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AA
APS
BSA
B.t.
CEW
COA
CTP
DTT
ECs
ECL
E. coli
EDTA
EPA
FIFRA
GLP
HRP
IUPAC-IUB

MALDI-TOF
mAb

MH-+

MS

MW
MWCO
N/A

NIST
NFDM
NMWC
PBS

PBST
PMSF
PVDF
PVPP
SDS-PAGE
SOP
Tween-20
Us

Abbreviations and Definitions'

Amino acid

Analytical Protein Standard
Bovine serum albumin
Bacillus thuringiensis

Corn earworm

Certificate of Analysis
Chloroplast transit peptide
Dithiothreitol

Effective protein concentration to inhibit the growth of the target insect by 50%

Enhanced chemiluminescence

Escherichia coli

Ethylenediaminotetraacetic acid

Environmental Protection Agency

Federal Insecticide, Fungicide and Rodenticide Act
Good Laboratory Practice

Horseradish peroxidase

International Union of Pure and Applied Chemistry - International Union of

Biochemistry

Matrix assisted laser desorption and ionization - time of flight
Monoclonal antibody

Protonated mass ion

Mass spectrometry

Molecular weight

Molecular weight cut-off

Not applicable

National Institute of Standards and Technology

Non-fat dried milk

Nominal molecular weight cut-off

Phosphate buffered saline

Phosphate buffered saline containing 0.05% (v/v) Tween-20
Phenylmethanesulfony! fluoride

Polyvinylidene difluoride

Polyvinylpolypyrrolidone

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
Standard operating procedure

Polyoxyethylenesorbitan monolaurate

United States

! Standard abbreviations, e.g. units of measure, concentration, mass, time etc., are used without definition
according to the format described in “Instructions to Authors” in The Journal of Biological Chemistry.
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- electrophoresis (SDS-PAGE), and densitop

1.0 Summary

Monsanto has developed corn, MON 89034, that produces Cry2Ab
and is protected from feeding damage caused by European cor'bbre a nubilalis)
and other lepidopteran insect pests. Cry2Ab2 is a Bacillus thiy ngie@is
protein. ’

This report provides a detailed description of the physigbehen(®al ghd functional
properties of the Cry2 Ab2 protein isolated from grairy/of M@ 890%4 and demonstrates
the equivalence of the biochemical properties of the/p, aq@wd protein to the
previously characterized E. coli-produced Cry2 AW frote. '

A panel of analytical techniques was used to
protein. These analytical techniques were: }f £ Cyl sulfate polyacrylamide gel
giry, 2) toidl frotein concentration by BioRad
Mitactmasg gnd tryptic mass map analysis using
ight (MALDI-TOF) mass

ation analysis, and 7) a corn earworm
bioassay. The stability of the plant-
sing SDS-PAGE and densitometry) by

the full length Cry2Ab2 protein present

matrix assisted laser desorption ionizag
spectrometry, 5) N-terminal sequenci

produced Cry2Ab2 protein was g
estimating the purity and moleg

Purity of the plant-produged otein was determined using densitometric
analysis of a Colloidal Bulli stained SDS polyacrylamide gel and was
estimated to be 33%, weight of the full-length plant-produced Cry2Ab2

é E analysis to be 61.3 kDa. A lower molecular weight

fragment of the Cfy2 AR protéif was also identified and its estimated purity and
a

molecular weightAve Vo/afd 49.6 kDa, respectively. The mass of the plant-produced

to be determined by MALDI-TOF mass spectrometry. The
ant-produced Cry2Ab2 protein was determined using an insect
wWldrv 6f a susceptible pest, CEW. The mean ECs, value of the plant-
produced CryXZp2 phgftein was 0.16 ng/mL of diet, which was identical to the functional
ivi - goyproduced Cry2Ab2 protein that was analyzed concurrently. The
-produced protein was confirmed using western blot analysis and
$s spectrometry. On the basis of western blot analysis, the
mobility and immunoreactive properties of the plant-produced Cry2Ab2
emonstrated to be comparable to those of the £. coli-produced Cry2 Ab2

ce/sfandard. MALDI-TOF mass spectral analysis of trypsinized plant-produced
in/j€lded peptide masses consistent with the masses predicted for the Cry2 Ab2
Approximately 47.7% of the expected 637 amino acid sequence comprising the
ta Cry2Ab2 protein was identified using MALDI-TOF mass spectrometry. As
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expected, the N-terminus of the full length Cry2Ab2 protein was blocked and thus no N-
terminal sequence was obtained. However, the presence of a heterogeneous populatlon
of Cry2Ab2 protein sequences yielded N-terminal sequences starting at the 24™ and the
145" positions. The plant-produced Cry2Ab2 protein was not glycosylated. The 32-day
storage stability of the plant-produced Cry2Ab2 protein was confirmed using SDS-PAGE
and densitometry by estimating the purity and molecular weight of the full length
Cry2Ab2 protein after storage in a 4 °C refrigerator, and —20 °C and -80 °C freezers.

The equivalence of the plant- and E. coli-produced Cry2Ab2 proteins was evaluated by
comparing physicochemical and functional properties including electrophoretic mobility
on an SDS polyacrylamide gel, immunoreactivity with anti-Cry2Ab2 antibodies,
glycosylation status, and functional activity using pre-set acceptance criteria.
Collectively, these data provided a detailed characterization of the Cry2Ab2 protein
isolated from grain of MON 89034 and demonstrated the comparability of the plant-
produced Cry2Ab2 protein to the E. coli-produced Cry2Ab2 protein.

2.0 Introduction

Monsanto has developed com, MON 89034, that produces Cry2Ab2 insecticidal protein
and is protected from feeding damage caused by European corn borer (Ostrinia nubilalis)
and other lepidopteran insect pests. Cry2Ab2 is a Bacillus thuringiensis (subsp. kurstaki)
protein. The nucleotide sequence of the cry24b2 gene in MON 89034 was confirmed by
molecular characterization (Rice et al., draft). ,

Expression of the Cry2Ab2 protein in MON 89034 is targeted to the chloroplast, using a
chloroplast transit peptide (CTP) that has a potential cleavage site (methionine) three
amino acids upstream from the start of the Cry2Ab2 protein. Attempts to confirm the N-
terminal sequence of the Cry2Ab2 protein in planta indicate that it is blocked and the
cleavage site in the chloroplast cannot be determined. Therefore, the three additional
amino acids from the CTP were incorporated at the N-terminus of the E. coli-produced
Cry2Ab2 protein, which resulted in the production of a Cry2Ab2 protein of 637 amino
acids with a calculated molecular weight of approximately 71.2 kDa.

Because the expression level of Cry2Ab2 protein in the grain of MON 89034 is low, it
was necessary to express the protein in bacteria in order to produce sufficient quantities
for safety assessment studies. Consequently, select analyses to confirm comparability
between the plant-produced and E. coli-produced proteins were conducted.

3.0 Purpose

The purpose of this plan was to characterize the physicochemical and functional
properties of the Cry2Ab2 protein produced in MON 89034, and to compare the
physicochemical and functional properties of the plant-produced protein with the
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previously characterized E. coli-produced Cry2Ab2 protein (APS lot 20,10 % is
characterization was conducted in accordance with Monsanto’s Biotgl ology
Regulatory Sciences SOPs BR-P0O-0537-02 and BR-PO-0655-02. is@t applicable
SOPs can be found in Appendix 1.

4.0 Materials

4.1 Description of the Test Substance

The plant-produced Cry2Ab2 protein was isofs e%g% gfolind grain of

MON 89034. The grain used for the isolatjép of Txy2 AbZ protein was LIMS
number 04ZMGR 000393, produced undg rg;:ctio plan 04-01-39-22 from
seed lot number GLP-0404-14916-S. Phe ideffy of the grain sample containing
MON 89034 was confirmed by even cif@C R/ A copy of the certificate of
analysis (COA) for grain identity ¢ 1rmation 5 Archived under lot 60-100075.
The isolated plant-produced Cry)AK2 p@ei ’ as stored in a —-80 °C freezer in a
buffer solution containing 50 CAPYS, 2 ¥ DTT, pH 11 at a total protein
concentration of 0.25 mg/mL até/s.ypp hg the extraction and isolation of
Cry2Ab2 protein from MOX 8904 grajfl Londucted prior to the initiation of this
plan are archived under AP3 10?8)-1 5.

