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SUMMARY

Food derived from the insect-protected corn line MON 810 has been evaluated to
determine its suitability for human consumption. The evaluation criteriaincluded
characterisation of the transferred genes, anaysis of changes at the DNA, protein and
whole food levels, stability of the introduced genes, evaluation of intended and
unintended changes and assessment of the potential allergenicity or toxicity of any
newly expressed proteins.

Nature of the modification

The genetically modified corn line MON 810 was generated by the transfer of the
crylA(b) geneinto the parental line (genotype Hi-I1) which confers protection against
attack from insects. The protein product is an insecticidal crystal protein, whose toxic
effect is specific to Lepidopteran insects, in this case the European corn borer. No
other genes were transferred to the corn plant. The introduced gene for crylA(b) was
found to be stably integrated into the corn plant genome and is phenotypically and
genetically stable over multiple generations.

General safety issues

This Bacillis thuringiensis (Bt) insecticidal protein has along history of usein
agriculture as a biopesticide and no evidence of adverse health effects has emerged.
The newly expressed Cry1A (b) protein in corn was detected in leaves, kernels, whole
plant and pollen in very small amounts (>0.001% total protein).

The insect-protected corn line MON 810 does not contain any antibiotic resistance
genes and therefore poses no risk to the devel opment of antibiotic resistant pathogenic
bacteria.

Toxicological issues

Datafor the newly expressed Cry1A(b) endotoxin in the insect-protected corn line
MON 810 has been evaluated for its potential toxicity to humans. No signs of toxicity
were observed among mice following acute oral doses up to 4000 mg/kg Cry1A(b) of
the endotoxin and no significant similarity to the amino acid sequence of known
toxins was identified.

An examination of the digestion of the proteinsin simulated mammalian digestive
systems resulted in rapid digestion of the proteins. Additionally, the protein does not
have chemical or physical characteristics that are typical of known food allergens.
Amino acid sequence analysis did not reveal any similarities to known allergens.

Therefore, the evidence does not indicate that there is any potential for the protein to
be toxic or alergenic to humans.



Nutritional |ssues

Comprehensive nutrient analyses did not indicate any significant differencesin the
levels of mgjor constituents, nutrients or anti-nutritional factors between insect-
protected corn line MON 810 and the control corn lines. The magor components
assessed on corn kernels were proximate (protein, fat, moisture, calories,
carbohydrates and ash), amino acids, fatty acids, inorganic components, carbohydrate
and tocopherols. Thelevel of trypsin inhibitors were also analysed.

These analyses confirm that insect protected corn line MON 810 is nutritionally and
compositionally comparable to other corn lines and that no health or safety risks are
posed by consuming food derived from the genetically modified corn.

Conclusion

No public health and safety concerns have been identified in the assessment of insect
protected corn line MON 810. Based on currently available data, food derived from
corn line MONB810 is comparable to food derived from conventional corn in terms of
their safety and nutritional adequacy.



FOOD DERIVED FROM INSECT-PROTECTED
CORN LINE MON 810

A SAFETY ASSESSMENT
INTRODUCTION

A safety assessment has been conducted on corn that has been genetically modified to
be protected from Lepidopteran insects, particularly, the European corn borer. This
corn isreferred to as corn line MON 810.

The corn was developed for cultivation in the United States. Products derived from
corn harvested from these plants may have been imported into Australiaand New
Zealand.

Domestic production of corn in both countries is supplemented by a small amount of
imported corn-based products, largely as high-fructose corn syrup, which is not
currently manufactured in either Australia or New Zealand. Other productsinclude
mai ze starch which is used by the food industry for the manufacture of dessert mixes
and canned foods and corn-based ingredients processed into breakfast cereals, baking
products, extruded confectionary and corn chips.

DESCRIPTION OF THE MODIFICATION

Studies evaluated:

J. Kania, P. Keck, E. Levine and P.R. Sanders. 1995. Molecular analysis of insect-protected maize
line MON 810. Monsanto Company, USA 63198.

Methods used in the genetic modification

Using particle bombardment, the parental corn line (genotype Hi-11) was
simultaneously transformed with two plasmids:

i) PV—ZMBKO7 which contains:
» thecrylA(b) genefor insect resistance; and
» thenptll genefor antibiotic resistance;

i) PV-ZMGT10 which contains:
» thegox genefor glyphosate tolerance;
» the CP4 EPSPS gene for glyphosate tolerance; and
» thenptll genefor antibiotic resistance.

Both the gox and CP4 EPSPS genes alow the selection of transformed plants under
application of glyphosate (Barry et a, 1992). The bacterial nptll geneisamarker
used to select transformed bacteria from non-transformed bacteria during the DNA
cloning and recombination steps undertaken in the laboratory prior to transformation
of the plant cells (Bevan et a, 1983).




Transformation with and selection for these plasmids resulted in line MON 810 which
isthe subject of this assessment. The transformations resulted in the transfer of only
one gene - the crylA(b) gene from Bacillus thuringiensis subsp. kurstaki strain HD-1.

No genes conferring glyphosate tolerance or antibiotic resistance were transferred to
line MON 810.

Function and regulation of the novel gene

Although there was the potential for the transfer of four genes into the corn lines, only
one gene, the crylA(b) gene was transferred into line MON 810.

