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I. OVERVIEW
A. EXECUTIVE SUMMARY

On June 10, 2008, EPA conditionally registered a plant-incorporated protectant product, event
MON 89034 corn, containing two new active ingredients, Bacillus thuringiensis Cry1A.105 and
Cry2Ab2 insecticidal proteins, and the genetic material necessary for their production. EPA also
conditionally registered another product, MON 89034 x MON 88017 corn, which contains a
previously registered Bacillus thuringiensis Cry3Bb1 protein in addition to the two new active
ingredients. These registrations will expire on September 30, 2010. The Agency determined
that the use of these pesticide products is in the public interest and that their use will not cause
any unreasonable adverse effects on the environment during the time the products are registered.
The registrant for both products is Monsanto Company (“Monsanto”).

Event MON 89034 corn produces its own insecticide derived from Bacillus thuringiensis (Bt), a
naturally occurring soil bacterium. The Bt proteins produced in this product, called Cry1A.105,
and Cry2Ab2, have been shown to effectively control highly destructive lepidopteran corn pests,
including European corn borer (ECB), corn earworm (CEW), southwestern corn borer (SWCB),
fall armyworm (FAW), and sugarcane borer (SCB), in field trials conducted during the 2003-
2004 growing seasons in Puerto Rico and the United States. These pests feed on the base of
seedlings and on the stalk, leaf, and ear tissue of corn plants, thereby destroying the entire plant,
weakening the stalk, and/or damaging the ear. In areas where one or more of these pests is
prevalent (e.g., the corn belt), significant financial losses are realized from decreased corn yields
and increased expenditures on chemical pest control agents, including organophosphate,
carbamate and pyrethroid insecticides.

On June 10, 2008, when the conditional, time-limited registrations of MON 89034, and MON
89034 x MON 88017 were issued, the non-Bt corn borer refuge was required to be at least 20%
for the corn belt. On December 15, 2008, EPA amended these product registrations to allow a
reduction in the structured corn borer refuge requirement (5%) in the non-cotton-growing regions
of the corn belt.

The data required to satisfy the conditions of these registrations are listed in Section IV,
“Regulatory Position for CrylA.105, and Cry2Ab2.”

Product Characterization

MON 89034 was developed by Agrobacterium-mediated transformation of corn using the 2T-
DNA plasmid vector PV-ZMIR245. The transformation produces two Bacillus thuringiensis
proteins, Cryl A.105 and Cry2Ab2. CrylA.105 is a chimeric protein composed of portions of
CrylAb, CrylAc, and CrylF proteins.
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Mammalian Toxicity and Allergenicity Assessment

When proteins are toxic, they are known to act via acute mechanisms and at very low dose levels
(Sjoblad, Roy D., et al., “Toxicological Considerations for Protein Components of Biological
Pesticide Products,” Regulatory Toxicology and Pharmacology 15, 3-9 (1992)). The acute oral
toxicity data submitted by Monsanto demonstrated the lack of mammalian toxicity in rats and
mice exposed to pure Cryl A.105 and Cry2Ab2 protein at doses well above the maximum levels
anticipated in treated crops, based upon the demonstrated expression values of these two
proteins.

Since no acute effects were observed in the submitted studies, even at relatively high dose levels,
the Cry1A.105 and Cry2Ab2 proteins are not considered to be toxic. This conclusion was
supported by amino acid sequence comparisons of the Cryl1A.105 and Cry2Ab2 proteins with
databases of known toxic proteins, which showed no similarities that would raise a safety
concern. In addition, the data submitted by Monsanto demonstrated that the Cry1A.105 and
Cry2Ab2 proteins were substantially degraded by heat when examined by immunoassay. This
instability to heat would decrease the potential for dietary exposure to intact CrylA.105 and
Cry2Ab2 proteins in cooked or processed foods. These biochemical features, along with the lack
of adverse results in the acute oral toxicity tests, support the Agency’s conclusion that there is a
reasonable certainty of no harm from dietary exposure to Cry1A.105 and Cry2Ab2 containing
Ccrops.

Since CrylA.105 and Cry2Ab2 are proteins, their potential for food allergenicity was also
considered. Currently, no definitive tests for determining the allergenic potential of novel
proteins exist. Therefore, EPA uses a “weight-of-evidence” approach when considering the
allergenic potential for a PIP protein, and bases its conclusions upon the following factors: the
source of the trait, the amino acid sequence compared with known allergens, and the biochemical
properties of the protein, including in vitro digestibility in simulated gastric fluid (SGF) and
glycosylation. This is consistent with the approach outlined in the Annex to the Codex
Alimentarius “Guideline for the Conduct of Food Safety Assessment of Foods Derived from
Recombinant-DNA Plants.” The Agency’s allergenicity assessment for the CrylA.105 and
Cry2Ab2 proteins follows:

1. Source of the traits. Bacillus thuringiensis is not considered to be a source of allergenic
proteins.

2. Amino acid sequence. A comparison of the amino acid sequences of Cryl1A.105 and
Cry2Ab2 with known allergens showed no sequence similarity or identity at the level of
eight contiguous amino acid residues, which is considered to be the smallest amino acid
sequence necessary to induce an immune response.

3. Digestibility. The CrylA.105 and Cry2Ab2 proteins were digested rapidly in simulated
gastric fluid containing pepsin, the enzyme produced by the stomach that digests proteins
so they can be absorbed as nutrients into the body via the small intestine. The rapid
degradation of CrylA.105 and Cry2Ab2 in the simulated gastric environment indicated

5
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that the intact protein will not pass from the stomach into the intestinal lumen, where
sensitization of the immune system to food allergens occurs.

4. Glycosylation. CrylA.105 and Cry2Ab2 proteins expressed in corn are not
glycosylated.'

5. Conclusion. EPA concluded that the potential for Cry1A.105 and Cry2Ab2 to be a food
allergen is minimal.

The information on the safety of pure CrylA.105 and Cry2Ab2 proteins provides adequate
justification to address possible exposures in all corn crops.

Environmental Hazard Assessment

Maximum hazard dose toxicity testing on representative beneficial organisms from several taxa
was performed in support of the registrations of Cryl A.105 and Cry2Ab2 proteins expressed in
corn. The toxicity of the CrylA.105 and Cry2Ab2 proteins was evaluated on several species of
invertebrates, including the lady beetle, minute pirate bug, parasitic hymenoptera, Collembola,
Daphnia, honey bee, and earthworm. Developmental observations were also made in the lady
beetle, minute pirate bug, and honeybee studies. Observations of possible reproductive effects
were also made in the Collembolan studies. In addition, earthworm studies were voluntarily
submitted to the Agency to ascertain the potential effects of the Cryl A.105 and Cry2Ab2
proteins on beneficial decomposer species. Avian dietary studies and soil fate data were also
submitted.

The test substances used for the studies submitted in support of the MON 89034 registrations
included bacterially produced, purified Cry1A.105 and Cry2Ab2 proteins, and MON 89034 corn
leaf tissue, pollen, and grain. The October 2000 FIFRA Science Advisory Panel (SAP)
recommended that while actual plant material is the preferred test material, bacterially derived
protein is also a valid test substance, particularly in scenarios where test animals do not normally
consume corn plant tissue and where large amounts of Cry protein (Cry protein concentrations
that exceed levels present in plant tissue) are needed for maximum hazard dose testing. An
insect feeding study, which compared the relative potency of plant produced CrylA.105 and
Cry2Ab2 proteins to the microbe produced proteins, indicated that plant produced protein was
similar in toxicity to the bacterially produced protein (Edelstein Memo, November 7, 2007).

The potential interactions between the CrylA.105 and Cry2Ab2 proteins was addressed in a
memorandum for the MON 89034 Experimental Use Permit accompanying the Agency’s
review, “Evaluation of the Potential for Interactions Between the Bacillus thuringiensis Proteins
CrylA.105 and Cry2Ab2,” (Hunter, M., July 6, 2006). The study provided evidence that the
proteins do not interact in either an antagonistic or synergistic manner, and that there will not be

! Although this was only demonstrated in corn, these expressed proteins are unlikely to be glycosylated if produced in
any other crops since the mechanisms of protein glycosylation are similar in different plants (Lerouge, P. Cabanes-Macheteau,
M., Rayon, C., Fichette-Lainé, A-C., Gomord, V., and Faye, L., “N-Glycoprotein biosynthesis in plants: recent developments and
future trends,” Plant Molecular Biology 38: 31-48, 1998

6
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any unexpected interactions with regard to target and non-target insects. New data on the
potential interaction between the combined CrylA.105, Cry2Ab2 and Cry3Bbl proteins were
submitted. The results from that study demonstrated that the combined CrylA.105 and
Cry2Ab2 activity was not affected by the Cry3Bbl protein, and that the Cry3Bb1 activity was
unaffected by combined CrylA.105 and Cry2Ab2 activity (MRIDs 469513-05 & 469513-00).

Insect Resistance Management

Monsanto has demonstrated that the Cryl1A.105 and Cry2Ab2 toxins have different modes of
action, and consequently, a low likelihood of cross-resistance. Therefore, Cryl1A.105 and
Cry2Ab2 are suitable partners in a pyramided product. Monsanto has also shown that there is a
low likelihood of cross-resistance between CrylA.105 and Cryl Ab. Monsanto has previously
demonstrated that there is a low likelihood of cross-resistance between Cry2Ab2 and CrylAc.
Both Cry1Ab and CrylAc are expressed in other registered Bt corn and Bt cotton PIPs.
Monsanto did not, however, address the likelihood of cross-resistance between CrylA.105 and
CrylAc, and Cry1Fa (Bt proteins already in existing Bt corn and Bt cotton products), and what
impact such cross-resistance would have on the durability of MON 89034. As a result,
Monsanto was required to provide additional information on cross-resistance of CrylA.105 and
CrylFa and CrylAc (including binding site models and use of resistant colonies) for the target
pests and determine how such cross-resistance could impact the durability of MON 89034.

