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Introduction ResultsResearch Questions Summary

Per- and polyfluoroalkyl Substances (PFAS)

(Kwiatkowski et al., 2020. ES&T Lett.; Wang et al., 2021. ES&T)

–CF3 or –CF2–
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Microbial Cleavage of C–F bonds 

Fluoroacetate

Nature-made organofluorines (biologically) Man-made organofluorines

Fact sheet

- The strongest single bond
- The highest electronegativity
- Much lower redox potential 

(reaching the physiological 
limit)

- Toxicity of intracellular F–

L-2-haloacid 

dehalogenases (HAD) Bpro0530

“defluorinases”??

F─

Glycolate

HAD

(Chan et al., 2021)

(Wackett, 2021; Gribble, 2002; 

Park et al., 2009) 

Introduction ResultsResearch Questions Summary

(Picture source: google.com)

(Bommer et al., 2014)

Reductive dehalogenases
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• The goal: address the bioremediation challenges using a synergistic 
materials-microbe interface

Groundwater Flow

Contaminated Zone

Anaerobic reaction zone

Water Table

Aerobic reaction zone

H2

e−

H+

reductive dehalogenation

O2
CO2

Challenge 1: Efficient e− transfer

Challenge 2: Deeper dehalogenation

Challenge 3: Simultaneous biodegradation of co-contaminants 

aerobic biodegradation

Bioremediation of halogenated contaminants and co-contaminants

Introduction ResultsResearch Questions Summary



5

Aim 3

Aim 2

Aim 1

PFAS

Introduction ResultsResearch Questions Summary

Synergistic Material-Microbe Interface towards Faster, Deeper, and 
Air-tolerant Reductive Dehalogenation



F─

Cation Exchange 

Membrane

?
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Introduction ResultsResearch Questions Summary

Biological reductive defluorination
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1 - 2F release

Bioelectrochemical reductive defluorination

Questions

o Can 

biodefluorination be 

enhanced in the 

electrochemical 

system?

o And if so, via which 

mechanisms?
o Enhanced 

biodefluorination by 

enhanced e‒

transfer?

o Synergies between 

biological and 

electrochemical 

defluorination?
(Yu et al., 2020)
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Introduction ResultsResearch Questions Summary

F─

Cation Exchange Membrane

5 mL culture in 

95 mL medium

70 μM

PFMeUPA

100 mL 

basal medium

N2
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Bioelectrochemical BiologicalElectrochemical

5mL culture

70 μM

5mL filtered

Spent medium

70 μM

5mL culture

70 μM

Introduction ResultsResearch Questions Summary

- Parent compound:

Biodefluorination only

Electrochemical or 

Bioelectrochemical

- Biodefluorination 

intermediates: 
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- Peak area > 105

- Isotopic pattern score > 70

- Formation trend

- Not in-source fragment

TP Identification Criteria
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+2H
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Bioelectrochemical

defluorination

Biodefluorination

Electrochemical 

defluorination
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TP205(C6H7F5O2)
CL3

–2F,+2H

TP169(C6H9F3O2)
CL3

–F,+H
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+2H

TP238(C6H3F7O2)
CL1

Biological system

–F,+H

TP223(C6H6F6O2)
CL3TP205(C6H7F5O2)

CL3

TP200(C6H3F5O2)
CL3

–2F,+2H

TP169(C6H9F3O2)
CL3

Bioelectrochemical system

Bioelectrochemical defluorination

Biodefluorination

PFMeUPA(C6HF9O2)
CL1

or

TP256(C6H2F8O2)
CL2b

TP276(C6H3F9O2)
CL2b

TP259(C6H4F8O2)
CL2b

–F,+H

+2H –HF

Electrochemical defluorination

CL: confidence level

TP241(C6H5F7O2)
CL1

+2H–F,+H

Introduction ResultsResearch Questions Summary

or

Che et al., in prep

1-2 F release

–HF

2-6 additional F release from biological intermediates

-2F
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Microbial community change in the bioelectrochemical system 

BEC

Bio
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Introduction ResultsResearch Questions Summary

Take-home MessagesQuestions

o Can biodefluorination 

be enhanced in the 

electrochemical 

system?

o And if so, via which 

mechanisms?
o Enhanced 

biodefluorination by 

enhanced e‒

transfer?

o Synergies between 

biological and 

electrochemical 

defluorination?

• Faster and deeper reductive defluorination 

was achieved in the bioelectrochemical

system.

• The mechanic understanding:

• The synergies between biodefluorination 

of the parent compound and 

electrochemical defluorination of the 

biodefluorination products.

• The electrochemically facilitated 

biodefluorination of intermediates. 
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Introduction ResultsResearch Questions Summary

Ongoing work

o Optimize the electrochemical system to

better support sustainable growth of the

defluorinating culture.

o Integration of other novel nanomaterials

to further enhance defluorination.

o Test different PFAS compounds.

o Test different defluorinating cultures

obtained in the lab and from other labs.

O2

Compound2

Compound1

Now recruiting a Postdoc

Interested?

Contact: ymen AT engr.ucr.edu

https://environmicrobe.weebly.com/opportunities.html

https://environmicrobe.weebly.com/opportunities.html
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