
Desdi_0780_1/1-334
Desaci_1621_1/1-334
Desor 2652 1/1-334
DCFS0 p1170_1/1-385
Sgly_ 2352 1/1-352
Ethha_0975_1/1-369
Dnd132_1058_1/1-338
Daes 2662 1/1-334
Despr_ 0433_1/1-339
Dbac_0376_ 1/1-346
Desaf 0117_4/1-331
Desti_1022_1/1-339
SYN_00351_1/1-396
Mhun_0B76 171-342
Mpsy_ 0587_1/1-356
MCP_0T18_171-331
Mboo_0422_171-345
Mpal_1034_1/1-320
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Desaf_0117_1/1-331
Synt rophs Desti_1022_1/1-339

SYN_00351_1/1-396
Mhun_0876_1/1-342
Mpsy_0587_1/1-356
MCP_0T18_1/1-331
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Mpal_1034_1/1-320
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Ombrotrophic bog

Desulfitobacte d hI roai ns (Desdi 07902
rium dichlo rnlna (( 21‘55)

tohacterium metallireducens {DesmigD

B2 QT3

Alder swamp: 80 m, 350 m { %@Hm"ﬁﬁm BN HgcA

Humic lake sediments
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HgcA diversity in Edshult soils

80m

Unknown

Chloroflexi —

N=26

Bl 5-Proteobacteria (FeRB)*
% I 5-Proteobacteria, SRB)
B " Methanomicrobia e

" Chloroflexi
B Unknown
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HgcA diversity in Edshult soils

350m

Unknown

Chlorofle

N= 25

Bl 6—Proteobacteria (FeRB)*

2 I 5—Proteobacteria, SRB)
B " Methanomicrobia

" Chloroflexi
B Unknown




HgcA diversity in various environments

80m Alder swamp 350 m
Oct 2011 Oct. 2011

Bl 6—Proteobacteria (FeRB)
B8 B 5-Proteobacteria, SRB)
B " Methanomicrobia

" Chloroflexi
B Unknown

Humic Lake sediments

Ombrotrohic Bog Abril 2009
pri

May 2009

MoO MoO,

A 4

S

Syntrophy??



What about abundance?



Quantitation of genes/transcripts

qPCR approach 35 -
SYBR Green 16S .30 - Standard curve
2 - S 25 -
N 5 (& ]
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D 1 - Log (Copy number)
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hgcA gene abundance
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Summary

80 m Edshult High methylation, Low abiotic demethylation

Microbial Phyla Km Guild specific hgcA
Guild Activity transcripts phylotypes
FeRB Geobacteraceae  Methylation in 16S rRNA Transcripts
+MoO4 or BES increased detected
SRB d-Proteos ~30% inhib MoO,  dsrB
Syntrophs 0-Proteos Similar effects of dsrB
MoO, & BES
Methanogens Methanomicrobia ~30% inhib BES mcrA Transcripts
detected

350 m Edshult  High methylation, High biotic demethylation

Microbial Phyla Km / Kd Guild specific hgcA

Guild Activity transcripts phylotypes

FeRB Geobacteraceae  Methylation in nd Transcripts
+MoO4 or BES detected

Methanogens Methanomicrobia Demethylate mcrA Genes detected
(inhib. by BES) (not transcripts)




Various guilds contribute to MeHg production

Total Hg(lI)

H,, CO, (C,)
g bCH
<:I Bioavailable Hg |:>
Fe(lll)

w\ L

é MeHg
pool

R A
[ MeHg <
pool
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