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a b s t r a c t

Glyphosate tolerance can be conferred by decreasing the herbicide’s ability to inhibit the enzyme 5-enol
pyruvylshikimate-3-phosphate synthase, which is essential for the biosynthesis of aromatic amino acids
in all plants, fungi, and bacteria. Glyphosate tolerance is based upon the expression of the double mutant
5-enol pyruvylshikimate-3-phosphate synthase (2mEPSPS) protein. The 2mEPSPS protein, with a lower
binding affinity for glyphosate, is highly resistant to the inhibition by glyphosate and thus allows suffi-
cient enzyme activity for the plants to grow in the presence of herbicides that contain glyphosate. Based
on both a review of published literature and experimental studies, the potential safety concerns related to
the transgenic 2mEPSPS protein were assessed. The safety evaluation supports that the expressed protein
is innocuous. The 2mEPSPS enzyme does not possess any of the properties associated with known toxins
or allergens, including a lack of amino acid sequence similarity to known toxins and allergens, a rapid
degradation in simulated gastric and intestinal fluids, and no adverse effects in mice after intravenous
or oral administration (at 10 or 2000 mg/kg body weight, respectively). In conclusion, there is a reason-
able certainty of no harm resulting from the inclusion of the 2mEPSPS protein in human food or in animal
feed.

� 2009 Elsevier Inc. All rights reserved.
1. Introduction

Glyphosate is an active ingredient in certain herbicides that are
used as non-selective agents for weed control in various crops. The
mode of action of glyphosate is to specifically bind to and block the
activity of the 5-enol pyruvylshikimate-3-phosphate synthase
(EPSPS), an essential enzyme involved in the biosynthesis of aro-
matic amino acids in all plants, bacteria and fungi. The double mu-
tant 5-enol pyruvylshikimate-3-phosphate synthase (2mEPSPS)
protein, which is encoded by the double mutant 5-enol pyruvylshik-
imate-3-phosphate synthase (2mepsps) gene, has been widely used
to confer glyphosate tolerant properties, to various crops such as
corn, cotton, canola, and soybean, by using genetic engineering.
The 2mepsps coding sequence was produced by introducing two
ll rights reserved.
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point mutations to the wild-type epsps gene cloned from corn
(Zea mays) through in vitro DNA technologies. The resultant
2mEPSPS protein has a lower binding affinity for glyphosate, thus
allowing sufficient enzyme activity for the plants to grow in the
presence of glyphosate herbicide (data not shown).

In higher plants, EPSPS is synthesized from a nuclear gene in the
form of a cytoplasmic precursor and imported into the plastids
where it accumulates in its mature form (Forlani et al., 1994;
Lebrun et al., 1997a). Transit peptides are typically cleaved from
the pre-protein upon translocation to the plastids (Della-Cioppa
et al., 1986). The 2mepsps gene was introduced into the nuclear
plant genome with a plastid transit peptide sequence fused to
the 50-end of the coding sequence. In most instances, the transit
peptide was the optimized plastid transit peptide sequence (OTP)
containing sequences from the ribulose-1,5-disphosphate carbox-
ylase oxygenase (RuBisCO) small subunit genes of maize and of
sunflower (Helianthus annuus) (Lebrun et al., 1997b). Additionally,
appropriate promoters and terminators were inserted at the 50 and
30 ends of the 2mepsps gene to promote its expression in various
crops that express glyphosate tolerance.
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The objective of this manuscript is to present safety evaluation
of the 2mEPSPS protein, using an approach that is consistent with
recommendations provided by the Codex Alimentarius (CAC,
2003a), International Organizations including the OECD (2001)
and Regulatory Authorities (Paoletti et al., 2008). It starts with an
analysis of the published information with a focus on the origin
of the nucleotide sequences, the natural occurrence of similar
EPSPS proteins and the potential risk of consuming them. More
importantly, experimental studies were conducted with highly
purified proteins to further address safety questions. Specifically,
the potential for adverse effects in mammals caused by the
2mEPSPS protein is evaluated by considering the physico-chemical
characteristics of the protein, by assessing its similarity to common
allergens and toxins through bioinformatics studies, by determin-
ing the stability of the 2mEPSPS protein through digestibility stud-
ies as well as by evaluating the acute toxicity through in vivo tests
in mice.

2. Materials and methods

2.1. Engineering of the 2mEPSPS protein

The wild-type epsps coding sequence was isolated from the
maize genome and mutated by site-directed mutagenesis (Lebrun
et al., 1997a). Specifically, the wild-type gene was mutated at posi-
tion 102 (substituting threonine by isoleucine) and at position 106
(substituting proline by serine) giving rise to the double mutant
gene (2mepsps) (Lebrun et al., 1997a). A methionine codon was
added between the N-terminal of the 2mEPSPS protein sequence
and the optimized plastid transit peptide. The mutations finally re-
side at positions 103 and 107 of the mature 2mEPSPS protein. The
2mepsps gene encodes a 47 kDa mature protein consisting of 445
amino acids (Fig. 1).

2.2. Amino acid sequence homology and N-glycosylation site searches

2.2.1. Overall toxin and allergen homology searches
On March 2, 2009, an in silico search was conducted to identify

any known allergens presenting an amino acid identity >35% with
the 2mEPSPS protein, on a window of 80 amino acids. The com-
plete amino acid sequence of the 2mEPSPS protein was compared
to AllergenOnline (version 8.0, 1313 sequences). AllergenOnline
(http://www.allergenonline.com) is a resource list that is focused
on both known and putative allergens. This allergen database
was specifically developed for predicting allergenicity of novel pro-
teins by the Food Allergy Research and Resource Program’s (FAR-
RP). The database is updated annually by searching NCBI and
International Union of Immunological Societies (IUIS) as well as
Fig. 1. The 2mepsps coding sequence codes for a protein of 445 amino acids almost ident
maize EPSPS at two positions (in blue and bold). A threonine was replaced by an isole
putative N-glycosylation sites are indicated at positions 118 and 394 (in green, bold, an
by evaluating the candidate entries for evidence of allergenicity.
Additions or subtractions to the database are done by a peer-re-
view panel of international allergy experts to judge whether pro-
teins are allergens or putative allergens based on predefined
criteria. The criteria and references for evidence of allergenicity
of the groups are provided on the website.