Monsanto originally proposed that a 5% structured refuge, rather than the 20% structured refuge
required for other Bt corn registrations, be applied to field corn uses of MON 89034 in the U.S.
Corn Belt. But, the data and simulation modeling in Monsanto’s initial application did not
support the 5% proposed refuge for MON 89034 in the Corn Belt. There were uncertainties
regarding the dose determination for susceptible and heterozygote (i.e., partially resistant) insects
(ECB, SWCB, CEW, and FAW), the cross-resistance potential of CrylA.105, CrylAc and
CrylFa and any impacts on the durability of MON 89034, and limitations in the simulation
modeling. Therefore, the field corn uses of MON 89034 in the Corn Belt were registered with a
20% refuge requirement until such time as Monsanto could address the uncertainties. EPA
determined, however, that the data did support reduction of the refuge from 50% to 20% in
cotton-growing regions in the southeastern U.S., where a 50% non-Bt corn refuge has been
required for other Bt corn registrations.

Subsequent to the registrations of the event MON 89034 corn and MON 89034 x MON 88017
corn products, Monsanto submitted additional data and an analysis of potential resistance risks to
support an amendment to reduce the required non-Bt corn refuge for MON 89034 corn from 20%
to 5% in the U.S. Corn Belt. After reviewing these data, EPA determined that a 5% refuge in the
U.S. Corn Belt should not significantly increase the risk of resistance for ECB, CEW, and
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SWCB. Monsanto sufficiently addressed the requirement to analyze potential cross resistance in
existing Bt corn and Bt cotton products for Cry1A.105 and Cry1Fa, but additional analysis and
information is still needed to fully assess the cross resistance potential for CrylAc and
CrylA.105.

B. USE PROFILE

Active Ingredient Name: Bacillus thuringiensis Cry1A.105, and Cry2Ab2 insecticidal
protein and the genetic material necessary for their
production in corn

Trade and Other Name(s): MON 89034
OPP Chemical Codes: 006515 (Cry2Ab2) and 006514 (Cry1A.105)

Basic Manufacturer: Monsanto Company
800 North Lindbergh Blvd.
St. Louis, MO 63167

Type of Pesticide: Plant-incorporated Protectant
Uses: Field Corn and Sweet Corn

Target Pests for Active Ingredient: European corn borer (Ostrinia nubilalis),
Southwestern corn borer (Diatraea grandiosella), Southern cornstalk borer (Diatraea
crambidoides), Corn earworm (Helicoverpa zea), Fall armyworm (Spodoptera
frugiperda), Corn stalk borer (Papaipema nebris), and Sugarcane borer (Diatreae
saccharalis)

C. REGULATORY HISTORY

Monsanto previously submitted an Experimental Use Permit (EUP) application for events MON
89034, MON 88017, and MON 89034 x MON 88017. MON 89034 was developed by
Agrobacterium-mediated transformation of corn using the 2T-DNA plasmid vector PV-
ZMIR245, and produces two Bacillus thuringiensis (Bt) proteins, Cryl1A.105 and Cry2Ab2.
These proteins are intended to provide protection from feeding damage caused by a number of
lepidopteran pests. CrylA.105 is a chimeric protein composed of portions of CrylAb, CrylAc,
and Cry1F proteins. On July 17, 2006, EPA established temporary exemptions from the
requirement of a tolerance for both Cry1A.105 (71 FR 40427 and 72 FR 20434; 40 CFR
174.502) and Cry2Ab2 (71 FR 40431 and 72 FR 20434; 40 CFR 174.503) in the food and feed
commodities of corn; these exemptions were set to expire on June 30, 2009.

8
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On November 15, 2006, Monsanto submitted petitions to EPA under the Federal Food, Drug,
and Cosmetic Act (FFDCA), as amended by the Food Quality Protection Act of 1996 (FQPA),
requesting amendment of the existing temporary tolerances in 40 CFR 174.503 for the Bacillus
thuringiensis Cry2Ab2 insecticidal protein to establish a permanent exemption from the
requirement of a tolerance for the Bacillus thuringiensis Cry2 Ab2 insecticidal protein and in 40
CFR 174.502 for the Bacillus thuringiensis Cry 1A.105 insecticidal protein to establish a
permanent exemption from the requirement of a tolerance for the Bacillus thuringiensis Cry
1A.105 insecticidal protein in field corn, sweet corn, and popcorn.

On September 29, 2006, Monsanto submitted an application to register MON 89034 and MON
89034 x MON 88017 under Section 3 of the Federal Insecticide, Fungicide and Rodenticide Act
(FIFRA).

On March 9, 2007, Monsanto resubmitted petitions to EPA under the Federal Food, Drug, and
Cosmetic Act (FFDCA), requesting amendment of the existing temporary tolerances in 40 CFR
174.503 for the Bt Cry2Ab2 insecticidal protein to establish a permanent exemption from the
requirement of a tolerance for the Bt Cry2Ab2 insecticidal protein, and in 40 CFR 174.502 for
the Bt Cry 1A.105 insecticidal protein to establish a permanent exemption from the requirement
of a tolerance for the Bt Cry 1A.105 insecticidal protein in all crops and agricultural commodities

On June 10, 2008, conditional registrations were issued for MON 89034 and MON 89034 x
MON 88017 products.

On July 2, 2008 (73 FR No. 128), the existing permanent exemption from the requirement of a
tolerance for residues of the Bacillus thuringiensis Cry2Ab2 protein under 174.519 was amended
to include corn or cotton when used as a plant-incorporated protectant in the food and feed
commodities: field corn, sweet corn, popcorn, cotton seed, cotton oil, cotton meal, cotton hay,
cotton hulls, cotton forage, and cotton gin byproducts in accordance with good agricultural
practices.

On July 16, 2008 (73 FR No. 137), the Agency established permanent exemptions from the
requirement of a tolerance for residues of the Bacillus thuringiensis Cry1A.105 protein in or on
the food and feed commodities: field corn, sweet corn, and popcorn when used as plant
incorporated protectant in all food commodities in accordance with good agricultural practices.

On December 15, 2008, the conditional registrations were amended for MON 89034 and MON
89034 x MON 88017, to allow for a 5% structured refuge in the corn belt (in non-cotton growing
regions) for corn borers.
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I1. SCIENCE ASSESSMENT
A. PRODUCT CHARACTERIZATION

MON 89034 was developed by Agrobacterium-mediated transformation of corn using the 2T-
DNA plasmid vector PV-ZMIR245 and produces two Bacillus thuringiensis proteins, Cry1A.105
and Cry2Ab2. These proteins are intended to provide protection from feeding damage caused by
a number of lepidopteran pests. CrylA.105 is a chimeric protein composed of portions of
CrylAb, CrylAc, and CrylF proteins.

Transformation System:

PV-ZMIR245 is a binary vector containing two separate transfer DNAs (2T-DNA). The first T-
DNA contains the crylA.105 and the cry2Ab2 expression cassettes. The second T-DNA contains
the nptll (neomycin phosphotransferase II) expression cassette. The crylA.105 expression
cassette contains the crylA.105 coding sequence under the regulation of the €35S promoter,
Ractl intron, and the Hsp17 3’ end sequence. The cry2Ab2 expression cassette contains the
cry2Ab2 coding sequence under the regulation of the FMV promoter, the Hsp70 intron, a
chloroplast transit peptide (TS-SSU-CTP), and the nos 3’ end sequence. The nptll expression
cassette contains the nptll coding sequence under the regulation of the CaMV 35S promoter and
the nos 3’ end sequence. During transformation, both T-DNAs were inserted into the genome.
The nptll selectable marker gene was used to select for transformed cells. Traditional breeding
was then used to isolate plants that only contain the crylA.105 and cry2Ab2 expression cassettes
and not the nptll expression cassette.

Characterization of the DNA Inserted in the Plant and Inheritance and Stability:
Characterization of the DNA isolated from event MON 89034 corn using restriction enzyme
digests and Southern blot analysis as well as DNA sequencing indicates that the DNA was
inserted in the corn genome at a single locus, and the insert contains one copy each of the
crylA.105 and cry2Ab2 expression cassettes. There were no other detectable elements other than
those associated with the respective cassettes. No backbone sequences from plasmid PV-
ZMIR245 or nptll coding sequences were detected in the corn genome. Southern blot analysis
also demonstrated the stability of the insert over multiple generations. DNA sequencing
indicated that the genetic elements were present in the inserted DNA as expected except that the
e35S promoter was modified, and the right border sequence present in PV-ZMIR245 was
replaced by a left border sequence in MON 89034.

Protein Characterization:

Protein characterization data demonstrate that the plant-produced CrylA.105 and Cry2Ab2
proteins have biochemical and functional activities that are similar to those of the E. coli-
produced proteins that were used in several toxicity studies. The following techniques were used
to characterize and compare the plant-produced and the E. coli-produced proteins: sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), western blot analysis,
densitometry, matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass

10
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spectrometry, glycosylation analysis, N-terminal amino acid sequencing, and insecticidal activity
assays. Glycoslyation analysis indicated that the proteins are not glycoslyated. These analyses
demonstrated the structural and functional similarity between the plant-produced and the E. coli-
produced Cry1A.105 and Cry2Ab2 proteins and justified the use of E. coli-produced proteins in
toxicity studies. Monsanto also provided information showing the similarity between
CrylA.105, CrylAb, and CrylAc.