All genes require regulatory sequences that allow them to be transcribed into RNA
and then tranglated into a protein product which are outlinein Table 1. These
sequences are termed promoter, polyadenylation signal sequence and enhancer
sequence. A promoter isthe key control element that enables a gene to be transcribed
into messenger RNA (mMRNA) and aterminator isa DNA (polyadenylation) sequence
which stops the transcription of MRNA. These sequences can be unique in each
organism and thus regulatory elements that already exist in plants are often used in
gene constructs to enable functioning in the plant.

Table 1. Description of the genetransferred to corn Line MON 810

Gene Promoter 3’ untranslated Enhancer
region
crylA(b) E35S NOS 3 hsp70
Sour ce of Bacillus Cauliflower Mosaic Virus | Agrobacterium tumefaciens Maize
sequence thuringiensis

The crylA(b) gene includes the following regul atory elements:
(1) the 35S promoter region of the cauliflower mosaic virus (CaMV);
(i) the intron from the maize hsp70 gene (heat shock protein); and

(i)  the 3 untranslated region of the nopaline synthase gene (NOS 3') from the Ti
plasmid of Agrobacterium tumefaciens. The NOS 3’ sequence provides the
polyadenylation signal for stable expression.

The CaMV E35S promoter enables the constitutive, high-level expression of the
crylA(b)gene. It iswidespread in nature and is often present in many plants (Odell et
al, 1985). The enhancer region of amaize intron for the hsp70 gene is present to
increase the levels of gene transcription (Rochester et al, 1986). The NOS 3
sequence is present to stop the transcription of the gene by providing a mRNA
polyadenylation signal (Fraley et al, 1983).

The Cry1A(b) gene

Bacillus thuringiensis (Bt) is the accepted name for arange of soil dwelling, aerobic
spore-forming bacteria that forms crystal proteins during sporulation that are toxic to



insects. Studies of the physical properties of the crystal protein structure and
screening of many Bt strains have reveal ed that there are a multitude of crystal types
and subsequent spectrum of activity. It iswidely accepted that there are four major
classes of the crystal protein genes (cry) that are Lepidoptera specific (cryl),
Lepidoptera and Diptera specific (cry2), Coleoptera specific (cry3) and Diptera
specific (cry4) (Hofte and Whitely, 1989; Drummond and Pinnock, 1991; Cooper
1991; Noteborn et al, 1995).

The crylA(b) gene relevant to this application, encodes a nature identical Cry1A(b)
insecticidal crystal protein, whose toxic effect is specific to Lepidopteran insects.
During sporulation, B. thuringiensis produces cytoplasmic inclusions containing one
or more of the insecticidal crystal proteins or delta—endotoxins. Most crystal proteins
are synthesised intracellularly as inactive protoxins that spontaneously form small
crystals, approximately 1 umin size. Upon ingestion by susceptible insects, the
highly alkaline pH of the midgut promotes solubilisation of the protoxin—containing
crystals. The protoxin is then activated by trypsin-ike gut proteases which cleave off
domains from the carboxy— and amino— termini leaving a protease—resistant core
which isthe active toxin. The now active toxin binds to a highly specific glycoprotein
receptor on the surface of midgut epithelial cellsin theinsect. When about eight of
these core proteins aggregate together, they form a pore through the cell membrane.
These cells eventually swell and burst, causing loss of gut integrity and resulting in
larval death within 1 to 2 days (Cooper, 1991; Hofte and Whitely, 1989).

The crylA(b) gene sequence was modified to increase the levels of expression in corn
(Perlak et a, 1991). The native gene contained A+T rich regions that could be
potential polyadenylation sites and codons that are not frequently used in plant genes
thus impairing its expression in the plant. The crylA(b) gene sequence was modified
to reflect plant codon usage therefore allowing efficient expression in the plant.

Characterisation of the genesin the plant

Southern blot analysisis used to detect the presence of specific DNA sequences and
to establish the mode, number and stability of inserted DNA (Lewin, 1997). Inline
MON 810, Southern blot analysis was used to demonstrate that there was asingle
DNA copy of the crylA(b) gene, of approximately 5.5 Kb inserted into the corn line.
The presence of the nptll gene or any DNA from plasmid PV-ZMGT10 was not
detected (ie. the CP4 EPSPS, gox and nptll genes) suggesting that only the crylA(b)
gene had been inserted in corn line MON 810.

Stability of the genetic changes

The stability of inserted DNA was demonstrated using ELISA analysis and insect
feeding assays. Segregation analysisfor line MON 810 is consistent with a stable,
single dominant gene segregating according to Mendelian genetics. The insect-
protected phenotype and inheritance pattern are consistent over multiple generations.

Conclusion

Insect-protected corn line MON 810 was generated using the particle bombardment
transformation system to transfer the crylA(b) geneto corn. No other genes were



transferred during transformation. The DNA has transferred into the corn genome as
asingle and stable DNA insert.

GENERAL SAFETY ISSUES

The corn used in compositional analyses to assess the safety of the inserted DNA was
grown at six locations throughout the USA. The insect-protected corn has been
evaluated against the safety assessment guidelines developed by ANZFA (ANZFA,
1999). Asthe data presented isfor the whole kernel, the safety assessment issues
relate to Group D foods — food ingredients.

