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SUMMARY 

The purpose of this study is to determine the concentrations of eCry3.1Ab and 
phosphomannose isomerase (PMI) proteins in key wet- and dry-milled fractions produced 
from maize grain derived from transformation Event 5307 maize. 

Using laboratory scale milling methodology, Event 5307 maize grain and nontransgenic, 
near-isogenic control grain were processed into commercially representative food and 
feed fractions:  gluten, starch, and germ fractions were produced from wet-mill 
processing procedures, and flour and germ fractions were produced from dry-mill 
processing procedures.   

Enzyme-linked immunosorbent assays were used to quantify eCry3.1Ab and PMI in the 
wet- and dry-milled fractions and in the grain used to produce those fractions.   

The results of this study indicate that eCry3.1Ab and PMI proteins were present at 
quantifiable levels in flour and germ when produced by standard dry-mill processing of 
5307 maize grain.  In contrast, the eCry3.1Ab and PMI proteins were below the limit of 
detection in the dried germ, starch, and gluten when produced by standard wet-mill 
processing of 5307 maize grain.  
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INTRODUCTION 

The purpose of this study is to determine the concentrations of eCry3.1Ab and 
phosphomannose isomerase (PMI) proteins in key wet- and dry-milled fractions produced 
from maize grain derived from transformation Event 5307 maize grain. 

Using the techniques of modern molecular biology, Syngenta has transformed maize (Zea 
mays) to produce Event 5307 maize, a new cultivar that has insecticidal activity against 
certain corn rootworm (Diabrotica) species.  Maize plants derived from transformation 
Event 5307 ("5307 maize") contain the gene ecry3.1Ab, encoding an eCry3.1Ab protein, 
and the gene pmi (also known as manA), encoding the enzyme phosphomannose 
isomerase (PMI).  The eCry3.1Ab protein is an engineered chimera of modified Cry3A 
(mCry3A) and Cry1Ab proteins.  The gene pmi was obtained from Escherichia coli strain 
K-12; the protein it encodes was utilized as a plant selectable marker during development 
of 5307 maize. 

Using laboratory scale milling methodology, fractions from wet-mill and dry-mill 
processing procedures were produced from 5307 maize grain and from nontransgenic, 
near-isogenic maize grain.  Key fractions most likely to enter the food and feed chain 
were analyzed for eCry3.1Ab and PMI by enzyme-linked immunosorbent assays 
(ELISA).  Data from this study provides an estimate of the amount of eCry3.1Ab and 
PMI present in food and feed fractions produced from industry standards related to the 
processing of 5307 maize grain. 

MATERIALS AND METHODS 
Test, Control, and Reference Substances 

The test substance for this study is Event 5307 maize grain and the control substance is 
nontransgenic, near-isogenic maize grain.  Table 1 depicts the pedigree codes for the 
maize hybrids used to produce the test and control substances. 

Table 1.  Test and control substances 
Substance description Pedigree code 
5307 maize grain (test) NP2171 × NP2460 (5307) 

Nontransgenic, near-isogenic maize grain (control) NP2171 × NP2460 
 
Test and control substances underwent the appropriate Stewardship Quality Control 
(SQC) testing.   

Table 2 lists the protein reference substances used to produce standard curves for each 
ELISA. 
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Table 2.  Reference substances for ELISA analyses 
Protein Reference substance ID Characterization report 

eCry3.1Ab ECRY3.1AB-0208 Nelson 2008a 

PMI PMI-0105 Nelson 2008b 

Preparation of the Processed Fractions 

The test and control grains were processed into food and feed fractions at the Food 
Protein Research and Development Center, Texas A&M University, Bryan, Texas, USA, 
using standard wet- and dry-milling processes (Figures 1 and 2).  Appendix C describes 
the details of the processing methodology. 

Figure 1.  Wet-milling flowchart  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Vavra 2009; Appendix C 
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Figure 2.  Dry-milling flowchart 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 

Vavra 2009; Appendix C 

The key end products of the wet- and dry-milling processes are circled in Figures 1 and 2 
and listed in Table 3.  These fractions are those most likely to enter the food and feed 
chain, and were selected for analysis in this study. 

Table 3.  Key processed fractions produced for this study 
Wet-mill processing Dry-mill processing 
Dried germ  
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prevent possible contamination by the transgenic samples.  Each powdered sample was 
mixed thoroughly to ensure homogeneity and stored at -80ºC ± 10ºC. 

