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1.0 EXECUTIVE SUMMARY 

In order to assess the biochemical and functional equivalence of the AvHPPD-03 proteins 
produced in a recombinant Escherichia coli expression system and in soybean derived from 
Event SYHT0H2, the proteins from both sources were compared with respect to identity, 
integrity, specific enzymatic activity, and glycosylation status.  

Western blot analysis of the microbially produced and plant-produced AvHPPD-03 proteins 
showed mobility consistent with the predicted molecular weight of 47 kDa.  Additionally, the 
microbially produced and plant-produced AvHPPD-03 cross-reacted with the same 
AvHPPD-03-specific antibody, confirming similar immunoreactivity for both proteins.  A 
specific enzymatic activity assay revealed that the microbially produced and plant-produced 
AvHPPD-03 were comparable in their specific activity.  The microbially produced 
AvHPPD-03 was assessed in the presence of nontransgenic, near-isogenic soybean seed 
extract to simulate the experimental extraction conditions of the plant-produced AvHPPD-03.  
The specific activity was 1.38 Units/mg AvHPPD-03 and 1.22 Units/mg AvHPPD-03 for the 
microbially produced AvHPPD-03 and the plant-produced AvHPPD-03, respectively.  There 
was no evidence of post-translational glycosylation of the microbially produced or 
plant-produced AvHPPD-03.  Peptide mass mapping identified 65% and 55% of the 
predicted amino acid sequence of the microbially produced and plant-produced AvHPPD-03 
respectively, confirming the identity of the protein from both sources.  Except for the 
cleavage of the first four amino acids from the N-terminus of the plant-produced protein, the 
N-terminal peptide of AvHPPD-03 from both sources was consistent with the predicted 
sequence.  
 
The results of this study demonstrate that the microbially produced AvHPPD-03 is 
biochemically and functionally equivalent to AvHPPD-03 produced in SYHT0H2 soybean 
and supports the conclusion that the microbially produced AvHPPD-03 is a suitable surrogate 
to evaluate the safety of AvHPPD-03 produced in SYHT0H2 soybean. 
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2.0 INTRODUCTION 

The purpose of this study was to assess the biochemical and functional equivalence of 
microbially produced AvHPPD-03 and AvHPPD-03 produced in transgenic soybean plants 
derived from Event SYHT0H2.  
 
Soybean (Glycine max [L.] Merrill) has been genetically modified to express the genes 
avhppd-03 derived from oat (Avena sativa L.) and pat derived from Streptomyces 
viridochromogenes.  The gene avhppd-03 encodes a p-hydroxyphenylpyruvate dioxygenase 
(HPPD) enzyme, designated AvHPPD-03, that catalyzes the formation of homogentisic acid 
(HGA), the aromatic precursor in plastoquinone and vitamin E biosynthesis.  In comparison 
with the native soybean HPPD, the AvHPPD-03 isozyme from oat has lower binding affinity 
for mesotrione, an herbicide that inhibits HPPD.  Expression of avhppd-03 in the transgenic 
Event SYHT0H2 soybean plants confers a mesotrione-tolerance phenotype.  The gene pat 
encodes the enzyme phosphinothricin acetyltransferase (PAT), which inactivates the 
herbicide glufosinate, an inhibitor of glutamine synthetase, an enzyme in the nitrogen 
assimilation pathway.  Expression of pat confers a glufosinate-tolerance phenotype, which 
was used as a selectable marker in the development of Event SYHT0H2 soybeans. 
 
In this study, key biochemical and functional parameters were evaluated to assess whether 
the microbially produced AvHPPD-03 is a suitable surrogate for AvHPPD-03 produced in 
SYHT0H2 soybean.  Microbially produced and plant-produced AvHPPD-03 were compared 
with respect to identity, integrity, specific enzymatic activity, and glycosylation status.  
Establishing functional and biochemical equivalence supports the use of microbially 
produced AvHPPD-03 in studies evaluating the safety of AvHPPD-03 in SYHT0H2 soybean. 
 
3.0 MATERIALS AND METHODS 

3.1 Microbially Produced AvHPPD-03 

Microbially produced AvHPPD-03 was prepared from an Escherichia coli expression 
system.  The gene avhppd-03 was introduced into a pET24a vector and transformed into 
E. coli strain BL21 (DE3) cells.  The genes expressed in the microbial system and in 
SYHT0H2 soybean encode proteins identical in amino acid sequence.  
 
Prior to this study, AvHPPD-03 was prepared from E. coli cell paste by Syngenta Protein 
Science (Jealott’s Hill International Research Centre, Bracknell, UK).  Briefly, E. coli cells 
were ruptured and the cell debris removed by centrifugation.  The supernatant was filtered 
and the AvHPPD-03 protein was further purified using anion exchange chromatography, 
hydrophobic interaction chromatography and size exclusion chromatography.  The purified 
protein was pooled, concentrated, aliquoted, and lyophilized.  The resulting dry formulation 
was designated test substance AVHPPD-03-0209.  The test substance was shipped on dry ice 
to Syngenta Product Safety (Research Triangle Park, NC, USA), where it was stored 
at -20ºC ± 8°C. 
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The test substance AVHPPD-03-0209 was characterized in detail and determined to contain 
72.2% AvHPPD-03 by weight (w/w); the molecular weight of AvHPPD-03 was consistent 
with the predicted molecular weight of 47.0 kDa (Winslow 2009).  The microbially produced 
AvHPPD-03 was resolubilized in water and included in Western blot, glycosylation status, 
peptide mass mapping, and N-terminal sequencing analyses.  The microbially produced 
AvHPPD-03 was resolubilized in 25 mM ascorbic acid containing 4 μg/ml bovine catalase 
for use within the specific enzymatic activity analysis. 
 
3.2 Seed Test and Control Substances  

The seed test substance for this study was soybean seed lot 10SG900903 (SYHT0H2 soybean).  
The control substance was nontransgenic, near-isogenic soybean seed in the same genetic 
background as the seed test substance.  Table 1 shows the descriptions and pedigree codes for the 
seed test and control substances.  
 