In addition, Monsanto provided information comparing the expected (deduced) amino acid
sequence of Cry2Ab2 expressed in MON 89034 corn, the native form of the protein in B.
thuringiensis, and in Bollgard II cotton. Monsanto stated that Cry2Ab2 in MON 89034 and
Bollgard II are identical. Different chloroplast transit peptide sequences were used in the
different products; however, these are expected to be cleaved and degraded in the plants upon
uptake into the chloroplasts. When Monsanto attempted to determine the N-terminal sequence of
Cry2Ab2 from MON 89034 or Bollgard II, the results indicated that the N-terminus is blocked in
both. Therefore, Monsanto was unable to determine the cleavage site of the chloroplast transit
peptide. Because the chloroplast transit peptides used in MON 89034 and Bollgard II have
potential cleavage sites (methionine) three amino acids upstream from the start of the Cry2Ab2
protein sequence, the Cry2Ab2 produced in Bollgard II and in MON 89034 may differ by one
amino acid (leucine vs. glutamine) if the cleavage site is within the transit peptide. The E. coli-
produced Cry2Ab2 protein used in the toxicity studies for MON 89034 includes the three
additional amino acids from the chloroplast transit peptide at the N-terminus. Monsanto stated
that the Cry2Ab2 proteins produced in MON 89034 and Bollgard II are variants of the wild type
Cry2Ab2 protein produced in B. thuringiensis. The Bt-produced protein was used in some of the
previously submitted studies that are cited to support the ecological risk assessment for MON
89034. Monsanto therefore submitted a study demonstrating that the E. coli-produced Cry2Ab2
and the Bt-produced Cry2Ab2 have equivalent biological activity (EC50 values and rates of
growth inhibition) in a larval corn earworm diet-incorporation bioassay.

Analytical Detection Methods:

Short descriptions of enzyme-linked immunosorbent assay (ELISA) methods for detecting and
quantifying Cry1A.105 and Cry2Ab2 as well as standard operating procedures for the methods
were provided with the registration application. Monsanto stated that these methods have been
validated and provided validation results in an appendix to MRID 46951403; but an independent
lab validation study was not provided for either method. In addition, Monsanto did not indicate
whether the ELISA method for Cryl A.105 will distinguish between CrylA.105, CrylAb,
CrylAc, and CrylF. Since CrylA.105 contains portions of all three proteins, there may be
cross-reactivity in the assay. Monsanto also provided a study demonstrating that a commercially
available qualitative immunochromatographic test strip can detect Cry2Ab2 in MON 89034 corn.
Since event MON 89034 is the only product that expresses Cry1A.105 and the only corn product
that expresses Cry2Ab2, the detection method for Cry2Ab2 can be used for detecting both
Cry2Ab2 and CrylA.105. The presence of Cry2Ab2 in corn should also indicate the presence of
CrylA.105. Monsanto has provided an independent lab validation of this method (MRID

11
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47731601) as required in the conditions of registration. An evaluation of the independent lab
validation method is currently pending.

Protein Expression:

Expression level data were provided for Cryl1A.105 and Cry2Ab2 in different plant tissues and at
different growth stages. Both proteins are expressed at relatively low levels in event MON
89034 corn. The data were produced using ELISA methods for each protein. Summary results
are provided below in Table 1. Table 2 provides summaries of the product characterization
studies and data provided.

Table 1. Mean Expression Levels of CrylA.105 and Cry2Ab2 from MON 89034 Plant

Tissues
Tissue Type CrylA.105 Cry2Ab2
(ng/g dry weight + standard | (ng/g dry weight + standard
deviation)* deviation)*
Leaf 72 +14-520+ 130 130 +34-180+59
Root 11+1.4-794+17 21+59-58+18
Whole Plant 100 +26-380+90 39+16-130+ 51
Pollen 12+1.7 0.64 +0.091
Silk 26 +3.9 71 +35
Forage 42+94 38+ 14
Grain 59+0.77 1.3+0.36

*Ranges reflect means at different growth stages for the first three tissue types
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Table 2. Product Characterization Data Submitted
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Study Type/Title Summary MRID #
Characterization of the Southern blot analyses indicate that MON 89034 and MON 89597 have the | 46694501
inserted DNA/ Summary | introduced DNA inserted in the corn genome at a single locus and contain
of Southern Blot one copy each of the crylA.105 and cryl A.105 expression cassettes. All
Analyses of MON expression elements are shown to be present in each of the inserts, and there
89034 and MON 89697 | are no other elements detectable other than those associated with the
Corn’ respective cassettes. No backbone sequences from plasmid PV-ZMIR245 or

nptll coding sequences were detected in the corn genome.
Classification: ACCEPTABLE
Analytical detection A commercially available qualitative immunochromatographic test strip 46694503
method/Qualitative (QuickStix™ kit AS 005 LS) was obtained from EnviroLogix Inc. to
Detection Method for determine if the strips can detect the Cry2Ab2 protein produced in MON
the Cry2Ab2 Protein in 89034 and MON 89597. The QuickStix™ kit AS 005 LS detected the
Corn Leaf and Seed of presence of Cry2Ab2 in MON 89034 and 89597. It was demonstrated that
MON 89034 and MON extracts of leaves or seed from MON 89034 or MON 89597 (both
89597 expressing Cry2Ab2) can be distinguished from corn plants that do not
express the Cry2 Ab2 protein.
Classification: ACCEPTABLE
Characterization of the A summary of current information about the structural and functional 46694601

active ingredient/
Structural and
Functional Similarity of
the Cry1A.105 Protein
to CrylA Class of
Bacillus thuringiensis
Proteins: Final Report®

similarities of the Cryl A.105 protein to other Bt Cry1 proteins is presented
in this submission. The CrylA.105 protein is chimeric, with overall amino
acid sequence identity to the CrylAc, CrylAb and CrylF proteins of 93.6,
90.0 and 76.7%, respectively. A structural model of the Cry1A.105 protein
was developed using the X-ray crystal structure of the CrylAa protein. The
model demonstrated high overall main chain structural similarity with
CrylAa. Models of CrylAb and CrylAc were also prepared using the
CrylA.105 model. Comparison of the aligned folds of all three proteins
showed that Cryl Ab and Cryl1A.105 have essentially the same main chain
structure, and that Cry1Ac differs slightly in its main chain structure from
the other two in domain III. Thus, comparison of the modeled crystal
structures of the CrylA.105, CrylAb, and Cryl Ac with that of the
experimental Cryl Aa X-ray crystal structure demonstrated high structure
similarity between the four proteins.

Monsanto also summarized results from bioactivity assays using
CrylA.105, CrylAb, and CrylAc in this submission and indicates that
complete study reports will be submitted for registration. Monsanto states
that purified E.coli-produced Cry1A.105 protein had significant activity
against each representative lepidopteran insect larvae in laboratory diet
bioassays. Tests species included; black cutworm (Agrotis ipsilon), corn
earworm (Helicoverpa zea), fall armyworm (Spodoptera frugiperda) and
European corn borer (Ostrinia nubilalis). Cry1A.105 insecticidal activity
was similar to other Cry1 proteins (i.e., Cryl Ac, CrylF, Cryl Ab).
Coleopteran and heteropteran larvae showed no indication of sensitivity to

% Study submitted with EUP request and reviewed in memorandum from R. Edelstein and I. Barsoum to M.

Mendelsohn dated June 16, 2006.
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Study Type/Title

Summary

MRID #

the Cryl1A.105 protein. The results of tests with purified Cry1A.105
protein against non-target invertebrates from different orders, such as honey
bee, minute pirate bug, earthworms, parasitic hymenoptera and ladybird
beetle, demonstrated no meaningful activity. Corn tissues from MON
89034 were tested in a bioassay for potential activity of the Cryl1 A.105 and
Cry2Ab2 proteins against Collembola (Folsomia candida), Daphnia magna
and bobwhite quail with results indicating no effect on the tested non-target
organisms.

Classification: ACCEPTABLE

Characterization of the
active
ingredient/Characteriza-
tion of the Cryl1A.105
Protein Purified from the
Corn Grain of MON
89034 and Comparison
of the Physiochemical
and Functional
Properties of the Plant-
Produced and E. coli-
Produced CrylA.105
Proteins’

The physicochemical properties and functional properties of the plant-
produced CrylA.105 were analyzed and compared with the properties of the
E. coli produced CrylA.105 using sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE), western blot analysis, densitometry,
matrix assisted laser desorption/ionization time of flight (MALDI-TOF)
mass spectrometry, glycosylation analysis, and a Cryl A.105 insecticidal
activity assay. Similar immunoreactive bands migrating between
approximately 85 and 130 kDa were observed in the plant-produced
CrylA.105 and E. coli-produced reference samples, and the full-length
Cryl1A.105 protein (~130 kDa) was observed in both the plant-produced and
E. coli-produced protein samples. MALDI-TOF mass spectrometry analysis
of the ~130 kDa band after trypsin digestion yielded peptide masses
consistent with peptide masses of the predicted sequence of the Cry1A.105
protein. The identified peptide masses yielded 43.8% overall coverage of
the expected peptide sequence (516 of the 1177 amino acids).
Immunoreactivity with the N-terminal peptide antibody demonstrated that
the N-terminus in the plant-produced full-length Cry1A.105 protein was
intact. Glycosylation analysis demonstrated that neither the plant-produced
nor the E. coli-produced Cry1A.105 protein is glycosylated. The plant-
produced and E. coli-produced proteins gave similar results in the corn
earworm diet-incorporation bioactivity assay: the mean ECs, values for the
plant-produced Cry1A.105 protein and E. coli-produced reference standard
were determined to be 0.0074 and 0.012 pg CrylA.105 per mL diet,
respectively. The results of this study demonstrate the structural and
functional similarity between the plant-produced and the E. coli-produced
CrylA.105 proteins.

Classification: ACCEPTABLE

46694604

14




-
<
L
=
-
O
o
(@
L
>
—
- -
O
o
<
<
o
Ll
2
=

Bacillus thuringiensis Cry1A.105, and Cry2Ab2 Protein in Corn
Biopesticide Registration Action Document

levels/Assessment of the
CrylA.105 and
Cry2Ab2 Protein Levels
in Tissues of Insect-
protected corn MON
89034 Produced in 2005
U.S. Field Trials

89034 plants grown at five field sites in the U.S. were determined using
enzyme-linked immunosorbent assays (ELISA). The means for CrylA.105
protein levels across all sites were 5.9 pg/g dry weight (dwt) in grain, 42
ng/g dwt in forage, 12 ng/g dwt in pollen, 520 pug/g dwt in over season leaf
collected at growth stage V2-V4 (OSL-1), 120 pg/g dwt in leaves OSL-4
(collected at growth stage pre-VT), 12 pug/g dwt in forage root, and 50 ug/g
dwt in stover. In tissues harvested throughout the growing season, mean
CrylA.105 protein levels across all sites ranged from 72-520 pg/g dwt in
leaf, 42-79 pg/g dwt in root, and 100-380 pg/g dwt in whole plant. The
means for Cry2Ab2 protein levels across all sites were 1.3 pg/g dwt in
grain, 38 pg/g dwt in forage, 0.64 png/g dwt in pollen, 180 pg/g dwt in OSL-
1, 160 pg/g dwt in OSL-4, 21 pg/g dwt in forage root, and 62 pg/g dwt in
stover. In tissues harvested throughout the growing season, mean Cry2Ab2
protein levels across all sites ranged from 130-180 pg/g dwt in leaf, 26-58
ug/g dwt in root, and 39-130 pug/g dwt in whole plant.