Protein Extraction and ELISA Analysis 

Protein extractions were performed on three representative aliquots of each fraction: three 
Event 5307 maize grain aliquots were extracted and three nontransgenic maize grain 
aliquots were extracted.  For each sample, the insoluble material was subjected to 
iterative extractions, retaining the supernatants for analysis until the recovery of 
transgenic protein was either (1) not more than 5% of the total transgenic protein 
recovered from all extractions combined, (2) non-quantifiable, or (3) there was evidence 
that a subsequent extraction would produce a non-quantifiable result. 

The extracts were analyzed by ELISA to quantify the amount of eCry3.1Ab and PMI in 
each sample (Tijssen 1985).  Sample extracts were assayed in triplicate and standard 
curves were generated with known amounts of the corresponding protein reference 
substance for each ELISA plate.  The mean absorbance levels of the extracts were plotted 
against the standard curves to obtain the concentrations of eCry3.1Ab and PMI in each 
sample extract (ng/ml).  The amount of eCry3.1Ab and PMI protein in each sample was 
reported as the sum of the recovery from all quantifiable extractions. 

The concentrations of the analyzed proteins in each sample (µg/g) were calculated as 
follows: 

(ng/ml) × (dilution factor) × (ml buffer) 
(g sample) × 1000 

Appendices A and B describe the protein extraction and ELISA procedures.   

LOQ and LOD Determination 

The limit of quantitation (LOQ) for eCry3.1Ab and PMI is estimated based on acceptable 
recovery of a known concentration of reference protein added to nontransgenic sample 
extracts assayed at the minimal acceptable dilution factor.   

The limit of detection (LOD) for eCry3.1Ab and PMI is estimated based on the lowest 
concentration of reference protein that can be distinguished from the background signal 
of nontransgenic sample extracts. 
Control of Bias 

Representative aliquots were analyzed from homogeneous samples.  Any rejected data, 
and the documented reasons for the rejection of those data, are retained in the study file. 

Statistical Analysis 

All calculations, including means and standard deviations, were performed using 
Microsoft Office Excel® 2007 software.   
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RESULTS AND DISCUSSION 

Table 4 shows the results of the analysis of the fractions produced by wet- and dry-
milling of 5307 maize grain.   

Table 4.  Concentrations of eCry3.1Ab and PMI in 5307 maize grain, and key processed 
fractions derived from 5307 maize grain 

Sample 
Mean ± SD  
eCry3.1Ab µg/g  PMI µg/g  

Grain 4.98 ± 0.36 1.31 ± 0.05 
Wet-milled fractions   

Gluten  < LOD a < LOD d 
Starch  < LOD b < LOD e 
Dried germ  < LOD c < LOD f 

Dry-milled fractions   
Flour 1.06 ± 0.03 0.20 ± 0.01 
Germ 19.33 ± 2.08 3.97 ± 0.32 

n = 3 replicate analyses for each sample 
a LOD = 0.048 µg/g sample 
b LOD = 0.048 µg/g sample 
c LOD = 0.024 µg/g sample 
d LOD = 0.003 µg/g sample 
e LOD = 0.002 µg/g sample 
f LOD = 0.003 µg/g sample 

Analysis of nontransgenic sample extracts confirmed the absence of matrix effects for 
extracts of each sample type. 

The concentrations of eCry3.1Ab and PMI are higher in the dry-mill corn germ than in 
the grain; this is consistent with the distribution of total protein within the kernel.  Corn 
germ, which only accounts for 10% of the total dry weight of mature kernel, is 18% 
protein whereas the intact kernel is 8% to 10% protein (Boyer and Hannah 2001).  More 
protein is extracted during dry-milling than wet-milling (Parris et al. 2006), and is likely 
to account for the differences in concentrations of eCry3.1Ab and PMI proteins in the 
dry-mill germ compared to the wet-mill germ.   

Data Quality and Integrity 

No circumstances occurred during the conduct of this study that would have adversely 
affected the quality or integrity of the data generated. 

CONCLUSIONS 

The results of this study indicate that eCry3.1Ab and PMI proteins were present at 
quantifiable levels in flour and germ when produced by standard dry-mill processing of 
5307 maize grain.  In contrast, the eCry3.1Ab and PMI proteins were below the limit of 
detection in the dried germ, starch, and gluten when produced by standard wet-mill 
processing of 5307 maize grain.  