TABLE 1 Seed test and control substances 

Seed identification Material identification Pedigree code 

SYHT0H2 soybean (test) 10SG900903 SYHT0H2 
Nontransgenic (control) 10SG900137 JACK 

 
The seed test substance was characterized by real-time polymerase chain reaction (RT-PCR) 
analysis (Ingham et al. 2001) to confirm identity and purity (Burgin 2011).  Identification of 
the nontransgenic, near-isogenic soybean seed was also verified by RT-PCR for Stewardship 
Quality Control (SQC) testing according to the current Syngenta standards. 
 
3.3 Preparation of Plant-produced AvHPPD-03 and Nontransgenic Plant Controls 

Prior to this study, the seed test and control substances (Table 1) were generated under 
standard greenhouse conditions.  Seed from SYHT0H2 soybean and nontransgenic, near 
isogenic control soybean were collected, ground into a fine powder, and stored at 2-8°C. 
 
3.3.1 Extracts of Event SYHT0H2 soybean seed and nontransgenic control soybean 

seed for Western blot analysis 

Protein for Western blot analysis was extracted from the SYHT0H2 soybean powder by 
resuspending it in 100 mM borate buffer (pH 7.5) containing 0.2% (v/v) polyvinylpyrrolidone, 
7.7 mM sodium azide, 0.5% (v/v) Tween 20® surfactant, 1.2% (v/v) hydrochloric acid, and 
supplemented with protease inhibitor cocktail (Roche, 1 tablet/50 ml).  The mixture was 
homogenized and incubated on ice.  After incubation on ice, the extract was centrifuged and 
filtered through a 0.22µm Millipore filter unit; the resulting extract was designated SYHT0H2 
extract.  The concentration of AvHPPD-03 and total protein were determined by enzyme-linked 
immunosorbent assay (ELISA) and the bicinchoninic acid (BCA) protein assay, respectively. 

Nontransgenic, near-isogenic control soybean powder, was extracted in parallel with the 
preparation of the SYHT0H2 extract, employing the same method.  The resulting preparation 
was designated as the nontransgenic extract.  The nontransgenic extract was analyzed by 
BCA to determine the concentration of total protein in the sample.  The nontransgenic extract 
was used as a negative control in the Western blot (Table 2). 
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3.3.2 Purified AvHPPD-03 preparation from SYHT0H2 extract 

SYHT0H2 extract was prepared as described in §3.3.1 and the AvHPPD-03 protein was 
immunopurified from the SYHT0H2 seed extract.  An immunoaffinity column, prepared 
with anti-AvHPPD-03 monoclonal antibodies, was used to purify the AvHPPD-03 from the 
SYHT0H2 extract.  The SYHT0H2 extract was applied to the equilibrated immunoaffinity 
column, the column was washed to remove unbound proteins, and AvHPPD-03 was eluted in 
100 mM glycine buffer (pH 2.5) and neutralized.  Fractions containing AvHPPD-03 were 
further purified using hydrophobic interaction chromatography (HiTrap Phenyl HP column, 
GE Healthcare) according to manufacturer instructions.  For use within Western blot, 
glycosylation status, and N-terminal sequencing analyses, the purified protein was desalted 
using PD-10 columns and concentrated by ultrafiltration.  The resulting sample was analyzed 
by ELISA to determine the concentration of AvHPPD-03, and stored at -20°C ± 8°C until 
further use.  For use within the peptide mass mapping analysis, the purified protein was 
concentrated by ultrafiltration, analyzed by ELISA to determine the concentration of 
AvHPPD-03, and stored at -20°C ± 8°C until further use.  The purified AvHPPD-03 
preparation from SYHT0H2 extract was used in Western blot, glycosylation status, peptide 
mass mapping, and N-terminal sequencing analyses (Table 2). 
 
3.3.3 Extracts of Event SYHT0H2 soybean seed and nontransgenic control soybean 

seed for specific enzymatic activity analysis   

For use in the specific enzymatic activity assays, protein was extracted from the SYHT0H2 
soybean powder by resuspending it in 50 mM Bis-Tris Propane (BTP) (pH 7.0), 4 mM 
dithiothreitol, 5 mM 4-(2-aminoethyl)-benzenesulfonylfluoride HCl, and 1% 
polyvinylpolypyrrolidone.  The mixture was mixed thoroughly, incubated on ice and 
centrifuged.  After centrifugation, the soluble portion of the extract was eluted into 50 mM 
BTP (pH 7.0), 50 mM potassium chloride using a PD-10 column.  The concentration of total 
active HPPD protein (AvHPPD-03 and endogenous HPPD) in the resulting extract was 
immediately determined by an active site titration (AST) assay.  
 
Nontransgenic, near-isogenic control soybean powder was extracted in parallel with the 
preparation of the SYHT0H2 extract, employing the same method.  The resulting preparation 
was designated as the nontransgenic extract.  The nontransgenic extract was included in the 
AST assay and used as a control in the enzymatic activity assay to account for the 
endogenous HPPD activity (Table 2). 
 
3.3.4 Microbially produced AvHPPD-03 fortified nontransgenic extract 

Nontransgenic soybean seed extract was prepared as described in §3.3.3 and fortified with 
microbially produced AvHPPD-03.  This sample was analyzed by an AST assay prior to 
enzymatic activity analysis, in order to investigate if the plant matrix affects specific 
enzymatic activity (Table 2).  Inclusion of this sample allowed for the comparison of the 
microbially produced and plant-produced AvHPPD-03 in the same matrix.  
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TABLE 2 Protein preparations and use in subsequent analysis 

Analysis Samples included in the analysis Purpose of the analysis 

Western blot 

• microbially produced AvHPPD-03 
• SYHT0H2 extract 
• purified preparation from SYHT0H2 extract  
• nontransgenic extract 

Examine AvHPPD-03 apparent 
molecular weight, intactness, and 
relative immunoreactivity 

Specific enzymatic 
activity 

• microbially produced AvHPPD-03 
• SYHT0H2 extract 
• nontransgenic extract fortified with microbially 

produced AvHPPD-03 
• nontransgenic extract 

Confirm functional equivalence of 
both proteins. Confirm correct 
folding of both proteins.  