4.2 Description of the Refe elig’é/gtla dard

The E. coli-producéd b2pyotein (APS lot 20-100071) was used as a
reference standayd in s fatyses. These analyses included apparent molecular

weight determjfigfio SPSPAGE, western blot analysis, glycosylation
analysis, BigRad pffosam Asgay, and the functional activity assay. The E. coli-
produced Ab2 propéid reference standard has previously been characterized
under APSAot 20100071 and is referred to as “Cry2Ab2.820” on the Certificate

of Ana}ysis (@}) 2).
43  Desgly p%@f /

ar weight standards were used to calibrate SDS polyacrylamide
protein transfer to PVDF membranes. The E. coli-produced
gference standard protein was used to estimate the total protein
g%e ation in the BioRad protein assays and also used as the positive control in
edofryblot analysis. Beta-lactoglobulin protein and PTH-amino acid standards
,,g/we ¢ fised to verify the performance of the amino acid sequencer. A peptide
Q/ ure and an analytical BSA standard were used to calibrate the MALDI-TOF
ass spectrometer for tryptic mass analysis and molecular weight determination,
espectively. Transferrin and E. coli-produced Cry2Ab2 protein were used as the
positive and negative control, respectively, in glycosylation analysis.
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5.0 Methods

5.1 Protein Purification

The plant-produced Cry2Ab2 protein was purified from the grain of MON 89034
prior to initiation of this characterization. Although the purification procedure
was not performed under a GLP study or plan, procedures were documented on
worksheets and, where applicable, SOPs were followed. The Cry2Ab2 protein
was purified from an extract of ground grain of MON 89034 using a combination
of ammonium sulfate fractionation, anion exchange chromatography, and
immunoaffinity chromatography.

The isolation of Cry2Ab2 protein from ground corn grain was performed in two
10 kg batches. Prior to extraction of Cry2Ab2 protein, each batch was extracted
with 1X PBS buffer (1 mM KH,PO4, 10 mM Na;HPOq, 137 mM NaCl, 2.7 mM
KCl, pH 7.4) to remove contaminant proteins. The PBS extraction procedure
consisted of soaking ground grain in PBS for 2 hrs in a 4 °C cold room at
approximately 1:10 sample weight to buffer volume ratio. The slurry was
clarified by filtration using an Ertel Alsop filter press (Kingston, NY), and the
PBS washed solid particle (cake) was retained. Subsequently, the Cry2Ab2
protein in the cake was extracted with extraction buffer containing 50 mM CAPS,
1 mM EDTA, 2.5 mM DTT, 1 mM PMSF, 2 mM benzamidine-HCl, 0.5 mM
CHAPS, 1% (w/v) PVPP, pH 10.8 at approximately 1:10 sample weight to buffer
volume ratio for 2-3 hrs. During extraction, lipids were removed from the extract
by adding CelPure P65 diatomaceous earth (Advanced Minerals Corp, Goleta,
CA) to the homogenate at ~7.5% (w/v) and allowed to mix for ~10 minutes. The
slurry was clarified by filtration using the filter press and the resultant extract
from both batches was pooled for a total volume of ~230 L. The pooled extract
was concentrated using a 30,000 NMWC Hollow Fiber Cartridge (Amersham
Biosciences, Piscataway, NJ) to a final volume of ~35 L. To remove plant
genomic DNA, polyethyleneimine, 10% (w/v), was added to the concentrated
extract to a final concentration of 0.05% (w/v), the extract was clarified by
centrifugation to remove precipitated DNA, and the supernatant was retained.
The Cry2Ab2 protein in the supernatant was precipitated by 0% — 35%
ammonium sulfate saturation. The 35% ammonium sulfate pellet was recovered
by centrifugation and the pellet was dissolved in 20 L of resuspension buffer
containing 50 mM CAPS, 1 mM EDTA, 2.5 mM DTT, 1 mM PMSF, 2 mM
benzamidine-HCI, pH 10.8 by mixing in 4 °C cold room. The suspension was
clarified by centrifugation and 21 L supernatant was retained, concentrated, and
buffer exchanged by diafiltration against Buffer containing 50 mM CAPS, 1 mM
EDTA, 2.5 mM DTT, 1| mM PMSF, 2 mM benzamidine-HCI, pH 10.8.to remove
any residual ammonium sulfate salt. The concentrated sample of 13 L was loaded
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. bound Cry2Ab

onto an anion exchange column in two batches, Run 1 (6L) and
elution parameters were identical for both runs and thus only
parameters are described below.

A portion of concentrated sample was loaded onto a 4.5 xA44 cm
column) Q Sepharose Fast Flow anion exchange resi
equilibrated with Buffer. The bound Cry2Ab2 prote
gradients as follows: 0-20% buffer B (Buffer contg 4
volumes (CV), and then the gradient was held ap28% @’fer B/for 4 CV, and then
the gradient was increased to 65% buffer B ov¢ @V and finally the gradient
' Oéuff B in2 CV. Fractions,
each ~ 4 L, containing Cry2Ab2 protein werd identificd By Cry2A QuickStix™
(Portland, ME) for further analysis. Basgd/on%este

L using a 30,000 NMWC

AT of the aforementioned sample
EPPS, 2 mM DTT, pH 7.2) using
esulting in a final volume of 200 mL.

Hollow Fiber Cartridge. Approxi
was buffer exchanged into EPP

2.7 cm) containing Prote seLohjugated with Cry2 Aa-specific mAb and
equilibrated with EPPS &/’ EPPS, 2 mM DTT, pH 7.2). The sample
was re-circulated thrg for 2 hrs at 100 mL/hr. The column was

¢ |
0 C@)fS buffer (50 mM EPPS, 2 mM DTT, pH 7.2),
followed by 5-7 (A)/of S yfrer (50 mM EPPS, 2 mM DTT, pH 8.5). The

[ ted with 100 mM Triethylamine, pH 11.4, in five
1.5 mL fractighy. 8DS-PAGE analysis, fractions containing Cry2Ab2
protein from patch on€ ghg’'two were concentrated and buffer exchanged into a
£r containidg’S0 mM CAPS, 2 mM DTT,pH 11.0, using centrifuge
MWCO). Concentrated samples were then pooled,

ume of 2 mL.

atography procedure was repeated beginning with 100 mL of
focti Run2. As previously described, the sample was concentrated and
ffefrchapged into EPPS buffer (50 mM EPPS, 2 mM DTT, pH 7.05) to a final
f Y0 mL using centrifuge concentrators (30 kDa MWCO). This sample
@re- rculated for 2 hr (60 mL/hr) through an affinity column (1.0 cm x
e 1: prepared with Cry2Aa-specific mAb equilibrated with EPPS buffer
EPPS, 2 mM DTT, pH 7.05). The column was then washed with 15 CV

7
,.g)(SO
Q/ of BPPS buffer (50 mM EPPS, 2 mM DTT, pH 7.05) followed by 5 CV of EPPS

bytter (50 mM EPPS, 2 mM DTT, pH 8.5). The bound Cry2 Ab2 protein was
éluted with 100 mM Triethylamine, pH 11.4, in five 1.5 mL fractions.
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5.2

53

Based on SDS-PAGE analysis, Cry2Ab2 enriched fractions were individually
concentrated and buffer exchanged into a storage buffer containing 50 mM CAPS,
2 mM DTT, pH 11, using a centrifuge concentrator (30 kDa MWCO). The
concentrated samples were pooled into a final volume of 2.4 mL. The
aforementioned sample and the sample from the first run (2 mL) were pooled
resulting in a final volume of 4.4 mL. This sample was a clear colorless solution
and was assigned lot # Cry2Ab.820_040705 and transferred into the APS program
and assigned Lot 60-100075.