On March 2, 2009, another in silico search was conducted in an
attempt to determine if the 2mEPSPS protein shares amino acid
identities with known toxins. The complete amino acid sequence
of the 2mEPSPS protein was then compared to all protein se-
quences (including potential toxins) present in six large reference
public databases: Uniprot-Swissprot (release 56.7, 2009; 408,099
sequences), Uniprot-trEMBL (release 39.7, 2009; 7,001,017 se-
quences), PIR (Protein Identification Resources, release 80, 2004,
283,416 sequences), Nrl-3D (2007, 56,020 sequences), DAD (DDBJ
Aminoacid sequence Database, 44.0, 2008, 2,561,319 sequences),
and GenPept (release 169, 2009, 6,185,794 sequences). Visual
inspection of the specific details of alignments was employed
(e.g., E-score, shared identity, length of the alignment, and gap fre-
quency) due to the lack of a specific definition for significant crite-
ria with toxins (International Life Science Institute, ILSI, 2009).

For all searches, the comparison algorithm used was BLASTP
(standard protein–protein basic local alignment search tool pro-
gram), which is maintained by the National Center for Biotechnol-
ogy Information (NCBI, Altschul et al., 1997). The BLOSUM62
scoring matrix enabled the comparison of sequences with no less
than 62% divergence (Henikoff and Henikoff, 1992).

2.2.2. Epitope homology search
On March 2, 2009, another type of bioinformatics study was

carried out by comparing the 2mEPSPS protein sequence, split up
into 8 amino acid blocks, with all known allergens present in the
AllergenOnline database by using the FindPatterns program from
the Genetic Computer Group (GCG) suite.

For this epitope search, matches of at least 8 contiguous and
identical amino acids were used for identifying potential allergens.
This size assumption was based on an extensive literature review
(Hileman et al., 2002; Kleter and Peijnenburg, 2002; Stadler and
Stadler, 2003; Thomas et al., 2005; Goodman, 2006) showing that
high numbers of non-allergens have matching sequences of 7 ami-
no acids or less with known allergens, hence any such match is
probably random and cannot be interpreted as an indication of
an allergenic potential.

2.2.3. N-Glycosylation search
The 2mEPSPS protein was also examined for any potential N-

glycosylation sites based on its known consensus sequence. The
sequences were Asparagine-Xaa-Serine/Threonine (where Xaa
ical to the wild-type EPSPS protein. The 2mEPSPS protein differs from the wild-type
ucine at position 103 and a proline was replaced by a serine at position 107. Two
d underscored).

http://www.allergenonline.com
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represents any amino acid except Proline) and Asparagine-Xaa-
Cysteine. The algorithm used for carrying out the analyses was
FindPatterns program from GCG suite.

2.3. 2mEPSPS protein production and characterization

2.3.1. 2mEPSPS protein production and purification from Escherichia
coli (E. coli)

The 2mepsps coding sequence was inserted into an E. coli clon-
ing vector. The expression vector was introduced into an E. coli
NovaBlue DE3 strain. The recombinant bacteria were grown in
medium containing 25 lg/ml kanamycin for selection. The expres-
sion of 2mEPSPS protein was induced with 0.5 mM isopropyl b-D-
thiogalactopyranoside (IPTG, United States Biochemical). Cells
were resuspended in buffer A (10 mM NaH2PO4, 1 mM DTT,
1 mM EDTA, pH 7.8) and lysozyme was added. After homogeniza-
tion, benzonase was also added to the suspension. After centrifuga-
tion, the supernatant was dialyzed several times against buffer A
and the dialysates were adjusted to pH 7.8. Then the solution
was then loaded onto an equilibrated anion exchange Q-Sepharose
column (GE HealthCare). The 2mEPSPS protein was eluted by
increasing the salt concentration from 0% to 100% buffer B (buffer
A + 400 mM KCl). The 2mEPSPS protein fractions were pooled and
precipitated with ammonium sulphate and loaded onto an equili-
brated Phenyl Sepharose column (GE HealthCare). The 2mEPSPS
protein was eluted by decreasing the salt concentration from
100% buffer C (buffer A + 1.1 M (NH4)2SO4, pH 7.8) to 100% buffer
A. The 2mEPSPS containing fractions were pooled and dialyzed
against buffer A. They were then loaded onto a Resource Q column
(GE HealthCare). The protein was eluted by a stepwise increase of
the salt concentration. The 2mEPSPS containing fractions were
pooled and dialyzed against buffer F (0.1 M Tris, 2.7 mM KCl,
137 mM NaCl, 1 mM DTT, pH 7.5).

The E.coli-produced 2mEPSPS protein by was used in the digest-
ibility and acute tests. Importantly, Detoxi-GelTM (Pierce) was used
to remove endotoxins from the protein batch used in the acute
studies. Endotoxin concentrations were measured and calculated
by using the Chromogenic Limulus Amebocyte Lysate (LAL) QCL-
1000 kit (Cambrex).

2.3.2. 2mEPSPS protein production and purification from transgenic
plants

The in planta 2mEPSPS protein was purified from GHB614 trans-
genic cotton. Fresh leaves were harvested, inserted into plastic
bags with a zip closure and placed directly on dry ice. The frozen
leaves were then stored at �10 �C or lower until grinding. Grinding
was performed on the day of harvest. The sample for analysis was
ground in a Waring Laboratory Blender prechilled with dry ice.
Small amounts of dry ice were added to the blender periodically
to ensure the sample remained frozen during preparation. The
ground sample was stored in a freezer at approximately �20 �C
overnight to allow the dry ice to dissipate before extraction.

The 2mEPSPS protein was extracted by mixing ground plant
leaves at a ratio of 1 g of ground leaves to 5 mL of extraction buffer
in a 50 mL polypropylene screw cap centrifuge tube. The extraction
buffer contained 120 mM NaCl, 2.7 mM KCl, 100 mM sodium phos-
phate (pH 7.4), 0.1 mM DDT, 10 g/L polyvinylpyrrolidone (PVP-40,
average molecular weight 40,000) and 0.4% octyl-b-D-glucopyrano-
side. Protease inhibitors (1 lg leupeptin, 1 mM phenyl-methane-
sulfonyl-fluoride (PMSF), 1 mM benzamidine HCl and 1 lg/ml anti-
pain) were added to the extraction buffer immediately before use.
The tube containing extraction buffer and ground leaf material was
continuously inverted at a rate of about 20 rpm at room tempera-
ture for 30 min. The extract was clarified by centrifugation in a
Beckman JA-17 rotor at 16,000 rpm for 10 min at 20 �C and further
clarified by filtration through a 0.22 l polyethersulfone filter.
The antibody affinity column used for this purification was pre-
pared using approximately 2.5 mg of a monoclonal antibody to
2mEPSPS protein, which was covalently attached to a column
(Pierce, Rockford, IL, product number 44894) with a bed volume
of about 2 ml. The antibodies were covalently attached to the col-
umn according to the manufacturer’s instructions.