Glycosylation  
• microbially produced AvHPPD-03 
• purified preparation from SYHT0H2 extract  

Confirm the absence of glycosyl 
residues 

Peptide mass mapping 
• microbially produced AvHPPD-03 
• purified preparation from SYHT0H2 extract  

Confirm the identity of both 
proteins 

N-terminal sequencing 
• microbially produced AvHPPD-03 
• purified preparation from SYHT0H2 extract  

Confirm the N-terminal amino 
acid sequence of both proteins 

 
3.4 AvHPPD-03 Quantification 

3.4.1 Quantification of total AvHPPD-03 by ELISA 

The concentration of AvHPPD-03 was determined by ELISA (Tijssen 1985) prior to 
conducting Western blot, glycosylation, peptide mass mapping, and N-terminal sequencing 
analyses.  Two ELISA methods were employed to quantify AvHPPD-03.   
 
One ELISA method is a double-antibody sandwich assay in which the AvHPPD-03 protein 
was captured in the wells of a microtiter plate using a polyclonal goat antibody that binds to 
AvHPPD-03.  An additional polyclonal rabbit antibody was then used to bind to the 
AvHPPD-03 captured on the microtiter plate.  Detection of AvHPPD-03 was accomplished by 
binding of a polyclonal donkey anti-rabbit antibody conjugated with alkaline phosphatase 
enzyme, which catalyzes the conversion of the colorimetric substrate, p-nitrophenylphosphate.  
The concentration of AvHPPD-03 is proportional to the measured absorbance values.  Samples 
were then quantified relative to a standard curve of known AvHPPD-03 concentrations.  
Samples and standards were applied to the microtiter plate in triplicate.  The absorbance values 
were measured with a spectrophotometer at dual wavelengths of 405 and 490 nm and the 
results were analyzed with Molecular Devices SoftMax Pro® 5.2 software, revision C using a 
four-parameter algorithm.  For each sample, the mean concentration of dilutions within the 
quantitative range of the ELISA was calculated. 
 
Alternatively, AvHPPD-03 quantification was performed using the Qualiplate™ ELISA Kit for 
HPPD in Soy.  AvHPPD-03 was captured on ELISA plates pre-coated with the capture 
antibody.  An antibody-enzyme conjugate was used to bind the AvHPPD-03 protein and 
detection was accomplished through conversion of a colorimetric substrate.  The concentration 
of AvHPPD-03 is proportional to the measured absorbance values.  Samples were then 
quantified relative to a standard curve of known AvHPPD-03 concentrations. Samples and 
standards were applied to the microtiter plate in triplicate.  The absorbance values were 
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measured with a spectrophotometer at dual wavelengths of 450 and 650 nm.  The results were 
analyzed with Molecular Devices SoftMax Pro® GxP software, version 5.4.1 using a 
four-parameter algorithm.  For each sample, the mean concentration of dilutions within the 
quantitative range of the ELISA was calculated. 
 
3.4.2 Quantification of active AvHPPD-03 by AST 

To allow for a suitable comparison of the specific enzymatic activity of the microbially 
produced and plant-produced AvHPPD-03, the concentration of active HPPD was determined 
by an AST assay prior to conducting the specific enzymatic activity.  The active HPPD from 1) 
the microbially produced AvHPPD-03, 2) SYHT0H2 soybean seed extract, 3) nontransgenic 
extract fortified with microbially produced AvHPPD-03, and 4) nontransgenic soybean seed 
extract was quantified using the AST assay.  Nontransgenic soybean seed extract was included 
in the AST assay to control for the presence of active endogenous HPPD protein.  A single 
AST assay was conducted for each sample. 

The AST assay employs a substrate competitive radiolabeled inhibitor,  
14C-2-(2-chloro-3-ethoxy-4-methanesulfonyl-benzoyl)-5-methyl-cyclohexane-1,3-dione 
(14C-R243604) (Hawkes et al. 2001a), with a known specific activity, to measure the amount 
bound to HPPD under defined conditions.  The 14C-inhibitor bound HPPD was then separated 
from unbound 14C-inhibitor by rapid buffer exchange using a desalting column.  The 
radioactivity of 14C-inhibitor bound HPPD was measured by liquid scintillation counting (LSC).  
The concentration of active HPPD was determined using the measured radioactivity of the 
14C-inhibitor bound HPPD after any nonspecific binding signals detected had been subtracted. 

The compound 2-(2-chloro-3-ethoxy-4-methanesulfonyl-benzoyl)-5-methyl-cyclohexane-
1,3-dione (R243604) is an HPPD-specific, substrate competitive inhibitor of HPPD (Schulz et al. 
1993) with an inhibitor binding affinity (Ki) value of < 1 nM (Hawkes et al. 2001b).  This inhibitor 
was used as a binding agent to bind the active site of HPPD.  The amount of active HPPD (the 
amount of HPPD bound to R243604) was then measured. 

The specific binding (SB) of R243604 to HPPD was determined by conducting both total binding 
(TB) and nonspecific binding (NSB) reactions. 

The TB reactions were conducted at 25°C ± 0.5°C, and contained  0.5 μM 14C-radiolabeled 
inhibitor prepared in 50 mM BTP buffer (pH 7) containing 25 mM sodium ascorbate and 4 μg/ml 
bovine catalase.  The reactions were initiated by the addition of various volumes (0, 100, 200 and 
300 μl) of each test solution, mixed, and stopped after 5 min by adding 200 μM of unlabeled 
R243604.  An aliquot of each reaction was removed and the protein bound fraction was separated 
from the unbound fraction using a NAP™-5 rapid gel filtration column.  The radioactivity in 
disintegrations per minute (dpm) of the protein bound fraction was then measured by LSC.  

The NSB reactions were performed in parallel using the same method described above with the 
exception of the order in which 14C -R243604 and unlabeled R243604 were added.  The NSB 
reactions measured the nonspecific binding of R243604 to HPPD.  
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3.4.2.1 Calculation of specific binding 

The TB and NSB of R243604 to HPPD were measured, and the SB was calculated: 

Specific Binding (SB) = Total Binding (TB) – Nonspecific Binding (NSB) 

3.4.2.2 Calculation of amount of active HPPD 

The amount of active HPPD of each reaction was calculated: 

active HPPD (pmol) = 
Specific Binding(dpm)

0.9 × (250 µl 400 µl ) × 60 (dpm Bq) × 1.77 (Bq pmol)⁄⁄⁄   

0.9 = NAP-5 column elution efficiency (per manufacturer’s instructions) 
(250 µl 400 µl⁄ ) = ratio of reaction volume applied to column 
60 (dpm Bq)⁄  = conversion factor for disintegrations per minute (dpm) to Becquerel (Bq) 
1.77 Bq pmol⁄  = specific radioactivity of 14C-R243604 
 
The concentration of active HPPD was determined by plotting the active HPPD (pmol) vs. 
the volume (μl) of prepared HPPD used in each assay.  The slope of the trendline represents 
the concentration of active HPPD (μM) in the solution. 