Classification: ACCEPTABLE

Study Type/Title Summary MRID #
Characterization of the The DNA inserted in event MON 89034 was characterized by Southern blot | 46951402
inserted DNA/ Amended | analysis and DNA sequencing. Southern blot analysis indicates that MON
Report for MSL-20072: | 89034 contains a single copy of the crylA.105 and cry2Ab2 expression
Molecular Analysis of cassettes at a single locus. No backbone sequences from plasmid PV-
Corn MON 89034 ZMIR245 or nptll coding sequences were detected in the corn genome.
Southern blot analysis of DNA from several generations of MON 89034
demonstrated the stability of the insert over seven generations. In addition,
the DNA sequence of the insert and surrounding genomic sequences was
determined using PCR and DNA sequencing; this analysis confirmed the
organization of the elements within the insert and identified the 5° and 3’
insert-to-genomic DNA junctions.
Classification: ACCEPTABLE
Expression The levels of Cryl1A.105 and Cry2Ab2 in corn tissues collected from MON | 46951403
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Study Type/Title Summary MRID #
Characterization of the The physicochemical and functional properties of the plant-produced 46951404
active ingredient/ Cry2Ab2 were analyzed and compared with the properties of the E. coli
Characterization of the produced Cry2Ab2 using sodium dodecyl sulfate polyacrylamide gel
Cry2Ab2 Protein electrophoresis (SDS-PAGE), western blot analysis, densitometry, matrix
Purified from the Corn assisted laser desorption/ionization time of flight (MALDI-TOF) mass
Grain of MON 89034 spectrometry, glycosylation analysis, and a diet-incorporation corn earworm
and Comparison of the (CEW) bioactivity assay. Similar immunoreactive bands migrating at
Physicochemical and approximately 61 kDa were observed in the plant-produced Cry2Ab2 and E.

Functional Properties of | coli-produced reference samples. The plant-produced protein sample had an
the Plant-Produced and | additional immunoreactive band migrating at approximately 50 kDa; N-
E. coli-produced terminal amino acid analysis of this protein indicated that it is a truncated
Cry2Ab2 Proteins Cry2Ab2 protein with its N-terminus starting at amino acid 145. MALDI-

TOF mass spectrometry analysis of the ~61 and 50 kDa bands after trypsin

digestion yielded peptide masses consistent with peptide masses of the

predicted sequence of the Cry2Ab2 protein. Glycosylation analysis

indicated that the Cry2Ab2 protein is not glycosylated. The plant-produced

and E. coli-produced proteins gave similar results in the bioactivity assay:

the mean ECs, values for the plant-produced Cry2Ab2 protein and E. coli-

produced reference standard were both determined to be 0.16 pug Cry2Ab2

per mL diet, with standard deviations of 0.04 and 0.01 pg Cry2Ab2 per mL

diet, respectively. The results of this study demonstrate the structural and

functional similarity between the plant-produced and the E. coli-produced

Cry2Ab2 proteins.

Classification: ACCEPTABLE
Characterization of The functional activity of purified Cry2Ab2 produced from E. coli and 46951405
active Cry2Ab2 produced from Bt was evaluated using a corn earworm larvae diet
ingredient/Evaluation of | incorporation bioassay. There was no significant difference between the
the Functional EC50 values (the effective concentration to inhibit growth of the target
Equivalence of the insect by 50%) for the two proteins, as shown by the large overlap in the
Cry2Ab2 Protein 95% confidence intervals and the nearly identical dose response curves. In
Produced in E. coli and | addition, the two proteins showed the same rates of concentration-dependent
Bt Against a Sensitive growth inhibition, indicating that the proteins have the same mechanism of
Lepidopteran Species insecticidal action.

Classification: ACCEPTABLE
Response to EPA In an email message from S. Cerrelli to N. Bogdanova dated April 23, 2007, | 47127501-
Questions/ Responses to | EPA identified some deficiencies in the applications to register MON 89034 | 47127505
EPA Questions and MON 89034 x MON 88017 and requested some additional information

Regarding Applications
524-LTL and 524-LTA
to Register Insect-
protected Corn MON
89034 and MON 89034
x MON 88017

from Monsanto. In MRIDs 47127501-47127505, Monsanto responds to the
questions and supplies the requested additional information. Monsanto’s
responses are adequate.

Classification: ACCEPTABLE
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B. HUMAN HEALTH ASSESSMENT OF Cry1A.105

Section 408(c)(2)(A)(i) of the FFDCA allows EPA to establish an exemption from the
requirement for a tolerance (the legal limit for a pesticide chemical residue in or on a food) only
if EPA determines that the exemption is “safe.” Section 408(c)(2)(A)(ii) of the FFDCA defines
“safe” to mean that “there is a reasonable certainty that no harm will result from aggregate
exposure to the pesticide chemical residue, including all anticipated dietary exposures and all
other exposures for which there is reliable information.” This includes exposure through
drinking water and in residential settings, but does not include occupational exposure. Pursuant
to section 408(c)(2)(B), in establishing or maintaining in effect an exemption from the
requirement of a tolerance, EPA must take into account the factors set forth in section
408(b)(2)(C), which require EPA to give special consideration to exposure of infants and
children to the pesticide chemical residue in establishing a tolerance and to “ensure that there is a
reasonable certainty that no harm will result to infants and children from aggregate exposure to
the pesticide chemical residue... .”

Additionally, section 408(b)(2)(D) of the FFDCA requires that the Agency consider “available
information concerning the cumulative effects of a particular pesticide’s residues” and “other
substances that have a common mechanism of toxicity.” EPA performs a number of analyses to
determine the risks from aggregate exposure to pesticide residues. First, EPA determines the
toxicity of pesticides. Second, EPA examines exposure to the pesticide through food, drinking
water, and through other exposures that occur as a result of pesticide use in residential settings.

1. Toxicological Profile

Consistent with section 408(b)(2)(D) of the FFDCA, EPA has reviewed the available scientific
data and other relevant information in support of this action and considered its validity,
completeness and reliability, and the relationship of this information to human risk. EPA has
also considered available information concerning the variability of the sensitivities of major
identifiable subgroups of consumers, including infants and children.

Mammalian Toxicity and Allergenicity Assessment

Monsanto submitted acute oral toxicity data demonstrating the lack of mammalian toxicity at
high levels of exposure to the pure Cryl A.105 protein. These data demonstrate the safety of the
product at a level well above maximum possible exposure levels that are reasonably anticipated
in the crop. Basing this conclusion on acute oral toxicity data without requiring further toxicity
testing and residue data is similar to the Agency position regarding toxicity testing and the
requirement of residue data for the microbial Bacillus thuringiensis products from which this
plant incorporated protectant was derived (See 40 CFR Sec. 158.740(b)(2)(i)). For microbial
products, further toxicity testing and residue data are triggered by significant adverse acute
effects in studies such as the mouse oral toxicity study, to verify the observed adverse effects and
clarify the source of these effects (Tiers II & III).
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An acute oral toxicity study in mice (MRID 46694603) indicated that Cry1A.105 is non-toxic to
humans. CrylA.105 produced from microbial culture was dosed by gavage as two doses
separated by 4 hours (=20 minutes) to 10 females and 10 males (2072 mg/kg body weight). Two
control groups were also included in the study: a bovine serum albumin protein control, and a
vehicle control. One male in the test protein group was moribund and sacrificed on day 1 due to
a mechanical dosing error; this death was not attributed to the test material. All other mice
survived the study. There were no significant differences in body weight or body weight change
among the three groups during the study, and no treatment-related gross pathological findings
were observed. The oral LDs, for males, females, and combined mice was greater than 2072
mg/kg.

When proteins are toxic, they are known to act via acute mechanisms and at very low dose levels
(Sjoblad, Roy D., et al., “Toxicological Considerations for Protein Components of Biological
Pesticide Products,” Regulatory Toxicology and Pharmacology 15, 3-9 (1992)). Therefore, since
no acute effects were shown to be caused by Cryl A.105, even at relatively high dose levels, the
CrylA.105 protein is not considered toxic. Further, amino acid sequence comparisons showed
no similarities between the Cry1A.105 and known toxic proteins in protein databases that would
raise a safety concern.

Since CrylA.105 is a protein, allergenic potential was also considered. Currently, no definitive
tests for determining the allergenic potential of novel proteins exist. Therefore, EPA uses a
weight-of-evidence approach where the following factors are considered: source of the trait;
amino acid sequence comparison with known allergens; and biochemical properties of the
protein, including in-vitro digestibility in simulated gastric fluid (SGF) and glycosylation. This
approach is consistent with the approach outlined in the Annex to the Codex Alimentarius
“Guideline for the Conduct of Food Safety Assessment of Foods Derived from Recombinant-
DNA Plants.” The allergenicity assessment for Cryl A.105 follows:

1. Source of the trait. Bacillus thuringiensis is not considered to be a source of
allergenic proteins.

2. Amino acid sequence. A comparison of the amino acid sequence of CrylA.105 with
known allergens showed no overall sequence similarity or identity at the level of
eight contiguous amino acid residues.

3. Digestibility. The CrylA.105 protein was digested within 30 seconds in simulated
gastric fluid containing pepsin.

4. Glycosylation. CrylA.105 expressed in corn was shown not to be glycosylated.

Conclusion. Considering all of the available information, EPA has concluded that the

potential for Cry1A.105 to be a food allergen is minimal.