The clarified extract was then added to an antibody affinity col-
umn equilibrated with extraction buffer without the protease
inhibitors. Approximately 50 ml of extract was prepared. The ex-
tract was added to a column packed with a matrix containing the
covalently attached anti-2mEPSPS antibodies. The column was
then unplugged, and the entire amount of extract was allowed to
flow through the antibody affinity column.

The antibody column was washed with about 15 ml of extrac-
tion buffer not containing protease inhibitors. The 2mEPSPS pro-
tein was then eluted by washing the column with 30 ml of acid
Pierce elution buffer (pH 2.5, product number 21004). The sample
was collected into a tube containing 1 ml of 1 M sodium phosphate
buffer (pH 7.6) in order neutralize the acidic Pierce elution buffer
as rapidly as possible. The entire collected volume was concen-
trated by centrifugation for 10 min at 4100g in two Amicon Ultra
centrifugal filter devices (Millipore, Bedford, MA product number
UFC901024). After the first centrifugation, the volume was in-
creased to 15 mL with 0.1 M sodium phosphate, 0.15 M NaCl buffer
(pH 7.2). This step was repeated until the final volume reached
about 0.4 ml. All extraction and purification steps were performed
at 20–25 �C. The purified protein solution was then stored at
�10 �C or lower until further analyses were performed.

Isolation of 2mEPSPS protein from soybean and canola was
done with the same antibodies and in essentially the same way
as for cotton except for the amount of starting leaf material that
was different and the ratio of leaf to extraction buffer that was also
different in some cases. The reason for these differences is that ca-
nola and soybean express different amounts of 2mEPSPS protein.
Moreover, different amounts of starting material were necessary
to prepare sufficient amounts of extract to saturate the antibody
affinity column.

2.3.3. Demonstration of structural and functional equivalence
The identity and integrity of the 2mEPSPS proteins produced in

E. coli and in cotton, canola or soybean events were characterized
by sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS–PAGE), high performance liquid chromatography (HPLC)–
electrospray mass spectroscopy (LC/MS) and N-terminal sequenc-
ing. The immunoreactivity of the 2mEPSPS proteins was confirmed
by western blotting. The enzymatic activity was also evaluated.

2.3.3.1. SDS–PAGE. For analysis of the 2mEPSPS proteins produced
in E. coli and cotton event GHB614, SDS–PAGE was performed
using a Novex Bis–Tris 12% polyacrylamide gel (InVitrogen, prod-
uct number NP0341BOX) and a MOPS SDS running buffer accord-
ing to the manufacturer’s instructions. Approximately 300 and
1200 ng of 2mEPSPS protein from E. coli and cotton GHB614,
respectively, were loaded per lane. After electrophoresis, the gel
was stained with Coomassie brilliant blue and destained with
methanol, acetic acid, water until the background was clear.

2.3.3.2. Western blotting. For analysis of the 2mEPSPS proteins pro-
duced in E. coli and various transgenic plants, SDS–PAGE was per-
formed using the Novex Bis–Tris system described above. The gel
was blotted to a PVDF membrane (New England Nuclear, product
number NEF1001) for western blotting according to the instruc-
tions provided by InVitrogen. A rabbit antibody to the 2mEPSPS
protein (Bayer CropScience), which was linked to horse radish per-
oxidase was incubated with the membrane. A substrate that be-
comes luminescent when reacting with horse radish peroxidase
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was used to reveal the position of the protein of interest (ECL Plus
luminescent detection kit). Approximately 5 ng of protein from
E. coli, GHB614 cotton, canola or soybean events were loaded in
their respective lanes. All reagents used for western blotting were
obtained from Amersham Pharmacia Biotech. MagicMarkTM XP
molecular weight (MW) markers came from InVitrogen Life
Technologies.

2.3.3.3. High performance liquid chromatography (HPLC)–electrospray
mass spectrometry (LC/MS). An HPLC-electrospray selected ion
monitoring mass spectrometry (LC/MS) method was developed to
analyze the peptides generated from a trypsin digest of 2mEPSPS
protein. The method monitored the mass to charge ratio of the
most abundant charge state of each peptide. Peptides with only
1–3 amino acids were not analyzed because they were statistically
not unique to one particular protein. The peptides generated from
a trypsin digest of the standard 2mEPSPS protein from E. coli were
compared to the peptides isolated from the trypsin digest of the
2mEPSPS protein isolated from a GHB614 cotton leaf sample by
an antibody column.

The 2mEPSPS protein from E. coli was denatured with 6 ll of So-
dium 3-[(2-methyl-2-undecyl-1,3-dioxolan-4-yl)methoxy]-1-pro-
panesulfonate (1 mg/ml, Waters, product number 186,001,861)
and 10 ll of dithiothreitol (200 mM, Sigma–Aldrich) at 37 �C for
1 h and digested with 1 lg of Trypsin (Promega). The resulting
peptides were injected onto a Perceptive Biosystem PepMap C18
2.1 � 250 mm column and a BioSuite C18 PA-B 2.1 � 250 mm col-
umn connected to an Ionics EP10+MS/MS instrument for analyses.
The HPLC solvents were (A) acetonitrile 99% and 1% formic acid and
(B) formic acid 1% at a flow rate of 100 ll/min. A gradient was used
for both columns.

Each peptide obtained from the standard 2mEPSPs protein tryp-
sin digest was identified by its retention time and mass to charge
ratio. If a peptide was present in the trypsin digest of the plant
2mEPSPS protein, a peak was observed at the expected retention
time and mass to charge ratio. The actual molecular weight
(MW) of each peptide was determined by multiplying the number
of protons indicative of the charge state by the mass to charge ratio
of the detected ion and then subtracting the number of protons
from this value.

2.3.3.4. N-terminal sequencing. The N-terminal sequences of the
2mEPSPS proteins expressed in E. coli, transgenic cotton event
GHB614, canola or soybean were also analyzed in order to confirm
the identity of 2mEPSPS protein. Sequencing was performed at
Eurosequence B.V. (Groningen, The Netherlands) with a Perkin El-
mer Applied Biosystems Model 494 Procise protein/peptide se-
quencer equipped with an on-line Perkin Elmer Applied
Biosystems Model 140C PTH Amino Acid Analyzer (Hewick et al.,
1981). The chemical process employed by the protein sequencer
to determine the amino acid sequence was derived from the degra-
dation method developed by Edman (1964).