Studies evaluated:

K.A. Croon et al , 1995. Safety, compositional and nutritional aspects of insect-protected corn line
MON 801: conclusion based on studies and information eval uated according to FDA'’s policy on foods
from new plant varieties. Submitted to FDA on September 15, 1995

K.A. Croon, P.R. Saundersand R.L. Fuchs. 1996. Safety, compositional and nutritional aspects of
insect-protected corn line MON 809 and MON 810: Conclusion based on studies and information
evaluated according to FDA's policy on foods from new plant varieties. Monsanto # 96-102F

The insect-protected corn is largely imported for processing into a diverse range of
products including breakfast cereals, baking products, extruded confectionary and
corn chips. Maize starch is used by the food industry for the manufacture of dessert
mixes and canned foods. The corn products that Australiaand New Zealand currently
import are largely highly processed products, particularly high fructose corn syrup. It
is noted that the import of corn products may significantly increase in the future.

History of the use of corn asafood source

Corniswidely cultivated on nearly every continent and represents a staple food for a
significant portion of the world’'s population. Most of the corn consumed by humans
are corn-based food items rather than whole kernel or processed corn. These products
are routinely used in food and have along history of safe use.

The largest use of corninthe USA isas animal feed for cattle, chickens and pigs.
Nature of the novel protein

The crylA(b) geneis derived from the soil bacterium Bacillus thuringiensis subsp.
kurstaki (B.t.K) strain HD-1 (Fischoff et al, 1987). It encodes afull length B.t.k DH-1
(ie Cry1lA(b)) protein of 1156 amino acids (131 kDa). Upon digestion by trypsin, an
active trypsin-resistant protein of approximately 600 amino acidsis produced (63
kDa).

The crylA(b) gene sequence in insect protected corn line MON 810, has been
modified to improve the expression in the plant. Expression of the crylA(b) resultsin
afull length delta—endotoxin that isidentical to the one produced by B. thuringiensis
subsp kurstaki, strain HD-1 (B.t.k HD-1). Under digestive conditions, the full length
delta-endotoxin is cleaved to produce the active trypsin-resistant core protein. Both
the full length delta—endotoxin and smaller trypsin resistant core protein produced in




line MON 810 are identical to the naturally occurring full length Cry1A (b) delta—
endotoxin and the cleaved active core protein produced by B. thuringiensis subsp
kur staki.

Thistrypsin resistant core protein is equivalent to the E. coli produced B.t.k. HD-1
(trypsin resistant core protein) which iswidely used as a biopesticide.

Expression of novel protein in the plant

Two techniques are widely used to detect and quantify the products of genes (ie
proteins) that are present in the tissue analysed. Enzyme linked immuno-sorbent
assay (ELISA) isahighly sensitive technique that can detect the presence of a protein
approximately to a sensitivity of 10-100 pg. Western blot analysisis a highly specific
technique also used for the detection of proteins (Lewin, 1997). Both techniques were
used to analyse protein expression in leaf, kernel, whole plant tissue and pollen from
the insect-protected corn line.

CrylA(b)

ELISA and western blot analyses of |eaf, kernel, whole plant tissue and pollen from
the insect-protected corn line MON 810 demonstrated that the Cry1A(b) delta—
endotoxin protein is expressed at very low levelsin al tissues tested (Table 2) and
constitutes less than 0.001% of the total protein in each tissue. The crylA(b) geneis
the only gene expressed in line MON 810 and was expressed highest in the leaves
(Table 2).

Table 2: Protein expression levelsin theinsect-protected corn lines as
determined by EL|SA analysis

CornLine M ean expression levels and ranges (ug/g fresh weight) *

MON 810 L eaf Grain Whole Plant? Pollen®
Mean Range Mean Range | Mean| Range Mean | Range

Cryl1A(b) 935 | 7.93-10.34 | 0.31 | 0.19-0.39 | 4.15 | 3.65-4.65| 0.09 na

CP4EPSPS | nd* - nd - nd na -

GOX nd - nd - nd na -

nptl| na’ . na - na na -

Values are means from six plant samplesie. n=6. One plant is taken from each site unless otherwise
noted.

2/ alues are means from sample(s) from replicate plant samples.

3V alues are means from sample(s) from one site only (n=6).

“na: not assayed; nd: not detected; -: not applicable.

CP4 EPSPS, GOX and nptl | Proteins

CP4 EPSPS and GOX proteins were not detected by ELISA or western blot analysis
in leaf, kernel and whole plant tissue from corn line MON 810, confirming the results
from the Southern blots which indicated that these genes had not been transferred.

Given that the nptll gene was not detected by Southern blots and that it is under the
control of abacterial promoter, it is not expected to be expressed in the transformed
plant cells (WHO, 1993) and no analysis were done to detect this protein.




Impact on human health from potential transfer of novel genetic material to cells
in the human digestive tract

The human health considerations in this regard depend on the nature of the novel
genes and must be assessed on a case-by case basis.

In 1991, the World Health Organization (WHO) issued a report of a Joint FAOY/WHO
Expert Consultation which looked at strategies for assessing the safety of foods
produced by biotechnology (WHO 1991). It was concluded by that consultation that
as DNA from all living organismsis structurally similar, the presence of transferred
DNA infood products, in itself, poses no health risk to consumers.

The major concern in relation to the transfer of novel genetic material to gut
microorganisms is with antibiotic resistance genes.