9]

Although Cry1A.105 was only shown not to be glycosylated in corn, it is unlikely to be
glycosylated in any other crops because in order for a protein to be glycoslyated, it needs to
contain specific recognition sites for the enzymes involved in glycosylation, and the mechanisms
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of protein glycosylation are similar in different plants (Lerouge, P. Cabanes-Macheteau, M.,
Rayon, C., Fichette-Lainé, A-C., Gomord, V., and Faye, L., “N-Glycoprotein biosynthesis in
plants: recent developments and future trends,” Plant Molecular Biology 38: 31-48, 1998).

2. Aggregate Exposures

Pursuant to FFDCA section 408(b)(2)(D)(vi), EPA considers available information concerning
aggregate exposures from the pesticide residue in food and all other non-occupational exposures,
including drinking water from ground water or surface water and exposure through pesticide use
in gardens, lawns, or buildings (residential and other indoor uses).

The Agency has considered available information on the aggregate exposure levels of consumers
(and major identifiable subgroups of consumers) to the pesticide chemical residue and to other
related substances. These considerations include dietary exposure under the tolerance exemption
and all other tolerances or exemptions in effect for residues of the plant-incorporated protectants,
and exposure from non-occupational sources. Exposure via the skin or inhalation is not likely,
since the plant incorporated protectant is contained within plant cells, which essentially
eliminates these exposure routes or reduces these exposure routes to negligible. In addition, even
if exposure can occur through inhalation, the potential for Cryl1A.105 to be an allergen is low, as
discussed previously. Although the allergenicity assessment focused on the Cry1A.105 protein’s
potential to be a food allergen, the data also indicated a low potential for Cryl1 A.105 to be an
inhalation allergen. Exposure to infants and children via residential or lawn use is not expected,
because the use sites for the Cry1A.105 protein is agricultural. Oral exposure, at very low levels,
may occur from ingestion of processed corn products and, theoretically, drinking water.
However oral toxicity testing in mammals showed no adverse effects.

3. Cumulative Effects

Pursuant to FFDCA section 408(b)(2)(D)(v), EPA has considered available information on the
cumulative effects of such residues and other substances that have a common mechanism of
toxicity. These considerations included the cumulative effects on infants and children of such
residues and other substances with a common mechanism of toxicity. Because there is no
indication of mammalian toxicity from the plant-incorporated protectant, EPA concluded that
there are no cumulative effects for the Cry1A.105 protein.

4. Determination of Safety for U.S. Population, Infants and Children
a) Toxicity and Allergenicity Conclusions
The data submitted and cited regarding potential health effects for the Cryl1 A.105 protein

included the characterization of the expressed Cryl1A.105 protein in corn, as well as the acute
oral toxicity study, amino acid sequence comparisons to known allergens and toxins, and in vitro
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digestibility of the protein. The results of these studies were used to evaluate human risk, and the
validity, completeness, and reliability of the available data from the studies were also considered.

Adequate information was submitted to show that the Cryl1 A.105 test material derived from
microbial culture was biochemically and functionally equivalent to the protein produced by the
plant-incorporated protectant ingredient in the plant. Microbially produced protein was used in
the studies so that sufficient material for testing was available.

The acute oral toxicity data submitted support the prediction that the Cry1A.105 protein would
be non-toxic to humans. As mentioned above, when proteins are toxic, they are known to act via
acute mechanisms and at very low dose levels. Given that no treatment-related adverse effects
were shown to be caused by the CrylA.105 protein, even at relatively high dose levels, the
CrylA.105 protein is not considered toxic. Basing this conclusion on acute oral toxicity data
without requiring further toxicity testing or residue data is similar to the Agency position
regarding toxicity and the requirement of residue data for the microbial Bacillus thuringiensis
products from which this plant-incorporated protectant was derived (See 40 CFR
158.740(b)(2)(1)). For microbial products, further toxicity testing and residue data are triggered
when significant adverse effects are seen in studies such as the acute oral toxicity study. Further
studies verify the observed adverse effects and clarify the source of these effects (Tiers II and
III).

Residue chemistry data were not required for a human health effects assessment of the subject
plant-incorporated protectant ingredients because of the lack of mammalian toxicity. Data
submitted by the applicant, however, demonstrated low levels of Cry1A.105 in corn tissues.

Since CrylA.105 is a protein, potential allergenicity is also considered as part of the toxicity
assessment. Considering all of the available information (1) CrylA.105 originates from a non-
allergenic source; (2) CrylA.105 has no sequence similarities with known allergens; (3)
CrylA.105 is not glycosylated; and (4) CrylA.105 is rapidly digested in simulated gastric fluid;
EPA has concluded that the potential for Cryl A.105 to be a food allergen is minimal.

The Agency did not evaluate information concerning the dietary consumption patterns of
consumers (and major identifiable subgroups of consumers including infants and children) or
apply safety factors that are generally recognized as appropriate when animal experimentation
data are used to assess risks to humans. The lack of mammalian toxicity at high levels of
exposure to the CrylA.105 protein, as well as the minimal potential to be a food allergen,
satisfactorily demonstrated the safety of the products at levels well above the anticipated
maximum exposure levels.
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The genetic material necessary for the production of the plant-incorporated protectant active
ingredient include the nucleic acids (DNA, RNA) that encode these proteins and regulatory
regions. The genetic material (DNA, RNA), necessary for the production of the Cry1A.105
protein has been exempted from the requirement of a tolerance under 40 CFR 174.507 “Nucleic
acids that are part of a plant-incorporated protectant .”

b) Infants and Children Risk Conclusions

FFDCA section 408(b)(2)(C) provides that EPA shall assess the available information about
consumption patterns among infants and children, special susceptibility of infants and children to
pesticide chemical residues, and the cumulative effects on infants and children of the residues
and other substances with a common mechanism of toxicity. In addition, FFDCA section
408(b)(2)(C) also provides that EPA shall apply an additional tenfold margin of safety for infants
and children in the case of threshold effects to account for prenatal and postnatal toxicity and the
completeness of the database unless EPA determines that a different margin of safety will be safe
for infants and children.

In this instance, based on all the available information, the Agency concluded that there is a
finding of no toxicity for the Cry1A.105 protein. Thus, there are no threshold effects of concern
and, as a result, the provision requiring an additional margin of safety does not apply. Further,
the considerations of consumption patterns, special susceptibility, and cumulative effects do not

apply.
c) Overall Safety Conclusion

There is a reasonable certainty that no harm will result from aggregate exposure to the U.S.
population, including infants and children, to the Cryl A.105 protein and the genetic material
necessary for its production. This includes all anticipated dietary exposures and all other
exposures for which there is reliable information. The Agency has arrived at this conclusion
because, as previously discussed, no toxicity to mammals has been observed, nor any indication
of allergenicity potential for this plant-incorporated protectant.

5. Other Considerations
a) Endocrine Disruptors
The pesticidal active ingredient is a protein, derived from a source that is not known to exert an

influence on the endocrine system. Therefore, the Agency is not requiring information on the
endocrine effects of the plant-incorporated protectant at this time.

21



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Bacillus thuringiensis Cry1A.105, and Cry2Ab2 Protein in Corn
Biopesticide Registration Action Document

b) Analytical Method(s)

A standard operating procedure for an enzyme-linked immunosorbent assay for the detection and
quantification of Cry1A.105 in corn tissue has been submitted.

c) Codex Maximum Residue Level

No Codex maximum residue level exists for the plant-incorporated protectant Bacillus
thuringiensis Cry1A.105 protein.

The human health studies submitted for Cry1A.105 are summarized in Table 3 below.

Table 3. Summary of Cry1A.105 Human Health Data

Study Type/Title

Summary

MRID #

Acute oral toxicity
(OPPTS 870.1100)/
Acute Oral Toxicity
Study in Mice with
Cry1A.105 Protein

The CrylA.105 test protein (2072 mg/kg body weight) was dosed by gavage
as two doses separated by 4 hours (£20 minutes). The BSA protein control
(1998 mg/kg body weight) was dosed using the same procedure as for the
test protein group. The vehicle control group was dosed with carbonate-
bicarbonate with reduced glutathione. Body weight was recorded prior to
fasting, prior to dosing, and on days 7 and 14. The test animals were
observed for clinical signs of toxicity two times post-dosing and for 14 days.
A general health/mortality check was done twice daily. All animals were
necropsied. One male in the test protein group was moribund and sacrificed
on day 1 due to a mechanical dosing error, which resulted in a perforated
esophagus. All other mice survived the study. There were no significant
differences in body weight or body weight change among the three groups
during the study. The oral LDs, for males, females, and combined mice was
greater than 2072 mg/kg. This places CrylA.105 Protein in TOXICITY
CATEGORY I due to dose amounts only; no signs of toxicity were
observed.

