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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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STATEMENT OF NO DATA CONFIDENTIALITY CLAIMS
Compound: PAT
Title: Characterization of the Phosphinothricin Acetyltransferase (PAT) Protein Derived

from Transgenic Soybean Event DAS-68416-4

No claim of confidentiality is made for any information contained in this study on the basis of its falling within the

scope of FIFRA Section 10 (d)}( 1}XA)B). or (C).*

Company: Dow AgroSciences LLC

Company Agent: M. S. Krieger

Title: Regulatory Manager

Signature: [//{’JA!L:( [/

Date: 1% Sq¢p 2¢L¢
\

*In the United States, the above stalement supersedes all other statements of confidentiality that

may occur elsewhere in this report.

THESE DATA MAY BE CONSIDERED CONFIDENTIAL IN COUNTRIES OUTSIDE THE
UNITED STATES.

This report has been amended. This page was signed prior to or on the study completion
date, but has been re-signed due to the modification.
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ENV/MC/CHEM(98)17. Paris January 26, 1998

All aspects of this study were conducted in accordance with the requirements for Good L aboratory Practice
Standards. 40 CFR 160 with the following exceptions. The GLP status of the commercially available protein

molecular markers and bovine serum albumin was unknown. The chain of custody of the standards was not
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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.
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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 ug/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.



Dow AgroSciences LLC
Study ID: 081132
Page 11

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 Pre-diluted BSA
Albumin Fraction V protein assay standard FH71884E | SDS-PAGE Pierce Cat #: 23208
(BSA) set

Invitrogen Cat #: LC5677,
Molecular Weight Markers

m::icetr’s'ar Weight F';"rgi'e‘lfs‘:::;%id 470020 | SDS-PAGE | 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
Invitrogen Cat #: LC5800,

Prestained Molecular Nove>§ Sharp _ SDS-PAGE Molecular Weight Markers

Weight Markers prestained protein 469212 and Western of 260, 160, 110, 80, 60, 50,

standards Blot 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 20,000xg, and then
120 pL of each extract was mixed with 30 pL 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 uL 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 1gG (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
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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
Phosphate Buffered Saline
3.0mL with 0.05% Tween® 20, pH Sigma Cat #: P3563
7.4
30 uL 0.5 M EDTA AccuGENE Cat #: 51234
Plant protease cocktail . ]
50 pL inhibitor Sigma Cat #: P9599
5.0 uL [3-mercaptoethanol Bio-Rad Cat#: 161-0710

Note: the extraction buffer was prepared immediately before use.
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M 1 2 3 4 P P 1 2 3 P 1 2 3 P
kDal . ~ 1kDa kDa
200 - 260 - . 4260
s <160 ¢ { - 160
116.3+ __ : ~110
974f R - 80
66.3 - 160
55.4 - - gg P ‘| 20
- ou . L PAT dimer
36.5 -40 - . 404—
310+ -30 - ' 430
215+ -20 - -— s - 20«—PAT monomer
14.4F -15 - . 115
-10- A =10
6.0~
135
35 351 .
25F ot
Panel A: SDS-PAGE Panel B: Polyclonal Panel C: Monoclonal
antibody western blot antibody western blot
Lane Sample Amount
M Invitrogen Mark12 molecular weight markers 10 uL
1 Nontransgenic (Maverick) soybean extract 40 uL
2 Transgenic (Event DAS-68416-4) soybean extract 40 uL
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 uL

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 20,000xg and 120 uL of each extract was mixed with 30 pL of
5x Laemmli sample buffer containing 10% freshly added 2-mercaptoethanol and heated for 5 minutes at ~95 °C.
After a brief centrifugation, 40 pL 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 1gG (H+L) and horseradish
peroxidase (Pierce Chemical, Cat #: 31460) and goat anti-mouse 1gG (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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APPENDIX
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ANALYTICAL BICCHEMISTRY 112, 195-203 (1981)

“Western Blotting”: Electrophoretic Transfer of Proteins from
! Sodium Dodecyl Sulfate—Polyacrylamide Gels to Unmodified
Nitrocellulose and Radiographic Detection with

| Antibody and Radioiodinated Protein A

[ W. NEAL BURNETTE!

Fred Hutehinson Cancer Research Center, 1124 Columbia Street, Seattle, Washington 98104

ERANEE 5 SRS

Received May 20, 1980

‘ A simple and efficient procedure was employed for the electrophoretic transfer of proteins
) from sodium dodecyl sulfate -polyacrylamide gels to sheets of pure, unmodified nitrocellu-
[ . lose. Immobilized proteins could then be radiographically visualized in siru by reaction with
! specific antibody and the subsequent binding of radiciodinated Staphylococcus protein A to
i the immune complexes. The detection of murine leukemia virus antigens in complex cellular

—

lysales was used to demonstrate the efficacy of this technique.