Antibiotic resistance genes can be present in some transgenic plants as aresult of their
use as marker genes to select transformed cells. It is generally accepted that there are
no safety concerns with regard to the presence in the food of antibiotic resistance gene
DNA per se (WHO 1993). There are concerns, however, that there could be
horizontal gene transfer of the antibiotic resistance gene from ingested food to gut
microorganisms and that if the microorganisms are able to express the transferred
resistance gene this could lead to an increase, in the gastrointestinal tract, of
microorganisms resistant to a specific antibiotic. This, in turn, might lead to an
increased potential for the transfer of the antibiotic resistance gene to pathogenic
microorganisms, thus compromising the therapeutic use of such antibiotics. There are
further concernsthat, if the antibiotic resistance gene is expressed in the plant, the
expressed protein, when ingested, could inactivate oral doses of the antibiotic to
which it confers resistance.

The insect-protected corn line MON 810 does not contain an antibiotic resistance
gene asindicated by the Southern blot experiments and therefore no protein product
from this geneis possible. The only gene transferred is the insect-protection crylA(b)
gene which is not considered to pose any health risk. Additionally, the products from
insect-protected corn are largely consumed as processed corn products and the
processing islikely to destroy the function of any DNA present in the food.

Asdiscussed above, it is extremely unlikely that novel genetic material will transfer
from GM foods to bacteriain the human digestive tract because of the number of
complex and unlikely steps that would need to take place consecutively.

It isequally unlikely that novel genetic material will transfer from GM foods to
human cells viathe digestive tract. In considering the potential impact on human
health, it isimportant to note that humans have always consumed large amounts of
DNA as anormal component of food and there is no evidence that this consumption
has had any adverse effect on human health. Furthermore, current scientific
knowledge has not revealed any DNA sequences from ingested foods that have been
incorporated into human DNA. Novel DNA sequencesin GM foods comprise only a
minute fraction of the total DNA in the food (generally less than 0.01%) and are

! Food and Agriculture Organization.
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therefore unlikely to pose any special additional risks compared with the large amount
of DNA naturally present in al foods.

Conclusion

The experiments show that the crylA(b) geneis expressed in insect-protected corn
line MON 810 and is expressed at relatively low levelsin leaves, kernelsand at a
virtually negligible level in pollen. Given the history of safe use of Bt in agriculture
and that it has been considered non-toxic to humans and other non-target organisms,
the transfer of the crylA(b) to cornisnot considered to risk public health and safety.

TOXICOLOGICAL ISSUES

Studies evaluated:

T.C. Leeand M. Bailey. 1995. Assessment of the equivalence of B.t.k. HD-1 Protein produced in
several insect-protected corn lines and Escherichia coli. Monsanto Company, USA 63198. 95-040E

T.C. Leg, M. Bailey, S. Sims, J. Zeng, C.E. Smith, A. Shariff, L.R. Holden and P.R. Sanders. 1995.
Assessment of the equivalence of Bacillus thuringiensis susp. kurstakis HD-1 Protein produced in
Escherichia coli and European corn borer resistant corn. Monsanto Company, USA 63198.

L evels of naturally-occurring toxins

There are no naturally occurring toxins known to occur at biologically significant
levelsin corn (Wright, 1987).

Potential toxicity of newly-expressed protein

The crystal protein produced by insect-protected corn line MON 810 isidentical to
the protein produced by the B. thuringiensis formulations that have been used
commercialy for many years to control insect pests. Thereisno evidence from this
history of use that there is any associated toxicity to humans. The toxicity of these
proteinsis very specific to Lepidoptera and there is no evidence that they are active
against non—target insects, birds, fish or mammals (Drummond and Pinnock, 1991).
Thislack of activity against non-target species appears to be due to a number of
factorsincluding physical differencesin the gut environment and an absence of
specific gut receptors (Frick 1995) in other organisms. The binding of the delta—
endotoxin to specific gut receptors appears to be a pre—requisite for toxicity (Cooper,
1991).

Studies evaluated:

J. Astwood. 1995. Bacillus thuringiensis susp. kurstakis HD-1 insecticidal protein (B.t.k. HD-1
protein) is homologous to proteins of the Bacillus thuringiensisinsecticidal crystal protein gene family,
but not to protein toxins found in public domain sequence databases. Monsanto Company, USA
63198. MSL-14283

M.W. Naylor. 1992. Acute oral toxicity study of B.t.k. HD-1 tryptic core protein in albino mice.
Monsanto Company, USA 63198. MSL-11985
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The potential for toxicity of the newly expressed proteins, CrylA(b), were evaluated
based on:
the amino acid sequence similarity with known toxins
acute toxicity testing in mice.
the resistance to digestion by proteases and acids in the model digestive/gastric
system
thelr presence as a major protein component in a specified food.

An amino acid sequence comparison of the Cry1A(b) to a database of known
allergens detected significant similarities only to other B. thuringiensis insecticidal
crystal proteins.

An acute oral toxicity study was done to assess the potential mammalian toxicity of
the CrylA(b) protein. The test protein was produced by fermentation in E. coli
because the plant lines did not express enough protein for purification of large
guantities for toxicity testing. Data was presented to indicate that the bacterially
produced Cry1A(b) protein is equivaent to the plant produced Cry1A(b) proteinin
terms of its molecular mass and immunological cross-reactivity. Therefore the E. coli
produced Cry1A(b) protein is a suitable substitute for plant produced Cry1A(b) in
toxicity testing.