Total Protein Concentration by BioRad Assay

The total protein concentration of the purified plant-produced Cry2Ab2 protein
was estimated using a BioRad protein assay. The E. coli-produced Cry2Ab2
reference standard protein (Lot 20-100071; concentrations ranging from 0.05 to
0.5 mg/mL) was used to prepare a standard curve. The plant-produced Cry2Ab2
total protein concentration was estimated by comparison of absorbance values
obtained for the sample to the values of the standard curve. Data were collected
using a Bio-Tek Instruments, Inc. Powerwave Xi microplate scanning
spectrophotometer (Winooski, VT) employing KC4 software version 3.3
revision 10. Readings were taken at a wavelength of 595 nm.

Western blot Analysis

Equivalence would be demonstrated if the full-length plant-produced Cry2Ab2
protein was identified by the anti-Cry2Ab2 antibody and exhibited similar
electrophoretic mobility compared to the E. coli-produced Cry2Ab2 reference
standard. Aliquots of the stock solutions of the plant-produced Cry2Ab2 and
reference standard were diluted to a final purity-corrected protein concentration of
2 ng/uL in dilution buffer (50 mM CAPS, 2 mM DTT, pH 11) and 5x sample
loading buffer [5x concentrated Laemmli buffer (312 mM Tris-HCI, 20% (v/v) 2-
mercaptoethanol, 10% (w/v) sodium dodecyl sulfate, 0.025% (w/v) bromophenol
blue, 50% (v/v) glycerol, pH 6.8)]. Samples were then heated to ~100 °C for

5 min and applied to a pre-cast tris-glycine 4—20% polyacrylamide gradient 10-
well gel. The plant-produced Cry2Ab2 protein was loaded in duplicate at three
different loadings of 20, 30, and 40 ng per lane. The E. coli-produced Cry2Ab2
reference standard was loaded at 20 ng per lane. Electrophoresis was performed
at a constant voltage of 140 V for 20 min followed by a constant voltage of 200 V
for 43 min. Pre-stained molecular weight markers included during
electrophoresis (BioRad Precision Plus Dual Color, Hercules, CA) were used to
verify electrotransfer of protein to the membrane and to estimate the molecular
weight of the immunoreactive bands. Samples were electrotransferred to a
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0.45 micron PVDF membrane (Invitrogen, Carlsbad, CA) for 64 » ir@t)a cgnbtant
current of 300 mA.

The membrane was blocked for one hour with 5% (w/v) ¥ 1(12’ . The
membrane was probed with a 1:3000 dilution of goat apfi ré@ ptibody (lot
7227632) in 2% (w/v) NFDM in PBST for one hour. Exces$antipody was
removed using three 10 min washes with PBST. Thé she %n ¥as probed with
peroxidase-conjugated rabbit anti-goat IgG (Sigmd, St. L'didis, A¥0) at a dilution
0f 1:10,000 in 2% (w/v) NFDM in PBST for ong'} ourf@kc ¢ peroxidase-
conjugate was removed using three 10 min waéhbs w(ith PEST. All procedures,
including blocking, and all other incubationg erc%(fo ed at room
temperature. Inmunoreactive bands were #igualized uging the ECL detection
system (Amersham Biosciences, Piscatafgy, sﬂ)an gxposed (30 sec, 1 min,

2 min, 3 min, and 7 min) to Hyperfilm/ECL high pérformance chemiluminescence
film (Amersham Biosciences, Piscatfyay, N@ V1)fns were developed using a
Konica SRX-101A automated filnyfy OCﬁ/Spr.

5.4  MALDI-TOF Tryptic Mass M3 ,é%/@ys'

MALDI-TOF mass spectroffigfry ¥ag ugéd'to confirm the identity of the plant-
produced Cry2Ab2 protej,/A pf@ei an be typically identified when 40% of
the mass fragments are g nti@' frofy'the analyzed protein (Jiménez et al.,

1998). <

5.4.1 SDS-PAGE/S¢par&tidn #f Proteins

An aliqudt/of t aptproduced Cry2Ab2 protein was diluted with 5x
sample aqiny uffey'to a final purity corrected protein concentration of
80 ng/YL. and Z yg was electrophoresed in each of five lanes. Broad
RaAdge mgleculat sveight markers (BioRad, Hercules, CA) were used to
oAt ?ﬁ&yl flar weights. Samples were heated to ~99 °C for 5 min
pfior fo¥€leptydphoresis on a pre-cast tris-glycine 4—20% SDS
polf:@fyl fide gel at 140 V for 20 min followed by a constant voltage of
2 f61/46 min. Proteins were fixed by placing the gel in a solution of
@’/o /) methanol and 7% (v/v) glacial acetic acid for 30 min, stained 2
~/\}zr h Brilliant Blue G-Colloidal stain (Sigma, St. Louis, MO), destained
»ry 3(/s€c with a solution containing 10% (v/v) acetic acid and 25% (v/v)
Q/ Mgthanol, and followed by 25% (v/v) methanol for 1 hr. Two protein
O pands, band-1 and band-2, migrating at 61 kDa and 50 kDa, respectively,
ﬁg/ were identified for tryptic mass map analysis.

'Q/ - 342 In-gel Protein Digestion

The plant-produced full length Cry2Ab2 protein, band-1 migrating at

Q'\/ ~61 kDa, and band-2, a proteolytic fragment of the full length Cry2Ab2
O v
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protein migrating at ~50 kDa, were excised, destained, reduced, alkylated,
and subjected to an in-gel trypsin (Promega, Madison, WI) digestion
(Williams et al., 1997). Each gel band was individually destained for

30 min by incubation in 100 uL of 40% (v/v) methanol and 10% (v/v)
glacial acetic acid in its own microfuge tube. Following destaining, the
gel bands were incubated in 100 uL of 100 mM ammonium bicarbonate
buffer for 30 min at room temperature. Proteins were reduced in 100 ne
of 10 mM dithiothreitol solution for 2 hrs at 37 °C. Proteins were then
alkylated by the addition of 100 uL of buffer containing 200 mM
iodoacetic acid. The alkylation reaction was allowed to proceed at room
temperature for 20 min in the dark. The gel bands were incubated in

100 pL of 100 mM ammonium bicarbonate for 30 min at room
temperature at which time 100 uL of acetonitrile was added and the
incubation was continued for an additional 30 minutes. The ammonium
bicarbonate/acetonitrile incubations were repeated two additional times to
remove the reducing and alkylating reagents, and salts from the gel. The
gel bands were dried ina SpeedVac concentrator (Savant, Holbrook, NY),
rehydrated with 40 uL 25 mM ammonium bicarbonate containing

33 pg/mL trypsin, and the protein contained in the gel band was digested
for 16 hours at 37 °C. Digested peptides were extracted for one hour at
room temperature with 50 pL 70% (v/v) acetonitrile containing 0.1% (v/v)
TFA per gel band. Supernatants for each extraction were combined into a
single tube and dried in a SpeedVac concentrator. This process of
extracting the peptides was repeated two more times. The final dried
materials were reconstituted in 10 uL of 0.1% (v/v) TFA.

Sample Preparation

A portion (5 pul) of the digested samples was desalted (Bagshaw et al.,
2000) using Millipore (Bedford, MA) ZipTip®C18 pipette tips. Prior to
desalting, the tips were wetted with methanol and equilibrated with 0.1%
(v/v) TFA. Each sample was applied to a ZipTip®C18 and eluted with

5 uL of Wash 1 [0.1% (v/v) TFA], followed by 5 uL of Wash 2 [20% (v/v)
acetonitrile containing 0.1% (v/v) TFA], followed by 5 uL of Wash 3
[50% (v/v) acetonitrile containing 0.1% (v/v) TFA], and finally with 5 pL.
of Wash 4 [90% (v/v) acetonitrile containing 0.1% (v/v) TFA].

