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Characterization of the Phosphinothricin Acetyltransferase (PAT) Protein Derived from 
Transgenic Soybean Event DAS-68416-4

SUMMARY 

Soybean plants have been modified by the insertion of an herbicide-resistant selectable marker 

gene pat, isolated from the bacterium Streptomyces viridochromogenes, which expresses the 

enzyme phosphinothricin acetyltransferase or PAT.  The expressed PAT protein acetylates 

phosphinothricin, or its precursor demethylphosphinothricin, conferring tolerance to a 

chemically synthesized phosphinothricin such as the herbicide glufosinate-ammonium.  

Acetylation converts phosphinothricin to an inactive form that is no longer toxic to soybean 

plants.  Individual soybean plants tolerant to glufosinate-ammonium herbicide can be identified 

in the field through application of the herbicide to leaves. 

To perform various toxicology, eco-toxicology, and biochemical characterization studies, large 

quantities of the PAT protein are required.  Because it is technically infeasible to extract and 

purify sufficient amounts of PAT protein from transgenic plants, the protein was produced in a 

Pseudomonas fluorescens expression system.  The purpose of this study was to characterize the 

recombinant PAT protein derived from both P. fluorescens and transgenic soybean plants. 

Biochemical analyses were performed to characterize the PAT protein derived from microbial 

and transgenic plant test materials.  The analyses performed were sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE), western blotting, and lateral flow strip testing.  

SDS-PAGE confirmed that the microbe- and plant-derived PAT proteins were at the expected 

molecular weight.  Western blotting (and lateral flow test strips) confirmed that both test 

materials contained protein immunoreactive to antibodies specific to the PAT protein at the 

expected molecular weight.  Non-transgenic soybean did not contain immunoreactive proteins.   
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Together, these biochemical tests indicate that the plant- and microbe-derived proteins are 

substantially equivalent, and therefore the microbe-derived protein is acceptable for use in 

regulatory studies. 
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ABSTRACT 

Soybean plants have been modified by the insertion of an herbicide-resistant selectable marker 

gene pat, isolated from the bacterium Streptomyces viridochromogenes, which expresses the 

enzyme phosphinothricin acetyltransferase or PAT.  The expressed PAT protein acetylates 

phosphinothricin, or its precursor demethylphosphinothricin, conferring tolerance to a 

chemically synthesized phosphinothricin such as the herbicide glufosinate-ammonium.  

Acetylation converts phosphinothricin to an inactive form that is no longer toxic to soybean 

plants.  Individual soybean plants tolerant to glufosinate-ammonium herbicide can be identified 

in the field through application of the herbicide to leaves. 

To perform various toxicology, eco-toxicology, and biochemical characterization studies, large 

quantities of the PAT protein are required.  Because it is technically infeasible to extract and 

purify sufficient amounts of PAT protein from transgenic plants, the protein was produced in a 

Pseudomonas fluorescens expression system.  The purpose of this study was to characterize the 

recombinant PAT protein derived from both P. fluorescens and transgenic soybean plants. 

Biochemical analyses were performed to characterize the PAT protein derived from microbial 

and transgenic plant test materials.  The analyses performed were sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE), western blotting, and lateral flow strip testing.  

SDS-PAGE confirmed that the microbe- and plant-derived PAT proteins were at the expected 

molecular weight.  Western blotting (and lateral flow test strips) confirmed that both test 

materials contained protein immunoreactive to antibodies specific to the PAT protein at the 

expected molecular weight.  Non-transgenic soybean did not contain immunoreactive proteins.   

Together, these biochemical tests indicate that the plant- and microbe-derived proteins are 

substantially equivalent, and therefore the microbe-derived protein is acceptable for use in 

regulatory studies. 
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INTRODUCTION 

Soybean plants have been modified by the insertion of an herbicide-resistant selectable marker 

gene pat, isolated from the bacterium Streptomyces viridochromogenes, which expresses the 

enzyme phosphinothricin acetyltransferase or PAT.  The expressed PAT protein acetylates 

phosphinothricin, or its precursor demethylphosphinothricin, conferring tolerance to a 

chemically synthesized phosphinothricin such as the herbicide glufosinate-ammonium.  

Acetylation converts phosphinothricin to an inactive form that is no longer toxic to soybean 

plants.  Individual soybean plants tolerant to glufosinate-ammonium herbicide can be identified 

in the field through application of the herbicide to leaves. 