Page 13 of 44





REFERENCES 
Published 

Boyer CD, Hannah LC.  2001.  Kernel mutants of corn.  In Specialty Corns.  Hallauer 
A.R., ed.  Boca Raton, FLA:  CRC Press.  p 1. 

Parris N, Moreau RA, Johnston DB, Singh V, Dickey LC.  2006.  Protein Distribution in 
commercial wet- and dry-milled corn germ.  J. Agric. Food Chem. 54: 4868-
4872. 

Tijssen P.  1985.  Processing of data and reporting of results of enzyme immunoassays.  
In Practice and Theory of Enzyme Immunoassays. Laboratory Techniques in 
Biochemistry and Molecular Biology, Vol. 15.  Amsterdam, Netherlands: 
Elsevier Science Publishers.  pp. 385–421. 

US EPA.  1989.  Good Laboratory Practices Standards.  40 CFR Part 160. 

Unpublished 

Nelson A.  2008a.  Characterization of Test Substance ECRY3.1AB-0208 and Certificate 
of Analysis.  Report No. SSB-010-08 (unpublished).  Research Triangle Park, NC.  
Syngenta Biotechnology. 

Nelson A.  2008b.  Characterization of Phosphomannose Isomerase Test Substance 
PMI-0105 and Certificate of Analysis.  Report No. SSB-025-07 (unpublished).  
Research Triangle Park, NC: Syngenta Biotechnology. 

  

Page 15 of 44



APPENDICES 
Appendix A:  eCry3.1Ab Quantification Procedure 
Buffers 

The buffers used for extraction and enzyme-linked immunosorbent assay (ELISA) 
analysis of eCry3.1Ab are listed in the following table. 

Name of buffer Constituents 

Phosphate-buffered saline 
(PBS) 

140 mM sodium chloride, 8.24 mM sodium phosphate dibasic, 1.81mM 
sodium phosphate monobasic, pH 6.75 

Borate extraction buffer  0.1 M sodium tetraborate decahydrate, 0.2% PVP-360, 7.69 mM sodium 
azide, 0.5% Tween® 20; titrated to pH 10.0.  Complete™ Protease Inhibitor 
Cocktail Tablet (added on day of extraction) 

Dilution buffer  PBS, 0.05% Tween® 20, 1% BSA, 0.02% sodium azide 

Wash buffer  10 mM Tris, 0.05% Tween® 20, 0.02% sodium azide 

eCry3.1Ab Extraction 

For each sample, 6 ml of borate extraction buffer was added to ~ 500 mg of sample.  The 
samples were mixed, placed on wet ice for at least 30 minutes, homogenized, and 
centrifuged at 2°C to 8°C to form a pellet.  The supernatants were transferred to a fresh 
tube and the pellets underwent additional protein extraction procedures until quantifiable 
levels of protein were no longer recovered.  Supernatants were diluted 1:2 in dilution 
buffer and stored at -20°C ± 5°C until analysis. 

eCry3.1Ab Quantification 

The eCry3.1Ab ELISA kit was manufactured at Beacon Analytical Systems (BAS), 
Portland, ME.  The assay is a double-antibody sandwich assay in which the eCry3.1Ab 
protein is affixed to the wells of a microtiter plate using a monoclonal, anti-mCry3A 
antibody that binds to the mCry3A domains of the eCry3.1Ab protein.  The primary 
antibody was diluted and added to each well of a 96-well microtiter plate.  The plate was 
then blocked using a proprietary method.  Dilutions of each tissue extract and the 
appropriate serial dilutions of the protein reference substance, ECRY3.1AB-0208 
(Nelson 2008a), were prepared in dilution buffer and applied to the pre-coated plates at a 
total volume of 100 μl/well.  The plates were incubated at room temperature on a titre 
plate shaker at 400 rpm for one hour.  The plates were washed five times with wash 
buffer in a microplate washer.  After washing the plates, a secondary polyclonal rabbit 
anti-Cry1Ab antibody (provided in the kit) was then used to bind the Cry1Ab domain of 
the eCry3.1Ab protein at 100 μl/well.  The plates were incubated at room temperature on 
a titre plate shaker at 400 rpm for one hour and washed five times. 

