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Microbial transformations of mercury species
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Microbial transformations of mercury species
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Microbial transformations of mercury species
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Microbial transformations of mercury species
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Metabolic interactions between SRB and APB
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Metabolic interactions between SRB and APB

... and Mercury???
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Metabolic interactions between SRB and APB

... and Mercury???
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Metabolic interactions between SRB and APB

How metabolic interactions between SRB and APB affect mercury transformations?
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Model strains

Sulfate reducer

Desulfobulbus propionicus 1pr3

Sulfur S0,2 > H,S
metabolism
Carbon Heterotrophe:
metabolism - Propionate = Acetate

- H,+ CO, + Acetate

- Ethanol

- Propanol

- Pyruvate

- Lactate
Mercury Hgll > CH;Hg

metabolism
(Widdel and Pfennig 1982; King et al. 2000; Gilmour et al. 2013; Imhoff et al. 1998; Imhoff et al. 1984; Dahl et al 2008; Weissgerber et al., 2011; Borghese et al., 2004; Grégoire and Poulain 2016@



Model strains

Sulfate reducer Non sulfur anoxygenic phototroph Sulfur anoxygenic phototroph

Desulfobulbus propionicus 1pr3 Rhodobacter capsulatus SB1003 Allochromatium vinosum DSM 180

Sulfur SO, = H.,S H,S = SO
metabolism E—

Carbon Heterotrophe: Myxotrophe: Phototrophe:
metabolism - Propionate > Acetate - Butyrate - CO, - Acetate - €O,

- H,+ CO, + Acetate - Acetate - Propionate

- Ethanol - Propionate - Butyrate

- Propanol - Pyruvate - Formate

- Pyruvate - Fumarate

- Lactate ( - Succinate

- Pyruvate

Mercury Hgll = CH,Hg Hgll > Hg° Unknown
metabolism

(Widdel and Pfennig 1982; King et al. 2000; Gilmour et al. 2013; Imhoff et al. 1998; Imhoff et al. 1984; Dahl et al 2008; Weissgerber et al., 2011; Borghese et al., 2004; Grégoire and Poulain 2016@



Experimental set up

Axenic Growth

Co-culture growth
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Experimental set up

Axenic Growth Co-culture growth
D. propionicus R. capsulatus (A. vinosum) | D. propionicus D. propionicus D. propionicus
+ + +
R. capsulatus A. vinosum R. capsulatus
+
A vinosum

Substrates consumption Mercury transformations

Differential display

Growth measurements and :
Metabolites production Hg(Il) methylation  Hg(ll) reduction s€NE expression
RT-PCR lonic Chromatography GC-ICP-MS AFS RNA Seq

Single copy genes:

pufM > A. vinosum DSM180
(Photosynthesis)

ctrl 2 R. capsulatus SB1003

(Carotenoids synthesis)

dsrB 2 D. propionicus 1pr3
(Sulphate reduction)




Common medium: adapted MM + Sulfate + propionate+ butyrate
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Cell production (gene copy/ml)

1.E+03

=>» All the strains grown!!

15h growth

Bacterial growth

D. propionicus +
R. capsulatus

D. propionicus +
A. vinosum

i

D. propionicus +
R. capsulatus +
A. vinosum



Sulfate reduction: Metabolism in co-cultures

Axenic ; Cocultures

Sulfate consumption (mM)
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Sulfate reduction:

Sulfate consumption (mM)

O = N W B U Y N 0w

Axenic

Metabolism in co-cultures

: Cocultures

D. propionicus

S0, H,S

=>» Gene expression of sulfate reduction genes NOT affected, neither by Hg(ll) nor by anoxynic phototrophs Q



Carbon metabolism; Metabolism in co-cultures

Propionate consumption

Axenic | Cocultures

Propionate consumption (mM)
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Propionate Acetate

Carbon metabolism:

Propionate consumption

Axenic ! Cocultures

Propionate consumption (mM)
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Acetate production (mM)
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Metabolism in co-cultures

Acetate production
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Carbon metabolism:

Metabolism in co-cultures

Butyrate consumption
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Mercury transformations

How those metabolisms affect mercury transformations?



Mercury reduction

Common medium: Propionate+Butyrate+SO,*
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=» Inhibition of Hg(ll) reduction in cocultures



Mercury methylation
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MeHg production (pg/cell)

Axenic

Cocultures
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=>» D. propionicus produces 10 times more MeHg in the presence of A. vinosum



Differential display of D. propionicus genes

=>» in co culture with phototrophs

A-R-D Hg

Each dot: expression level of a D. propionicus gene



Differential display of D. propionicus genes

=>» in co culture with phototrophs

A-R-D Hg

=>» Allochromatium vinosum induce the highest modification in expression pattern

Each dot: expression level of a D. propionicus gene



Differential display of D. propionicus genes

=>» in co culture with phototrophs

- CH3-THF /_b CH;-Co(lll)-HgcA 2

Co(l)-HgcA

Parks et al., 2013

A-R-D Hg

=>» Allochromatium vinosum induce the highest modification in expression pattern
=>»hgcA and hgcB genes expression is low and does NOT change in the presence of A. vinosum

Each dot: expression level of a D. propionicus gene



Differential display of D. propionicus genes

=» in co culture with phototrophs
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=>» Allochromatium vinosum induce the highest modification in expression pattern
=>»hgcA and hgcB genes expression is low and does NOT change in the presence of A. vinosum

=>» Disproportionation of SO induced in D. propionicus

4 5%+ 4 H,0=S0,>+3H,S (aq) @

=>» New energy source @

Each dot: expression level of a D. propionicus gene



Model of metabolic functioning and mercury transformations in cocultures
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Rhodobacter
capsulatus

Butyrate

Model of metabolic functioning and mercury transformations in cocultures
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Model of metabolic functioning and mercury transformations in cocultures

H,S Sulfate

Hgll

Desulfobulbus
propionicus

Allochromatium
vinosum

MeHg

Butyrate Propionate Acetate
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