The Cry1A(b) core protein (B.t.k. HD-1 trypsin resistant core protein) was
administered to groups of ten CD-1 mice/sex using doses up to 4000 mg/kg body
weight. These doses are well above the level of expression found in insect-protected
corn plants (refer to Table 2) and represent atest using 200-1000 fold increasein
amount of protein that would be expected by consuming the genetically modified
plants. A group of mice (vehicle control group) were administered 4000 mg/kg
bovine serum abumin and another control group (also termed vehicle control group)
were administered 66.66 mg/kg carbonate buffer.

Clinical observations were performed and body weights and food consumption were
determined. One female mouse belonging to the vehicle control died during the test
— onday 1. The death of the control female was considered aresult of the intubation
procedure. Asthere were no deathsin other treated mice, or at higher exposure
levels, the death is not considered to be treatment related. All surviving animals were
necropsied at study termination (8-9 days). Mice were observed up to 9 days after
dosing and no treatment related effects on body weight, food consumption, survival,
or gross pathology were observed for mice administered the B.t.k HD-1 core protein.

L evels of naturally occurring allergenic proteins

There are no naturally occurring allergenic proteins known to occur in corn (Wright,
1987).

Potential allergenicity of novel proteins
The Cry1A(b) protein expressed in insect-protected corn plantsisidentical to the
protein contained in microbial formulations that have been used on crops for 30 years

(Milner, 1991). The protein assessed in this application is avery safe form of insect
control from the human or animal consumption view point, as the acidic pH in the
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animal digestive system does not permit processing of the delta-endotoxins to an
active form (Vandemark, 1999). This effectively provides a mechanism for a
specificity of action against only Lepidopteran insects. Also, initslong history of
use, there have been no reported allergenic responses for this protein.

Studies evaluated:

J. Astwood. 1995. Bacillus thuringiensis susp. kurstakis HD-1 insecticidal protein (B.t.k. HD-1
protein) shares no significant sequence similarity with proteins associated with allergy or Coeliac
disease. Monsanto Company, USA 63198. MSL-14172

JEE. Ream and R.L. Fuchs. 1994. Assessment of thein vitro digestive fate of Bacillus thuringiensis
susp. kurstakis HD-1 protein. Monsanto Company, USA 63198.

Although there are no simple predictive assays available to assess the allergic
potential of proteins, a number of characteristics are common among many of the
allergens that have been characterised. For instance, amino acid sequence similarity
with known allergens may be a useful gauge of allergenic potential. A string of 8-12
consecutive amino acid residues in common with known alergens could be an
indicator for alergenicity given that many T-cell epitopes of allergenic proteins are
that length (Taylor and Lehrer, 1996). In terms of the chemical and physical nature of
proteins, known allergens tend to be glycosylated proteins with a molecular weight of
10-70 KDa (Lehrer et a, 1996). Allergens also tend to be heat stable aswell as
resistant to peptic and tryptic digestion and the acidic conditions of the stomach.
Consequently, many allergenic factors tend to be resistant to proteolytic digestion
(Taylor and Lehrer, 1996). The CrylA(b) protein is evaluated for potential
alergenicity against these criteria: size, digestive degradation and sequence similarity
to known allergens.

The Cry1A(b) core protein has a molecular weight of 63 kDa, whichisin the size
range of known allergens.

The amino acid sequence of the CrylA(b) protein was compared to the amino acid
sequences of 219 known allergens present in public domain databases (eg GenBank,
EMBL, Swissprot, PIR). No biologically significant homology was found with any of
these known alergens.

The digestibility of Cry1A(b) B.t.k HD-1 protein was determined experimentally
using in vitro mammalian digestion models. Purified Cry1A(b) trypsin-resistant core
protein (63 kDa) was added to simulated gastric and intestinal fluids and incubated at
37°C. The protein used was from the same batch that had been produced in E. coli for
acute toxicity testing in mice. The degradation of the protein in the digestion fluid
was assessed over time by Western blot analysis. An insect bioassay was used as an
additional means of monitoring B.t.k HD-1 degradation in the digestion fluids. The
simulated digestion fluids were prepared according to procedures outlined in the
United States Pharmacopeia (1990).

The 63 kDa B.t.k HD-1 core protein was shown to be rapidly degraded in the

simulated gastric system. It was 90% degraded after 2 minutes incubation in the
simulated gastric fluid as determined by Western blot analysis. Bioactivity of the
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B.t.k HD-1 protein also dissipated readily with up to 90% dissipated after 2 minutes
incubation in the simulated gastric fluid.

In the simulated intestinal fluid, the B.t.k HD-1 protein did not degrade substantially
after approximately 19.5 hours incubations as assessed by both Western blot analysis
and insect bioassay. The stability of the trypsin-resistant core protein in the intestinal
system is expected as other Bacillusinsecticidal proteins have been shown to be
resistant to digestion by serine proteases (Hofte and Whitely 1989), like trypsin which
is the predominant proteolytic component in the intestinal fluid.

The B.t.k HD-1 Cry1A(b) protein does not possess the characteristics typical of many
known allergens nor does it show significant homology to known allergens.
Furthermore, the Cry1A(b) protein israpidly digested in conditions that mimic human
digestion.