MALDI-TOF Instrumentation and Mass Analysis

Mass spectral analyses were performed as follows: mass calibration of the
instrument was performed using an external peptide mixture from a
Sequazyme™ Peptide Mass Standards kit (Applied Biosystems). Samples
(0.3 uL) from each of the desalting steps, as well as a sample of the
solution taken prior to desalting, were co-crystallized with 0.75 pL
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a-cyano-4-hydroxy cinnamic acid (Waters, Milford, MX)/on(thg an#lysis
plate. All samples were analyzed in the 500 to 5000 ¢a}on raifige Aigfng
100 shots at a laser intensity setting of 2318-2460 (3 it-@s AY.DI-
TOF instrument specific value). Protonated (MH¥)pepti asbes were
observed monoisotopically in reflector mode (A£b r§ﬂ9 9% Billeci
and Stults, 1993). GPMAW32 software (AppHed BiOsystgiyps, version
4.23) was used to generate a theoretical trypgiff di QTO e expected
Cry2 Ab2 protein sequence deduced from phe/nuctédtige dequence. Masses
were calculated for each theoretical peptids an@b pafred to the raw mass
data. Experimental masses (MH+) were/as, i@d 0peaks in the 500 to
1000 Da range if there were two or ifofe igally resolved peaks, and
in the 1000 to 5000 Da range if thefe/were threg gr more isotopically
resolved peaks in the spectra. Pedl nof gésessed if the peak heights
were less than approximately twice theybasglifie noise, or when a mass
could not be assigned due to 6yerlap witlyg/stronger signal £2 daltons
from the mass analyzed. ) n@toc fizlytic fragments from trypsin
digestion were identified A1y/the ddtd. The identity of the Cry2Ab2
protein is confirmed if Z A0 o0f th€ protein sequence was identified by
matching experiment# %fr%lfo e tryptic peptide fragments to the

% et :

€

5.5  N-terminal Sequence Ay a%&

An aliquot of the pJAf-pr@dyced Zry2 Ab2 protein was diluted with 5x sample
loading buffer to 4 finabQyrity/cérrected protein concentration of 80 ng/uL.
Molecular weighy/magkeys (BioRad Precision Plus Dual Color, Hercules, CA)
tlfe rafsfer of protein to the PVDF membrane. The plant-

produced Ab2 protgiyf was electrophoresed in eight lanes at 2 g per lane.
The Cry2AB2 cditainpig samples were heated to ~99 °C for 5 min prior to
electrop es' on/a/ppe-cast tris-glycine 4—20% SDS polyacrylamide gel at

140V ot 2 dlfowed by 200 V for 43 min. The gel was then electroblotted
to g/) ictén PVDF membrane for 60 min at a constant current of 300 mA in a
solyfio r{%r{ta' g 10 mM CAPS, 10% (v/v) methanol, pH 11. Protein bands
(vEre, stédred/by briefly soaking the membrane with Coomassie Blue R-250 stain
B ﬁ%) amd visualized by destaining with a Coomassie R-250 destain solution
(Bio¥ady.

@‘%rtein bands with molecular weights of approximately 61.3, 49.6 and
27 K[Ja, (also referred to as band-1, band-2, and band-3, respectively) were

Q/ eXofsed from the membrane. N-terminal sequence analysis was performed using
atomated Edman degradation chemistry (Hunkapillar ef al., 1983). An Applied
Biosystems 494 Procise Sequencing System with 140C Microgradient system and

Q’\r

©
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5.6

5.7

785 Programmable Absorbance Detector and Procise Control Software (version
2.1) was used. Chromatographic data were collected using Atlas” software
(version 2003R1.1, LabSystems, Altrincham, Cheshire, England). A PTH-amino
acid standard mixture (Applied Biosystems, Foster City, CA) was used to
calibrate the instrument for each analysis. This mixture served to verify system
suitability criteria such as percent peak resolution and relative amino acid
chromatographic retention times. A control protein (10 picomole B-lactoglobulin,
Applied Biosystems) was analyzed before and after the analysis of the three
protein bands to verify that the sequencer met performance criteria for repetitive
yield and sequence identity.

Molecular Weight and Purity Estimation by SDS-PAGE

Aliquots of the test substance and reference standard protein were each diluted
with sample dilution buffer and 5X sample loading buffer to a final protein
concentration of 0.2 ug/uL. Molecular weight markers (BioRad Broad-Range,
Hercules, CA) that were used to estimate the apparent molecular weight of the test
substance, were diluted to a final total protein concentration of 0.9 pg/uL. The
plant-produced Cry2Ab2 protein was analyzed in duplicate at 1, 2, and 3 pg total
protein loads per lane. The E. coli-produced Cry2 Ab2 reference standard (APS
lot 20-100071) was analyzed at I g total protein. All samples were heated at
~102 °C for 5 min and applied to a pre-cast tris-glycine 4—20% polyacrylamide
gradient 10-well mini-gel (Invitrogen, Carlsbad, CA). Electrophoresis was
performed at a constant voltage of 150 V for 82 min. Proteins were fixed by
placing the gel in a solution of 40% (v/v) methanol and 7% (v/v) glacial acetic
acid for 30 min, stained 16 hr with Brilliant Blue G-Colloidal stain (Sigma, St.
Louis, MO), destained 30 sec with a solution containing 10% (v/v) acetic acid and
25% (v/v) methanol, and finally destained with 25% (v/v) methanol for 6 hr.

Analysis of the gel was performed using a BioRad GS-800 densitometer with the

supplied Quantity One software (version 4.4.0, Hercules, CA). Values for the

markers supplied by the manufacturer were used to estimate the apparent

molecular weight of each observed band. All visible bands within each lane were

quantified using Quantity One software. For the plant-produced Cry2Ab2

protein, purity was estimated as the percent optical density of the ~61 kDa band

relative to all bands detected in the lane. Apparent molecular weight and purity

were reported as an average of all six loadings containing the plant-produced s
Cry2Ab2 protein.

Molecular Weight Determination-MALDI-TOF MS.

Determination of the intact mass was attempted for the plant-produced Cry2Ab2
protein using MALDI-TOF mass spectrometry analysis. This analysis was not
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specified in the characterization plan and is therefore a plan deyigfioft. Howofer,
there is no impact on the protein characterization.

(NIST, Gaithersberg, MD) were desalted using drop diglyéis (Ottiscly 1988). A
portion of each protein sample (0.3 uL) was spotted oft 4n ysjé plate, mixed
with 0.75 pL sinapinic acid solution and air-dried. ¥z ﬁé’ as analyzed in
triplicate. Mass spectral analysis was performed ng pl ¢d Biosystems
Voyager DE-Pro Biospectrometry Workstation AL nstrument with the

supphed Data Explorer software (version 4.0.0 4, dsr 1 , CA). Mass
i ed BSA reference

Prior to analysis, the plant-produced Cry2Ab2 protein angd R 4?;@&1 e protein

protein.
5.8  Functional Activity Assay

The purpose of this analysis was to/cémpare thé Fiological activity between plant-
produced Cry2 Ab2 protein and the/E. cQf-prédficed Cry2Ab2 protein by
determining ECs, values in a Ck dieénc poration insect bioassay. The ECs
value is defined as the conceftgatiof f Ab2 protein in the diet that results in
50% growth inhibition. In Opder sgSy/the functional activity of the plant-

And £@)CopdpAre its activity to the E. coli-produced
Cry2Ab2 reference stapldrd, @iugtsOf the plant-produced Cry2Ab2 protein and
b2 wfgrepCe standard protein were transferred to the

Y (EqOlpgiga)/Technology Center, Monsanto). These
aliquots were used 6 e‘(%r;\at the effective protein concentration necessary to
inhibit the gro g;e, argey'insect by 50% as described in Appendix 4. The
plant- and E. ¢ ed Lry2 Ab2 proteins will be determined to have

ct1 agtibity if the difference in mean ECs; values between
plant- and/#/ ccz&};ro figtd proteins is less than or equal to three fold.
5.9  Glycos ationgn is

Glyoosyltipn ghiysis was used to determine whether the plant-produced
(Ury2 Alg2 progejfi was post-translationally modified with covalently bound
arb ra¢ Moieties. Aliquots of the plant-produced Cry2Ab2 protein, the
E. qpli‘prgghced Cry2 Ab2 reference standard (in this instance, a negative
cpntrol)/ ahd the positive control transferrin (Amersham Biosciences, Piscataway,
ﬁw ¢ each diluted in dilution buffer and in 5x sample loading buffer to a final
'g/ fy/Corrected (total protein for transferrin) concentration of 50 ng/uL. These
sgmples were heated to ~100 °C for 5 min, and loaded along with Precision Plus
Q/ Dyfal Color pre-stained protein molecular weight markers (BioRad , Hercules,
CA) on a pre-cast tris-glycine 4—20% polyacrylamide gradient 10-well mini-gel.
Q\/ All three samples were loaded at a single loading of 0.5 and 1 ug protein per lane.

