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A Problem:

A Sangamo-Weston Inc. built capacitors with PCB containing
dielectric fluid from 1955 to 1987.

A The PCBs from improper disposal contaminated the water
supply of Lake Hartwell and its tributaries.

A Since PCBs have low water solubility, they remain mostly in
the organic sediments and as particulate matter.

A PCB sediment concentrations are within the range of injury
for benthic macroinvertabrates and exceed healthy levels in
the fish of Lake Hartwell.?



Bioaccumulation

WATERBODY LOCATION SPECIES OF FISH ADVISORY

12 Mile Creek All Species of Fish DO NOT EAT ANY

Seneca River Arm All Species of Fish DO NOT EAT ANY
Channel Catfish 1 meal a month
All remaining waters Largemouth Bass 1 meal a month

Lake Hartwell Hybrid Bass/Striped Bass DO NOT EAT ANY
PCB Advisory Black Crappie No Restrictions
Channel Catfish less than 16 inches MNo Restrictions
hgiergag;o;i::ffzg:n State of Georgia advisory for Lake Hartwell Channel Catfish over 16 inches 1 meal a month
fish from Lake Hartwell. For more fnfong:t?oa:rognmjfhh advisories, Largemouth Bass less than 16 inches 1 meal a week
call the GA Department of Natural Resources Largemouth Bass over 16 inches 1 meal a month
at (706) 369-6376. Hybrid/Striped Bass less than 12 inches Mo Restrictions
Hybrid/Striped Bass 12-16 inches 1 meal a month

Hybrid/Striped Bass over 16 inches DO NOT EAT ANY

2012 South Carolina Fish Consumption Advisory

http://www.epa.gov/greatlakes/atlas/images/chart402.gif



" What do PCBs do?

A Known pollutant both locally and globally. This has been a
problem with Lake Hartwell 6s fi sh
the species and amount of fish that can be caught and
consumed (the most common route of PCB toxicity for
humans).

A PCBs have been proven to cause cancer by animal testing and
there have been links to increased incidences of human
cancers and developmental impairments in contaminated
areas, in addition to normal toxicity symptoms: rashes, organ
complications, among others.



"What 6s
solution?

A Bacteria! Escherichia coli to be exact.

A Multistep bacterial bioremediation system using two
plasmids

A Locate the PCBs in the sediment.

A Goalis to expand onthe 2011 IGEMUT-Toky o Teamos
guider system. By using a promoter specific for PCBs, the
guider bacteria can signal the workers.?

A Two sets of workers: biosurfactant-producing and PCB-
degrading bacteria.

A The second worker bacteria will breakdown the PCBs
Into less harmful byproducts, cleaning up Lake Hartwell!



Project Animation
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1. The guider, a magnetotactic
bacterium naturally moves into
the PCB containing sediment and
send out aspartate that serves as
a chemoattractant to the worker
bacteria. "y

2. The two groups of worker
bacteria follow the aspartate
gradient towards the PCBs, and
once there, a cell arrest system
prevents them from migrating
away.

3. The first group of worker bacteria
produces a bisurfactant—rhamnolipids
upon contact with PCBs. This helps to
solubilize the PCBs that would otherwise
not be bioavailable.

—

4. The second group of
worker bacteria produces
the catabolic enzymes that
degrade the PCBs.

Process Explanation




" Guider System: UT-Tokyo 2011

A Replace the SOS promoter (activated by UV light) with a PCB
specific promoter.

A Also, since PCBs are insoluble particles that remain in the
sediments of Lake Hartwell, we need the workers to dive to the

bottom.

A By implementing the UT-Tokyo System with our PCB promoter
In @ magnetotactic bacteria (microaerophile), our modified E.
coli will come into contact with the PCBs much more quickly.
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Guider Bacteria: Aspartate Production
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Biosurfactant
Production Portion
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Source

A Our biosurfactant pathway comes from the Gram-negative bacteria
Pseudomonas aeruginosa, which produce their own surfactant
molecules called rhamnolipids
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A Significant properties include carboxylic acids and alcohol groups
that can interact with lake water, and nonpolar regions that interact

with the sediment layer.

A Rhamnolipids in nature function to solubilize nonpolar compounds
that resist interaction with water

A The pathway in P. aeruginosa uses several genes arranged on an
operon to synthesize rhamnolipid components from both glucose and

fatty acids




Synthesis
Pathway

This reaction combines the

glycolysis and fatty acid pathways
to create monorhamnolipids and
dirhamnolipids.
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Three Operons in one Plasmid

/ Biosurfactant - Rhamnolipid Worker Gene Construct \
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Plasmid Construction and

Project Methods

1. Creation of electrocompetent E. coli

2. P. aeruginosa DNA extraction and
purification

3. PCR of extracted DNA using forward and
reverse primers

4. Gel electrophoresis to check the success of
PCR

5. Purification of PCR samples

6. Ligation of genes into operons and operons

into plasmids

A DNA gel showing the presence of
genes contained within the operons



