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Poplar TreesPoplar Trees

FastFast--growing trees growing trees 
(3(3--5 meters per 5 meters per 
year)year)
Take up large Take up large 
volume of water volume of water 
(100 L/day)(100 L/day)
LongLong--livedlived
Successfully used in Successfully used in 
phytoremediation phytoremediation 
projectsprojects



PhytoremediationPhytoremediation

1.1. Overview of PhytoremediationOverview of Phytoremediation
2.2. Organic (degradable) pollutantsOrganic (degradable) pollutants



The Pollution ProblemThe Pollution Problem

Solvents, PAHs, Solvents, PAHs, 
PCB’s, BTEXPCB’s, BTEX
Occurs from spills Occurs from spills 
or deliberate or deliberate 
dumpingdumping
$6$6--8 billion spent 8 billion spent 
annually in U.S.annually in U.S.
$25$25--50 billion 50 billion 
worldwideworldwide
Enormous health Enormous health 
costs toocosts too



Super Fund SitesSuper Fund Sites

EPA’s list of the nation’s most EPA’s list of the nation’s most 
contaminated hazardous waste sitescontaminated hazardous waste sites
12,000 (US alone)12,000 (US alone)
Washington State tooWashington State too
400,000 in Western Europe400,000 in Western Europe



BrownfieldsBrownfields
Abandoned, polluted Abandoned, polluted 
commercial commercial 
propertiesproperties
More than 500,000 More than 500,000 
in U.S.in U.S.
Owners would rather Owners would rather 
abandon the site abandon the site 
than pay for clean upthan pay for clean up



Traditional treatmentsTraditional treatments--
EngineeringEngineering

Excavation to Excavation to 
another siteanother site
Indefinite storageIndefinite storage
CappingCapping
Soil washingSoil washing
IncinerationIncineration



Engineering:  Engineering:  
Pump&TreatPump&Treat



Chemical TreatmentChemical Treatment

Add 1000s of Add 1000s of 
gallons of oxidant gallons of oxidant 
(potassium (potassium 
permanganate or permanganate or 
hydrogen peroxide)hydrogen peroxide)



BioremediationBioremediation

““Bioaugmentation” with bacterial Bioaugmentation” with bacterial 
strains known to degrade the pollutantstrains known to degrade the pollutant
Issues:  Issues:  
–– MonitoringMonitoring
–– competition with other microbescompetition with other microbes
–– anaerobic metabolismanaerobic metabolism
–– Feeding the microbesFeeding the microbes



Phytoremediation=“Solar Phytoremediation=“Solar Pump&TreePump&Tree””

SOLAR POWER 
INSTEAD OF 
ELECTRICITY



Advantages to Advantages to 
PhytoremediationPhytoremediation
Uses the plant’s natural ability to extract Uses the plant’s natural ability to extract 
chemicals from water, soil, and airchemicals from water, soil, and air
Less intrusive and more aestheticallyLess intrusive and more aesthetically--pleasingpleasing
CheaperCheaper
Easier to monitor (plant and chemical)Easier to monitor (plant and chemical)
Soil stabilizationSoil stabilization
Carbon sequestrationCarbon sequestration
Usable productUsable product-- biofuel, woodbiofuel, wood



DisadvantagesDisadvantages

Too slowToo slow
SeasonalSeasonal
Plant species must be adapted to the Plant species must be adapted to the 
environment of the siteenvironment of the site



How phytoremediation How phytoremediation 
worksworks



How Phytoremediation WorksHow Phytoremediation Works

A.  Phytoextraction (metals)A.  Phytoextraction (metals)
B.  B.  RhizofiltrationRhizofiltration (metals)(metals)
C.  C.  PhytostabilizationPhytostabilization and containmentand containment
D.  PhytovolatilizationD.  Phytovolatilization
E.  E.  PhytostimulationPhytostimulation
F.  PhytodegradationF.  Phytodegradation



PhytodegradationPhytodegradation

Take up and Take up and 
biochemically degrade biochemically degrade 
the pollutants to the pollutants to 
harmless harmless biproductsbiproducts
Chlorinated solvents, Chlorinated solvents, 
explosivesexplosives
Phytoremediation at Phytoremediation at 
its best!its best!



Solvents:  TCESolvents:  TCE

Trichloroethylene Trichloroethylene 
(TCE)(TCE)-- 50% of 50% of 
SuperFund sitesSuperFund sites
Metal degreaserMetal degreaser
Toxic Toxic 
Plants can take it Plants can take it 
upup



Metabolism of TCE by Metabolism of TCE by 
PoplarPoplar

Pure poplar cellsPure poplar cells
Oxidizes TCE to Oxidizes TCE to 
trichloroethanoltrichloroethanol
Adds on a sugarAdds on a sugar
Stores it while it Stores it while it 
slowly degradesslowly degrades



Why Enhance Why Enhance 
Phytoremediation?Phytoremediation?