A powerful tool in molecular genetics has
been the blotting technique of Southern (1)
in which electrophoretically fractionated
DNA can be immobilized onto nitrocellu-
lose filters and used to examine comple-
mentary sequences by hybridization in sitw.
An adaptation of the ‘‘Southern™ blot is the
covalent attachment of fractionated RNA
(or DNA) to diazobenzyloxymethyl paper
(DBM paper)? in order to probe for comple-
mentary DNA  sequences (‘Northern”
blotting) (2). Although various proteins
have been detected after fractionation on
polyacrylamide gels using enzyme sub-
strates (3) or specific antibody (4), only re-
cently have attempts been made to immobi-
lize gel-fractionated proteins on a solid
phase (5--7). These techniques involve ei-

! Present address: Tumor Virology Laboratory, The
Salk Institute, Post Office Box 85800, San Diego,
Calif. 92138.

? Abbreviations used: DBM paper, diazobenzyloxy-
methyl paper; MuLV, murine leukemia virus: SDS,
sodium dodecy! sulfate; IPA, radiojodinated Staphvio-
coccas protein A NP-40, Nonidet P-40; 2-DGE, two-
dimensional gel electrophoresis: BSA, bovine serum
albumin; IgG, immunoglobulin G.

ther passive diffusion or the preparation
and activation of DBM paper to achieve co-
valent immobilization.

Our laboratory has been interested in
finding a simple yet reproducible transfer
technique for use in the immunological de-
tection and characterization of the products
encoded by murine leukemia virus (MuL.V)
genomes. In this regard, Towbin er al. (8)
recently described an elegant and straight-
forward method for the electrophoretic
transfer of ribosomal proteins frem polyac-
rylamide—urea gels to sheets of unmodified
nitrocellulose and the radicautographic de-
tection of specific antigens on such gel rep-
licas with radiolabeled antibodies. Most
types of biochemical and immunochemical
analyses, however, make use of sodium do-
decyl sulfate (SDS)-polyacrylamide gel
electrophoresis to identify and characterize
proteins by their relative molecular
weights. As described below, it was found
that the rate of electropheretic elution of
proteins from SDS-containing gels was it-
self molecular weight dependent. By mak-
ing certain adaptations to the transfer
method of Towbin et «/. (8}, it was possible
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to achieve essentially compiete and quan- (Elkhart, Ind.); only the electrophoresis ol
titative elution of most proteins from chamber and plate electrodes (sold sepa- p
SDS-gels to nitrocellulose with no loss in  rately) are necessary for the transfer tech- \ ar
electrophoretic resolution. The use of ra- nique. Gel electrophoretic apparatuses were { p:
. dioiedinated Staphplococcus protein A manufactured to specifications by Biocraft ' (
(IPA), instead of radiolabeled primary or (Peekskill, N. Y.). Rabbit anti-p30 sera were I
secondary antibodies, greatly simplified and generously provided by H. Fan of the Salk t
enhanced the radioautographic detection of Institute and by J. Ihle of the Frederick I
immune complexes on blots reacted with Cancer Research Center. ; al
specific immune sera. ' st
In addition to the general technique of METHODS ’ st
electrophoretic transfer and immunological ) . th
detection, various applications of the Sample preparation. AKR MuLV-in- pi
- method are discussed. Certain problems ‘ected C57BL/6 EJGZ cells and Moloney e
7 are also identified, particularly those re- MuLV-.mfect'ed C3H cells were washed , ta
e garding the reuse of the gel blots, replica three times in phosphate-buffered saline. el
iE distortion, and antigen denaturation. With Cell pellets, collected by centrifugation, : bi