©
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5.10

Electrophoresis was performed at a constant voltage of 140 V for 20 min followed
by a constant voltage of 200 V for 47 min. After electrophoresis, proteins were
clectrotransfered to a 0.45 micron PVDF membrane for one hour at a constant
current of 300 mA.

Carbohydrate detection was performed directly on the PVDF membrane
containing the 0.5 and 1.0 ug sample loads using the ECL detection system
(Amersham Biosciences, Piscataway, NJ). After the electrotransfer of the
proteins, the PVDF membrane was incubated in PBS for 10 min, and transferred
to a solution of 100 mM acetate buffer, pH 5.5, containing the oxidation reagent,
10 mM sodium metaperiodate. The membrane was incubated in the dark for 20
minutes. The oxidation solution was removed from the membrane by two brief
rinses followed by three sequential 10 min washes in PBS. The membrane was
transferred to a solution of 100 mM acetate buffer, pH 5.5, containing 25 nM
biotin hydrazide and incubated for 60 minutes. Biotin hydrazide solution was
removed by washing in PBS as previously described. The membrane was
blocked with 5% blocking agent in PBS for 60 minutes. The blocking solution
was removed by washing in PBS as previously described. The membrane was
incubated with streptavidin-HRP conjugate (diluted 1:6000) in acetate buffer for
30 min to detect carbohydrate moieties bound to biotin. Excess streptavidin-HRP
was removed by washing in PBS as previously described. Bands were visualized
using the ECL detection system (Amersham Biosciences, Piscataway, NJ). Films
were exposed (1 min, 3 min, and 6 min) to Hyperfilm ECL high performance
chemiluminescence film (Amersham Biosciences, Piscataway, NJ). Films were
developed using a Konica SRX-101A automated film processor.

Storage Stability

The stability of the plant-produced Cry2Ab2 protein was evaluated by purity and
molecular weight analyses at day 32 of the experimental phase. Aliquots of the
plant-produced Cry2Ab2 protein were stored in a 4 °C refrigerator, and -20 °C
and —80 °C freezers, starting on day 0 of the experimental phase. At day 32, the
sample was removed from each storage condition and the purity and molecular
weight were estimated by SDS-PAGE analysis, as previously described in Section
5.6. The plant-produced Cry2Ab2 sample was diluted to 0.2 pg/pl in 5x sample
loading buffer and loaded in duplicate at 1, 2, and 3 pg of total protein per lane.
The protein samples will be considered to have undergone degradation if a >20%
decrease in purity and/or molecular weight was observed relative to the value

determined on day 0.
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6.0 Data Rejected or Not Reported ' Q

Some data throughout the experimental phase of this characterizatigy}pl

because it did not meet the assay criteria, and/or because of equip n’t</ furcdion.
On day 0 of the experimental phase, one set of purity and mojg lan'(y}i
rejected because the stained SDS polyacrylamide gel was ngft om@}’te
result, the high background of the stain interfered with the’#nsi

gel. ,Q

One N-terminal sequencing analysis was rejected dy O@M final sequencer system
malfunction. The sequence collected on the Cry2 A2 protéinfof the second run is

reported herein and is shown in Table 5.

¢ analysis of the

The first glycosylation analysis was rejected/b causgf Mg unexpected low signal
observed for the transferrin positive contref, 'Q’

7.0 Control of Bias and Quality §ul®

Controls and standards were includéd with gacl/sfialysis. A protein standard

(B-lactoglobulin) was sequenced Befor afiof N-terminal sequence analysis to assure
the performance of the sequenciff insfrwmefl/ Additionally, instrument repetitive yield
data for the analysis of p-lactglglobyfinvwefe/Calculated and found to meet specifications

(>94% per cycle). A four-pépfid tyfg/from the Sequazyme Peptide Mass Standards
kit (Applied Biosystems) fvds ({go o Lafibrate the MALDI-TOF mass spectrometer for
masses observed betweg O@ OAaltons. BSA (NIST) was used to calibrate the
MALDI-TOF mass spefr r foy/native protein molecular weight determinations.
Replicate analyses yefe usedfop'tife BioRad protein concentration assay, insect bioassay,
western blot, and glycosylation' alyses. For the glycosylation analysis, transferrin and
E. coli-produced ¢ ryZAK; profeins were used as the positive and negative controls,

respectively.

8.0 Res tng;%' fAssion
<

8.1 otal Progbifh Concentration

09 toydlprotein concentration of the plant-produced Cry2Ab2 protein was
(Stiydéd to be 0.25 mg/mL using a BioRad protein assay. The protein assay
stapiddrd curve was generated using the . coli-produced Cry2Ab2 reference
Q/ spapdard protein. The total protein concentration of the reference standard protein
ot 20-100071) was estimated using amino acid analysis. However, the lower
protein concentration of the test substance limited the use of amino acid analysis.

Q’\/

©
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8.2  Protein Identity

The identity of the plant-produced Cry2Ab2 protein (lot 60-100075) was
confirmed using three analytical methods: western blot analysis using goat anti-
Cry2Ab2 antibody, MALDI-TOF tryptic mass map analysis, and N-terminal
sequence analysis.

8.2.1 Western Blot Analysis Using Anti-Cry24b2 Antibodies

Western blot analysis was performed using an affinity-purified goat IgG
(lot 7227632). The goat anti-Cry2Ab2 antibody was previously
characterized and the data were archived under lot 7227632. The plant-
produced Cry2Ab2 protein was loaded in duplicates at 20, 30, and 40 ng
(purity corrected) per lane and the reference standard was loaded at 20 ng
(purity corrected) per lane. Two major immunoreactive bands migrating
at approximately 61 kDa (band-1) and 50 kDa (band-2) were observed
(Figure 3, lanes 4-9) in the plant-produced Cry2Ab2 sample. As expected,
the immunoreactive signal increased with increased loading levels of the
plant-produced protein. A band at the expected molecular weight of

~61 kDa was observed in the E. coli-produced Cry2Ab2 reference
standard (Figure 3, lane 3). The N-terminal sequence analysis of the full-
length plant-produced Cry2Ab2 protein (migrating at ~61 kDa) indicates
that some population of Cry2Ab2 protein N-terminus sequence begins
with amino acid 24. The microheterogenity may reflect the in planta
protein itself or may be the product of endogenous proteases that are
released from vesicles and/or are activated during the protein purification
procedure. In addition to the two major immunoreactive bands, proteins
with weaker signals were observed, migrating as high as 130 kDa and as
low as ~15 kDa. These weaker signals are not uncommon in western blot
analysis and are likely due to non-specific binding of either secondary or
primary antibodies. The purity value of ~33% for the plant-produced
Cry2Ab2 protein further substantiates the presence of contaminant plant
proteins (Figure 4). :