Conclusions

The evidence does not indicate that there is any potential for the Cry1A(b) protein to
be either toxic or alergenic to humans. The source of the crylA(b) gene hasalong
history of use on food crops as a biopesticide and no evidence of adverse effects. The
Cry1A(b) protein has no amino acid similarity to known allergens or toxins.
Additionally, the protein is expressed at arelatively low level in the corn and is
rapidly digested in model digestive systems.

NUTRITIONAL ISSUES

A range of analyses were performed on the insect protected corn line MON 810. The
proximate analysis, amino acid composition and fatty acid profiles of the genetically
modified and control corn tissue and kernels were analysed under GLP at Corning
Hazelton Inc (Madison, Wisconsin) using recognised published methodsin
accordance with the Association of Official Analytical Chemists (AOAC, 1990).

Studies evaluated:

P.R. Sanders. 1995. Compositional analyses of insect-protected corn line MON 810 from the 1994
field trials. Monsanto Company, USA 63198. MSL-14384

P.R. Sanders, E.N. Elswick, M.E. Groth and B.E. Ledesma. 1995. Evaluation of insect-protected corn
line MON 810in 1994 USfield trials. Monsanto Company, USA 63198.

P.R. Sanders, D.M. Henning and M.E. Groth. 1996. Compositional analyses of insect-protected and
insect-protected Roundup Ready corn lines from the 1994 US Field Trials. Monsanto Company, USA
63198.

Sanders and Patzer, 1995. Compositional analyses of MON 801 grain and silage from the 1993 and
1994 USfield test locations. Study no. 94-01-39-08, an unpublished study conducted by Monsanto
Company.

Nutrient analysis

Compositional analyses were done on the insect-protected corn line and comparisons
were made to the control line (818 which is derived from the Hi-I1) and lines of a
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similar genetic background (MON 800/801) that have been previously reported by the
applicant and are listed in the reports above (Sanders and Patzer, 1995). Line MON
810 was grown in six field locations in 1994 according to quality assurance
guidelines. Seed grown from each of the six sites was analysed and the data subject
to statistical analyses. The corn kernels were analysed for compositiona quality
characteristics according to GLP using standardised analytical methods.

Proximate analysis for major constituents

Proximate analyses were done on corn kernels. Components measured were protein,
fat, moisture, calories, carbohydrates and ash and these values are found in Table 3.

As a percentage of dry weight, the component analyses for line MON 810, are
approximately: protein 13.1%; fat 3.0%; moisture 12.4%; calories 408 Kcal/100g;
ash 1.6%; and carbohydrate 82.4%. In al of the component analyses of [ine MON
810, there were no significant differences between the insect-protected corn and the
control line.

Table3: Mean values and ranges of Proximate Analysesfor corn trials

Control? MON 8107

mean range mean range
Protein’ 12.8 11.7-13.6 13.1 12.7-13.6
Fat' 29 2.6-32 3.0 2.6-3.3
Ash' 15 1516 1.6 1517
Carbohydrate* 82.7 81.7-83.8 82.4 81.8-82.9
Calories Kcal/100g" 409 406-410 408 407-410
Moisture 12.0 10.6-14.2 12.4 11.0-14.4

!Data as a percentage of dry weight.
2/aueisthe mean of six samples (n=6), one from each of six sites.

Amino acid analysis

Amino acid analyses were done on insect-protected corn kernels. Of the 18 amino
acids analysed, the values were comparable for the insect-protected corn and control
line, with few exceptions (Table 4).

In line MON 810, the mean values for eight amino acids were significantly different
from the values for the control line (p>0.05) but were within the values reported in the
literature (Watson, 1982; Watson, 1987) or for acorn line with asimilar genetic
background (Table 4) and thus were not considered to represent a meaningful
difference.

Table4: Profile of theamino acid levelsthat were significantly different to
control

Amino Acid MON 810" | Control (818) | Literature L ines 800/801
Range’

cysteine 2.0 19 12-16 19-2.3

tryptophan 0.6 0.6 0.5-1.2 0.5-0.6

histidine 3.1 2.9 2.0-2.8 2.8-3.3

phenylalanine 5.6 54 2957 5.2-5.6

15




alanine 8.2 7.8 6.4-9.9 7.8-8.2
proline 9.9 9.6 6.6-10.3 9.0-9.4
serine 55 5.2 4.2-55 5.5-6.1
tyrosine 4.4 4.0 2.9-4.7 3.84.3

IAIl values shown are percentage of total protein present
“Watson, 1982; Watson 1987.
3Lines of asimilar genetic background evaluated by the applicant (Sanders and Patzer, 1995)

Fatty acid analysis

Corn oil isan excellent source of polyunsaturated fatty acids, with a high level of the
essential fatty acid linoleic acid (18:2). In addition, it has naturally low levels of the
saturated fatty acids, pamitic acid (16:0, 11%) and stearic acid (18:0, 2%). Corn
kernels from insect protected and control corn lines were subject to analysisto
determine the fatty acid profile. The components measured that were within the
detectable limits of the assay were palmitic acid (C16:0), stearic acid (C18:0), oleic
acid (C18:1 cis), linoleic (C18:2), and linolenic (C18:3). The fatty acids which were
not detectable in the assay were: caprylic, capric, lauric, myristic, myristoleic,
pentadecanoic, heptadecanoic, eicosadienoic, eicosatrienoic and arachidonic. There
were no statistically significant differences between line MON 810 and the control
line (Table5).