= due respect to Southern (1), the established ~Were suspended at a de““FY of no greater (8.
i ; tradition of ‘‘geographic’® naming of trans- :l;g)“ 20;3,0 x 18650315/“1] mz; l{ls:s.{biutff;r b
fer techniques (*‘Southern,” ‘*Northern™) contammg U, urea, /o NOndel - W
is continued; the method described in this 40 (NP-40; Shell Chemzcal‘ Co., West Or- N in .
manuscript is referred to as ‘““Western”w 2018% N. J.), 2% Ampholine pH 3.5-10 | al
blotting. (LKB Instruments, Stockholm) and 5% 2- B o
mercaptoethanol. The cells were frozen and ' w
MATERIALS thawed three tu'{zes an.d insolubie dc_abr‘:s re- tr:
moved by centrifugation for 10 min in an re
AKR MuL.V-infected C57BL/6 E2G? Eppendorf centrifuge. Lysates were stored s
cells and Moloney MuLV-infected C3H at —70°C until used. These samples could c{
cells were donated by R. Nowinski of this be applied directly to isoelectric focusing ne
Center. MC-Labeled molecular-weight-  gels for two-dimensional gel electrophoresis
marker proteins and sodium ["*Tliodide (2-DGE). For SDS gel electrophoresis, small ra
were purchased from New England Nu- sample volumes could be diluted directly into pr
clear {Boston, Mass.). Staphylococcus pro- SDS-gel sample buffer (11) or, for larger st
tein A from Pharmacia (Piscataway, N. J.) sample volumes, could be precipitated with 0.
was radioiodinated as described by Hunter cold trichloroacetic acid, the precipitates .
(9). Generally, IPA can be stored in ali- collected by centrifugation, and washed in st
quots for up to 2 weeks at ~70°C in solu- cold acetone before resuspension in sample an
tions containing 3% bovine serum albumin  buffer. m
without significant loss in reactivity toward Gel electrophoresis. SDS gel electropho- ca
immunoglobulin. Acrylamide and bisacryl- resis was performed in 10, 12.5, or 5-20% e
amide were from Polysciences (Warring- linear gradient acrylamide slab gels as pre- th
ton, Pa.) and Sequanal-grade SDS was from  viously described (11,12). 2-DGE is a cath- N
Pierce Chemical Company (Rockford, 1l.). ode-directed isotachophoretic step coupled sh
Grade 470 filter paper and sheets of nitro-  Wwith SDS gel electrophoresis which has been in’
cellulose of various pore slZes were pur- used in this laboratory for the analysis of ral‘
chased from Schleicher and Schuell (S&S, monoclonal immunoglobulins {13). to
Keene, N. H.). The Canalco gel destaining Electrophoretic  transfer. The transfer pr.
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et al, (8) for the quantitative recovery of
proteins from SDS-containing polyacryl-
amide gels. Briefly, a “*sandwich’ is pre-
pared with the following successive layers:
(i) a porous polyethylene sheet (Bel-Art),
13.5 x 14 cm and 1.6 mm thick; (i) three
thicknesses of filter paper (S&$ grade 470),
13.5 X 10 em; (it} the SDS-polyacryl-
amide slab gel (13.5 x 9.5 cm with the
stacking gel removed); (iv) a nitroceliulose
sheet (S&S BAS83, 0.2 um) cut to the size of
the gel; (v) three more thicknesses of fiiter
paper; and finally (vi) another sheet of po-
rous polyethylene. Ail components in con-
tact with the slab gel are prewetted in the
electrode solution compesed of 20 mm Tris
base, 150 mM glycine, and 20% methanol
(8). This solution should be degassed
briefly under vacuum before use. The sand-
wich is secured with thick rubber bands and
inserted between the electrodes of the Can-
alco gel destainer with the nitrocelluiose
toward the anode. The chamber is filed
with electrode solution and electrophoretic
transfer accomplished at 6-8 V/em (with
respect 10 electrode separation) for 16=22 h
using a Buchler 3-1155 power supply. Re-
circulation of the electrode solution is not
necessary,