N-terminal sequence analysis of the lower immunoreactive band migrating
at ~50 kDa (also referred to as band-2) clearly indicates the presence of a
truncated form of the full length Cry2Ab2 protein whose N-terminal
sequence begins at amino acid position 145 (Table 5). Collectively, the
western blot analysis showed that both the plant- and E. coli-produced
Cry2Ab2 proteins are immunoreactive against goat anti-Cry2Ab2
antibody and also exhibited near identical electrophoretic mobility.
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indicating the matched péy 1dqSYquehets for the entire protein sequence
(Figure 1), Peptide seg Cnegoverade €qual to 47.7% of the 637 amino
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’Q asses yielded g Coverage map equal to 47.7 the 493 amino acid
O ength of the proteolytic fragment of Cry2Ab2 protein and is considered
'(/ sufficient to confirm the identity of the plant-produced ~50 kDa Cry2Ab2
Q/ protein fragment (Figure 2). Collectively, both major bands were
identified ag Cry2Ab2 protein,
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8.3

8.4

8.5

8.2.3 N-terminal Sequence Analysis

The results of the N-terminal sequence analysis of the plant—produced
Cry2Ab2 protein are summarized in Table 3. Three protein bands were
identified for N-terminal sequence analysis. Band-1 and —2 (migrating at
~61 and ~50 kDa) were immunoreactive, and were identified as the full
length and proteolytic fragment of Cry2Ab2 protein, respectively. Based
upon the SDS-PAGE analysis, band-3 represented ~21% of the total

protein, with the apparent ‘molecular weight of ~27 kDa.

N-terminal analysis of band-1 yielded no full-length sequence starting
with methionine, but did yield a sequence starting with amino acid 24. N-
terminal sequence analysis of band-2, clearly indicates the presence of a
proteolytic fragment of the full-length Cry2Ab2 protein whose N-terminus
begins with amino acid 1435 (Table 5). Band-3, migrating at ~27 kDa, was
identified as corn zein protein. The major form of storage protein in corn
is composed of several types of prolamin proteins known as zeins (Gibbon
and Larkins, 2005).

Molecular Weight and Purity Determination

The plant—produced Cry2Ab2 protein was separated using SDS-PAGE and stained
with Brilliant Blue G-Colloidal stain (Figure 4). Purity and apparent molecular
weight of the plant-produced Cry2Ab2 protein were estimated using
densitometric analysis and the data ar¢ summarized in Table 3. The purity and
molecular weight values were averaged from duplicate loads of1,2,and 3 ug
total protein per lane (Figure 4, lanes 4-9). The apparent molecular weight of the
protein band identified as the full length Cry2Ab2 protein was 61.3 kDa. Since
this protein migrated with a near identical molecular weight as that of the E. coli-
produced Cry2Ab2 reference standard (Appendix 2, and Table 4) analyzed
concurrently, the plant—produced Cry2Ab2 protein was concluded to have the
same MW as the E. coli-produced Cry2Ab2 protein. The average purity of the
plant-produced Cry2Ab2 protein was estimated to be 33%.

Molecular Weight Determination — MALDI-TOF MS

Determination of the intact mass was attempted for the plant—produced Cry2Ab2
protein using MALDI-TOF mass spectrometry analysis. No mass was observed
in the expected mass 1ange of the Cry2Ab2 protein.

Functional Activity

The results of the functional activity assays arc summarized in Appendix 4 and
Figure 5. The biological activity of the E. coli- and the plant-produced Cry2Ab2
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Incorporation insect bioassay. The bioassay wag replicated ¢
SCparate days with Separate batches of Insects. The mean EC4, v

protein/ml, diet, with Standard deviations of 0.04 and 6 41

protein/mL diet, respectively. The ingect bioassay @il ;
produced protein is functionaHy equivalent to the 4 nj;\@d ¢

8.6 Glycosylation Analysis t O

Many eukaryotic proteing are post-translatify ally mbdifigq with carbohydrate
moieties (Rademacher ¢ al., 1988). Theds CcaLoohydratt moietieg may be
complex, branched polysaccharide st Ures-ar sipfple monosaccharides, Ip
contrast, prokaryotic organisms suchA4y’E cm the necessary biochemica]
“machinery” required for protein glygosylatio O test whether potential post-
translationa] glycosylation of thef n@ﬁju 94 Cry2Ab2 protein occurred, the
isolated plant-produced Cry2 Al Proteid wa analyzed for the presence of
covalently bound carbohydraté 0iétigs. /fife E. coli-produced Cry2Ab2
reference standard (negatjvy ontPéUa d fransferrin (positiye control) were
analyzed concurrently wij

and, migrating at ~2() kDa was

A

this analysis are presentéd’in 160/ The positive contro] (transferrin) was
detected at the expectéd/m V' Weight in g concentration-dependent manner at
loadings of 0.5¢ ang

observed for the tg

films at any exposiire gt

detected for M r]gg id E. coli-produced Cry2Ab2 protein which wag 5
negative copftpbl, Th faf band observed for the E. coli-produced protein and
MW marigy is tkely du€ to a hon-specific interactjon between the detection
Teagent Apd protep pads bound to the blot and does not represent glycosylation of
the praftetn. 8, A€ plant-produced Cry2Ab2 protein jg concluded to pe
equi¥adent

abgefice gylation.

8.7 or’agﬁ,St hility
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_80°C, ~20°C and 4 °C storage temperatures, gince the purity and the apparent
molecular weights of the protein present at day 32 relative to the purity and
apparent molecular weights at day 0 each differed by less than 20%.

9.0 Conclusions

A panel of analytical techniques was used to characterize the plant-produced Cry2Ab2
protein. These analytical techniques were: sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), western blot analysis, densitometry, intact mass and tryptic
mass map analysis using matrix assisted laser desorption jonization time of flight
(MALDI—TOF) mass spectrometry, N-terminal sequencing, glycosylation analysis, and a
CEW diet-incorporation insect bioassay. Storage stability analysis of the plant-produced
Cry2Ab2 protein was also conducted under the characterization plan. The total protein
concentration of the plant-produced Cry2Ab2 protein sample was estimated to be

0.25 mg/mL using the BioRad protein assay.

The N-terminal sequence analysis of the full-length, (~61 kDa) plant—produced Cry2Ab2
protein was blocked, but sequence beginning at amino acid 24 was obtained. A protein
band migrating at ~50 kDa was successfully sequenced and its sequence begins at the
145" position from the N-terminus of the full length Cry2Ab2 protein. Morcover,
MALDI-TOF mass spectral analysis of the Cry2Ab2 protein identified peptides
comprising 47.7% of the full length ~ 61 kDa Cry2Ab2 amino acid sequence and the
~50 kDa protein fragment.

Purity of the plant-produced Cry2Ab2 protein was determined using densitometric
analysis of a Colloidal Brilliant Blue G stained SDS polyacrylamide gel and was
estimated to be 33%. The molecular weight of the plant-produced Cry2Ab2 protein was
estimated to be 61.3 kDa. However, the intact mass of full length Cry2Ab2 was not
observed by MALDI-TOF MS analysis. The functional activity of the plant-produced
Cry2Ab2 protein was determined using an insect bioassay with the larvae of CEW.
Furthermore, the insect bioassay demonstrated that the plant-produced Cry2Ab2 protein
was as active as the E. coli-produced Cry2Ab2 protein, and thus, the E. coli-produced
protein is functionally equivalent to the plant-produced protein with respect to the
functional properties of the protein. The plant—produced Cry2Ab2 protein was stable for
at least 32 days at _80°C,-20°C and 4 °C storage temperatures according to the criteria
defined in the characterization plan.

The equivalence of the plant- and E. coli-produced Cry2Ab2 proteins was evaluated by
comparing the apparent molecular weight of the full-length protein, immunoreactivity
against Cry2Ab2 antibodies, glycosylation status, and functional activity. On the basis of
western blot analysis, immunoreactive properties of the plant-produced Cry2Ab2 protein
were comparable to those of the E. coli-produced Cry2Ab2 reference standard. The
plant-produced Cry2Ab2 protein was not glycosylated. The insect bioassay demonstrated
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SDS polyacrylamide gels.