3.5 Total Protein Determination 

Total protein was quantified via the BCA method (Hill and Straka 1988), using bovine serum 
albumin as the reference protein standard.  The results were analyzed with Molecular Devices 
SoftMax Pro® GxP software, version 5.4.1 using a four-parameter algorithm. For each sample, 
the mean concentration of all dilutions within the quantitative range of the BCA assay was 
calculated. 

3.6 Immunoreactivity and Molecular Weight Determination 

Western blot analysis was used to investigate the identity and integrity of the microbially 
produced and plant-produced AvHPPD-03, as well as an AvHPPD-03 purified preparation 
from SYHT0H2 soybean seed extract.  Based on ELISA analysis, aliquots containing 10 ng 
of AvHPPD-03 prepared in lithium dodecylsulfate sample buffer were subjected to sodium 
dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) under reducing conditions 
using a 4-12% Bis-Tris gel and 3-(N-morpholino)propane-sulfonic acid (MOPS) running 
buffer.  Based on BCA analysis, an aliquot of the nontransgenic, near-isogenic seed extract, 
with total protein equivalent to the plant-produced AvHPPD-03 sample prepared for Western 
blot, was included in the analysis as a negative control.  The molecular weight standard was 
SeeBlue® Plus2 pre-stained standard.   

The protein was transferred to a polyvinylidene fluoride (PVDF) membrane via electroblotting.  
The membrane was probed with a polyclonal rabbit antibody capable of detecting AvHPPD-03.  
Detection of AvHPPD-03 was accomplished by binding of a polyclonal donkey anti-rabbit 
antibody conjugated with alkaline phosphatase enzyme, which catalyzes the conversion of the 
colorimetric substrate BCIP/NBT.  The Western blot was visually examined for the presence of 
intact immunoreactive AvHPPD-03 or other immunoreactive AvHPPD-03-derived fragments. 
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3.7 Specific Enzymatic Activity  

An aliquot of the microbially produced AvHPPD-03 was sent on dry ice to Syngenta Crop 
Protection, LLC (Greensboro, NC, USA), where it was stored at -20°C ± 8°C.  Ground seed 
from SYHT0H2 soybean and nontransgenic, near isogenic soybean, were shipped to 
Syngenta Crop Protection, LLC (Greensboro, NC, USA), where they were stored at ambient 
temperature.  All analyses required for determining the specific enzymatic activity were 
conducted at Syngenta Crop Protection, LLC (Greensboro, NC). 

3.7.1 Enzymatic activity assay 

The specific enzymatic activity of active HPPD from 1) the microbially produced AvHPPD-03, 
2) SYHT0H2 soybean seed extract, 3) nontransgenic soybean seed extract fortified with 
microbially produced AvHPPD-03, and 4) nontransgenic soybean seed extract was determined 
using a radioactive 14CO2 trapping HPPD enzymatic activity assay.  Nontransgenic soybean 
seed extract was used as a control in the enzymatic activity assay to account for the 
endogenous HPPD activity.  The HPPD enzyme catalyzes the formation of HGA and carbon 
dioxide from p-hydroxyphenylpyruvate (HPP) and molecular oxygen (Figure 1).  The HPPD 
enzymatic activity assay determines the amount of radiolabeled 14CO2 generated from a 
14C-labeled HPP substrate during the enzymatic reaction (Barta and Boger 1996). 

FIGURE 1 Reaction catalyzed by HPPD 

 
 
The enzymatic activity for AvHPPD-03 is reported as U/mg HPPD where one unit (U) of 
HPPD activity is defined as the amount of enzyme required to catalyze the conversion of one 
μmol of HPP to produce one μmol of HGA and one μmol of CO2 per minute under the 
described reaction conditions.  The enzymatic activity of HPPD, in which the production of 
radioactive 14CO2 was measured during the enzymatic reaction, was validated as suitable for 
the purpose of quantifying HPPD activity (Emborsky 2010).  Specific enzymatic activity 
values differing by ≤ 30% are considered comparable, and support a conclusion of functional 
equivalence. 

The enzymatic activity assays were performed at 25°C ± 0.2°C in duplicate at four time 
points (0, 1, 3, and 6 minutes).  

A substrate mixture consisting of 63 µM unlabeled HPP in 50 mM BTP buffer (pH 7) 
containing 25 mM sodium ascorbate, 4 μg/ml bovine catalase, and approximately 15 µM 
14C-HPP was prepared.  Prior to use, the purity of 14C-HPP was determined using a high 
pressure liquid chromatography (HPLC)/βRAM® method. 
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The substrate mixture was transferred into individual reaction chambers and capped with a 
tightly fitted rubber stopper.  The specific radioactivity of the freshly prepared substrate 
mixture was measured prior to conducting enzymatic activity assays.  Each enzymatic activity 
assay was initiated by adding HPPD to the substrate mixture.  A suspended filter soaked with 
1N sodium hydroxide was used to trap the CO2 generated during the reaction.  Reactions were 
then stopped after 0, 1, 3, and 6 minutes by addition of 0.6 N trichloroacetic acid. 

Upon stopping each reaction, CO2 trapping was allowed to continue for 90 minutes at 
25°C ± 0.2°C.  Radioactivity trapped within the filter was measured by LSC.  The total 
disintegrations per minute (dpm) for each time point was corrected for background by 
subtracting the measured radioactivity (dpm) for time zero. 