To perform various toxicology, eco-toxicology, and biochemical characterization studies, large 

quantities of the PAT protein are required.  Because it is technically infeasible to extract and 

purify sufficient amounts of PAT protein from transgenic plants, the protein was produced in a 

Pseudomonas fluorescens expression system.  The purpose of this study was to characterize the 

recombinant PAT protein derived from both P. fluorescens and transgenic soybean plants. 

The biochemical and immunological methods employed in this study are among those that have 

been well established for protein analysis.  SDS-PAGE separates proteins based on the apparent 

molecular weight (mass).  Western blotting of proteins to a nitrocellulose membrane following 

SDS-PAGE, and immunodetection with a protein specific antibody is widely used to identify the 

authenticity of a molecule in a crude preparation (Burnette, 1981).  Commercially available 

lateral flow test strips provide additional evidence of the authenticity of the PAT protein by 

reacting immunochemically with antibodies that are sensitive and specific for the PAT protein. 

 



Dow AgroSciences LLC 
Study ID:  081132 

Page 10R1 
 
 

 

MATERAILS AND METHODS 

Test Substance/Test System: 

The test substance was the PAT protein expressed and extracted from tissues grown from the T5 

seeds of transgenic soybean event DAS-68416-4 (Source ID: YX08CX010827.001).  The seeds 

were planted on 16-Sep-2008 and harvested on 19-Nov-2008. After harvest, the tissues were 

frozen and lyophilized for short term storage at -80 °C.  The presence of PAT protein in the 

soybean tissue was confirmed by a commercially available Lateral Flow Membrane Strip Assay 

kit (Product #: AS 014 LSS) from EnviroLogix Inc. (Portland, ME). 

Control Substances: 

1. The control substance used in this study was a non-transgenic soybean plant extract 

(Glycine max cv Maverick).  Seeds of the Maverick soybean line (Source ID: YX07KX002114) 

were planted, grown, harvested and processed under the same conditions as the transgenic plants 

described above.  The absence of PAT protein in the soybean tissues was confirmed by a 

commercially available Lateral Flow Membrane Strip Assay kit from EnviroLogix Inc. 

2. Recombinant PAT microbial protein, (Lot #: 060519), molecular weight: 20.5 kDa.  The 

sample contained 300 μg/mL of PAT protein (Schafer, 2006).  The microbial preparation was 

produced and purified from recombinant Pseudomonas fluorescens strain DC454 at the Dow 

AgroSciences Core Biotech R&D facility in Indianapolis, IN (Snodderley, 2006).  An aliquot of 

the purified sample was sent to the Test Substance Coordinator at Dow AgroSciences located in 

Indianapolis and the material was designated TSN105742.
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Reference Substances 

The commercially available reference substances used in this study are listed in the following 

table: 

Reference Substance Product Name Lot Number Assay Reference 
Bovine Serum 
Albumin Fraction V 
(BSA) 

Pre-diluted BSA 
protein assay standard 
set 

FH71884E SDS-PAGE Pierce Cat #: 23208 

Molecular Weight 
Markers 

Mark12 unstained 
protein standards 470020 SDS-PAGE 

Invitrogen Cat #: LC5677, 
Molecular Weight Markers 
of 200, 116.3, 97.4, 66.3, 
55.4, 36.5, 31.0, 21.5, 14.4, 
6.0, 3.5 and 2.5 kDa 

Prestained Molecular 
Weight Markers 

Novex Sharp 
prestained protein 
standards 

469212 
SDS-PAGE 
and Western 
Blot  

Invitrogen Cat #: LC5800, 
Molecular Weight Markers 
of 260, 160, 110, 80, 60, 50, 
40, 30, 20, 15, 10 and 3.5 
kDa 

 

Lateral Flow Test Strip Assay 

The soybean leaf tissues of the transgenic and nontransgenic events were harvested fresh on 

November 19, 2008 and were frozen, lyophilized and stored at approximately –80 °C until use.  

To confirm the presence/absence of the PAT protein in the pooled tissues, approximately 30 mg 

of the lyophilized tissues (Event DAS-68416-4 and Maverick) were weighed into 1.5-mL 

microfuge tubes and tested by the lateral flow test strip assay as described by EnviroLogix 

(Portland, ME).  Briefly, the soluble proteins were extracted by adding 0.25 mL of extraction 

buffer and grinding with a disposable pestle.  The tubes were capped and further mixed by 

shaking for ~10 seconds.  The resulting supernatants were clarified by centrifuging the samples 

for 5 minutes at 20,000xg.  The test strips were then incubated in the clarified extracts for 5 

minutes to develop.  After the assay was complete, the strips were removed and allowed to air 

dry and the results were recorded. 
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SDS-PAGE and Western Blot 

