
I. Phytoremediation of CPS by Populus and Salix
To evaluate plant potential for CPS uptake, several plant species were investigated.
Analysis of the CPS removal from solution showed that CPS can be taken up by plant roots
and significant amounts of CPS were accumulated in plant tissues. CPS did not persist in
the plants after taking up by plants, suggesting further metabolism of CPS in plant tissue.
To our knowledge, this work represents the first report for phytoremediation of CPS using
poplar and willow.

1-1. Plant Materials
• Hybrid poplar ‘INRA 717-1B4’ (Populus tremula x P. alba)
• Black cottonwood ‘Nisqually-1’ (P. trichocarpa)
• Willow 'SX61' (Salix sachalinensis), 'SX64' (S. miyabeana), 'SX67' (S. miyabeana)

'SV1' (S. dasyclados), '94006' (S. purpurea)

1-2. Experimental Design

1-3. Results 

                           
Three Approaches to 

Enhancing Phytoremediation of  
Chlorpyrifos  

Keum Young Lee1,*, Stuart E. Strand1,2, and Sharon L. Doty1 
1School of Forest Resources, University of Washington, Seattle, WA 98195;

2Department of Civil and Environmental Engineering, University of Washington, Seattle, WA 98195

Introduction
Chlorpyrifos (CPS) is one of the commonly used organophosphorus insecticides
that are implicated in environmental and human health problems. We
hypothesized that these problems may be solved by the emerging
phytoremediation technology (A), which is the use of plants for the cleanup of
environmental contaminants. Here, we introduce three approaches (B) to
enhancing phytoremediation of CPS.

A B

(3)
Phytoremediation 

of CPS

(1)

(2)

CPS
CPSCPS

CPS CPS
CPS

CPS
CPS CPS

CPS CPS
CPS

CPS
CPS CPS

Acknowledgments
This work was financially supported by University of Washington Superfund
Research Program (SRP) sponsored by the National Institute on Environmental
Health Sciences (Grant #: NIEHS P42ES04696).

3-1. Chloroplast Transformation
Instead of the nuclear DNA, the DNA in the plant’s chloroplasts is modified.
• Accumulate large amounts of foreign protein (up to 46%)
• Pollen does not contain the transgene  Prevent gene flow
3-2. Experimental Design & Results

Cloning of PON1 into    
chloroplast vector

Transformation of tobacco by 
particle bombardment system

Screening for transgenic plants 
by PCR

2nd & 3rd rounds of selection
*To achieve homoplasmy

RT-PCR
*Plant leaf RNA extraction 

PON1 activity assay
*Total protein extraction

CPS degradation assay

Foam technology

Tobacco
chloroplast 

DNA

trnI
trnA

PO
N

1

Chloroplast 
vector

PO
N

1

PO
N

1PO
N

1

Homologous 
Recombination

Copy 
CorrectionTransgenic 

chloroplast 
DNA

Transgenic 
chloroplast 

DNA

1.Bombarded tobacco leaf
2.1st round of selection
3.PCR-positive shoot
4&5.2nd round
6.3rd round1 2 3

4 5 6

PON1_Poplar        (-) (+) 
: The level of PON1 expression 
is much higher than one in 
PON1 transgenic poplar as 
expected

PON1_Tob
RT-PCR

(a)

(b)

(c)PO
N

1PO
N

1

Transgenic 
chloroplast 

DNA

(1) Confirmation of site-specific integration

(2) Confirmation of transgene integration

1: WT tobacco
2~4: Transgenic tobacco (PON1)
5: PON1 inserted vector

(pLD2-CtV/PON1)
6: Transgenic tobacco (null vector)
7: Null vector (pLD2-CtV)
8: No DNA controlL  1 2  3  4 5  6  7 8

1.6kb

L   1   2  3  4   5  6   7  8   L

2.7kb

L   1  2   3   4  5   6  7  8

1.1kb

(a)

(b) (c)

III. PON1 Foam Technology via Chloroplast Genetic Engineering
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II. Enhancing Phytoremediation of CPS using Transgenic Plants
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