3.7.2 Calculation of enzymatic activity  

The total pmol of CO2 produced was calculated: 

Total CO2 (pmol) =
(dpm measured at a given time −  dpm measured at time zero)

60 �dpm
Bq �  ×  0.67 ×  specific radioactivity of the substrate mix � Bq

pmol�
 

0.67 = the predetermined extraction efficiency of measuring the trapped 14CO2 from the 
nozzle filter by LSC, which is 67% 
60 (dpm/Bq) = conversion factor for dpm to Bq  
The CO2 production rate (pmol/sec) was determined by plotting the amount of total CO2 
produced vs. time.  The slope of the trendline represents the CO2 production rate of HPPD. 

The slope of the trendline was calculated: 
𝑦 = 𝑚𝑥 + 𝑏 
m = slope 
b = y-intercept 

 
Using the CO2 production rate and the amount of active HPPD as determined by AST, the kcat 
was calculated: 

kcat(sec−1) =
CO2 production rate (pmol

sec )
active HPPD (pmol)

 

kcat = rate constant 
 
A mean kcat value was calculated from duplicate activity assays for all samples.  Specific 
enzymatic activity was then calculated as follows: 

specific enzymatic activity =
kcat  � 1

sec� �
mol of CO2

mol of HPPD�× 60 � sec
min�

94000 � g
mol� × 10−6 � mol

µmol�× 103 �mg
g �

 

94000 g/mol1 = molecular weight for two subunits of HPPD. 

1 The HPPD enzyme is a dimer consisting of two subunits.  One R243604 inhibitor binds to one dimer of HPPD (Garcia et al. 2000).  
Therefore, a molecular weight of 94.0 kDa (94000 g/mol) is used to calculate the specific enzymatic activity. 
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3.8 Glycosylation Analysis 
The microbially produced AvHPPD-03 and AvHPPD-03 purified preparation from SYHT0H2 
soybean seed extract were analyzed with the ECLTM Glycoprotein Detection Module Kit to 
confirm the absence of glycosyl residues.  Samples were subjected to SDS-PAGE under 
reducing conditions using a 4-12% Bis-Tris gel and MOPS running buffer.  The AvHPPD-03 
protein was applied to the gel at 500 and 1000 ng.  Transferrin, a glycosylated protein, was 
applied to the gel at 10, 25, 50, and 100 ng as a positive control.  Soybean trypsin inhibitor, a 
nonglycosylated protein, was applied on the gel at 1000 ng as a negative control.  The 
molecular weight standard was SeeBlue® Plus2 pre-stained standard. 

The AvHPPD-03 protein was electroblotted onto a PVDF membrane.  While on the membrane, 
glycan moieties were oxidized using sodium metaperiodate, labeled with biotin, and detected 
with alkaline-phosphatase-linked streptavidin.  

3.9 Peptide Mass Mapping Analysis 

Aliquots containing approximately 0.3 μg of the microbially produced AvHPPD-03 and an 
AvHPPD-03 purified preparation from SYHT0H2 soybean seed extract were subjected to 
SDS-PAGE under reducing conditions using a 4-12% Bis-Tris gel and  MOPS running buffer.  
The gel was stained with Coomassie® blue, and the protein band, consistent with the predicted 
molecular weight of AvHPPD-03, was excised from the gel.  The protein was reduced, 
alkylated with iodoacetamide, and enzymatically digested using trypsin and chymotrypsin.  A 
separate digestion was conducted with each enzyme.  The digested samples were analyzed by 
liquid chromatography-tandem mass spectrometry (LC-MS/MS) using a quadrupole time-of-
flight mass spectrometer (Q-TOF Premier, Waters/Micromass) coupled to a capillary liquid 
chromatography instrument (Waters CapLC).  The detected peptide masses were searched 
using MASCOT® Software against a protein database containing the expected amino acid 
sequence of AvHPPD-03 (Appendix A).  Peptide mass mapping analysis was conducted by 
Syngenta Jealott’s Hill International Research Centre (Bracknell, UK). 

3.10 N-Terminal Amino Acid Sequence Analysis 

The N-terminal amino acid sequence of the microbially produced AvHPPD-03 and an 
AvHPPD-03 purified preparation from SYHT0H2 soybean seed extract was determined and 
compared with the predicted amino acid sequence.  The AvHPPD-03 protein from both 
sources was subjected to SDS-PAGE under reducing conditions using a 4-12% Bis-Tris gel 
and MOPS running buffer, followed by electroblotting to a PVDF membrane.  The blot was 
stained with amido black, and the protein bands corresponding to the predicted molecular 
weight of AvHPPD-03 were excised, and sent to SGS M-Scan Ltd. (Wokingham, UK).   

The samples were applied to an automated pulsed-liquid sequencer for N-terminal amino acid 
sequence analysis.  The methodology used was developed for proteins immobilized on a PVDF 
membrane and optimized for automated Edman degradation analysis (Appendix B).  The 
N-terminal amino acid sequencing was conducted by SGS M-Scan Ltd. (Wokingham, UK). 
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3.11 Control of Bias 

Any rejected data, and the documented reasons for the rejection of those data, will be retained 
in the study file. 

3.12 Statistical Methods 

Means and relative standard deviations were calculated using Microsoft Office Excel® 2007 
software. 

4.0 RESULTS AND DISCUSSION 

4.1 Immunoreactivity and Molecular Weight 

Western blot analysis of the microbially produced and AvHPPD-03 purified preparation from 
SYHT0H2 soybean seed extract revealed a single and sharp immunoreactive band consistent 
with the predicted molecular weight of the AvHPPD-03 protein (Figure 2, Lanes 4 and 5) 
confirming the identity and integrity of AvHPPD-03 in both sources.   