Classification: ACCEPTABLE

46694603

Amino acid sequence
comparison/
Bioinformatics Analysis
of the CrylA.105
Protein Utilizing the
ADG6, Toxin5, and
Allpeptides Databases *

Bioinformatic analyses were used to search for sequence similarities
between the CrylA.105 protein and toxins and allergens. The FASTA
alignment tool and the allergen (ADS), toxin (TOXINS), and public domain
(ALLPEPTIDES) database sequences were used to assess structural
similarity. No significant similarities were found, other than with the
CrylAc protein; this alignment is not surprising, since the CrylA.105
protein contains a significant portion of the CrylAc protein. The
Cryl1A.105 protein sequence was also screened against the ADS sequence
database using a pair-wise comparison algorithm. No matches of 8§ amino
acids or more were found for the Cryl1A.105 protein in the ADS database.
No similarities between Cry1A.105 protein and known allergens, human or
animal toxins, or pharmacologically active proteins were found in the study.
Classification: ACCEPTABLE

46694605
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Study Type/Title Summary MRID #
In vitro digestibility/ No bands representative of intact Cry1A.105 protein were identified by 46694606
Assessment of the In SDS-PAGE after >30 seconds incubation with simulated gastric fluid
Vitro Digestibility of containing pepsin. A very faint band of 4.5 kDaltons was observed between
the Cryl1A.105 Protein | the 30 second and 20 minute digestions but was not observed after 20
in Simulated Gastric minutes. The limit of detection for the SDS-PAGE method was determined
Fluid® to be 5 ng for the full-length Cry1A.105 protein. Both the pepsin stability
and test material stability controls gave appropriate responses. In the
Western Blot assay, CrylA.105 was not immunologically identifiable within
30 seconds of incubation. The limit of detection for the method was
determined to be 1 ng for the full-length CrylA.105 protein. The pepsin
stability and test material stability controls gave appropriate responses.
Classification: ACCEPTABLE
Heat stability/ The immunodetectability of the CrylA.105 and Cry2Ab2 proteins in corn | 46694607
Immunodetection of grain from MON 89034 following heat treatment was assessed. MON
Cry2Ab2 and 89034 and conventional grain were ground, mixed with water, and then
Cryl1A.105 Proteins in heated in an oven at 204 °C for 20 minutes to simulate the heating process
Corn Grain from MON | used commercially to process grain. Heated and unheated grain was
89034 Following Heat extracted with two buffers: 50 mM CAPS and 50 mM NLS (CAPS
Treatment > containing 2% N-Lauroyl sarcosine). The extracts were analyzed using
western blot to detect the presence of the CrylA.105 and Cry2Ab2 proteins.
The amount of immunodetectable Cry2Ab2 protein in either CAPS or NLS
buffer extracts of MON 89034 after heating was below the lower LOD.
Based on the LOD and the estimated amount of protein in the unheated
extract, it was determined that the Cry2Ab2 protein decreased at least 77%
and 70%, respectively following heat treatment, relative to their original
values. Likewise, the amount of immunodetectable CrylA.105 protein in
either CAPS or NLS buffer extracts of MON 89034 after heating was below
the limit of detection (LOD) and had decreased by at least 94% and 78%,
respectively, relative to their original values. This loss is likely due to
protein degradation or aggregation into an insoluble complex as a result of
heat treatment.
Classification: ACCEPTABLE
Amino acid sequence The amino acid sequence of the Cry1A.105 protein was compared to the 46951410

comparison/
Bioinformatics Analysis
of the CrylA.105
Protein Utilizing the
ADG6, Toxin5, and
Allpeptides Databases

sequences of known allergens and toxins using allergen (AD6), toxin
(TOXINS), and public domain (ALLPEPTIDES) databases and the FASTA
algorithm. In addition to the FASTA comparisons, the Cry1A.105 protein
sequence was compared to the AD6 database using 8 amino acid sliding
blocks and the ALLERGENSEARCH algorithm. No proteins were
identified with an E score of less than 1x107 from the search using the AD6
database, indicating that Cry1A.105 has no structural similarity to any
known allergens, gliadins, or glutenins. In addition, no matches of 8 or
more amino acids were found between the Cry1A.105 protein and sequences
in the AD6 database. In the comparisons using the TOXINS and
ALLPEPTIDES databases, the highest similarity identified was with
Bacillus thuringiensis pesticidal protein CrylAc (92% identity over an
1,182 aa window and an E score of 0). This result is not surprising, given
that the Cry1A.105 protein contains a significant portion of the CrylAc
protein. No significant similarities between Cry1A.105 protein and known
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Study Type/Title Summary MRID #

allergens, human or animal toxins, or pharmacologically active proteins
were found in this study.
Classification: ACCEPTABLE

In vitro digestibility/ The in vitro digestibility of Cryl A.105 in simulated intestinal fluid 46951408
Assessment of the in containing pancreatin was investigated using western blot analysis. The

vitro Digestibility of the | band for the full-length CrylA.105 was below the LOD in the 5 minute

CrylA.105 Protein in time-point sample and in the later time-point samples. The LOD for the

Simulated Intestinal full-length Cry1A.105 protein by western blot analysis was estimated to be

Fluid 0.1 ng, which was 0.5 % of the total protein loaded. Therefore, at least

99.5% of the full-length protein was digested within 5 minutes. Bands from
proteolytic fragments with approximate molecular weights of 60, 32, and 30
kDa were visible in the five-minute time-point sample. The ~32 kDa
fragment was digested and undetectable at the 2-hour time-point and after.
The ~30 kDa fragment, which appears as a doublet, was still visible in the
24-hour time-point sample, but its intensity decreased substantially. The
~60 kDa fragment, which also appears as a doublet, represents the trypsin-
resistant core and appears to be fairly stable throughout the 24-hour
digestion experiment.

Classification: ACCEPTABLE

C. HUMAN HEALTH ASSESSMENT Cry2Ab2

Section 408(c)(2)(A)(1) of the FFDCA allows EPA to establish an exemption from the
requirement for a tolerance (the legal limit for a pesticide chemical residue in or on a food) only
if EPA determines that the exemption is “safe.” Section 408(c)(2)(A)(ii) of the FFDCA defines
“safe” to mean that “there is a reasonable certainty that no harm will result from aggregate
exposure to the pesticide chemical residue, including all anticipated dietary exposures and all
other exposures for which there is reliable information.” This includes exposure through
drinking water and in residential settings, but does not include occupational exposure. Pursuant
to section 408(c)(2)(B), in establishing or maintaining in effect an exemption from the
requirement of a tolerance, EPA must take into account the factors set forth in section
408(b)(2)(C), which require EPA to give special consideration to exposure of infants and
children to the pesticide chemical residue in establishing a tolerance and to “ensure that there is a
reasonable certainty that no harm will result to infants and children from aggregate exposure to
the pesticide chemical residue... .”

Additionally, section 408(b)(2)(D) of the FFDCA requires that the Agency consider “available
information concerning the cumulative effects of a particular pesticide’s residues” and “other
substances that have a common mechanism of toxicity.” EPA performs a number of analyses to
determine the risks from aggregate exposure to pesticide residues. First, EPA determines the
toxicity of pesticides. Second, EPA examines exposure to the pesticide through food, drinking
water, and through other exposures that occur as a result of pesticide use in residential settings.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

24




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Bacillus thuringiensis Cry1A.105, and Cry2Ab2 Protein in Corn
Biopesticide Registration Action Document

1. Toxicological Profile

Consistent with section 408(b)(2)(D) of the FFDCA, EPA has reviewed the available scientific
data and other relevant information in support of this action and considered its validity,
completeness and reliability and the relationship of this information to human risk. EPA has also
considered available information concerning the variability of the sensitivities of major
identifiable subgroups of consumers, including infants and children.

Mammalian Toxicity and Allergenicity Assessment

Monsanto has submitted acute oral toxicity data demonstrating the lack of mammalian toxicity at
high levels of exposure to the pure Cry2Ab2 protein. These data demonstrate the safety of the
product at a level well above maximum possible exposure levels that are reasonably anticipated
in the crop. Basing this conclusion on acute oral toxicity data without requiring further toxicity
testing and residue data is similar to the position regarding toxicity testing and the requirement of
residue data for the Agency’s microbial Bacillus thuringiensis products from which this plant-
incorporated protectant was derived (See 40 CFR Sec. 158.740(b)(2)(i)). For microbial products,
further toxicity testing (Tiers II & III) and residue data are triggered by significant adverse acute
effects in studies such as the acute oral toxicity study, to verify the observed adverse effects and
clarify the source of these effects.

An acute oral toxicity study in mice (MRID 44966602) indicated that Cry2Ab2 is non-toxic to
humans. Three groups of ten male and ten female mice were dosed by oral gavage with 30, 300,
or 1000 mg/kg bodyweight of microbially produced Cry2Ab2 protein. Two negative control
groups were also included in the study: bovine serum albumin protein control, and a vehicle
control (purified water). There were no significant differences between the test and control
groups; therefore, the Cry2 Ab2 protein does not appear to cause any significant adverse effects
at an exposure level of up to 1000 mg/kg bodyweight.

When proteins are toxic, they are known to act via acute mechanisms and at very low dose
levels. Therefore, given that no acute effects were shown to be caused by Cry2Ab2, even at
relatively high dose levels, the Cry2Ab2 protein is not considered toxic. Further, amino acid
sequence comparisons showed no similarities between the Cry2Ab2 protein and known toxic
proteins in protein databases that would raise a safety concern.

Since Cry2Ab2 is a protein, allergenic potential was also considered. Currently, no definitive
tests for determining the allergenic potential of novel proteins exist. Therefore, EPA uses a
weight-of- evidence approach where the following factors are considered: source of the trait;
amino acid sequence comparison with known allergens; and biochemical properties of the
protein, including in vitro digestibility in simulated gastric fluid (SGF) and glycosylation. This
approach is consistent with the approach outlined in the Annex to the Codex Alimentarius
“Guideline for the Conduct of Food Safety Assessment of Foods Derived from Recombinant-
DNA Plants.” The allergenicity assessment for Cry2Ab2 follows:
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1. Source of the trait. Bacillus thuringiensis is not considered to be a source of allergenic
proteins.

2. Amino acid sequence. A comparison of the amino acid sequence of Cry2Ab2 with
known allergens showed no significant overall sequence similarity or identity at the level
of eight contiguous amino acid residues.

3. Digestibility. The Cry2Ab2 protein was digested within 15 seconds in simulated gastric
fluid containing pepsin.

4. Glycosylation. Cry2Ab2 expressed in corn was shown not to be glycosylated.

5. Conclusion. Considering all of the available information, EPA has concluded that the
potential for Cry2Ab2 to be a food allergen is minimal.

Although Cry2Ab2 was only shown not to be glycosylated in corn, it is unlikely to be
glycosylated in any other crops because in order for a protein to be glycoslyated, it must contain
specific recognition sites for the enzymes involved in glycosylation, and the mechanisms of
protein glycosylation are similar in different plants (Lerouge, P. Cabanes-Macheteau, M., Rayon,
C., Fichette-Lainé, A-C., Gomord, V., and Faye, L., “N-Glycoprotein biosynthesis in plants:
recent developments and future trends,” Plant Molecular Biology 38: 31-48, 1998).