Pollutants are phytotoxicPollutants are phytotoxic
Plant species that can metabolize the pollutant Plant species that can metabolize the pollutant 
sometimes cannot grow in the required sometimes cannot grow in the required 
environment environment 
Phytoremediation is too slow and transient Phytoremediation is too slow and transient 
Plant species with the desired activities are of Plant species with the desired activities are of 
low biomasslow biomass
64% of polluted sites have mixed pollutants64% of polluted sites have mixed pollutants



Genetic EngineeringGenetic Engineering
of Plantsof Plants



Genetic EngineeringGenetic Engineering

Transferring specific genes to an organismTransferring specific genes to an organism
–– A gene is a segment of DNA that encodes A gene is a segment of DNA that encodes 

a protein.  The genetic code is universala protein.  The genetic code is universal
Can be the same species (overexpress or Can be the same species (overexpress or 
underexpressunderexpress a native gene)a native gene)
Can be a transfer from wild relativeCan be a transfer from wild relative
Can be crossCan be cross--kingdom transfer (mammalian kingdom transfer (mammalian 
to plant, bacteria to plant)to plant, bacteria to plant)



Genetic code is in 3Genetic code is in 3--letter letter codonscodons
amino acids amino acids protein:  UNIVERSAL!protein:  UNIVERSAL!



Why engineer plantsWhy engineer plants

Traditional breeding is too Traditional breeding is too 
generalized; highly variable; random generalized; highly variable; random 
mixing of 1000s of genesmixing of 1000s of genes
–– Crossing to get large fruit results in loss Crossing to get large fruit results in loss 

of many other valuable traitsof many other valuable traits

Often, only a specific trait is the focusOften, only a specific trait is the focus
–– Example: pathogen resistance from a wild Example: pathogen resistance from a wild 

relativerelative



MethodsMethods

Agrobacterium tumefaciensAgrobacterium tumefaciens
Agrobacterium rhizogenesAgrobacterium rhizogenes
Both are soil bacteria that naturally Both are soil bacteria that naturally 
transform plant cells by introducing a transform plant cells by introducing a 
piece of their DNA (Tpiece of their DNA (T--DNA) into the DNA) into the 
plant nuclear genomeplant nuclear genome

BiolisticsBiolistics



AgrobacteriumAgrobacterium is commonly used to is commonly used to 
introduce specific genes into plantsintroduce specific genes into plants

AgrobacteriumAgrobacterium is a is a 
common soil bacteriumcommon soil bacterium
It naturally transfers It naturally transfers 
DNA into the plant cell DNA into the plant cell 
genomegenome
The plant treats the The plant treats the 
new DNA as its ownnew DNA as its own
Mechanism discovered Mechanism discovered 
here at UWhere at UW



1.  Step One:  1.  Step One:  
AgrobacteriumAgrobacterium detects a detects a 
wounded plant cellwounded plant cell

Phenolics,

Sugars,

Acid

Wounded Plant Cell

Agro



Step 2.  Agrobacterium Step 2.  Agrobacterium 
attaches to the plant cellattaches to the plant cell



Step 3.  Agrobacterium Step 3.  Agrobacterium 
prepares a piece of DNA for prepares a piece of DNA for 
transfertransfer

Agro DNA to be transferred

Agro Enzyme: VirD2



Why does Why does 
Agrobacterium do this?Agrobacterium do this?

1.1. FoodFood
2.2. Safe home away from competitorsSafe home away from competitors



How Agrobacterium is How Agrobacterium is 
used to transform plantsused to transform plants

1.  Remove the genes from Agrobacterium 1.  Remove the genes from Agrobacterium 
that cause the tumor and “Agro food” that cause the tumor and “Agro food” 
productionproduction

2.  Replace them with “genes of interest”2.  Replace them with “genes of interest”

3.  Agrobacterium only “looks” at the border 3.  Agrobacterium only “looks” at the border 
sequences, and transfers anything that is sequences, and transfers anything that is 
between thembetween them



Enhancing phytoremediation Enhancing phytoremediation 
of small, volatile chemicalsof small, volatile chemicals

Principal Investigator:  Prof. Stuart Principal Investigator:  Prof. Stuart 
Strand (Dept. of Civil and Strand (Dept. of Civil and 
Environmental Engineering; CFR)Environmental Engineering; CFR)

CoCo--P.I.:  Prof. Sharon Doty (CFR)P.I.:  Prof. Sharon Doty (CFR)
Funding:  NIEHS and DOEFunding:  NIEHS and DOE