Table5: Fatty acid composition of corn kernels*

Fatty Acid Control MON 810 Literature Range”
Mean Range Mean Range

Linoleic (18:2) 63.0 61.8-64.6 62.6 59.5-64.7 35-70

Oleic (18:1) 22.8 21.6-23.9 23.2 21.5-25.4 20-46

Palmitic (16:0) 10.5 10.2-10.7 10.5 10.2-11.1 7-19

Stearic (18:0) 1.8 1.8-1.9 1.9 1.7-2.1 1-3

Linolenic (18:3) 0.9 0.8-0.9 0.8 0.7-0.9 0.8-2

W alue of fatty acid is % of total lipid. n=6
AWatson, 1982; Watson 1987.

Inorganic components analysis

Inorganic component analysis was done on corn kernels. Like other cereal grains,
cornisvery low in calcium, and low in other minerals including phosphorus,
potassium and magnesium. The components measured were percentage calcium and
phosphorus. The value for phosphorus for the insect-protected corn line was not
significantly different to the control line (Table 6). The value for calcium in insect-
protected corn line MON 810 (0.0036%) was significantly different to the control
corn line (0.0033%) but was not considered to represent a biologically meaningful
difference as the value was within the range reported by the applicant for control corn
lines with a similar genetic background (0.0030 — 0.0040%) (Sanders and Patzer,
1995).
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Table 6: Analysisof Carbohydrates, Tocopherolsand I nor ganic components of
corn kernelst

Component Control MON 810 Literature Range”
Inorganic Mean Range Mean Range

% Phosphorus 0.348 | 0.327-0.363 0.358 0.334-0.377 0.26-0.75
% Calcium 0.0033 | 0.0029-0.0037 | 0.0036 | 0.0033-0.0039 0.01-0.1
Carbohydrates

% Starch 66.9 64.6-69.0 67.6 65.3-69.7 64-78.0
% Crude Fibre 2.4 2.3-25 2.6 2.5-2.8 2.0-55
Sugars g/100g

Fructose 0.27 0.22-0.40 0.32 0.23-0.35

Glucose 0.41 0.34-0.46 0.44 0.34-0.47

Sucrose 0.93 0.68-1.11 0.93 0.79-1.12

Phytic Acid 0.84 0.79-0.91 0.86 0.81-0.91 0.7-1.0
Tocopherols

alpha 10.9 9.0-12.1 104 9.7-11.3 3.0-12.1
beta 7.5 7.0-7.9 8.5 8.1-9.2

gamma 21.6 18.8-27.8 20.2 15.3-24.8

v alues on adry weight basis. n=6, one sample from each field site.
2\Watson, 1982; Watson 1987. Literature ranges provided if available.

Carbohydrate analysis

The carbohydrate components starch, crude fibre, sugars and phytic acid were
evaluated in corn kernels (Table 6). The values for all components in the insect-
protected corn line except crude fibre value were not significantly different to the
control line. The value for crude fibrein line MON 810 (2.6%) was significantly
different to the control line (2.4%) but is not considered to represent a biologically
meaningful difference asit is within the range reported in the literature (2.0-5.5%)
(Watson, 1982).

Tocopherol analysis

Tocopherols are naturally present in corn oil and have vitamin E potency (Watson,
1987). The valuesfor alpha and gammatocopherol levelsin line MON 810 were not
significantly different to the control line. The value for beta tocopherolsin line MON
810 (8.5%) was significantly different to the control line (7.5%) but was within the
range reported for corn lines with asimilar genetic background (beta: 7.9-10.7%).
There is no published literature for beta tocopherol levelsin corn.

L evels of anti-nutrients

Corn contains few natural toxins or anti-nutrients. The anti-nutrients trypsin and
chymotrypsin inhibitors are present in corn at very low levels that are not considered
nutritionally significant (Wright 1987). Asthere are no routine analytical methods for
the assessment of trypsin inhibitor activity in corn, the method devel oped for their
study in soybeans was used (AOCS method Ba 12-75, 1997 modified).

The datafor trypsin inhibitors was generated from a different set of field trias.
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Kernel samples were collected from seven hybrid MON 810 corn corn lines from
seven field trialsin the USA and untransformed control corn samples taken from the
seven USA field trials and thirteen commercia hybrid corn plantsin Italy and France.
The analyses were independently conducted at the Covance Laboratories, Inc.,
Madison, Wisconsin. The range of values measured for corn from line MON 810 fell
within the ranges reported for the control line.

Table7: Analysisof trypsin inhibitor levels
Control® MON 810

Trypsin Inhibitor 1.63-5.28 2.35-5.54
v aues are Trypsin Inhibitor Units/ milligram dry weight basis.
2Control n=20; MON 810 n=7, one sample from each of 7 USA field sites.

Analytical methods for analysis of chymotrypsin inhibitorsin corn are not known.
There was no evidence in the literature searches conducted to indicate that
chymotrypsin inhibitors could be a significant anti-nutrient component of the corn
grain.

Ability to support typical growth and well-being

Study submitted:

Draft version of Comparison of Broiler Performance when fed diets containing Yieldgard® Corn,
Yieldgard® and Roundup Ready®, parental line or commercial corn. 2001. Colorado Quality Research
Inc., Wellington, Colorado. Sponsored by Monsanto Co. Monsanto Study No. 00-01-39-01.