2.3.3.5. Determination of the enzymatic activity. The enzymatic
activities in E. coli and in leaf material of transgenic cotton event
GHB614, canola and soybean were monitored according to the
method described by Forlani et al. (1994) with shikimate-3-phos-
phate (S3P) and phosphoenolpyruvate (PEP) as substrates. The re-
lease of inorganic phosphate was measured based on the malachite
green dye method (Lanzetta et al., 1979) with minor modifications.

2.4. Digestibility tests

2.4.1. Human simulated gastric fluid (SGF) assay
The pH in the lumen of the human stomach is typically between

pH 1 and 2 under fasting conditions, although there is considerable
intra- and inter-individual variation (Evans et al., 1988; Russell
et al., 1994; Lindahl et al., 1997). In 2001, in an attempt to account
for this pH range in the in vitro pepsin digestion assay, the scientific
advisory panel of the FAO/WHO (2001) recommended performing
the pepsin digestion assay at pH 2.0. In 2004, the results from the
ILSI ring trial study indicated that there was no appreciable differ-
ence in the time to disappearance of the full-length protein or pro-
tein fragments at pH 1.2 or 2.0 (Thomas et al., 2004). However,
there was greater consistency among laboratories at pH 1.2 than
pH 2.0, perhaps because of differential buffering capacities of the
test proteins, or solutions that might raise the reaction conditions
beyond the optimal activity for pepsin. This result, together with
the existence of an historical database of the in vitro digestive fate
of proteins tested at pH 1.2 (Astwood, 1996; Fu et al., 2002; Kenna
and Evans, 2000), including a study with EPSPS (Okunuki et al.,
2002), suggested that pH 1.2 be utilized for analyses of protein
digestibility by pepsin.

The SGF assay was performed in accordance with ILSI recom-
mendations (Thomas et al., 2004) at pH 1.2. The 2mEPSPS pro-
tein was digested in a solution of pepsin (Sigma) at 37 �C for
incubation times ranging from 0.5 to 60 min. Two reference pro-
teins, horseradish peroxidase (Sigma, France) and ovalbumin
(Sigma) were used as controls. The resulting solutions were ana-
lysed by SDS-PAGE as described by Laemmli (1970) using a Bio-
Rad Mini-Protean III cell (10–20% gradient polyacrylamide Tris/
Tricine, Bio-Rad, France). Molecular weight protein markers
(Mark 12, InVitrogen – 2.5–200 kDa) were run on each gel. The
gels were stained with the Coomassie brilliant blue method
(InVitrogen) as described by Neuhoff et al. (1988). After rinsing,
the gels were scanned by using a GS-800 calibrated densitome-
ter (Bio-Rad).

2.4.2. Human simulated intestinal fluid (SIF) assay
The protocol was based on the procedure previously described

(Thomas et al., 2004) with an adaptation to use SIF instead of
SGF, i.e. presence of pancreatin rather than pepsin and pH 7.5
rather than pH 1.2. After separation by SDS–PAGE electrophoresis,
the 2mEPSPS protein was transferred onto nitrocellulose mem-
branes (New England Nuclear, MA) by electroblotting. For immu-
nodetection, the membranes were incubated with specific
polyclonal rabbit anti-2mEPSPS protein antibodies, at a dilution
of 1:40,000 in PBS/Tween 20 buffer, for 1 h. After rinsing, the
immunoreactivity was revealed by secondary goat anti-rabbit anti-
bodies coupled with an alkaline phosphatase (Sigma) for 1 h, at a
dilution of 1:2500 in a similar buffer. The detection of the alkaline
phosphatase was done by placing the membrane in a solution of
bromo-chloro-indoyl-phosphate and nitro-blue-tetrazolium (Sig-
ma) for approximately 20 min in a dark room, then washed
and dried. The protein molecular weight markers, run with each
gel, were revealed with Coomassie brilliant blue. The membranes
were scanned by using a GS-800 calibrated densitometer (Bio-
Rad).

2.5. Acute studies in mice

To test the 2mEPSPS protein for any likelihood of direct toxicity,
a single dose was administered to mice either by the oral route of
exposure, which is considered to be the most important portal of
entry via the digestive tract (Delaney et al., 2008), at 2000 mg/kg
body weight (OECD, 2001) or by the intravenous route of exposure
at 10 mg/kg body weight (Delaney et al., 2008).

2.5.1. Acute oral study
As recommended by the OECD TG 425 limit test guidance doc-

ument (OECD, 2001), groups of 5 female OF1 mice were adminis-
tered either 2mEPSPS protein or bovine serum albumin (negative
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control) by oral gavage. The dose level was at 2000 mg/kg body
weight. All animals were observed for clinical signs daily for 15
days whilst their body weights were measured weekly. At termina-
tion of the study period, animals were subjected to a necropsy
including macroscopic examination.

2.5.2. Acute intravenous study
The parenteral route of exposure was used to ensure maxi-

mum systemic exposure as reported in the scientific literature
(Delaney et al., 2008) with intravenous injections of toxic pro-
teins (e.g., bacterial toxins). Moreover, by excluding the con-
founding effects of an unknown amount of digestion and
absorption at different stages of the digestion process, this route
provided the advantage to study the direct potential intrinsic
toxic properties of food proteins in cases when the physiological
degradation mechanisms may not work or only partially work
(Delaney et al., 2008; Dirks et al., 2005; Untersmayr et al.,
2005). More importantly, with regards to surgical or hygienic
applications, this study design would permit a direct assessment
of the toxic potential of 2mEPSPS containing-absorbent cotton,
which might have a direct contact with blood.

Groups of 5 female OF1 mice were given intravenous tail injec-
tions of the 2mEPSPS protein, aprotinin or melittin in physiological
saline at the relatively high dose levels of 1 and 10 mg/kg body
weight, at a constant volume of 10 ml/kg body weight. As for the
acute oral study, all animals were observed daily for clinical signs
for 15 days, with special attention given during the first 4 h, while
their body weights were measured weekly. At study termination,
animals were subjected to a necropsy including macroscopic
examination.