Cytochrome P450 2E1 Catalyzes TCE MetabolismCytochrome P450 2E1 Catalyzes TCE Metabolism

2E1

Trichloroacetic Acid

Chloral Trichloroethylene

Trichloroethanol



Transformation of Poplar usingTransformation of Poplar using
Agrobacterium tumefaciensAgrobacterium tumefaciens

Agro is killed; 
hormones 
provided for 
plant 
regeneration



Plants are assayed for Plants are assayed for 
increased metabolism of increased metabolism of 

pollutantspollutants

The pollutant is addedThe pollutant is added
The concentration is The concentration is 
monitoredmonitored
The metabolites are The metabolites are 
quantified by gas quantified by gas 
chromatographychromatography



P450 2E1 Transgenic Plants Have  
Increased Metabolism of TCE

0

0.5

1

1.5

2

2.5

3

3.5

4

µg
 T

C
EO

H
/g

m
 ti

ss
ue

Vector Control Aspen r2E1 Transgenic Aspen

132X Average Control
121X Average Control

S. L. Doty, et al. (2007):  Proc. Natl. Acad. Sci 104(43) 16816-16821



2E1 Transgenic Aspen Remove TCE 2E1 Transgenic Aspen Remove TCE 
from Solution at a Faster Ratefrom Solution at a Faster Rate
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P450 2E1 Has Multiple P450 2E1 Has Multiple 
SubstratesSubstrates

ChloroformChloroform
Carbon TetrachlorideCarbon Tetrachloride
Vinyl ChlorideVinyl Chloride
BenzeneBenzene



Increased Removal of Chloroform from Increased Removal of Chloroform from 
Solution by rCYP2E1 Transgenic AspenSolution by rCYP2E1 Transgenic Aspen

S. L. Doty, et al. (2007):  Proc. Natl. Acad. Sci 104(43) 
16816-16821
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Increased removal rates of Increased removal rates of 
several important pollutantsseveral important pollutants

1.  TCE 53X faster1.  TCE 53X faster
2.  Chloroform 9X faster2.  Chloroform 9X faster
3.  Vinyl chloride 3X faster 3.  Vinyl chloride 3X faster 



Removal of pollutantsRemoval of pollutants
from airfrom air



CYP2E1 aspen plants CYP2E1 aspen plants 
remove more TCE from airremove more TCE from air
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Increased removal of Increased removal of 
benzene from airbenzene from air

10X faster removal using transgenic poplar 10X faster removal using transgenic poplar 
than nonthan non--transgenic poplartransgenic poplar



Identification of Plant Identification of Plant 
Genes Involved in TCE Genes Involved in TCE 

MetabolismMetabolism

Graduate students:  Graduate students:  
Jun Won Kang and Jun Won Kang and 
KeumKeum Young LeeYoung Lee
Funding:  NIEHSFunding:  NIEHS



Approaches to identify plant genes Approaches to identify plant genes 
involved in TCE metabolisminvolved in TCE metabolism

Testing in yeastTesting in yeast
–– 272 P450s in At272 P450s in At

Microarrays Microarrays 



Which poplar genes are involved after the
initial exposure to TCE?

Microarray -4 chips

undosed50ug/ml  TCE dosed

r2e1 #78

KH200
(vector control)

Slide by Jun Won Kang



P450 2E1 Transgenic Plants Have  
Increased Metabolism of TCE
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Phases of detoxification in plants

Phase I Transformation Oxidation,
Reduction or 
hydrolysis 

Cytochrome P450 monooxygenases,
Reductases,
Dehalogenases

Phase II Conjugation With carbohydrates,
Glutathione,
Carboxylic acids

Glycosyltransferases (UGT) ,
Glutathione-S trasnferases (GST),
Acyltransferases

Phase III Compartmentation into vacuole or 
apoplast

ATP binding cassette (ABC
transporter)

Slide by Jun Won Kang



Function Enzyme KH200+TCE #78+TCE
Upregulated 68 472

Phase I Transformation
Cytochrome P450,
Reductases,
Dehalogenases

2 5
5

8
11

7

4
6
7

…

Phase II Conjugation
Glycosyltransferases (UGT) ,
Glutathione-S trasnferases
(GST),
Acyltransferases

1

Phase III Compartmentation
ATP binding cassette
(ABC transporter) 

1

Peroxidase
Oxidase
Oxidoreductase

3

Unknown …

Log FC >2

Slide by Jun Won Kang



SummarySummary

Introduction of one gene can increase Introduction of one gene can increase 
the removal rates of a whole class of the removal rates of a whole class of 
serious environmental pollutants from serious environmental pollutants from 
both water and air.both water and air.

Research into the plant genes involved Research into the plant genes involved 
in pollutant metabolism is continuingin pollutant metabolism is continuing
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