In assessing the safety of a genetically modified food, a key factor is the need to
establish that the food is nutritionally adequate and will support typical growth and
well-being. In most cases, this can be achieved through an understanding of the
genetic modification and its consequences together with an extensive compositional
analysis of thefood. Where, on the basis of available data, there is still concern or
doubt in this regard, carefully designed feeding studies in animals may provide further
reassurance that the food is nutritionally adequate. Such studies may be considered
necessary where the compositional analysis indicates significant differencesin a
number of important components or nutrients or where there is concern that the
biocavailability of key nutrients may be compromised by the nature of the genetic
changes to the food.

In the case of insect-protected corn line MON 810, animal feeding studies were not
considered necessary given the comprehensive analysis on the composition of the
kernel. The nutritional profile of kernels from line MON 810 indicates that the
parameters were essentially comparable to the parental line, as well asto published
ranges for other commercial corn varieties. Additionally, studies on the specific novel
protein sequence found that no significant similarities to known allergens or toxins
exist for the CRY 1Ab protein. An acute oral toxicity study in mice using variable
amounts of the novel protein, found no evidence to indicate that the protein produces
toxic effectsin animals. Furthermore, the novel protein has been shown to be rapidly
degraded in model digestive systems.

However, the applicant recently provided, an evaluation of corn kernels derived from

insect-protected corn line MON 810 as a feed ingredient for commercial broiler
chicks (Gallus domesticus). The general performance, carcass yield and meat
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composition of chicks fed diets containing corn from line MON 810 was assessed and
compared to chicks fed non-genetically modified corn feed.

During this study, day-old chicks were fed formulated treatment diets containing
between 54-66% corn as the primary source of protein. All diets conformed with the
industry standards and met and/or exceeded the nutritional recommendations set forth
in the “Nutritional Requirements of Poultry, 9" Revision” by the National Research
Council, 1994. Feed was prepared using eight corn varieties. Yieldgard corn,
Yieldgard x Roundup Ready Corn, the parental control lines for the two transformed
lines and four non-genetically modified commercial corn varieties.

The formulated diets were pelleted and the feed provided ad libitumto atotal of 800
chicks with 100 chicks (50 females and 50 males) per treatment group (i.e. 10
replicates with 10 chicks each — 5 male and 5 female) for 42 days. The birds and pens
were observed twice daily for general flock condition, as well as to check physical
environment (lighting, water, feed, ventilation and unanticipated events). Birds were
weighed at the start (day 1) and study end (day 42). Any mortalities were recorded
and necropsied to determine probable cause of death.

After the final weights were obtained and after an approximate 12-hour feed
withdrawal period, several measurements were taken on all of the birds from each
pen. The following datawas collected: live weight, fat pad weight, chill weight,
breast meat weight —skinless and boneless, wings, thighs and drums. Additionally
meat samples from two birds per pen were analysed and tissue retained. Meat from
the breast and both thighs were collected for protein, fat and moisture analysis. All
feed added and removed from pens was weighed and recorded and used to determine
total feed consumption and feed conversion efficiency. The datawere statistically
analysed to determine if significant differences were noted between birds fed the test
and the parental or commercial corn varieties.

Starting on day 1, any bird that was removed, found dead or was sacrificed was
weighted and recorded. Expected chick mortality related to starve-outs or
dehydration was observed during the first 7 days of the study. This mortality was
randomly distributed among all groups without any relationship to treatment and
occurs commonly in chicksin commercia feeding trials. During the remainder of the
study, pen sizes were normalised to a maximum of 10 birds/pen (i.e. starting number
was 12 chicks/pen). The birds that died from day 7 to study termination were
randomly distributed among different groups without any specific relationship to
treatment (deaths per treatment group averaged 6% and ranged from 2-11% across all
treatment groups). The greatest number of mortalities occurred with the males (36
males versus 12 females); this is expected since the males grow faster and are heavier.
Most of the apparent causes of death were identified at necropsy and occur commonly
in chickens (sudden death syndrome and ascites). The birdsin all groups werein
good health based on twice daily pen observations. The starting and final body
weights of the chicks were normal and the average pen body weights were
comparable between treatments.

There were no abnormal conditions or abnormal behaviour observed throughout the
study period. All performance parameters measured were similar (p>0.05) across the
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broilers fed diets of MON 810 corn and the MON 810 x Roundup Ready corn, the
parental corn lines and reference corn lines.

These data indicate that corn from line MON 810 can be used as afeed ingredient in
broiler chicken diets without adverse effects on growth, feed conversion efficiency,
survival, behaviour or body composition.

These results are consistent with results from other studies, that found feed containing
corn from line MON 810 to be as nutritious and wholesome as other commercially
available corn lines (Mireles, et a 2000; Weber et al, 2000; Hendrix et al, 2000;
Russell et al, 2000a& b; Faust & Spangler, 2000). In these studies, the test animals
included chickens, pigs and gestating and grazing beef cows.

Conclusion

Analysis of the compositional data of the kernel indicates that there were few
significant differences in the levels of major constituents, nutrients, anti—nutritional
factors or natural toxicants between insect-protected corn line MON 810 and the
control corn line. The differences that were noted were not considered to represent a
meaningful difference because the values were consistent with the values reported in
the literature or for a control corn line with asimilar genetic background and thus
were considered to represent the natural variability that exists within corn.
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