The selection of negative and positive protein controls (melittin
and aprotinin) was based on the need for well characterized and
readily available pure proteins from commercial sources. The
lethality of melittin (Sigma, negative and positive controls) is
3.1 mg protein/kg body weight (Schmidt, 1994). By selecting the
doses of 1 and 10 mg/kg in the acute study design, no mortality
was expected when we used the dose of 1 mg protein/kg and
100% mortality (within 10 min) was expected when we used the
dose of 10 mg protein/kg. Aprotinin (Sigma, negative control) is
known to be safe in humans and mice at very high doses. The dose
level of 10 mg/kg body weight was higher than dose levels used in
high dose efficacy studies with aprotinin, at 4.2 mg/kg body weight
(Mossinger and Dietrich, 1998).
Table 1
History of safe use of the source of the gene (Zea mays).

Well-known biology Zea ssp. mays is a member of the Mayde
cereal, reflecting its ability to adapt to a

Well-known origin Maize is indigenous to the Western Hem
It is domesticated from teosinte by hum

Large production Worldwide production of maize is about
of the global production. The US accoun

Long length of use Field maize has been grown for 8000 ye
High human exposure with safe records In Latin America and Africa, maize is mai

food. It is also a very suitable raw mate
domestic vegetable oil production

High animal exposure with safe records In industrialised countries where maize
(ruminants) feeds. In Asia, it is also mai

Very limited impact of endogenous anti-
nutrients / toxins

Only four anti-nutrients exist in maize:
benzoxazin-3 (4 h)-one (DIMBOA). How
animals, or wildlife as the current variet
at certain levels of exposure to DIMBOA

No pathogenicity No pathological records exist
Very few endogenous allergens and rare
allergies

Maize does not belong to the major aller
of thousand proteins are reported to cau
common proteins present in grain cerea
inhibitor)
3. Results

3.1. History of safe use of the source of the gene

As defined in the publication by Constable et al. (2007), impor-
tant factors in establishing a history of safe use for a plant include
(1) the period over which the food has been consumed, (2) the way
in which it has been prepared and used and at what intake levels,
(3) the potential hazard associated to its consumption and, (4) the
observations from animal and human exposure.

The wild-type epsps gene used to generate the epsps gene was
isolated from maize (Zea mays L.). Therefore, an extensive litera-
ture review on maize was performed and is summarized in Table
1 (Jones et al., 1995; Halim et al., 1973; Maga, 1982; OECD,
2003). Of major importance for the toxicological evaluation, maize
naturally contains insignificant levels of four anti-nutrient or toxic
compounds: enzyme inhibitors, raffinose, phytic acid and DIMBOA
(2,4-dihydroxy-7-methoxy-2H-1,4-benzoxazin-3 (4h)-one). In
spite of the presence of these toxins, maize has been safely con-
sumed by humans, domesticated animals, or wildlife for centuries
and represents a large part of the dietary intake. It is also important
to identify potential allergenic risk. The literature showed that
maize is considered to be a very uncommon allergenic food (Lee
et al., 2005; Moneret-Vautrin et al., 1998; Pasini et al., 2002; Pasto-
rello et al., 2003) and known maize allergens are rare. Especially,
the 2mEPSPS protein has no relation to the identified allergens.

More generally, maize has been regarded as beneficial and safe
to eat by the animal and human populations for several genera-
tions, after different processing modifications or not. It can be eas-
ily concluded that maize has a long history of safe use. Then, it can
be deemed safe as a source of the gene.

3.2. Characterization of the 2mEPSPS amino acid sequence

The 2mEPSPS protein does not exist in nature. In Fig. 1, the ami-
no acid sequences of the wild-type maize EPSPS and 2mEPSPS pro-
teins are reported. The 2mEPSPS protein differs from the wild-type
maize EPSPS by only 2 amino acid substitutions that have been
introduced into the modified enzyme, threonine by isoleucine at
position 103 and proline by serine at position 107. The two en-
zymes are homodimers of 445 amino acids (molecular weight of
47 kDa by calculation) and are highly similar (>99% identity). The
2mEPSPS protein also shows high amino acid sequence similarities
ae tribe of the grass family, Poaceae. Maize (corn) is the world’s most widely grown
wide range of production environments
isphere and originated from the Mexican plateau or in the highlands of Guatemala.
an selection
700 million tons a year. The United States, China, Brazil, and Mexico account for 70%
ts for 81% of the production of sweet maize
ars in Mexico and Central America and for 500 years in Europe
nly used to feed humans. Globally, only 21% of total grain production is consumed as
rial for the manufacture of starch, and maize oil accounts for approximately 9% of

is a major crop (grain and forage), it is also the principal component of livestock
nly used to feed animals
phytic acid, enzyme inhibitors, raffinose, and 2,4-dihydroxy-7-methoxy-2H-1,4-

ever kernels have not been described to be normally toxic to humans, domesticated
ies do not contain significant levels of endogenous toxins. Toxicity is only recorded,
, for insects

genic food list established in the US and in Europe. Only a few allergens among tens
se rare clinical cases of allergies to maize, mainly respiratory. These are linked to
ls like rice, barley or wheat (e.g., 9 kDa lipid transfer protein, 16 kDa trypsin
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to other EPSPS from different crops. Sequence identities of the de-
duced amino acid sequence of 2mEPSPS to that of other EPSPS pro-
teins found in nature are as follows:
Crops
 Maize
 Rice
 Grape
 Lettuce
 Tomato
 Canola
% Sequence
identities
>99.5
 86
 79
 77
 75
 75
Fig. 2. Comparison of the 2mEPSPS protein from E. coli with the 2mEPSPS protein
isolated from leaves of transgenic GHB614 cotton. (A) Shows the SDS–PAGE gel
stained with Coomassie brilliant blue. Lane 1 contains approximately 300 ng of
2mEPSPS protein produced in E. coli. Lane 2 contains approximately 1200 ng
2mEPSPS protein from GHB614 cotton leaves. Lane 3 contains molecular weight
markers of 220, 160, 120, 100, 90, 80, 70, 60, 50, 40, 30, 25, 20, 15, and 10�kDa. Only
the underlined molecular weights are marked by arrows. (B) Shows a western blot.
Lane 1 contains approximately 5 ng of 2mEPSPS protein from GHB614 cotton. Lane
2 contains approximately 5 ng of the 2mEPSPS protein from E. coli. Lane 3 contains
molecular weight markers of 220, 120, 100, 80, 60, 50, 40, 30, and 20 kDa.
3.3. Familiarity of the EPSPS enzyme family

It is expected that homologous proteins derived from a common
ancestor have similar amino acid sequences, are structurally simi-
lar and share common function. Therefore, it is desirable to intro-
duce a gene that encodes for a protein that is homologous to only
proteins with safe records.