Collectively, these data provide a detailed characterization o
isolated from grain of MON 89034 and demonstrate the e
produced Cry2Ab2 protein to the E. coli-produced Cry2 refefphee sfandard with
respect to immunoreactivity, molecular weight, functio acti@(‘y, And absence of

glycosylation. '
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Table 3. Molecular Weight and Purity Estimation Using SDS-PAGE alygie)fo e
Plant-Produced Cry2Ab2 Protein Isolated from Grain of MON 89

N
Total Cry2Ab2 Full Length Cry2Ab2 Lower KAV Erxgurert of Cry2Ab2
Protein load MW? (kDa) % Purity” MW ) / /| % Purity”
1 ug in lane 4 61.43 33.2 / /493 // 13.6
1 ugin lane 9 61.11 36.2 // Re4// 14.7
2 ugin lane 5 61.52 30.5 // N$9.77/ 12.3
2 ugin lane 6 61.33 33.6 ANZY 13.5
3 ugin lane 7 61.28 334 //1 ¢ HY68 13.4
3 ugin lane 8 61.02 31,6 // N /#9.48 12.7
Average 61.3 33// I~ // 49.6 13
® The apparent molecular weights were calculated th %C weight markers (Figure 4, Lanes 2 and
10) using the manufacturer’s supplied moleculay weight / ¥Molecular weights were rounded to one

decimal place and purity was rounded to neargt holé\r)ﬁm

> Relative percent quantities (percent purit pl rodicgd Cry2Ab2 protein bands were derived from
densitometric analysis of the SDS polygérflamjdeel shgwn in Figure 4, Lanes 4-9 (test substance).
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Table 4. Molecular Weight Difference Between Full-Length Plant- and E. coli-Produced
Cry2Ab2 Proteins.

Molecular Weight of Full- Molecular Weight Difference Percent Difference from

Length Plant-Produced from E. coli-Produced Cry2Ab2 E. coli-Produced
Cry2Ab2 Protein” Protein® Cry2Ab2 Protein’
61.3 kDa 0.2 kDa 0.3%

% The molecular weight of the full-length plant-produced protein was calculated as an average of six loadings
in Table 3. :

The molecular weight of the full-length E. coli-produced reference standard is described in COA (Appendix 2).

Percent difference was calculated as follows:

|(MW of E. coli Cry2Ab2)— (MW of Plant 'CryzAbz)|>< 100
| (MW of E.coli Cry2Ab2) |
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1 MQAMDNSVLN
61 VASFLLKK
121
181 FAQAANLHLS
241
301 YSLFQVNSNY VLNGFSGAR
361 NQNFNCSTFL PPLLTPFVR
421
481 VHENGSMIHL
541 fencNsyNLY
601 ASSNSDVPLD

The amino acid sequence of the plant-py6gdiic Ab2 protein was deduced from the

were identified from the 61.3 kDa, yZ%’ pyo#éin band (band-1), analyzed using
MALDI-TOF MS.

in grain of MON 89034 (Rice et
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1 AVPLSITSSV NTMQQLFLNR LPQFQMOGYQ LLLLPLFAQA ANLHLSFI

61 TYMFL NVFEYVSIWS
121 LFKYQSLLVS SGANLYASGS GPQQTQSFTS QDWPFLYSLF QV
181 NYSGGISSGD IGASPFNQNF NCSTFLPP
241 ool
301
361
421
481 NIMLVPTNIS PLY

YTGFTISPIH

SDT NIGNVVASSN SDVPLDINVT LNSGTQFDLM

Figure 2. MALDI-TOF MS Coverage Map of the Lower MW Fragment (50 kDa) of
the Cry2Ab2 Protein Isolated from Grain of MON 89034.

The amino acid sequence of the lower MW fragment of Cry2Ab2 protein was deduced
from the coding region of the full-length cry24b2 gene present in grain of MON 89034
(Rice et al., draft). Shaded regions correspond to 24 fragments of tryptic peptide masses
that were identified from the ~50 kDa protein band (band-2), analyzed using MALDI-
TOF MS.
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1 2 3 4 5 6 7 8 9 10

250 — ;
150 —
100 — 50
[Ehan band-1
50— band-2
37—
25—
20—
15—
10—
Lane Sample Amount of
Cry2Ab2 (ng)
1 EmptyLane ... /o0 fof e eer e N/A
2 MW Markers (Pregisiof Plug/DAial Color).......oovovevviviicivveiioreeerereennn N/A
3 E coli-producdd eference standard...........oooovevevcciinnicnnn, 20
4  Plant-produgé YOLRIIL ..cviver sttt 20
5 Plant-proddgfd CryZAP2Hrotein ......cceeriiriveerreeeieiriieeeiiseeeereeeeee s, 20
6 Plant-proffcedACry2 XD2 protein .....o.civiiveeeieeeiieieeeceeeeeece s 30
7  Plant-pfofuc a% D2 PIOLEIN .....cvviiiniiiiiceneee et 30
8  Plany/pfod 6;{2( CrYZAD2 Protein .....c.ocveivvercinrinnineeiee et 40
9 Ply FY2AD2 PIOtEIN ...eovvi e, 40
10 A ecision Plus Dual Color)........cccovvevveieeeeeeeeeeen, N/A

Fig /lgr/a}]/u opfeactivity of the Plant-Produced Cry2Ab2 Protein and

cgd/Cry2Ab2 Reference Standard with Anti-Cry2Ab2 Antibodies.

E. foli-P

Kampl Q/te plant-produced Cry2Ab2 protein and E. coli-produced Cry2Ab2 reference

: andgé wete separated by a tris-glycine 4—20% SDS polyacrylamide gel, electroblotted

to%’ DF membrane, detected using goat anti-Cry2Ab2 antibody (lot 7227632), and

dev¥optd using an ECL system (30 sec exposure shown). Amounts loaded correspond

to pupdty corrected protein. Approximate molecular weights (kDa) correspond to the
Q’?ﬁa ofs loaded in Lanes 2 and 10.

©
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1 2 3 45 6 7 8 910
MWM (kDa) it Lo

' MWM (kDa)

200— —200
——116.3
594 —974
66.2— 66.2
45— —45
31— 31
21.5—— 215
. —14.4
13— 6.5
Lane Sample ‘ Amount (Ug)
1 EMPLY LANE oot N/A
2 MW Markers (Broad Range)........coeeeevevinnnmeiiiiciine 4.5
3 E. coli-produced Cry2Ab2 reference standard..........cocoviiiniinnnnnn. 1
4  Plant-produced Cry2Ab2 Protein ..o |
5  Plant-produced Cry2 Ab2 Proteill ....cceriereeriiieiisiinisiiniris e 2
6  Plant-produced Cry2Ab2 Protein .....cocovvvienineriniiiiini s 2
7 Plant-produced Cry2Ab2 Protein .....cccovvmriiiiniiniimiiiiii e 3
8  Plant-produced Cry2Ab2 Protein ........coocevvvniiiniiniinniiinins R 3
9 Plant-produced Cry2Ab2 PIOtEIN ...occueuiriiiiriiiniiisiirnnn e 1
10 MW Markers (Broad Range).......c.ooeveeeenenenninins 4.5

Figure 4. Purity and Molecular Weight Analysis Using SDS-PAGE of the Plant-
Produced Cry2Ab2 Protein Isolated from Grain of MON 89034.