After the plates were washed, a tertiary donkey anti-rabbit antibody conjugated with 
alkaline phosphatase was diluted in dilution buffer and added to each of the wells (100 
μl/well). The plates were then incubated at room temperature on a titer plate shaker at 
400 rpm for one hour, and then washed five times (described above).  After the plates 
were washed, an alkaline phosphatase substrate solution (provided in the kit) was added 
at a volume of 100 μl/well.  The plates were incubated for 30 minutes at room 
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temperature on a titer plate shaker at 400 rpm.  The reaction was stopped by the addition 
of 3N sodium hydroxide (100 μl/well), and the colorimetric reaction was measured at a 
dual wavelength (405-492 nm) with an absorbance reader.  The results were analyzed 
with BioMetallics DeltaSoft PC Microplate Analysis Software, v. 1.71.2, using a four-
parameter algorithm. 
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Appendix B:  PMI Quantification Procedures 
Buffers 

The buffers used for extraction and enzyme-linked immunosorbent assay (ELISA) 
analysis of PMI are listed in the following table. 

Name of buffer Constituents 

Borate extraction buffer  

0.1 M sodium tetraborate decahydrate, 0.2% PVP-360, 7.69 mM sodium 
azide, 1.2% concentrated hydrochloric acid, 0.5% Tween® 20; pH 
approximately 7.5.  Complete™ Protease Inhibitor Cocktail Tablet added on 
day of extraction 

Carbonate-bicarbonate buffer 34.9 mM sodium bicarbonate, 15.0 mM sodium carbonate, pH 9.5 
Citrate-phosphate buffer 23.8 mM citric acid, 59.9 mM disodium phosphate, pH 5.0 
Super Block® T20 (PBS) 
Blocking Buffer 

A protein based blocker formulation in phosphate buffered saline  
containing 0.05% Tween® 20 

1X Tris wash buffer 10mM Tris, 0.05% Tween® 20, pH 8.0 

PMI Extraction 

For each sample, 6 ml of borate extraction buffer was added to ~ 500 mg of sample.  The 
samples were mixed, placed on wet ice for at least 30 minutes, homogenized, and 
centrifuged at 2°C to 8°C to form a pellet.  The supernatants were transferred to a fresh 
tube and the pellets underwent additional protein extraction procedures until quantifiable 
levels of protein were no longer recovered.  Supernatants were stored at 2°C to 8°C until 
analysis. 

PMI Quantification 

A polyclonal rabbit anti-PMI antibody was diluted in carbonate-bicarbonate buffer and 
added to each well of a 96-well microtiter plate at a volume of 100 µl/well.  The plates 
were stored overnight in a refrigerator set at 2°C to 8°C.  The plates were washed three 
times with 1X Tris wash buffer. As a blocking step, Super Block® T20 (PBS) Blocking 
Buffer was added to the plates at a volume of 300 µl/well.  Blocking step was repeated 
two more times.  After blocking incubation, the plates were washed three times as 
described above and dilutions of each tissue extract and appropriate serial dilutions of the 
protein reference substance PMI-0105 (Nelson 2008b) prepared in Super Block® T20 
(PBS) Blocking Buffer were applied to the plates at a total volume of 100 µl/well.  The 
plates were incubated at ambient temperature for 1 hour while shaking at approximately 
400 rpm.  After incubation, plates were washed five times as described above and a 
monoclonal anti-PMI antibody diluted in Super Block® T20 (PBS) Blocking Buffer was 
added to the plate at a volume of 100 µl/well and incubated at ambient temperature for 
one hour while shaking at approximately 400 rpm. 

The plates were washed three times after incubation and a horseradish-peroxidase-
conjugated rabbit anti-mouse immunoglobulin G antibody diluted in Super Block® T20 
(PBS) Blocking Buffer was added at a volume of 100 µl/well and incubated at ambient 
temperature for one hour while shaking at approximately 400 rpm.  After incubation, the 
plates were washed three times, and 3,3′,5,5′-tetramethylbenzidine (TMB) substrate 
solution (was added at a volume of 100 µl/well (one tablet per 10 ml of citrate-phosphate 
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buffer) and incubated at room temperature in the dark for 15 minutes while shaking at 
approximately 400 rpm.  The reaction was stopped by addition of 3 M sulfuric acid at a 
volume of 50 µl/well, and the absorbance of the reaction was read at 450 nm with an 
absorbance reader.  The results were analyzed with BioMetallics DeltaSoft PC 
Microplate Analysis Software, v. 1.71.2, using a four-parameter algorithm.   
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Appendix C:  Processing Phase Report 

Corn:  dry-milling, wet -milling, and oil production 
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