SDS-PAGE analysis of the transgenic and nontransgenic Maverick soybean extracts was 

performed with Bio-Rad Criterion gels (Cat #: 345-0123) fitted in a Criterion Cell gel module 

(Bio-Rad Cat #: 165-6001) with MES running buffer (Bio-Rad Cat #: 161-0789).  Extracts were 

prepared in a bead mill (Geno-Grinding, Spex, Model #: 2000) with ~70 mg/mL of tissue and 

steel ball bearings in a PBST based buffer (Table 1) for 3 minutes in a chilled Teflon microfuge 

tube holder.  The supernatants were clarified by centrifuging for 5 minutes at 20,000×g, and then 

120 μL of each extract was mixed with 30 μL of 5x Laemmli sample buffer [LSB, 2% SDS, 50 

mM Tris pH 6.8, 0.2 mg/mL bromophenol blue, 50% (w/w) glycerol containing 10% freshly 

added 2-mercaptoethanol (Bio-Rad, Cat #: 161-0710)].  Samples were heated for 5 minutes at 

~95 °C, and after a brief centrifugation, 40 µL of the supernatant was loaded directly on the gel.  

The reference standard, microbe-derived PAT (TSN105742), and control standard, BSA (Pierce 

Cat #: 23208), were diluted with Bio-Rad 2x LSB (Bio-Rad Cat #: 161-0737 containing 5% 2-

mercaptoethanol) and processed as described earlier.  The electrophoresis was conducted at a 

constant voltage of 150 V for ~60 minutes using MES running buffer.  After separation, the gel 

was cut in half and one half was stained with Thermo Scientific GelCode Blue protein stain (Cat 

#: 24592) and scanned with a densitometer (Molecular Dynamics, Personal Densitometer Si) to 

obtain a permanent record of the image.  The remaining half of the gel was electro-blotted to a 

nitrocellulose membrane (Bio-Rad, Cat #:162-0233) with a Criterion trans-blot electrophoretic 

transfer cell (Bio-Rad Cat#: 170-4070) for ~60 minutes under a constant voltage of 100 volts.  

The transfer buffer contained 20% methanol and Tris/glycine buffer from Bio-Rad (Cat #: 161-

0734).  After transfer, the membrane was cut in half and one half was probed with a PAT 

specific polyclonal rabbit antibody (EnviroLogix Lot #: 69:74A, 1.0 mg/mL) and the remaining 

half was probed with a PAT specific monoclonal antibody (DAS Lot #155AD4, 1.2 mg/mL).  A 

conjugate of goat anti-rabbit IgG (H+L) and horseradish peroxidase (Pierce, Cat #: 31460), and 

goat anti-mouse IgG (H+L) and horseradish peroxidase (Bio-Rad, Cat#: 170-6516) were used as 

the secondary antibodies, respectively.  GE Healthcare chemiluminescent substrate (Cat #:  
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RPN2132) was used for development and visualization of the immunoreactive protein bands.  

The membranes were exposed to Thermo Scientific (Cat #: 34091) CL-XPosure detection film 

for various time points and subsequently developed with an All-Pro 100 Plus film developer 

(Melville, NY). 

Statistical Treatment of Data 

No statistical analyses were conducted during this study. 

RESULTS AND DISCUSSION 

Lateral Flow Test Strip Assay 

The presence of the PAT protein in the pooled leaf tissue (T4) of DAS-68416-4 was confirmed 

using commercially prepared lateral flow test strips from EnviroLogix.  The strips easily 

discriminated between transgenic and nontransgenic plants as the non-transgenic extracts of 

Maverick did not contain detectable amounts immunoreactive protein.  This result was also 

confirmed by western blot analysis. 

SDS-PAGE and Western Blot Analysis 

In the toxicology-lot preparation of P. fluorescens-produced PAT protein (TSN105742), the 

major protein band, as visualized on Coomassie stained SDS-PAGE gels, was approximately 

20.5 kDa (Figure 1 Panel A).  As expected, the corresponding soybean-derived PAT protein was 

visualized by immunospecific polyclonal and monoclonal antibodies at an identical size to the  

 



Dow AgroSciences LLC 
  Study ID:  081132 

Page 14 
 
 

microbe-expressed proteins (Figure 1, Panel B and C).  The microbe-derived PAT protein also 

showed a positive signal of the expected size by polyclonal and monoclonal antibody western 

blot analysis (Figure 1, Panel B and C).  In the PAT western blot analysis, no immunoreactive 

proteins were observed in the control Maverick extract and no alternate size proteins (aggregates 

or degradation products) were seen in the transgenic samples (Figure 1, Panel B and C).  The 

monoclonal antibody did detect a small amount of the PAT dimer in the microbe-derived protein.  