The family of EPSPS enzyme proteins is ubiquitous in plant,
yeast and microbial food sources. It is widespread in nature. In
addition, it is not present in animals, which do not synthesize their
own aromatic amino acids. Based on literature review, this EPSPS
enzyme family has never been recorded as pathogenic, toxic or
allergenic. As a component of food and feed, the protein has never
been associated with any health concerns. Thus, this family of
wild-type EPSPS proteins can be deemed safe and forms the bench-
mark for the comparative safety assessment of the 2mEPSPS pro-
tein derived from transgenic crops.

3.4. Homology searches with known proteins

The 2009 overall homology BLAST results showed no evidence
for any similarity between the 2mEPSPS protein and any known
allergenic proteins. The epitope homology FindPatterns analysis
confirmed that there was no evidence for any similarity to known
allergens, i.e. no continuous 8 amino acids identity with known
allergens, by using the AllergenOnline database.

The findings also showed that there was no similarity with
known toxins based on the very high E-score value, which can
identify functional homology, between the 2mEPSPS protein and
known toxins.

As expected, the BLAST results showed that the 2mEPSPS pro-
tein only has high structural similarity with other wild-type EPSPS
proteins, including the one from maize (>99%), for which no ad-
verse effects have been reported following consumption. The high
similarity of the wild-type EPSPS and the 2mEPSPS proteins, as de-
scribed above, indicates a similar safe profile.

Furthermore, Fig. 1 shows two putative N-glycosylation sites,
which are the most associated with allergenicity (Jenkins et al.,
1996), at positions 118 and 394 on the 2mEPSPS sequence. How-
ever, these two putative sites were identical to those in the wild-
type EPSPS protein (i.e., not affected by the substitutions) (not
shown). As the wild-type protein is safe to consume, it can be con-
cluded that the two putative sites present no safety concerns.

3.5. Structural and functional equivalence of 2mEPSPS protein derived
from E. coli and crops

The exact level of the 2mEPSPS protein in crops was evaluated.
In GHB614 cotton, it was expressed at approximately 102 ± 2 mg
2mEPSPS protein/kg in delinted cottonseed. Because of the low
expression level of the 2mEPSPS protein in the cotton, the follow-
ing studies were conducted with 2mEPSPS protein produced in
E. coli. In order to validate this approach, the structural and func-
tional similarity between the bacterially produced protein and
plant expressed protein was determined. The characteristics of
the 2mEPSPS protein produced in E. coli were compared to those
of the 2mEPSPS from cotton event GHB614 as described below.
Incomplete data with soybean and canola were also generated
and added into this manuscript as they corroborated the trans-
formed cotton results.

3.5.1. Structural similarity
The theoretical N-terminal sequence of the 2mEPSPS protein

deduced from the DNA gene sequence is: methionine, alanine, gly-
cine, alanine, glutamic acid, glutamic acid, and isoleucine. For
GHB614 cotton, the 2mEPSPS protein was isolated from leaves
and the N-terminal sequence was determined by Edman degrada-
tion. The following primary sequence was obtained from the N-ter-
minus: alanine, glycine, alanine, glutamic acid, and glutamic acid.
This sequence is an exact match to the sequence deduced from
the DNA sequence of the 2mepsps gene for residues 2–6, confirm-
ing the identity of the protein isolated from GHB614 cotton.

The N-terminal methionine was not identified from the
2mEPSPS protein isolated from GHB614 cotton (data not shown).
This could be due to post-translational modifications, as removal
of a methionine is often found in proteins from both prokaryotic
and eukaryotic organisms (Bradshaw et al., 1998). Therefore, this
was not considered to be detrimental to the similarity approach
used.

This was confirmed by Fig. 2A and B, which showed the same
electrophoretic mobilities and same molecular weight of approxi-
mately 42 kDa for both proteins. This value is in line with the the-
oretical molecular weight of 47 kDa calculated from the amino acid
sequence deduced from the DNA sequence. In addition, Fig. 2B also
showed that the immunoreactivities of the two 2mEPSPS proteins
were equivalent by western blotting.
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Among all these elements demonstrating the similarity of the
two proteins from E. coli or from cotton event GHB614, the re-
sults of the high performance liquid chromatography (HPLC)–
electrospray selected ion monitoring mass spectrometry peptide
mapping data (Table 2) were the most compelling. Peptides with
1–3 amino acids, which are not indicative of a unique protein,
were not analyzed (indicated as ‘‘NA*”). When the corresponding
peptides from both proteins were detected, their calculated
masses were identical. The absence of peptide 1–13 in the
2mEPSPS protein from GHB614 cotton was consistent with the
Edman degradation data. Peptide 14–20 in the 2mEPSPS protein
from GHB614 cotton was also not detected. Some possible expla-
nations for non-detection of this peptide are: (1) partial diges-
tion of the protein resulting in low levels of this peptide, (2) a
matrix effect that prevents its detection, (3) a chemical modifica-
Table 2
Masses of the tryptic peptides calculated from the selected ion monitored for the 2mEPSP

2mEPSPS residue
number

Theoretical
mass + charge [M+H]

Mass + charge [M+nH] of the ion
selected for monitoringa

1–13 1399.7 1399 [M+H]
14–20 733.8 734 [M+H]
21–25 501.6 502 [M+H]
26–30 576.6 577 [M+H]
31–61 3342.9 1672 [M+2H]
62–71 1033 1033 [M+H]
72–74 289 289 [M+H]
75–75 175 NAc

76–84 790 790 [M+H]
85–91 805.9 807 [M+H]
92–106 1648.9 1648 [M+H]
107–128 2105 1053 [M+2H]
129–130 306 NAc

131–142 1296 1296 [M+H]
143–160 1907 954 [M+2H]
161–171 969 969 [M+H]
172–173 246 NAc

174–204 3219.8 1610[M+2H]
205–216 1435.8 1436 [M+H]
217–220 548.7 548 [M+H]
221–224 450.6 450 [M+H]
225–233 1103 1103 [M+H]
234–237 570.7 571 [M+H]
238–241 389 389 [M+H]
242–243 310 NAc