The crude SYHT0H2 extract, which contained AvHPPD-03 in the presence of the plant matrix, 
revealed a diffuse immunoreactive band compared to AvHPPD-03 in the microbially produced 
test substance and an AvHPPD-03 purified preparation from SYHT0H2 soybean seed extract 
(Figure 2, Lane 2).  This difference is most likely a result of matrix interference, due to the 
high concentration of endogenous seed storage proteins in the crude soybean seed extract.  
Immunoreactive bands of higher molecular weight (between 51 kDa and 64 kDa) observed in 
the crude SYHT0H2 extract are also observed in the nontransgenic, near-isogenic seed extract, 
indicating that these bands are most likely due to nonspecific binding with endogenous proteins 
contained in the matrix (Figure 2, Lanes 2 and 3). 
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TABLE 3 Specific enzymatic activity of the microbially produced and plant-produced 
AvHPPD-03  

 Assay 
replicate 

HPPD specific 
activity  
(U/mg HPPD)a 

Mean HPPD 
specific activity  
(U/mg HPPD) 

RSD (%) 

Microbially produced AvHPPD-03 
1 2.45 

2.58 7.17 
2 2.71 

Plant-produced AvHPPD-03 
1 1.26 

1.22 4.36 
2 1.18 

Nontransgenic extract  + 1 1.44 
1.38 6.80 

microbially produced AvHPPD-03 2 1.31 

Nontransgenic extract 
1 0.39 

0.41 6.74 
2 0.43 

a one unit of HPPD activity is defined as the amount of enzyme required to catalyze the conversion of one μmol of HPP to 
produce one μmol of HGA and one μmol of CO2 per minute  

4.3 Glycosylation Analysis 

Transferrin, the positive control, generated a visible band when applied to the gel at 100, 50, 
25, and 10 ng (Figure 3, Lanes 2, 3, 4 and 5).  Transferrin has a molecular weight of 
approximately 80 kDa and contains approximately 5% glycan moieties by weight.  This 
corresponds to approximately 25 glucose equivalents per molecule transferrin (based on a 
calculated molecular weight of 162 Da for the glycan moiety).  The band visualized for 10 ng 
of transferrin (Figure 3, Lane 5) represents 0.5 ng of glycan moieties.  The maximum amount 
of AvHPPD-03 from both the microbial and plant sources loaded on the blot was 1000 ng.  If 
0.5 ng of glycan were detected in AvHPPD-03, this would correspond to 0.05% by weight, or 
0.145 glucose equivalents per molecule AvHPPD-03 (based on a calculated molecular weight 
of 47 kDa per molecule AvHPPD-03).  In other words, if AvHPPD-03 bands were detected as 
strongly as 10 ng of transferrin in Figure 3, Lane 5, this would indicate glycosylation of about 
one in 6.9 AvHPPD-03 molecules.  No bands corresponding to the presence of glycosylated 
AvHPPD-03 were visible in the microbially produced (Figure 3, Lane 10) or plant-produced 
AvHPPD-03 samples (Figure 3, Lanes 8 and 9); therefore, the results support the conclusion 
that neither the microbially produced nor the plant-produced AvHPPD-03 is glycosylated. 
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4.4 Peptide Mass Mapping 

The analysis of the microbially produced AvHPPD-03 yielded coverage of 65% of the total 
predicted AvHPPD-03 amino acid sequence (Figure 4).  The analysis of an AvHPPD-03 
purified preparation from SYHT0H2 soybean seed extract yielded coverage of 55% of the total 
predicted AvHPPD-03 amino acid sequence (Figure 5).  The identified peptides corresponded 
to regions throughout the sequence of AvHPPD-03.  The results of the peptide mass mapping 
analysis confirmed the identification of the purified proteins from both sources as AvHPPD-03.  
Additionally, peptide mass mapping results confirmed the intact N-terminus of the microbially 
produced AvHPPD-03 protein. 

FIGURE 4 Amino acid sequence identified by peptide mass mapping analysis of 
the microbially produced AvHPPD-03 

  1  MPPTPATATG AAAAAVTPEH AARSFPRVVR VNPRSDRFPV LSFHHVELWC 
 51 ADAASAAGRF SFALGAPLAA RSDLSTGNSA HASLLLRSGA LAFLFTAPYA 
101 PPPQEAATAA TASIPSFSAD AARTFAAAHG LAVRSVGVRV ADAAEAFRVS 
151 VAGGARPAFA PADLGHGFGL AEVELYGDVV LRFVSYPDET DLPFLPGFER 
201 VSSPGAVDYG LTRFDHVVGN VPEMAPVIDY MKGFLGFHEF AEFTAEDVGT 
251 TESGLNSVVL ANNSEAVLLP LNEPVHGTKR RSQIQTYLEY HGGPGVQHIA 
301 LASNDVLRTL REMRARTPMG GFEFMAPPQA KYYEGVRRIA GDVLSEEQIK 
351 ECQELGVLVD RDDQGVLLQI FTKPVGDRPT FFLEMIQRIG CMEKDEVGQE 
401 YQKGGCGGFG KGNFSELFKS IEDYEKSLEV KQSVVAQKS 

Identified AvHPPD-03 fragments are bold and underlined 
 
FIGURE 5 Amino acid sequence identified by peptide mass mapping analysis of an 

AvHPPD-03 purified preparation from SYHT0H2 soybean seed extract 
  1  MPPTPATATG AAAAAVTPEH AARSFPRVVR VNPRSDRFPV LSFHHVELWC 
 51 ADAASAAGRF SFALGAPLAA RSDLSTGNSA HASLLLRSGA LAFLFTAPYA 
101 PPPQEAATAA TASIPSFSAD AARTFAAAHG LAVRSVGVRV ADAAEAFRVS 
151 VAGGARPAFA PADLGHGFGL AEVELYGDVV LRFVSYPDET DLPFLPGFER 
201 VSSPGAVDYG LTRFDHVVGN VPEMAPVIDY MKGFLGFHEF AEFTAEDVGT 
251 TESGLNSVVL ANNSEAVLLP LNEPVHGTKR RSQIQTYLEY HGGPGVQHIA 
301 LASNDVLRTL REMRARTPMG GFEFMAPPQA KYYEGVRRIA GDVLSEEQIK 
351 ECQELGVLVD RDDQGVLLQI FTKPVGDRPT FFLEMIQRIG CMEKDEVGQE 
401 YQKGGCGGFG KGNFSELFKS IEDYEKSLEV KQSVVAQKS 

Identified AvHPPD-03 fragments are bold and underlined 
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4.5 N-Terminal Amino Acid Sequence Analysis 

The N-terminal amino acid sequence analysis of microbially produced AvHPPD-03 and 
plant-produced AvHPPD-03, confirmed the identity of both proteins. 
 