These results add to the evidence that the protein expressed in soybean is not post-translationally 

modified which would have added to the overall protein molecular weight. 

CONCLUSIONS 

The results of this study demonstrated that both the transgenic soybean-plant extract and the 

microbe-derived PAT toxicological lot contained the intact, full-length PAT protein.  This was 

confirmed by SDS-PAGE molecular-weight approximation, western blot analysis and 

commercially available lateral flow strip tests.  Together, these biochemical tests indicate that the 

plant- and microbe-derived proteins are substantially equivalent, and therefore the microbe-

derived protein is acceptable for use in regulatory studies 
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Table 1. Soybean-Derived PAT Extraction Buffer Composition 
 

 
Amount Ingredient Catalog Numbers 

3.0 mL 
Phosphate Buffered Saline 
with 0.05% Tweena 20, pH 
7.4 

Sigma Cat #: P3563 

30 μL 0.5 M EDTA AccuGENE Cat #: 51234 

50 μL Plant protease cocktail 
inhibitor Sigma Cat #: P9599 

5.0 μL β-mercaptoethanol Bio-Rad Cat#: 161-0710 
 

Note: the extraction buffer was prepared immediately before use. 
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Lane Sample Amount 
 M Invitrogen Mark12 molecular weight markers 10 μL 
  1 Nontransgenic (Maverick) soybean extract 40 μL 
  2 Transgenic (Event DAS-68416-4) soybean extract 40 μL 
  3 Microbe-derived PAT protein (TSN105742) 750 ng gel, 35 ng blot 
  4 Bovine serum albumin (BSA) 780 ng gel 
  P Novex Sharp prestained molecular weight markers 10 μL 

 

SDS-PAGE analysis of the transgenic and nontransgenic soybean extracts was performed with Bio-Rad Criterion 
gels (Cat #: 345-0123) fitted in a Criterion Cell gel module (Cat #: 165-6001) with MES running buffer (Bio-Rad 
Cat #: 161-0789).  Extracts were prepared by Geno-Grinding (Spex, Model #: 2000) ~70 mg/mL of tissue with steel 
ball bearings in a PBST based buffer for 3 minutes in a chilled Teflon microfuge tube holder.  The supernatants were 
clarified by centrifuging the samples for 5 minutes at 20,000×g and 120 μL of each extract was mixed with 30 μL of 
5x Laemmli sample buffer containing 10% freshly added 2-mercaptoethanol and heated for 5 minutes at ~95 °C.  
After a brief centrifugation, 40 µL of the supernatant was loaded directly on the gel.  The reference standard, 
microbe-derived PAT (TSN105742), and control standard, BSA, were diluted with 2x Laemmli sample buffer 
containing 5% 2-mercaptoethanol and processed as described earlier.  The electrophoresis was conducted at a 
constant voltage of 150 V for ~60 minutes.  After separation, the gel was cut in half and one half was stained with 
Pierce GelCode Blue protein stain (Cat #: 24592) and scanned with a densitometer (Molecular Dynamics, Personal 
Densitometer Si) to obtain a permanent record of the image.  The remaining half off the gel was electro-blotted to a 
nitrocellulose membrane (Bio-Rad, Cat #:162-0233) with a Criterion trans-blot electrophoretic transfer cell for 60 
minutes under a constant voltage of 100 volts.  The transfer buffer contained 20% methanol and Tris/glycine buffer 
from Bio-Rad.  After transfer, the membrane was cut in half and one half was probed with a PAT specific polyclonal 
rabbit antibody (EnviroLogix Lot #: 69:74A, 1.0 mg/mL) and the remaining half was probed with a PAT specific 
monoclonal antibody (DAS Lot #155AD4, 1.2 mg/mL).  A conjugate of goat anti-rabbit IgG (H+L) and horseradish 
peroxidase (Pierce Chemical, Cat #: 31460) and goat anti-mouse IgG (H+L) and horseradish peroxidase (Bio-Rad, 
Cat#: 170-6516) were used as the secondary antibodies respectively.  GE Healthcare chemiluminescent substrate 
(Cat #: RPN2132) was used for development and visualization of the immunoreactive protein bands.  The 
membranes were exposed to Thermo Scientific CL-XPosure detection film (Cat #: 34091) for various time points 
and subsequently developed with an All-Pro 100 Plus film developer. 
 

Figure 1. SDS-PAGE and western blots of transgenic soybean Event DAS-68416-4 and 
nontransgenic Maverick. 
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