Staining, radioautography, and fuorog-
raphy. For direct visualization of unlabeled
proteins, the nitrocellulose sheet may be
stained for 5 min in a solution containing
0.2% Coomassie brilliant blue R-250, 40%:
methanol, and 109 acetic acid. Rapid de-
staining is accomplished in 90% methanol
and 2% acetic acid as described (8,14), Care
must be exercised during destaining be-
cause the nitrocellulose will disintegrate if
left in the acidic methanol for much longer
than 5 min. The destained sheet is rinsed in
water and blotted dry for 1-2 h between
sheets of S&S grade 470 paper. Hot air dry-
ing should be avoided. Protein preparations
radiolabeled with [**S]methionine, 21, or
to high specific activities with “C-labeled
precursors may be directly visualized by ra-
dioautography after drying the nitroceliu-

lose replica. “C-Labeled and *H-labeled
proteins may be visualized by fluorography
utilizing the fluorographic cocktail **En-
hance’” (New England Nuclear), followed
by intensifying screen-enhanced radioau-
tography (15).

Binding of antibody and IPA to nitrocel-
lilose-immobilized proteins. Immediately
following transfer, the nitroceHulose sheet
is immersed in a solution containing 0.9%%
NaCl, 10 mm Tris— HC, pH 7.4 (Tris—sa-
line), and 5% fraction V bovine serum albu-
min {BSA), and incubated at 40°C for 30
min on a rocking platform. The sheet is
transferred to a fresh solution of Tris—sa-
line with BSA containing the appropriate
antiserum and incubated for 90 min at room
temperature on a rocking platform. The ni-
trocellulose is then washed with rocking for
10 min in 200 mi of Tris—saline without
BSA, for 20 min in two changes of 200 m}
each of Tris—saline containing 0.05% NP-
40, and again for 10 min in 200 m! of Tris—
saline alone. The sheet is immersed in fresh
Tris—saline with 5% BSA containing 2-
5 % 10° cpm of IPA/mI. Binding of TPA is
allowed to occur for 30 min with rocking at
room temperature. The radicactive solution
is aspirated and the nitrocellulose sheet
again rinsed as described above. The sheet
is briefly blotted with paper towels,
wrapped in Glad-Wrap, and exposed at
=70°C to Kodak XR film utilizing a
GAFMED Rarex Mid Speed intensifying
screen.

RESULTS AND DISCUSSION

Efficiency of Electrophoretic Transfer
and Immobilization of Proteins

Figure 1 shows the indirect radioauto-
graph of "C-labeled proteins on unmodified
nitrocellulose following their transfer at 8
V/cm for 22 h from a 12.5% polyacrylamide
—-SDS gel. Compared to the electrophoretic
transfer of proteins to DBM paper, Western
blotting with unmodified nitrocellulose
gives markedly better resolution, is signifi-
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Fig. 1. Western blot of “C-labeled proteins. Ap-
proximately 6 nCi each of “C-labeled phesphorylase
b, bovine serum albumin, ovalbumin, carbonic anhy-
drase, and cytochrome ¢ were fractionated in a 12.5%
polyacrylamide SDS—gel. Following electrophoresis,
the proteins were transferred to 0.20 uM nitrocellulose
paper as described in the text and the blot exposed to
Kodak XR film.

cantly easier to perform, and does not re-
quire preequilibration of the gel nor diazoti-
zation of the nitrocellulose (R. Eisenman
and W. Mason, personal communication).
Six different grades of S&S nitrocellulose
paper, with pore sizes ranging from 0.025 to
0.45 um, were examined for efficiency of
protein immobilization. No significant dif-
ference was found among them in resolu-
tion or in effective adsorption of marker
proteins phosphorylase b (97.4 kdalton) bo-
vine serum albumin (66.3 kdalton), ovalbu-
min (43 kdalton), and carbonic anhydrase
(30 kdalton), However, the adsorption of
cytochrome ¢ (12.5 kdalton) to 0.45 pm ni-
trocellose was consistently 20-309 less
than to other nitrocelluloses. Conse-
quently, nitrocellulose with a pore size of
0.2 um (5&S BAB3) was employed for all
subsequent studies. This nitrocellulose
paper exhibited a protein adsorption capac-
ity of about 2 pm/mm?, far exceeding the

amount necessary for detection by even
less-sensitive staining methods (e.g., Coo-
massie brilliant blue, amido black).

In preliminary experiments it was ap-
parent that an electrophoretic blotting time
of 1 hat 6-8 V/cm, as suggested by Towbin
et al. (8) and Bittner er «f. (7), was not suffi-
cient for complete transport of most pro-
teins out of SDS-containing polyacrylamide
gels. The rate of transfer is, in fact, depen-
dent upon the apparent molecular weight of
individual proteins, i.e., lower-molecular-
weight polypeptides leave the gel and are
deposited on the nitrocellulose faster than
higher-molecular-weight proteins at a given
accelerating voltage. Figure 2 qualitatively
illustrates the necessity of longer blotting
times. The upper panels of Fig. 2 show the
residual radioactivity remaining in 10%
polyacrylamide—SDS gels after transfer at
8 Vicm for 0, 1, 4, 12, and 22 h. The lower
panels are the corresponding nitroceliulose
blots. Quantitative transfer as a function of
molecular weight can be demonstrated by
cutting the appropriate radiolabeled bands

TIME OF TRANSFER (h)
o] 1 4 12 22

GELS

'
i
t

BLOTS

FiG. 2. Transfer of proteins as a function of electro-
phoresis time. *C-Labeled marker proteins were frac-
tionated by 10% SDS gel electrophoresis and electro-
phoretically transferred to nitrocellulose at 8 V/cm for
the times indicated. The upper panels are radioauto-
grams showing the residual radicactivity remaining in
the gels after transfer. The lower panels are the corre-
sponding blots for each time point.
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from each of the biots and determining ra-
dioactivity by liquid scintillation counting.
Figure 3 illustrates the kinetics of transfer
for two proteins, phosphorylase b (97.4
kdalton) and carbonic anhydrase (30 kdal-
ton). It can be seen that quantitative trans-
fer of both proteins is only approached after
12 h. Mass dependence of transfer is not
affected by presoaking the gel before blot-
ting to remove residual detergent. Indeed,
equilibration in a solution other than the
electrode solution can result in sweiling or
shrinking of the gel during blotting with
consequent distortion of the replica pattern
(see below), For 1.5-mm-thick gels, there-
fore, 20-22 h of electrophoresis at 6-8
Viem is sufficient for greater than 90%
transfer of all proteins up to about 100,000
daltons,