2. Aggregate Exposures

Pursuant to FFDCA section 408(b)(2)(D)(vi), EPA considers available information concerning
aggregate exposures from the pesticide residue in food and all other non-occupational exposures,
including drinking water from ground water or surface water and exposure through pesticide use
in gardens, lawns, or buildings (residential and other indoor uses). The Agency considered
available information on the aggregate exposure levels of consumers (and major identifiable
subgroups of consumers) to the pesticide chemical residue and to other related substances.

These considerations include dietary exposure under the tolerance exemption and all other
tolerances or exemptions in effect for the plant incorporated protectant’s chemical residue, and
exposure from non-occupational sources. Exposure via the skin or inhalation is not likely since
the plant incorporated protectant is contained within plant cells, which essentially eliminates
these exposure routes or reduces exposure by these routes to negligible. In addition, even if
exposure can occur through inhalation, the potential for Cry2Ab2 protein to be an allergen is
low, as previously discussed. Although the allergenicity assessment focused on Cry2Ab2
protein’s potential to be a food allergen, the data also indicated a low potential for Cry2Ab2 to be
an inhalation allergen. Exposure to infants and children via residential or lawn use is also not
expected because the use sites for the Cry2Ab2 protein is agricultural. Oral exposure, at very
low levels, may occur from ingestion of processed corn products and, theoretically, drinking
water. However, oral toxicity testing in laboratory mammals showed no adverse effects.

26



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Bacillus thuringiensis Cry1A.105, and Cry2Ab2 Protein in Corn
Biopesticide Registration Action Document

3. Cumulative Effects

Pursuant to FFDCA section 408(b)(2)(D)(v), EPA has considered available information on the
cumulative effects of such residues and other substances that have a common mechanism of
toxicity. These considerations included the cumulative effects on infants and children of such
residues and other substances with a common mechanism of toxicity. Because there is no
indication of mammalian toxicity from the plant incorporated protectant, we conclude that there
are no cumulative effects for the Cry2Ab2 protein.

4. Determination of Safety for U.S. Population, Infants and Children
Toxicity and Allergenicity Conclusions

The data submitted and cited regarding potential health effects for the Cry2Ab2 protein included
the characterization of the expressed Cry2Ab2 protein in corn, as well as the acute oral toxicity
study, amino acid sequence comparisons to known allergens and toxins, and in vitro digestibility
of the protein. The results of these studies were used to evaluate human risk, and the validity,
completeness, and reliability of the available data from the studies were also considered.

Adequate information was submitted to show that the Cry2 Ab2 test material derived from
microbial culture was biochemically and functionally equivalent to the protein in the plant.
Microbially produced protein was used in the safety studies so that sufficient material for testing
was available.

The acute oral toxicity data submitted by Monsanto support the prediction that the Cry2Ab2
protein would be non-toxic to humans. As mentioned above, when proteins are toxic, they are
known to act via acute mechanisms and at very low dose levels. Given that no treatment-related
adverse effects were shown to be caused by the Cry2Ab2 protein, even at relatively high dose
levels, the Cry2Ab2 protein is not considered toxic. Basing this conclusion on acute oral toxicity
data without requiring further toxicity testing and residue data is similar to the Agency position
regarding toxicity and the requirement of residue data for the microbial Bacillus thuringiensis
products from which this plant-incorporated protectant was derived (See 40 CFR
158.740(b)(2)(1)). For microbial products, further toxicity testing and residue data are triggered
when significant adverse effects are seen in studies such as the acute oral toxicity study. Further
studies verify the observed adverse effects and clarify the source of these effects.

Residue chemistry data were not required for a human health effects assessment of the subject
plant-incorporated protectant ingredients because of the lack of mammalian toxicity. Data
submitted by the applicant however, demonstrated low levels of the Cry2Ab2 in corn tissues.

Since Cry2Ab2 is a protein, potential allergenicity is also considered as part of the toxicity

assessment. Considering that (1) Cry2Ab2 originates from a non-allergenic source, (2) Cry2Ab2
has no sequence similarities with known allergens, (3) Cry2Ab2 is not glycosylated, and (4)
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Cry2Ab2 is rapidly digested in simulated gastric fluid, EPA concluded that the potential for
Cry2Ab2 to be a food allergen is minimal.

The Agency did not consider information concerning the dietary consumption patterns of
consumers (and major identifiable subgroups of consumers including infants and children) or
safety factors that are generally recognized as appropriate when animal experimentation data are
used to assess risks to humans. The lack of mammalian toxicity at high levels of exposure to the
Cry2Ab2 protein, as well as the minimal potential to be a food allergen, demonstrate the safety
of the product at levels well above possible maximum exposure levels anticipated in the crop.

The genetic material necessary for the production of the plant-incorporated protectant active
ingredient include the nucleic acids (DNA, RNA) that encode these proteins and regulatory
regions. The genetic material (DNA, RNA) necessary for the production of the Cry2Ab2 protein
has been exempted from the requirement of a tolerance under 40 CFR 174.507 “Nucleic acids
that are part of a plant-incorporated protectant.”

a) Infants and Children Risk Conclusions

FFDCA section 408(b)(2)(C) provides that EPA shall assess the available information about
consumption patterns among infants and children, special susceptibility of infants and children to
pesticide chemical residues and the cumulative effects on infants and children of the residues and
other substances with a common mechanism of toxicity. In addition, FFDCA section
408(b)(2)(C) also provides that EPA shall apply an additional tenfold margin of safety for infants
and children in the case of threshold effects to account for prenatal and postnatal toxicity and the
completeness of the database unless EPA determines that a different margin of safety will be safe
for infants and children.

In this instance, based on all the available information, the Agency concluded that there is a
finding of no toxicity for the Cry2Ab2 protein. Thus, there are no threshold effects of concern
and, as a result, the provision requiring an additional margin of safety does not apply. Further,
the considerations of consumption patterns, special susceptibility, and cumulative effects do not

apply.
b) Overall Safety Conclusion

There is a reasonable certainty that no harm will result from aggregate exposure to the U.S.
population, including infants and children, to the Cry2Ab2 protein and the genetic material
necessary for its production. This includes all anticipated dietary exposures and all other
exposures for which there is reliable information. The Agency has arrived at this conclusion
because, as discussed above, no toxicity to mammals has been observed, nor any indication of
allergenicity potential for the plant-incorporated protectant.
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5. Other Considerations

a) Endocrine Disruptors

The pesticidal active ingredient is a protein, derived from a source that is not known to exert an
influence on the endocrine system. Therefore, the Agency is not requiring information on the
endocrine effects of this plant-incorporated protectant at this time.

b) Analytical Method(s)

A protocol for an enzyme-linked immunosorbent assay for the detection and quantification of
Cry2Ab2 in corn tissue has been submitted, and a commercially available qualitative
immunochromatographic test strip was shown to detect the Cry2Ab2 protein in corn tissues.

c) Codex Maximum Residue Level

No Codex maximum residue level exists for the plant-incorporated protectant Bacillus
thuringiensis Cry2Ab2 protein and the genetic material necessary for its production in corn.
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Table 4. Summary of Cry2Ab2 Human Health Data

Study Type/Title

Summary

MRID #

Acute oral toxicity
(OPPTS 870.1100)/ An
Acute Oral Toxicity
Study in Mice with
Cry2Ab2 Protein

The acute oral toxicity of the Cry2Ab2 protein was assessed in CD-1 mice.
Ten male and 10 female mice received E. coli-produced Cry2Ab2 protein at
a dose of 2198 mg/kg by oral gavage in two doses (test protein group); ten
male and 10 female mice were treated with 2 mM carbonate-bicarbonate,
2mM reduced glutathione buffer (vehicle control group); and ten male and
10 female mice received bovine serum albumin at a dose of 2424 mg/kg
(protein control group). Body weight was recorded prior to fasting, prior to
dosing, and on days 7 and 14. The test animals were observed for clinical
signs of toxicity two times post-dosing and daily for 14 days. A general
health/mortality check was done twice daily. All animals were euthanized
and necropsied on day 14. All mice survived the study. There were no
significant differences in body weight or body weight change among the
three groups during the study. The oral LDs, for males, females, and
combined mice was greater than 2198 mg/kg. This places Cry2Ab2 protein
in TOXICITY CATEGORY III because of dose amounts only; no signs of
toxicity were observed.

Classification;: ACCEPTABLE

46951406

In vitro
digestibility/Assessment
of the in vitro
digestibility of the
Cry2Ab2 protein in
simulated gastric fluid

The in vitro digestibility of Cry2Ab2 in simulated gastric fluid was
investigated. No bands representative of intact Cry2Ab2 protein were
identified by SDS-PAGE or western blot analysis after > 30 seconds
incubation with simulated gastric fluid containing pepsin. In the stained gel,
a faint band with molecular weight ~5 kDa was visible in the 30-second
time-point, but not in any other samples. No proteolytic fragments were
observed in the western blot. The limit of detection (LOD) for the full-
length Cry2Ab2 protein by SDS-PAGE with staining was determined to be
5 ng or approximately 0.6% of the total protein loaded. Therefore, at least
99.4% of the full-length Cry2Ab2 protein was digested within 30 seconds.
The LOD for the full-length Cry2Ab2 protein by western blot analysis was
determined to be 0.2 ng or 1% of the total protein loaded. Based on the fact
that no band was observed for the Cry2Ab2 protein in the 30 second time-
point sample in the western blot and the LOD for the protein using this
method, it was concluded that at least 99% of the Cry2Ab2 protein was
digested within 30 seconds.