244–246 331 NAc

247–286 3870 1291 [M+3H]
287–297 1226 1226 [M+H]
298–312 1631.8 1631 [M+H]
313–317 605.6 606 [M+H]
318–318 147 NAc

319–321 397 NAc

322–329 905 905 [M+H]
330–351 2260.7 1131[M+2H]
352–357 733.8 734 [M+H]
358–359 246 NAc

360–363 534 534 [M+H]
364–368 589.8 589 [M+H]
369–373 591.7 592 [M+H]
374–392 2019 1010 [M+2H]
393–405 1533.6 1534 [M+H]
406–423 1882 1882 [M+H]
424–429 648.7 649 [M+H]
430–430 147 NAc

431–444 1679.9 1680 [M+H]
445–445 133 NAc

a The method for selected ion monitoring was developed using 2mEPSPS protein from
and a determination of the retention time for each ion by HPLC.

b The mass spectrometer measures mass (m) divided by charge (z) with unit resolutio
example, the ion detected for peptide 31–61 containing 2 protons was 1672. Thus its
obtained from the average mass determination uncertainty for the peptide using all the

c NA, not analyzed. No attempt was made to detect digestion products of 1 or 2 amin
d ND, not detected.
tion occurring during protein purification or (4) a post-transla-
tional modification of the protein. This last hypothesis is
unlikely for N-glycosylation since the protein is effectively tar-
geted to the chloroplast where no post-translational modifica-
tions occur and this peptide does not contain any of the amino
acid sequences necessary for N-glycosylation (see Table 2). By
using the electrospray liquid chromatography/mass spectroscopy
(LC/MS) method, the sequence coverage obtained for the
2mEPSPs protein produced from E. coli was 96% and the se-
quence coverage for the 2mEPSPs protein extracted from
GHB614 cotton was 91.5%. This experiment demonstrates the
structural identity of the two proteins over 91.5% of the amino
acid sequence. Taken together with the N-terminal sequencing
and the molecular weight (SDS–PAGE) data, it can be concluded
that the two proteins are structurally undistinguishable.
S protein from E. coli and GHB614 cotton.

Calculated massesb of 2mEPSPS
peptides from E. coli

Calculated massesb of 2mEPSPS peptides
from GHB614 cotton leaf

1398 NDd

733 NDd

501 501
576 576
3342 3342
1032 1032
288 288
NAc NAc

789 789
806 806
1647 1647
2104 2104
NAc NAc

1295 1295
1906 1906
968 968
NAc NAc

3218 3218
1435 1435
547 547
449 449
1102 1102
570 570
388 388
NAc NAc

NAc NAc

3870 3870
1225 1225
1630 1630
605 605
NAc NAc

NAc NAc

904 904
2260 2260
733 733
NAc NAc

533 533
588 588
591 591
2018 2018
1533 1533
1881 1881
648 648
NAc NAc

1679 1679
NAc NAc

E. coli. The method involved identification of the most abundant ion for each peptide

n. Mass (m) includes the mass of the peptide + the number of positive charges. For
calculated mass is 2(1672) – 2 or 3342. The uncertainty in the calculated mass is
charge states detected in the full scan spectrum.
o acids. Some tripeptides were not analyzed due to instrument limitations.



Fig. 3. Western blot of the 2mEPSPS protein in extracts of different plant species.
Lanes 1 and 2 contain 2mEPSPS protein from extracts of GHB614 cotton. Lane 3
contains extract of non-transgenic cotton. Lanes 4–6 contain extracts of canola
leaves from two transgenic events (lanes 4 and 5) and a non-transgenic plant (lane
6), respectively. Lanes 7–9 contain extracts of soybean leaves from two transgenic
events and a non-transgenic plant, respectively. An additional band is visible in
lanes 7–9. This band is resulting from a non-specific binding since the band appears
in the wild type (lane 9). Lane 10 contains molecular weight markers of 250, 150,
100, 75, 50, 37, and 25 kDa.
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The same approach was applied to other plant species trans-
formed with the 2mepsps gene and the same conclusion was raised.
Fig. 3 shows that the electrophoretic mobilities and immunoreac-
tivities of the 2mEPSPS proteins produced in GHB614 cotton, cano-
la and soybean events are indistinguishable.

3.5.2. Functional similarity
The two 2mEPSPS proteins from E. coli and GHB614 cotton were

both active enzymes (data not shown).

3.6. Digestibility assays

Fig. 4 shows that the 2mEPSPS protein was degraded very rap-
idly and completely in the SGF (pepsin, pH 1.2), within few seconds
of incubation. The control proteins, horse radish peroxydase and
ovalbumin, were rapidly and slowly digested, respectively, in SGF
assay. As expected, control samples showed no significant protein
degradation in the absence of pepsin (data not shown). These find-
ings are in agreement with published data (Thomas et al., 2004).

Fig. 5 shows that, at time zero of incubation with SIF, the pan-
creatin bands at approximately 31 kDa were clearly visible. The
azoalbumin control was digested by the pancreatin as expected
(data not shown). At time zero of incubation, the protein degrada-
tion was so rapid (a few seconds) that the 2mEPSPS protein band
was barely visible on the gel and it was not clearly visible after
scanning the gel. The 2mEPSPS protein was completely degraded
in the SIF (pancreatin, pH 7.5), within a few seconds.

3.7. Acute toxicology studies

3.7.1. Oral route of exposure
Control female OF1 mice treated with 2000 mg/kg of bovine

serum albumin (negative control) showed no clinical signs of sys-
temic toxicity as expected. Similarly, there were also no 2mEPSPS
protein-related mortalities, no clinical signs or 2mEPSPS protein-
related effects on body weight in female OF1 mice after an acute
oral administration of the 2mEPSPS protein at 2000 mg/kg. There-
fore, this study confirmed that the 2mEPSPS protein is not acutely
toxic to mice when administered per os at 2000 mg/kg body
weight.

3.7.2. Acute intravenous administration
The protein controls (melittin and aprotinin) demonstrated that

the acute intravenous study was able to distinguish between toxic
and non-toxic proteins. Control female OF1 mice treated with mel-
ittin at 1 mg/kg or with aprotinin at 1 and 10 mg/kg (negative con-
trols) showed no visible signs of systemic toxicity. In contrast,
melittin at 10 mg/kg (positive control) induced 100% mortality
within 10 min as expected.