Accelerating voltages higher than 10
V/icm are not recommended for electro-
phoretic transfer because of the attendant
Jjoule heating of the gel. Constant-current
electrophoresis is also satisfactory if the
voltage limit is not exceeded. Although
there is no separation of the cathodic and
anodic chambers in the Canalco destainer,
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Fii. 3. Electrophoretic transfer time as a function of
molecular weight. “C-Labeled phosphorylase & (97.4
kdalton) and carbonic anhydrase {30 kdalton) were
fractionated by 10% SDS gel electrophoresis and sub-
jected to electrophoretic blotting for 1, 4, 12, and 22 h
at 8 V/cm. The individual protein bands were visualized
by radioautography, cut from the nitroceliulose blots,
and the radioactivity at each time point determined by
liquid scintillation counting.
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FiG. 4. Western blot and antibody - IPA detection of
intracellular MuL V-specific antigens. Lysates of AKR
MuLV-infected E4G2 mouse cells and Moloney
MuL.V-infected C3H mouse ceils were subjected to
SDS gel electrophoresis in a 10% polyacrylamide slab
gel and the fractionated proteins subsequently trans-
ferred to nitrocellulose paper. The blot was then reacted
with rabbit antiserum directed against the major inter-
nal structural protein (p30) of MuLV and the immune
complexes illuminated with IPA foilowd by radicautog-
raphy. Lane A contained lysate equivalent to 3 % 10°
E & G2 cells and lane B to 1 X 10° C3H cells. Exposure
time of this radicautogram was 15 min,

a pH gradient of 6.8-8.8 is set up across the
plate electrodes during electrophoresis.
However, this does not adversely affect
transfer and recirculation of the electrode
solution is not necessary. Transfer of pro-
teins from isoelectric focusing slab gels (1.5
mm thick) containing urea can be accom-
plished in 4-6 h at the same voltage using
an electrode solution of 0.7% acetic acid
and reversing the electrodes.

Immunodetection of Blotted Proteins

Figure 4 is the Western blot and anti-
body-IPA illumination of MuLV-specific
products found in AKR virus-infected E 3 (2
mouse cells and Moloney Mul.V-infected
C3H mouse cells. The 65,000-dalton poly-
protein precursor (Pré65%) of the major
MuLV structural proteins (see Ref. (16)) is
casily detected in both cell lines with a rab-
bit antiserum directed against a constituent
of the polyprotein, the viral capsid polypep-
tide p30 (17,18). Here the intracellular viral
proteins can be seen in a steady-state con-
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dition not fully achievable by metabolic ra-
diolabeling. The immunoreactive band
identified as P75 in Fig. 4 is probably the
glycopolyprotein precursor (gPr80479) to the
glycosylated  cell surface antigens
gP95/85%4 (19,20). Although P75%% is stric-
turally and antigenically related to Pré5ew,
it is believed to be a separately initiated
translation product of the viral gug gene
(21). The lower-molecular-weight polypep-
tides in Fig. 4 are specific proteolytic cleav-
age products in the processing of Pré5#
to the individual structural proteins of the
virion (16).

Alithough radioiodinated antibodies {(both
primary and secondary) can be used to de-
tect the immobilized antigens, IPA was
chosen for the convenience and simplicity
of preparing a single, standardizable radio-
labeled reagent capable of detecting most
types of immune complexes. The varying
levels of radiographic ‘‘background’ seen
with different antisera preparations after
reaction with IPA is due to nonspecific
binding of immunoglobulin to nitrocellu-
lose. The signal-to-noise ratio is therefore a
function of the relative titers of specific im-
mune antibodies and nonimmune IgG in
each serum. Various protein solutions and
protein admixtures have been used in ef-
forts to “*block™ the nonspecific adsorption
of immunoglobulin to the nitroceliulose and
thereby increase the signal-to-noise ratio of
the IPA-immune complexes. Although
none of these mixtures {e.g., ovalbumin,
avian globulins, gamma globulin-free bo-
vine serum albumin) have duplicated the
nitrocellulose  binding of mammalian
immunoglobulins, solutions of 5%
bovine albumin (fraction V) have given
satisfactory results and are the most conve-
nient and inexpensive. Lengthening or in-
creasing the number of washings after
either antibody or IPA binding generally
had no effect toward decreasing back-
ground. Since the Fc portion of rabbit [gG
has a greater affinity for protein A than the
immunoglobulins of most other animal spe-