Predicted sequence: MPPTPATATGAAAAAV  
Microbially produced AvHPPD-03: MPPTPATATGAA 
Plant-produced AvHPPD-03:  PATATGAAAAAV 
 
The N-terminal sequencing analysis revealed that the plant-produced AvHPPD-03 lacked the 
first four amino acids at the N-terminus of the protein.  The lack of the first four amino acids 
for the plant derived sequence is further confirmed by peptide mass mapping results (Figure 5).  
The presence of the additional four amino acids at the N-terminus of the microbially produced 
protein were confirmed to have no impact on the biochemical and functional properties of the 
AvHPPD-03 protein based on the comparable specific enzymatic activities observed between 
microbially produced and plant-produced AvHPPD-03 proteins. 
 
4.6 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. 

5.0 CONCLUSIONS 

Western blot analysis of microbially produced and plant-produced AvHPPD-03 revealed 
immunoreactive bands that were consistent with the predicted molecular weight of the protein.  
Microbially produced AvHPPD-03, in the presence of nontransgenic, near-isogenic soybean seed 
extract, and plant-produced AvHPPD-03 had comparable specific enzymatic activity.  There was 
no evidence of post-translational glycosylation of microbially produced or plant-produced 
AvHPPD-03.  Peptide mass mapping analysis confirmed the identity of the proteins from both 
sources as AvHPPD-03.  Apart from the cleavage of the first four amino acids from the 
N-terminus of the plant-produced protein, the N-terminal peptide of AvHPPD-03 from both 
sources was consistent with the predicted sequence.  The lack of the first four amino acids from 
the N-terminus of the plant-produced AvHPPD-03 is not considered to have a significant impact 
on the overall integrity of the protein, based on the observation of comparable specific enzymatic 
activity with the fully intact microbially produced AvHPPD-03. 
 
The results of this study support the conclusion that microbially produced AvHPPD-03 is 
biochemically and functionally equivalent to plant-produced AvHPPD-03, and provide the 
experimental evidence that the microbially produced AvHPPD-03 is a suitable surrogate for 
AvHPPD-03 produced in SYHT0H2 soybean.  
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1. INTRODUCTION 
 

ICH Topic Q6B (1) provides a uniform set of internationally accepted principles for 
characterisation of biotechnological products to support new marketing applications. The 
document suggests that analyses should be performed to provide the following 
information for biological or biopharmaceutical products: 
 
Amino acid sequence 
 
The guidelines state “The amino acid sequence of the desired product should be 
determined to the extent possible using approaches such as amino acid composition, 
terminal amino acid sequence, peptide map, sulphydryl group(s) and disulphide bridge 
analysis and then compared with the sequence of the amino acids deduced from the 
gene sequence of the desired product”. 
 
If the client requests a full confirmatory sequence analysis this is normally achieved by 
analysis of peptides from proteolytic digests of the protein/glycoprotein using (A) Gas-
phase sequencing via Edman degradation (2) and/or (B) Mass Spectrometric sequence 
analysis. 
 
Terminal amino acid sequence 
 
The guidelines state “Terminal amino acid analysis is performed to identify the nature 
and homogeneity of the amino- and carboxy-terminal amino acids.  If the desired product 
is found to be heterogeneous with respect to the terminal amino acids, the relative 
amounts of the variant forms should be determined using an appropriate analytical 
procedure.  The sequence of these terminal amino acids should be compared with the 
terminal amino acid sequence deduced from the gene sequence of the desired product”.   
 
Sequencing of the amino-terminal amino acids for a biotechnological/biological product 
is usually performed using manual or automated gas phase sequencing using Edman 
chemistry. 

 
2. OBJECTIVE  

 
The aim of this analytical phase study plan was to analyse the supplied AvHPPD-03 test 
samples using automated Edman degradation chemistry and report the N-terminal 
sequences obtained. The supplied AvHPPD-03 test samples were provided by the Study 
Sponsor blotted and stained on a PVDF membrane. Edman degradation was performed 
on the supplied bands using an automated pulsed-liquid sequencer. Automated pulsed-
liquid sequencing for twelve residues of the N-terminal sequence was undertaken.  
 
The study reported here was performed under analytical phase study plan no. 10090101 
Amendment One, which is reproduced in Appendix I, with analytical phase study plan 
no. 10090101. 
 
 
 
 

 

Report Number: TK0031229 Page 46 of 114





CONFIDENTIAL 

SGS M-Scan Page 6 of 72 B/111022745 Final 

3.4 Reagents 
 

 All the reagents used during the course of the study are listed in the workfile.  

 3.5 Archive 
 
The working file and original final report will be transferred to the Study Sponsor. 
The analytical phase study plan, a copy of the working file and final analytical 
phase report will be stored in an archive as described by SOP GP-013. The 
sample will be stored according to SOP BI-015 and M-Scan Standard Terms and 
Conditions. 
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4. RESULTS AND DISCUSSION 
 
4.1 N-Terminal Sequencing of β-Lactoglobulin Standard  

 
Pulsed-Liquid sequencing was performed on β-lactoglobulin standard.  Fifteen 
residues were sequenced by Automatic Edman degradation.  The data obtained 
from the analysis is shown in Appendix II and summarised in Table 1. 

 
Table 1: N-Terminal Sequencing of β-Lactoglobulin Standard  
 

Residue 
Number 

β-Lactoglobulin Standard 
PTH-AA Sequence 

Observed pmoles Observed* 

1 L 8.1 
2 I 8.1 
3 V 7.1 
4 T 5.8 
5 Q 6.7 
6 T 5.1 
7 M 5.8 
8 K 5.6 
9 G 5.1 
10 L 6.5 
11 D 4.7 
12 I 6.2 
13 Q 5.4 
14 K 4.4 
15 V 4.9 

* Calculation based on 10 pmoles containing standard mixture.  For 
information only, as N-terminal sequencing is not a quantitative 
technique. 

 
The data obtained for a standard of β-Lactoglobulin were consistent with the 
following N-terminus sequence: 
 

LIVTQ TMKGL  DIQKV  
 
The data obtained are consistent with the known sequence of β-
Lactoglobulin. 
 
The expected 19 PTH-amino acid peaks and dptu peak were present in the 
chromatogram obtained from analysis of the standard mixture of PTH-amino 
acid.  
The run was completed successfully and all amino acids and dptu were 
identified correctly. 
 
