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Anaerobic Microbial Reductive Dechlorination
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Interactions in Dechlorinating Communities

Dhc does not live alone Iin nature.
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Geochemical Perturbations on TCE Bioremediation

Important to determine how environmental conditions affect material
exchanges in TCE-dechlorinating communities.

Injection wells

Groundwater
—p

. ‘ Other co-existing microbes ‘ cl
~ 7 vV I ;
' CO Acetate H, VitaminB, Na

4
H S- <;L_ff_f:/ \ \ 1 1
TCE  w=b|D. mecartyi| == Ethene

Chlorinated solvents




Technical Objectives and Approach

1) Construct defined
consortia representing

major interactions crucial to
TCE-bioremediation
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4) Possible solutions to
overcome the perturbation.

2) Investigate consortia
performance in the presence of

sulfate reduction or high salinity
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3) Apply either microarray or RNA-seq to elucidate the
effects of perturbation on metabolism and functions of Dhc. s




Effects of Sulfate Reduction on TCE-dechlorination



Sulfate Effects

Sulfate is prevalent in groundwater.

Sulfate-reducing bacteria often occur in the same niche with dechlorinating bacteria.

SO,* +4H, +H"> HS—+ 4H,0

Lack of consistent understanding of sulfate’s effects on TCE dechlorination.

Two testing hypotheses:

» Inhibitory effects of sulfate or sulfide
» Competition of electron donor (H,)

Toxicity effects
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Electron donor competition

Two scenarios: 1) electron acceptor limiting, 2)
electron donor limiting
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Two Types of Syntrophic Consortia

Bacterium

Function

Desulfovibrio vulgaris Hildenborough (DvH)
Syntrophomonas wolfei (S. wolfei)

Dehalococcoides mccartyi strain 195 (Dhc 195)

Fermentation, sulfate reduction
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Inhibitory Effects on Syntrophic Consortia Members

SO,2- > HS-
Axenic cultures Function Sulfate Sulfide
Dhc 195 TCE dechlorination 5mM | Noeffects 5mM Decreaseg
yield by 65%
S. wolfei Fermentation 5mM | No effects 5 mM Decreased

yield by 40%

Fermentation, sulfate

DVH — N/A >1omm | Cell growth

inhibited

Mao et al. Appl. Environ. Microbiol. 2017



Sulfide Inhibition on Dhc195

TCE reduction rate (uM/day)
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» Transcriptomic analysis using
microarray indicates the gene
expression changes in ATP
synthase, biosynthesis, and
metal-containing enzymes.
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Effects of Sulfate Reduction on TCE-dechlorination
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Chlorinated ethenes »
and ethene (umol/bottle)

Co-Culture DvH/Dhc195 under
Electron Acceptor Limitation
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Tri-Culture S. wolfei/DvH/Dhc195
under Electron Donor Limitation
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Effects of Sulfate
Reduction on TCE-
Dechlorinating
Enrichment Culture

« Enrichment culture showed similar

inhibitory patterns as the defined

consortia under the two limitation
conditions.

« Methane production occurred in the

control culture but not in sulfate
amended groups due to low H,
concentration.

Mao et al. Appl. Environ. Microbiol. 2017



Effects of Salinity on TCE-dechlorination



Salinity Effects on TCE bioremediation

« TCE is present at 389 National Priorities List (NPL) sites, G oy i AN N

many of which are along the coast. : w7 e B8 | TS (0 S e
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> Salt stress at the cellular level of Dhc bl Ve o
» Salt stress on the metabolic interactions |

Bacterium Function
DvH Fermentation
Pelosinus fermentans R7 (PfR7) Fermentation, corrinoid production
Dhc 195 TCE dechlorination
Inhibitory effects Salinity stress

Two scenarios: 1) Existing salinity in groundwater
2) Salinity perturbation

Pure culture Consortia



Tri-Culture of PfR7/DvH/Dhc195 under Salt Stress
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Salt Stress on Consortium Members
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Overall Salt Stress Response of Dhc195 Pure Culture
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Transcriptional Responses of Dhc195 Pure
Culture under Salinity Perturbation

1stdose of TCE  2stdose of TCE + salt perturbation ° B|Osynth eS|S
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salt perturbation experiment - ABC transporters

Sun et al. In preparation 2019



Effects on Metabolic Interactions under Salt Stress (l)

Group Control | A B C D E F G H | J
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Effects on Metabolic Interactions under Salt Stress (l)
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Na* conc. after perturbation o0 183 | 227 | 271 | 315 | 359 | 404 | 448 | 492 | 536 | 580
Limiting éamcllnch for TCE N/A PfR7 PfR7 & DvH Dhc195 Limiting
dechlorination Limiting Limiting
Lactate

100
80 g
60 -

40 1

TCE (umole/bottle)

20 A

GB slightly improved

6 8
Time (day)

TCE dechlorination

—e— Control

A —~— B

C =D —=— D+GB

/ \

PfR7 @

Il\‘\(ll

ProplonateAcetate

TCE

itl

=

Dhc195

» VC &Ethene

22

Sun et al. In preparation 2019



Effects on Metabolic Interactions under Salt Stress (ll)
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Effects on Metabolic Interactions under Salt Stress (ll)
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Effects on Metabolic Interactions under Salt Stress (ll)
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Summary

« Sulfate effects
« Sulfide (5mM) inhibited TCE dechlorination and growth of Dhc195.

« When hydrogen was abundant, sulfate-reducing bacterial activity generated sulfide that
inhibited TCE dechlorination.

« The sulfate-reduction activity can be limited by using slow fermentable substrates to prioritize
TCE dechlorination.

o Salt stress

« Dhc195 has a relatively higher tolerance to salt stress compared to supporting bacteria that
formed syntrophic interactions with Dhc.

» The salt stress mostly caused the transcriptional changes in genes encoding catabolism, tRNA,
amino acid, and nucleic acid biosynthesis in Dhc.

« Osmoprotectant, i.e., GB can be used to ameliorate the inhibition on the supporting bacteria.

 Biostimulation with medium containing cobalamin and GB is necessary to sustain the
bioremediation performance under salt perturbation at concentrations up to 400 mM.
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