cies (22), one can use much higher dilutions
of rabbit antisera compared to the immune
sera of other animais (e.g., goat); there is,
however, no increase in the signal-to-noise
ratio. Most antisera, diluted in Tris—saline—
BSA and stored at —20°C, can be reused
many times for reaction with blotted pro-
teins., One such antiserum dilution was
used more than 40 times over a 10-month
period with no apparent diminution in spe-
cific immunoreactivity. Freshly radioiodin-
ated protein A at 2-5 X 10° cpm/ml was
routinely employed to illuminate the im-
mune complexes since most results could
be seen after 30-60 min of intensifying
screen-enhanced radioautography. Smaller
inputs of IPA require a consequent increase
in radiographic exposure time. Neither the
amount nor the specific activity of IPA had
any significant effect on the signal-to-noise
ratio.

Sensitivity of Immunodetection

It must be emphasized that sensitivity in
Western blotting is primarily a function of
the specific antibody titer of the immune
serum being utilized. From studies of avian
leukosis viruses (see Ref. (23)) it can be cal-
culated that as little as 1-2 ng of a specific
viral protein (p27) is detectable on blots
with the appropriate hyperimmune rabbit
serum (1:50 final dilution) exhibiting low
nonspecific binding to nitrocellulose. This
particular antiserum was capable of precipi-
tating approximately 1 ng of '**I-labeled
avian myeloblastosis virus p27 at a final di-
lution of 1:20,000 in a standard 100-ul ra-
dioimmunoprecipitation assay (24). The
rabbit antiserum used for the experiments
shown in Fig. 4 had a radioimmunoprecipi-
tation titer of about 1:12,000 for 0.8 ng of
AKR MuL.V p30. At a final dilution of 1:250
in Western blotting and a radiographic ex-
posure time of 15 min after reaction with
2 x 10° cpm of TPA/ml, this hyperimmune
serum detected the viral polyproteins in ly-
sates equivalent to 3 x 10° EJG2 cells
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ity of technique, and the absence of a
requirement for costly in vivo metabolic ra-
diolabelings. For these reasons it is an ideal
way to characterize complex mixtures of
antigens from biopsies of animal tissues.
Electrophoretic transfer coupled with the
sensitivity of antibody—IPA illumination
makes the Western blot a suitable method
for analysis of products synthesized in vitro
by messenger-dependent cell-lysates (25).
Rather than relying upon the incorporation
of expensive translation-grade radiolabeled
amino acids and the individual immunopre-
cipitation reactions for detection of syn-
thetic polypeptides, it is possible to visual-
ize these products in siti on a gel blot with
specific antibody and IPA. /n vitro transla-
tions of approximately 1 pg of MuLV ge-
nomic RNA resulted in sufficient Pr65% to
be detected after 5-6 h of direct radio-
graphic exposure following antibody-IPA
treatment of a gel blot; parailel translation
with incorporation of [**S]methionine al-
lowed comparabie visualization of Pr65r
after overnight exposure (12-16 h) of a
fluorographed gel. Western blotting has
also been applied to studies concerned with
the segregation of mRNA molecules and
subsequent compartmentalized protein
synthesis on free and membrane-bound
polyribosomes. In this regard, certain nas-
cent virus-specific polypeptides associated

FiG. 5. Western blot and antibody -1PA detection of
intracellular MuL.V-specific antigens fractionated by
2-DGE. Lysates containing either 3 x 10° E3 G2 cells
or 1 X 10° Moloney-C3H cells were first fractionated
by cathode-directed isotachophoresis in cylindrical
polyacrylamide-urea gels containing a pH 3.5-10 am-
pholyte. Following isotachophoresis for 3000 V - h,
the gels were electrophoresed at right angles in 10%
polyacrylamide-SDS slab gels. The slab gels were
subjected to electrophoretic blotting and the blots sub-
sequently reacted with rabbit anti-p30 serum and [PA
as described in the text. Radiographic exposure time
was 30 min. In both panels the direction of isotacho-
phoresis was from right to left. Marker lanes to the
right on the second dimension gels show the authentic
samples run in a single dimension. A, EJG? cell ly-
sate: B, Moloney-C3H cell lysate.

with such purified polysome preparations
from infected cells have been detected by
antibody-~1PA illumination on nitrocellu-
lose blots.