In this study, there were no mortalities or toxic effect in mice
after acute intravenous administration of the 2mEPSPS protein at
1 or 10 mg/kg. Therefore, this second acute toxicology study con-
firmed that the 2mEPSPS protein is not acutely toxic when injected
intravenously up to 10 mg/kg body weight, the highest dose that
could be administered by the parenteral route of exposure.
4. Discussion

All the results of the analytical tests offer a multi-directional ap-
proach to demonstrate structural and functional equivalence of the
2mEPSPS proteins produced in E. coli and GHB614 transformed cot-
ton. From these comparisons, it is reasonable to conclude that the
2mEPSPS protein produced in E. coli is representative of the
2mEPSPS protein produced in GHB614 cotton. Therefore, the safety
data obtained for the 2mEPSPS protein produced in E. coli can be
extrapolated to support the safety of the 2mEPSPS protein pro-
duced in cotton event GHB614.

The approach used for assessing the safety of 2mEPSPS protein
largely complied with the ILSI and very recent regulatory recom-
mendations (Delaney et al., 2008; Thomas et al., 2008; Paoletti
et al., 2008). This is a weight of evidence approach, as outlined
by the Codex recommendations Alinorm 03/34A (CAC, 2003b)
and other regulatory agencies worldwide (e.g., EFSA, 2006; FDA,
1992; Health Canada, 2001; etc.), recognizing that no single end-
point is sufficiently predictive of the allergenic potential of a novel
protein. This is also a tiered approach as specific findings may trig-
ger additional studies. In the TierI (hazard identification) step, this
approach evaluates whether the gene is isolated from a safe source,
the sequence similarity of the protein to known proteins, including
those that are known to be allergenic or toxic, or those which have
a familiar mode of action and a safe profile, the biological function
of the protein and more generally its physico-biochemical proper-
ties and, the stability of the protein to human simulated digestive
fluids. TierII (Hazard Characterization) studies are conducted when
the results from TierI are not sufficient to allow a reasonable cer-
tainty of no harm and are then conducted on a case-by-case basis
(Delaney et al., 2008).

Briefly, the 2mepsps coding gene is obtained from a source with
a history of safe use (maize). The 2mEPSPS is highly – structurally
and functionally – similar to wild-type EPSPS found in nature, and
possesses the same mode of action, allowing sufficient enzyme
activity for the plants to grow in the presence of glyphosate
herbicide.

Of major importance, the 2mEPSPS protein does not have amino
acid sequence similarity to proteins that are known to be allergenic
although the homology approach used is very conservative. Indeed
sequence searches for matches of >50% identity (rather than >35%)
over 80 or greater amino acids may be more realistic (Goodman
et al., 2008; Thomas et al., 2008). In addition, the epitope search,
an approach known to result in random false positive matches
(Goodman et al., 2008), revealed no sequence identity with cur-
rently identified allergens, providing further evidence that the
2mEPSPS does not possess known allergenic potential.

Furthermore, although limited by the lack of toxin databases
and the clear criteria in bioinformatics search of proteins for toxic
potential (ILSI, 2009), the current analysis indicate that 2mEPSPS
protein does not have amino acid sequence similarity to proteins
that are known to be toxic. Instead, there is a high similarity be-
tween the 2mEPSPS proteins and other EPSPS proteins from differ-
ent crops (maize, rice, lettuce, etc.), with a safe profile.



Fig. 4. Two SDS–PAGE analyses of the 2mEPSPS proteins after digestion in human simulated gastric fluid (SGF, pepsin, pH 1.2), at different time points. min = minutes;
kDa = kDalton(s).

C. Herouet-Guicheney et al. / Regulatory Toxicology and Pharmacology 54 (2009) 143–153 151
Furthermore, probable absence of such toxic or allergenic ef-
fects in humans and other mammals is supported by the rapid deg-
radation of the protein in digestibility assays, implying that the
protein will not be available for absorption in the lower digestive
tract (Taylor and Lehrer, 1996; Astwood, 1996).

Of interest, many protein allergens are glycosylated, raising the
possibility that the glycosyl groups may contribute to their aller-
genicity (Jenkins et al., 1996). As the two putative N-glycosylation
sites are similar between the maize wild-type and the modified
EPSPS, no impact on the safety profile of the EPSPS protein is ex-
pected. More generally, glycosylation of proteins occur in the endo-
plasmic reticulum (ER). Proteins that are not processed via the ER
cannot be glycosylated, even if they contain N-glycosylation sites.
It is the case for EPSPS and 2mEPSPS, as these proteins are trans-
ported into the chloroplast, where no glycosylation can occur
(Lerouge et al., 1998). The mass spectrometry analysis of the
2mEPSPS protein confirms experimentally the absence of N-glyco-
sylation in E. coli bacteria and transformed GHB614 cotton.

Although no concerns were raised in the TierI step, two acute
mouse studies with two different routes of exposure were per-
formed for strengthening the safety evaluation. Few proteins are
toxic when ingested (Delaney et al., 2008). When a protein is toxic,
it generally acts via acute mechanisms and at very low dose levels
(Jones and Maryanski, 1991; Sjoblad et al., 1992). Moreover,
whether a protein is toxic also depend on its property, the route
of exposure and the dose received. The acute oral and intravenous



Fig. 5. Western blot analysis of the 2mEPSPS proteins after digestion in human simulated intestinal fluid (SIF, pancreatin, pH 7.5). Molecular weight markers are indicated on
the left border of the gel.
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toxicity studies did not identify evidence for potential toxicity of
the 2mEPSPS protein. Accordingly, the oral No Observed Effect Le-
vel (NOEL) was determined to be greater than 2000 mg/kg/day.

Taking the transgenic GHB614 cotton as an example and using
the existing ‘‘nuts and oilseeds” consumption databases (FAOSTAT,
2007), which list the raw agricultural commodity cottonseed, the
maximum predicted daily intake of the 2mEPSPS protein is consid-
ered to be approximately 50 lg 2mEPSPS protein/day/kg body
weight in humans. Even in the worst case scenario assuming all
nuts and oilseeds were derived from GHB614 cotton, this would
correspond to a minimal safety factor of 40,000. Given that the
exposure to the 2mEPSPS protein will be nil in most food products
as a result of plant processing (Thomas et al., 2007; i.e. limited
presence of cotton proteins in food), this safety factor is largely
underestimated for cotton.
5. Conclusion

Risk is defined as hazard (or inherent toxicity) of a product
and exposure to the product. By using the step-wise, evidence-
based and weight of evidence approach, the hazard is near zero
in the case of the 2mEPSPS protein. Zea mays, source of the gene,
has a good history of safe use. The 2mEPSPS protein is not toxic
for mammals and do not possess any of the characteristics asso-
ciated with food allergens. Therefore, it can be concluded that
there is no expected risk associated with 2mEPSPS protein
consumption.
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