Classification: ACCEPTABLE

46951407

In vitro digestibility/
Assessment of the in
vitro Digestibility of the
Cry2Ab2 Protein in
Simulated Intestinal
Fluid

The in vitro digestibility of Cry2Ab2 in simulated intestinal fluid containing
pancreatin was investigated using western blot analysis. The band for the
full-length Cry2 Ab2 was below the LOD in the 15 minute time-point sample
and in the later time-point samples. The LOD for the full-length Cry2Ab2
protein by western blot analysis was estimated to be 0.5 ng, which was 2.5%
of the total protein loaded. Therefore, at least 97.5% of the full-length
protein was digested within 15 minutes. Bands from proteolytic fragments
with approximate molecular weights of 60, 55, 50, 40, 12, and 10 kDa were
visible in the five-minute time-point sample. The bands for all of these
proteolytic fragments except for the 50 kDa fragment were undetectable at

46951409
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Study Type/Title

Summary

MRID #

the 24-hour incubation time-point.
Classification: ACCEPTABLE

Heat stability/
Immunodetection of
Cry2Ab2 and
Cryl1A.105 Proteins in
Corn Grain from MON
89034 Following Heat
Treatment

The immunodetectability of the CrylA.105 and Cry2Ab2 proteins in corn
grain from MON 89034 following heat treatment was assessed. MON
89034 and conventional grain were ground, mixed with water, and then
heated in an oven at 204 °C for 20 minutes to simulate the heating process
used commercially to process grain. Heated and unheated grain was
extracted with two buffers: 50 mM CAPS and 50 mM NLS (CAPS
containing 2% N-Lauroyl sarcosine). The extracts were analyzed using
western blot to detect the presence of the CrylA.105 and Cry2Ab2 proteins.
The amount of immunodetectable Cry2Ab2 protein in either CAPS or NLS
buffer extracts of MON 89034 after heating was below the lower LOD.
Based on the LOD and the estimated amount of protein in the unheated
extract, it was determined that the Cry2Ab2 protein decreased at least 77%
and 70%, respectively following heat treatment, relative to their original
values. Likewise, the amount of immunodetectable CrylA.105 protein in
either CAPS or NLS buffer extracts of MON 89034 after heating was below
the limit of detection (LOD) and had decreased by at least 94% and 78%,
respectively, relative to their original values. This loss is likely due to
protein degradation or aggregation into an insoluble complex as a result of
heat treatment.

Classification: ACCEPTABLE

46694607

Amino acid sequence
comparison/ Bioinformatic
Evaluation of the Cry2Ab2
Protein Utilizing the AD6,
TOXINS, and
ALLPEPTIDES Databases

The amino acid sequence of the Cry2Ab2 protein was compared to the
sequences of known allergens and toxins using allergen (AD6), toxin
(TOXINS), and public domain (ALLPEPTIDES) databases and the FASTA
algorithm. In addition to the FASTA comparisons, the Cry2Ab2 protein
sequence was compared to the AD6 database using 8 amino acid sliding
blocks and the ALLERGENSEARCH algorithm. No proteins were
identified with an E score of less than 1x107 from the search using the AD6
database, indicating that Cry2Ab2 has no structural similarity to any known
allergens, gliadins, or glutenins. In addition, no matches of 8 amino acids
were found between the Cry2Ab2 protein and sequences in the AD6
database. In the comparisons using the TOXINS and ALLPEPTIDES
databases, the highest similarities identified were with Cry protein
homologues derived from Bacillus thuringiensis, Clostridium bifermentans,
Paenibacillus popilliae, and Paenibacillus lentimorbus. The results indicate
that the Cry2Ab2 protein does not share sequence homology with any
proteins that may have adverse effects in humans or animals.

46951411
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D. ENVIRONMENTAL ASSESSMENT for MON 89034
Background

Monsanto has requested a registration for Bacillus thuringiensis Cry1A.105 and Cry2Ab2
proteins and the genetic material necessary for their production in all corn lines and varieties.
The nptll selectable marker gene was used in the transformation process, but was isolated and
removed from transformed plants via traditional breeding. The result is marker-free MON 89034
corn. The Cry proteins expressed in this event are intended to control the lepidopteran pests
European corn borer (ECB, Ostrinia nubilalis), corn ear worm (CEW, Helicoverpa zea), fall
army worm (FAW, Spodoptera frugiperda), and black cutworm (BCW, Agrotis ipsilon) which
are primary pests of corn in the United States. These pests feed on the base of seedlings and on
the stalk, leaf, and ear tissue of corn plants, thereby destroying the entire plant, weakening the
stalk, and/or damaging the ear. In areas where one or more of these pests is prevalent, significant
financial losses are realized from decreased corn yields and increased expenditures on chemical
pest control agents, including organophosphate, carbamate and pyrethroid insecticides.

EPA has conducted an environmental risk assessment of Cry1A.105, Cry2Ab2 and MON 89034
when expressed in corn. General topics covered in this assessment include effects on wildlife,
gene flow to related wild plants and its potential effects, and fate of these Cry proteins in the
environment. This assessment is based on data submitted to EPA during the development of
Event MON 89034 corn lines, additional data submitted for registration, Federal Insecticide
Fungicide and Rodenticide Act (FIFRA) Scientific Advisory Panel (SAP) recommendations,
consultations with scientific experts, and public comments on Plant-incorporated Protectant
(PIP) regulation.

1. Tiered Testing Hazard and Risk Assessment Process

To minimize data requirements and avoid unnecessary tests, risk assessments are structured such
that risk is determined first from estimates of hazard under “worst-case” exposure conditions. A
lack of adverse effects under these conditions would provide enough confidence that there is no
risk and no further data would be needed. Hence, such screening tests conducted early in an
investigation tend to be broad in scope but relatively simple in design, and can be used to
demonstrate acceptable risk under most conceivable conditions. When screening studies suggest
potentially unacceptable risk, additional studies are designed to assess risk under more realistic
field exposure conditions. These later tests are more complex than earlier screening studies. Use
of this “tiered” testing framework saves valuable time and resources by organizing the studies in
a cohesive and coherent manner and eliminating unnecessary lines of investigation. Lower tier,
high dose screening studies also allow tighter control over experimental variables and exposure
congiitions, resulting in a greater ability to produce statistically reliable results at relatively low
cost’.

3 Non-target invertebrate hazard tests often are conducted at exposure concentrations several times higher than the
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Tiered tests are designed to first represent unrealistic worst case scenarios and ONLY progress to
real world field scenarios if the earlier tiered tests fail to indicate adequate certainty of acceptable
risk. Screening (Tier I) non-target organism hazard tests are conducted at exposure
concentrations several times higher than the highest concentrations expected to occur under
realistic field exposure scenarios. This has allowed an endpoint of 50% mortality to be used as a
trigger for additional higher-tier testing. Less than 50% mortality under these conditions of
extreme exposure suggest that population effects are likely to be negligible given realistic field
exposure scenarios.

EPA uses a tiered (Tiers [-IV) testing system to assess the toxicity of a PIP to representative non-
target organisms that could be exposed to the toxin in the field environment. Tier I high dose
studies reflect a screening approach to testing designed to maximize any toxic effects of the test
substance on the test (non-target) organism. The screening tests evaluate single species in a
laboratory setting with mortality as the end point. Tiers Il — IV generally encompass definitive
hazard level determinations, longer term greenhouse or field testing, and are implemented when
unacceptable effects are seen at the Tier I screening level.

Testing methods that utilize the tiered approach were last published by EPA as Harmonized
OPPTS Testing Guidelines, Series 850 and 885 (EPA 712-C-96-280, February 1996)*. These
guidelines, as defined in 40 CFR 152.20, apply to microbes and microbial toxins when used as
pesticides, including those that are naturally occurring, and those that are strain-improved, either
by natural selection or by deliberate genetic manipulation. EPA has determined that it is
appropriate to utilize these testing guidelines in the context of PIPs.

The Tier I screening maximum hazard dose (MHD) approach to environmental hazard
assessment is based on some factor (whenever possible >10) times the maximum amount of
active ingredient expected to be available to terrestrial and aquatic non-target organisms in the
environment (EEC)’. Tier I tests serve to identify potential hazards and are conducted in the
laboratory at high dose levels that increase the statistical power to test the hypotheses. Elevated
test doses, therefore, add certainty to the assessment, and such tests can be well standardized.
The Guidelines call for initial screening testing of a single group or several groups of test
animals at the maximum hazard dose level. The Guidelines call for testing of one treatment
group of at least 30 animals or three groups of 10 test animals at the screening test concentration.
The Guidelines further state that the duration of all Tier I tests should be approximately 30 days.

maximum concentrations expected to occur under realistic exposure scenarios. This has customarily allowed an endpoint of 50%
mortality to be used as a trigger for additional higher-tier testing. Lower levels of mortality under these conditions of extreme
exposure suggest that population effects are likely to be negligible given realistic exposure scenarios. Thus, it follows that the
observed proportion of responding individuals can be compared to a 50% effect to determine if the observed proportion is
significantly lower than 50%. For example, using a binomial approach, a sample size of 30 individuals is sufficient to allow a
treatment effect of 30% to be differentiated from a 50% effect with 95% confidence using a one-sided Z test. A one-sided test is
appropriate because only effects of less than 50% indicate that further experiments are not needed to evaluate risk.

* http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/885_Microbial Pesticide Test Guidelines/Series/

> The dose margin can be less than 10x where uncertainty in the system is low or where high concentrations of test
material are not possible to achieve due to test organism feeding habits or other factors. High dose testing also may not be
necessary where many species are tested or tests are very sensitive, although the test concentration used must exceed 1X EEC.
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Some test species, notably non-target insects, may be difficult to culture and the suggested test
duration has been adjusted accordingly. Control and treated insects should be observed for at
least 30 days, or in cases where an insect species cannot be cultured for 30 days, until negative
control mortality rises above 20 percent.

Failing the Tier I (10 X EEC) screening does not necessarily indicate the presence of an
unacceptable risk in the field but it triggers the need for additional testing.’ A less than 50%
mortality effect at the MHD is taken to indicate minimal risk. Greater than 50% mortality does
not necessarily indicate the existence of unacceptable risk in the field, but it does trigger the need
to collect additional dose-response information and a refinement of the exposure estimation
before deciding if the risk is acceptable or unacceptable. Where potential hazards are detected in
Tier I testing (i.e. mortality is greater than 50%), additional information at lower test doses is
required which can serve to confirm whether any effect might still be detected at more realistic
field [1X EEC] concentrations and routes of exposure’.

When screening tests indicate a need for additional data, the OPPTS Harmonized Guidelines call
for testing at incrementally lower doses in order to establish a definitive LDsp and to quantify the
hazard. In the definitive testing, t