Problems Encountered in Western
Blotting

Distortion due to unequal volume expan-
sion of the gel and the nitroceliulose may
arise during long-term electrophoresis, par-
ticularly at high accelerating voltages. This
may lead to diffuse bands (in SDS gel elec-
trophoresis) or spots (in 2-DGE). Joule heat-
ing can be minimized by keeping voltages
below 10 V/cm. Further swelling and
shrinking can be prevented by empirically

. Page 25 F
' WESTERN BLOTTING 201 ]
!
higher dilutions ‘ (Fig. 4, lane A) and 1 x 10° C3H cells (Jane A, EGG2 Cells
! to the immune ) B). Other experiments with this same anti-
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matching the methanolic composition of the
electrode solution with the amount of
crosslinking in the polyacrylamide matrix.
Gels prepared from a stock solution of 30%
{w/w) acrylamide and 0.8% (w/w) bisac-
rylamide undergo no significant volume
changes in the electrode solution described.
Gels constructed with different matrix
ratios may require slight modification in the
methanol concentration or short (less than
I h} preswelling in electrode solution to in-
hibit distortion. Failure to have good initial
contact between the gel and nitrocellulose
can lead to *‘skewing’ of certain bands;
this artifact can be seena with the bovine al-
bumin and ovalbumin markers in Fig. 2.

A disadvantage of the Western blot from
SDS-—gels is the tendency of antigenically
reactive sites (epitopes) on the fractionated
molecules to be irreversibly denatured by
the detergent (26,27). Although not gen-
erally a problem when utilizing polyvalent
monospecific antisera for detection, this
limitation is quite severe when screening
panels of monoclonal antibodies. Since
such antibodies are directed against single
epitopes within an antigenic molecule (28),
there is a likelihood that the reaction of in-
terest may be abolished by the denaturing
effect of the detergent. Therefore, when se-
lecting monoclonal antibodies for use in
Western blotting analysis it is necessary to
test the SDS sensitivity of the specific epi-
topes. Although it is possible to achieve a
greater degree of protein renaturation by
substitution of various commercial grades
of SDS in the SDS electophoretic electrode
buffer ((29,30), unpublished observation), it
is best to avoid this detergent altogether if
suitable fractionation of sensitive antigens
can be accomplished by other gel methods
(e.g., slab gel isoelectric focusing).

Unlike blotting to diazotized paper
(1,2,6), the radiolabeled probes of Western
biotting are not readily removed from non-
derivatized nitrocellulose for reuse of the
replicas with different probes. Treatment of
blots with detergent (5% SDS), chaotropic

agent (3 M NaSCN), or acid (pH 3) fails to
preferentially remove probe and back-
ground radioactivity relative to the desorp-
tion of immobilized antigens.

CONCLUSIONS

The technique of Western blotting should
prove valuable for the analysis of proteins
fractionated on the basis of molecular
weight in SDS gel electrophoresis. Use of
unmodified nitrocellulose sheets and an elec-
trophoretic mode of transfer provide speed
and a simplicity of technique that, combined
with essentially complete and quantitative
protein transfer, is not achievable by other
blotting methods. Coupled with antigen de-
tection by antibody and IPA, the Western
blot is a very sensitive method for visualizing
specific proteins in complex antigenic mix-
tures. The use of radioiodinated protein A
allows such analyses to be accomplished
from cells in culture as well as from necrop-
sied animal organs and biopsied tissues with-
out having to resort to metabolic radiola-
beling of the cellular antigens {N. Burnette,
R. Tao, and R. Nowinski, unpublished). The
blotting method can also be adapted to a
large variety of other problems employing
SDS gel electrophoresis for analysis, These
include, for example, two-dimensional gel
fractionation of cellular components, anal-
ysis of products synthesized in vitro in re-
sponse to exogenous messenger RNA, and
studies of nucleic acid binding proteins using
appropriate radiolabeled nucleic acid probes
(5). Realizing the limitations imposed by
SDS denaturation, investigations utilizing
monoclonal antibodies for detection may be
undertaken if these probes are first selected
on the basis of their reactivity against de-
tergent-insensitive epitopes.

ACKNOWLEDGMENTS

1 wish to thank Dr. R, Nowinski for support and en-
couragement in these studies. I also thank Drs. R, Ei-
senman, L. Houston, and H. Fan for providing

-

T S—

W

e W




d (pH 3) fails to
obe and back-
re to the desorp-
1.

NS

n blotting shoulid
lysis of proteins
s of molecular
phoresis. Use of
ieets and an elec-
er provide speed
e that, combined
and quantitative
ievable by other
with antigen de-
>A, the Western
od for visualizing
ix antigenic mix-
inated protein A
ye accomplished
| as from necrop-
isied tissues with-
etabolic radiola-
:ns {N. Burnette,
npublished). The
ibe adapted to a
blems employing
r analysis. These
“dimensional gel
»mponents, anal-
'd in vitro in re-
snger RNA, and
‘ng proteins using
ficleic acid probes
§0ns imposed by
gations utilizing
Jetection may be
are first selected
ivity against de-