The average background corrected repetitive yield was calculated for L, I 
and V as 96.4 %.  This value is within the bounds of the acceptance criteria 
of ≥94.0 %. 
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This analysis has met SGS M-Scan’s SOP acceptance criteria. 
 

4.2 N-Terminal Sequencing of SYHT0H2 AvHPPD-03 sample (SGS M-Scan No. 
97246) 

 
PVDF Pulsed-Liquid sequencing was performed on the SYHT0H2 AvHPPD-03 
sample (SGS M-Scan No. 97246), with the ‘expected’ proline cycle method 
inserted for residue one, as detailed in the Analytical phase study plan. Twelve 
residues were sequenced by Automatic Edman degradation. The data obtained 
from the analysis is shown in Appendix III and summarised in Table 2. 

 
Table 2: N-Terminal Sequencing of SYHT0H2 AvHPPD-03 sample (SGS M-Scan No. 

97246) 
 

Residue 
Number 

SYHT0H2 AvHPPD-03 sample  
(SGS M-Scan No. 97246) 

PTH-AA Observed pmoles Observed** 
1 P/A 2.6/ 3.0 
2 A/T 5.2/* 
3 T 3.1 
4 A/G 4.7/2.7 
5 T/G 2.6/2.8 
6 G/A 3.8/4.0 
7 A 5.7 
8 A/G 5.8/2.7 
9 A 6.0 
10 V * 
11 A/V/G 5.0/2.0/2.9 
12 V/T 2.9/* 

* Please note the Protocol states that values below 2pmoles (based on 
10 pmoles containing standard mixture) will not be reported. Please 
see the raw data for actual values. 

** Calculation based on 10 pmoles containing standard mixture.  For 
information only, as N-terminal sequencing is not a quantitative 
technique. 

 
The N-terminal Edman sequencing data obtained for this sample was complex 
with several residues present in each cycle. However, upon comparison with the 
supplied expected sequence (as shown below), the data obtained can be linked 
to possible N-terminal trimming of the provided expected sequence.  
 
Please note that as well as the above sequence there were high values of PTH-
Glycine throughout the 12 residues sequenced, which made calling PTH-Glycine 
difficult throughout the analysis. Also in the first four to five residues sequenced 
other PTH derivitised peaks were observed not eluting with known PTH-amino 
acids, eluting between the PTH-Alanine and PTH- Arginine. These are likely to be 
contaminants from glycine/tris buffers often used during PVDF membrane blotting 
procedures.  
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The Edman sequencing data for this sample was relatively weak with some PTH-
amino acid values below the ABi recommended 2pmole detection limit. However 
it could be confirmed that there was evidence of the ‘expected’ sequence (as 
supplied in the analytical phase study plan) with the sequence starting at residue 
5: Proline. There was also weak evidence for further N-terminal trimming of the 
‘expected’ N-terminus. 

 
Supplied Expected 

sequence  
(for plant material) 

PATATGAAAAAVTPEH 

Observed residues 
in each cycle 

PATATGAAAVAV 

AT GGA G  VT 

          G 

 
4.3 N-Terminal Sequencing of Microbial AvHPPD-03-0209 (SGS M-Scan No. 

97248) 
 

PVDF Pulsed-Liquid sequencing was performed on Microbial AvHPPD-03-0209 
(SGS M-Scan No. 97248).  Twelve residues were sequenced by Automatic 
Edman degradation. The data obtained from the analysis is shown in Appendix 
IV and summarised in Table 3. 

 
Table 3: N-Terminal Sequencing of Microbial AvHPPD03-0209 (SGS M-Scan No. 

97248) 
 

Residue 
Number 

Microbial AvHPPD-03-0209 
(SGS M-Scan No. 97248) 

PTH-AA Observed pmoles Observed* 
1 P/M/A 10.4/6.6/2.6 
2 P/T/A 12.7/4.0/4.4 
3 T/A 7.8/4.1 
4 A/P/T 7.6/8.4/8.2 
5 A/P 13.0/7.4 
6 A/T 15.1/7.7 
7 A/T 15.6/9.7 
8 A/T/G 15.0/9.3/6.2 
9 G/T/A 8.5/8.7/14.3 
10 G/A 8.7/17.5 
11 A 22.0 
12 A 24.7 

* Calculation based on 10 pmoles containing standard mixture.  For 
information only, as N-terminal sequencing is not a quantitative 
technique. 

  
The N-terminal Edman sequencing data obtained for this sample is complex 
with several residues present in each cycle. However, upon comparison with 
the supplied expected sequence (as shown below), the data obtained can be 
linked to the expected sequence, as well as evidence for possible N-terminal 
trimming.  
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Supplied Expected 

sequence MPPTPATATGAAAAAVTPEH 

Observed residues 
in each cycle 

PPTAAAAAGGAA 

MTAPPTTTTA 

AA T   GA 

 
5. CONCLUSIONS 
 

Analysis of the N-terminal Sequence for β-Lactoglobulin 
 

Analysis of β-Lactoglobulin standard met the acceptance criteria and therefore the 
system was fit for use. 
 

Analysis of the N-terminal Sequence for SYHT0H2 AvHPPD-03 sample (SGS M-
Scan No. 97246) 

 
The data suggests the confirmation of the expected sequence from Residue 5 Proline. 
There was also weak evidence for further N-termini trimming of the expected sequence 
from Residue 6 Alanine and Residue 7 Threonine. 
 
Analysis of the N-terminal Sequence for Microbial AvHPPD-03-0209 (SGS M-Scan 
No. 97248) 
 
The data suggests the expected N-terminal sequence of the sample was present but 
also present were other N-terminal trimmed sequences. 
 
The N-termini of both samples were consistent with the sequence supplied by the Study 
Sponsor indicating positive identity of the sample. 
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Appendix I – Protocol No. 10090101 and Amendment One 
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Appendix II – Raw Data for 15 Residues of N-terminal Sequencing of β-
Lactoglobulin 
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Appendix III – Raw Data for 12 Residues of N-terminal Sequencing of 
SYHT0H2 AVHPPD-03 sample (SGS M-Scan No. 97246) 
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Appendix IV – Raw Data for 12 Residues of N-terminal Sequencing of Microbial 
AVHPPD-03-0209 (SGS M-Scan No. 97248) 
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