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Contaminated Sites in the U.S.
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Chlorinated Ethenes as Respiratory Electron
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Chlorinated Ethenes are Major Risk
Drivers
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Contaminant Source Zones and Plumes

e Suspected or proven human carcinogens
e Increased risk of Parkinson Disease

 Premature birth
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Populations Involved in Reductive
Dechlorination of Chlorinate. thenes

(

Geobacter lovleyi, Dehalobacter, Sulfurospirillum, -

Desulfuromonas, Desulfitobacterium '

He et al. 2> 03% ’cﬁﬁre‘, 424:62
Loffler et al. 2013, ITSEM, 63:625




Novel Dechlorinators from Pristine Sources
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Pristine Environments are Reservoirs
for Novel RDase Genes

16S Amplicon Sequencing = Metagenome Sequencing
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Phylogeny of Novel VC Dechlorinator

Organohalide-Respiring Chloroflexi
—— Dehalogenimonas lykanthroporepellans strain BLDC-Y

- Dehalogenimonas sp. WBC-2

— Dehalogenimonas alkenigignens strain IP3-3

‘mu{ Dehalogenimonas formicexedens strain NST-14T
Dehalogenimonas etheniformans strain GP
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Plume Teatment - Bioreactive Barriers
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Simplified Moq‘el of Organohalide Respiration




Dhc: Strict Requirement for Corrinoid
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Dhc strain BAV1

Limited B,,
[1 pg/L]

Sufficient B,
[25 pg/L]

[} .
c
2 50 cDCE
g 40 |
S 30
o A
> 20 VC
w 10
(3} ETH
% 0 1 . 1 . |‘ 1 |‘
0 5 10 15 20 25 30
Q
S 50
s
o 40
=
S 30
g 20 |
w 10 |
2
5 0 30
Q
S 50
s
o 40 +
i
S 30
g 20 |
Lg 10 |
% 0 1 1 1
0 5 10 15 20 25 30

Time (days)

Z
VC

Complete H

Dechlorination
(Detoxification)

¥




‘ Bull uLLI0) ‘
T

— Lower Bases

cC
§ [ Benzimidazole (Bza) type ]
; N OH | OCH3; OCH;
§ {1y {1y {11
Q N N N Hs
> / / /
Q. N

¢

CH; CH;
4 4

L, (I (1)
/ /

~=

[ Nucleobase type ]

\' NN N_ N NN
Q b, CH3 —>/7 <1Q <]Q </N§Y QY
/ / /
: NH,
' N

SCH,

CH3 N

/ \/\
&

&
/\
eseq JOMOT] ‘
PN

_<

[ Phenol type] [ Naphthimidazole ]

HO O HO N
7o|e°@83@°”3 <//

Dlmethylben2|m|da_
O™ R = CN = Cyanocobaramin (Vitamin B.,)

HO &




Who Supplies the Corrinoid?

Geobacter
lovleyi

Corrinoid *

17



Co-Culture Experiments:
Corrinoid Producer / Dhc mccartyi

| l i l
Cobamide Dhc Corrinoid
producing mccartyi auxotroph
m|crobe

Geobacter spp. Strain BAV1
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Dhc dechlorination
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NS
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Summary of Co-Culture Experiments

Co-Cultures
Dhc
Corrinoid Producer Dhc Strains | Growth
Geobacter lovleyi BAV1, FL2 +

Yan et al. 2012. Appl. Environ. Microbiol. 78:6630-6636 Yan et al. 2013. Phil. Trans. R. Soc. B. 368, 20120320
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Summary of Co-Culture Experiments

Co-Cultures Dhc
Dhc
Growth

Corrinoid Producer Dhc Strains Growth with DMB
Geobacter lovleyi BAV1, FL2 + +
Geobacter sulfurreducens |BAV1, FL2 - +
Sporomusa sp. BAV1, FL2, GT - +
Acetobacterium sp. BAV1, FL2 - +
Clostridium aceticum BAV1, FL2 - ND
Methanosarcina barkeri | BAV1, FL2, GT - +

Yan et al. 2012. Appl. Environ. Microbiol. 78:6630-6636

Yan et al. 2013. Phil. Trans. R. Soc. B. 368, 20120320
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—— Lower Bases
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Lower Base Affects Dechlorination Rates

. Dechlorination rates [mmoles CI- L' d!]
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Lower Base Affects Dechlorination Extent
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Corrinoid Quantity and Quality Matter
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Corrinoid Production Under Different
Redox Conditions

Third Creek Site [
Knoxville, TN

* Metal-manufacturing factory

=

* Third Creek sediment receiving
chlorinated solvents (predominantly
TCE) from underlying fractures

e GW
Commerce Street Superfund Site — %
Williston, Vermont (outside Burlington)

* Multi-tenant industrial park g{\

* Soil and groundwater contaminants include
TCE, cis-DCE, petroleum hydrocarbons and
metals (chromium, cadmium, and nickel)
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Corrinoid Production Under Different
Redox Conditions

Corrinoid Extraction and lIdentification
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The Redox Condition Affects Corrinoid Quantity
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27

Methanogenic

Nitrate

reducing

Sulfate

reducing

ot ot o g e

Iron
reducing




28

The Redox Condition Affects Corrinoid Quality
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Corrinoids Produced by the Community Under
Different Redox Conditions

Corrinoids Lactate Iron Sulfate Nitrate
produced fermenting

AT reducing reducing reducing
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Plume Teatment - Bioreactive Barriers
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