.AENTS

1 for suppert and en-
lso thank Drs. R. Ei-
Fan for providing

T T R T M T e o e e

it i | . e

Dow AgroSciences LLC
Study ID: 081132
Page 27

WESTERN BLOTTING 203

thoughtful discussion and criticism of the data, and Dr. 16, Stephenson, J. R., Devare, S. G., and Reynolds

»

R. Tao for invaluable technical assistance,

REFERENCES

I. Southern, E. M. (1975) J. Mol. Biol. 98, 503,

2. Alwine, J. C., Kemp, D. J., and Stark, G. R.
(1977) Proc. Nar. Acad. Sci. USA 74, 5350,

3. Dulaney, I. T., and Touster, O, (1970) Bigchim,
Biophys. Acta 196, 29.

4. Showe, M. K., Isobe, E., and Onorato, 1., (1970)
J. Mol. Biol. 107, 55,

5. Bowen, B., Steinberg, I, Laemmli, U. K., and
Weintraub, H. (1980) Nucleic Acid Res. 8, 1.

6. Renart, 1., Reiser, J., and Stark, G. R. (1979)
Proc. Nar. Acad. Sci. USA 76, 3116,

7. Bittner, M., Kupferer, P., and Morris, C. F. (1980)
Anal. Biochem. 102, 459,

8. Towbin, H., Staehelin, T., and Gordon, 1, (1979)
Proc. Nat. Acad. Sei. 1SA 76, 4350,

9. Hunter, W. M. (1967) in Handbaok of Experimen-
tal Immunology (Weir, D. M., ed.), p. 608,
Davis, Philadelphia.

10. O'Farrell, P. H. (1975) J. Biol. Chem. 250, 4007.

. Laemmli, U. K. (1970) Nuture (London) 227, 680.

12. Baum, S. G., Horwitz, M. S., and Maizel, J. V.,
Jr. (1972) J. Virol. 10, 211.

13. Nowinski, R, C., Lostrom, M. E., Tam, M. R.,
Stone, M. R., and Burnette, W. N. (1979 Virol-
ogy 93, 111.

4. Schaffner, W., and Weissmann, C. (1973) Anai.
Biochem. 56, 502,

15. Swanstrom, R., and Shank, P. R. (1978) Anai. Bio-
chem. 86, 184.

F. H. (1978) Advan. Cancer Res. 27, 1.
17. Burnette, W, N., Holladay, L. A., and Mitchell,
W. M. (1976) J. Mol. Biol. 197, 131,
18. Burneite, W. N., and Mitchell, W. M, (1978) J.
Virol. 26, 522,
19. Tung, J.-S., Yoshiki, T., and Fleissner, E. (1976)
Cell 9, 573,
20. Ledbetter, J., and Nowinski, R. C. (1977) /. Virl.
23, 315.
21. Edwards, S. A., and Fan, H. (1979} 7. Viral. 30,
S51.
22. Langone, J. |. (I978) J. Immunol. Methods 24,
269,
23. Eisenman, R., Burnette, W. N., Heater, P., Zucco,
F., Diggelmann, H., Tsichlis, P., and Coffin, J.
(1980} In Biosynthesis, Moedification, and Pro-
cessing of Cellular and Viral Polyproteins (Koch,
G., and Richter, D., eds.), p. 233, Academic
Press, New York.
24. Strand, M., and August, I. T. (1974) J. Virol. 13
171.
25. Pelham, H. R. B., and Jackson, R. J. (1976) Eur.
J. Biochem. 67, 247,
26. Reynolds, I. A., and Tanford, C. (1970) Proc.
Nat. Acad. Sci. USA 66, 1002,
27. Waehneldt, T. V. (1975} BioSystems 6, 176,
28. Stone, M. R., and Nowinski, R. C. (1989) Virology
100, 370.
29. Swaney, J. B., Vande Woude, G. F., and
Bachrach, H. L. (1974) Anal. Biochem. 58, 337.
30. Lacks, S. A., Springhorn, S, S., and Rosenthal,
A, L. (1979} Anal. Biochen. 100, 357.

]




	 
	ABSTRACT
	 INTRODUCTION
	MATERAILS AND METHODS
	Test Substance/Test System
	Control Substances
	Reference Substances
	Lateral Flow Test Strip Assay
	SDS-PAGE and Western Blot
	Statistical Treatment of Data

	RESULTS AND DISCUSSION
	Lateral Flow Test Strip Assay
	SDS-PAGE and Western Blot Analysis

	CONCLUSIONS
	 REFERENCES
	Table 1. Soybean-Derived PAT Extraction Buffer Composition
	Figure 1. SDS-PAGE and western blots of transgenic soybean Event DAS-68416-4 and nontransgenic Maverick.

	 APPENDIX