Samples of the plant-produced Cry2Ab2 protein, and the E. coli-produced Cry2Ab2
reference standard were separated by a tris-glycine 4—20% SDS polyacrylamide gel and
stained with Brilliant Blue G-Colloidal stain. Amounts loaded correspond to total protein
loaded per lane. Approximate molecular weights (kDa) correspond to the markers loaded
in Lanes 2 and 10.
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for the E. coli-produced Cry2 Ab2 reference standard and
rotein in the CEW bioassay. Each data point represents the
licates (n = 3) at each dose level along with the standard error of
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1 2 3 4 56 7 8 910

MWM (kDa) - ; MWM (kDa)
250 — . , o 250
150 — L : — 150
100 — L - . — 100
TS5 e B ‘ a5
50— weeemm R e — 50
—in it 3T
15— . maan
10— 10
Lane Sample Amount (1g)
1 BMPLy LANE coocreeecs st N/A
2 MW Markers (Precision Plus Dual Color) ... N/A
3 Transferrin (POSitive CONLIOL) . 0.5
4 Transferrin (POSItive CONTIOL) oo 1
5  E. coli-produced Cry2Ab2 protein (negative control).......cooenmnieriniens 0.5
6 E. coli-produced Cry2Ab2 protein (negative control).........ccoceiiiinennns 1
7 Plant-produced Cry2ADb2 Protein ..o 0.5
8 Plant-produced Cry2Ab2 ProteiNl ..cooiverieceisimmmmsssisirsssissinsssss s 1
9 EMPLY LANE cooovcvieeiieristieis s N/A
10 EMPLY LANE cooroeevirereesissnens s N/A

Figure 6. Glycosylation Analysis of the Plant-Produced ‘CryZAbZ Protein Isolated
from Grain of MON 89034.

Samples of the plant-produced Cry2Ab2 protein, E. coli-produced Cry2 Ab2 reference
standard (negative control) and transferrin (positive control) were separated by a tris-
glycine 4—20% SDS polyacrylamide gel and electrotransferred to PVDF membrane.
Where present, protein-bound carbohydrate moieties were labeled with biotin, and
detected with streptavidin-horseradish peroxidase and enhanced chemiluminescence

(3 min exposure shown). Amount refers to total protein loaded per lane, except for the
E. coli and the plant-produced proteins whose concentrations were corrected for purity.
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o)

Q

Lane Sample Amount (pg)
1 Empty Lane /£ /... U fofoiiiiiiiic N/A
2 g (D) . ccvveeire it ere e e 4.5
3 Plant-prodyced Spy2 Xb2 protein .......ccoovveveeereerecereeiiiiece e 1
4  Plant-pfoducedd CryZXb2 protein ......cccovvevvecreivveiiire e, 1
5 - Planyplodwégd CryZADb2 protein ......oocveveeveeviveeis i 2
6  Pladtprogdeed L2 Ab2 protein .......ccovvrveevervrivieereceereenae, 2
7  Plaft-pradiiced £ry2 Ab2 protein ......ooccovveeiveienvini e, 3
8  Mlant-produged Cry2 Ab2 protein .......coceveevveviivviieiiviiceeeeeeen 3
9 (Broad Range).........cccceeevmveeciiieccniiininie s 4.5
10 QIIE ©.veeecveee et eire st e et sere b e g e e s era e N/A

Figure 7.

ra%e'p‘al ity (Day 32) of the Plant-Produced Cry2Ab2 Protein Stored
inad4?° tg

Refrigera

Purity/apd uldr/weight of the plant-produced Cry2Ab2 protein stored in a 4 °C
refrige ato;%f?r 37 days were re-evaluated to assess the protein storage stability. Samples
wofe/separgted by a tris-glycine 4—20% SDS polyacrylamide gel and stained with

31 lia@ f-Colloidal stain. Amounts loaded correspond to total protein loaded per

Q,&/

¥
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Lane Sample Amount (Lg)
1 EMPLY LANE ..ocecciiriiiiienci ettt N/A
2 MW Markers (Broad RANEE)...........ccccovveeimmvnerecreermeensisensensnrsnsnmienes 45
3 Plant-produced Cry2Ab2 Protein ........cccocommmeiimiiinsminiseiniisser s 1
4 Plant-produced Cry2Ab2 protein ........ccvereieiieinennncninncen 1
5  Plant-produced Cry2 Ab2 Protein ......ccooevieimrirrienninirninineieiiee 2
6  Plant-produced Cry2 Ab2 Protein ........cccovversnmrnrcerinicie 2
7  Plant-produced Cry2Ab2 Protein .......cccoveiimimiiineiniininecnies 3
8  Plant-produced Cry2Ab2 Protein ........coooiniiiineinnnnciin, 3
9 MW Markers (Broad Range)........cccoovvviiiiiininnnniniinnenie e 4.5
10 Empty Lane ..o N/A

Figure 8. Storage Stability (Day 32) of the Plant-Produced Cry2Ab2 Protein
Stored in a —20 °C Freezer.

Purity and molecular weight of the plant-produced Cry2Ab2 protein stored in a — 20 °C
freezer for 32 days were re-evaluated to assess the protein storage stability. Samples
were separated by a tris-glycine 4—20% SDS polyacrylamide gel and stained with
Brilliant Blue G-Colloidal stain. Amounts loaded correspond to total protein loaded per
lane.
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Appendix 1. List of Applicable SOPs.

SOP Number

SOP Title

BR-ME-0044-03

Dict Incorporation Insect Bioassay for Use in Determining
Biological Activity

BR-EQ-0265-02

Applied Biosystems 494 Procise  Protein Sequencing System

BR-ME-0388-02

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis

BR-ME-0392-01

Western Blot Analysis (Immunoblotting)

BR-ME-0525-01

Bio-Rad Protein Assay

BR-ME-0527-01

Brilliant Blue G-Colloidal Staining of Polyacrylamide Gels

BR-PO-0537-02

Characterization of Proteins for Use as TCR Substances

BR-EQ-0599-02

Bio-Rad GS-710 and GS-800 Densitometers

BR-EQ-0600-03

PowerWave Xi Microplate Reader

BR-ME-0602-01

Staining of Carbohydrate Moieties Using Commetcially
Available Kits

BR-PO-0655-02

Biotechnology Analytical Protein Standards Program

BR-PO-0722-01

Production and Isolation of Protein Standards

BR-EQ-0783-01

Applied Biosystems Voyager DE Pro Biospectrometry™
Workstation

BR-ME-0802-01

Protein Fragmentation via In-Gel Trypsin Digestion

BR-ME-0924-01

Flectrotransfer of Proteins to Membranes

BR-ME-0926-01

Staining of Proteins on Blot Membranes

BR-EQ-0935-01

Konica SRX X-Ray Film Processors

BR-ME-0956-02

Protein Percent Purity and Apparent Molecular Weight
Determination

BR-ME-0985-01

Zip-Tip Fractionation of Proteins and Peptides

BR-ME-0986-01

Protein Drop Dialysis

BR-ME-0994-01

Coomassie Blue Staining of Polyacrylamide Gels

AG-EQ-1051-02

Atlas Chromatography Data System
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Appendix 2. Certificate of Analysis APS Lot number 20-10007

Anctytical Protein Standard
Cearlificate of Anoilysls

o

. MONSANTO G r&»«)t Pt Sranias
Re-charocterzofion Nol ) 'Q //
Srarragvbiy ATty O
Nams of APS 2P Lot Humbe i v / / Expiration Guw
E. oblpmadumad o2 BhE 820 paylyin SO0 Fohmpmy ]
o e Allas Namois) Higlorical AFS Lot P hzm }(m e Regquirarnente(unti use)
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Appendix 3. Certificate of Analysis APS Lot number 60-100075.

Analytical Protein Standard

Certificate of Analysis
MONSANTO L BT STATIARDS
Bererpsla indanncrion;
Name of APS APS Lot Numbed Hecertification Date
Plant-produced Cry2Ab: Profein 0400078
Coammon or Alias Name(s) Historieal APE Lot Number | Slovege Requirements (umil uae)
YiekGard §§ Cry2Ab2 L
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Appendix 4. Insect Bioassay Summary.

Monsanto Company
Biotechnology Regulatory Sciences

Insect Bioassay Summary for,

The purpose of this analysis was to compare thebiglogical activiyf hétween plant-produced
MOPRGI034/and a reference E. coli-produced
Cry2Ab2 protein by determining ECso valued igfa cort sgrwop EW) diet-incorporation insect
bivassay. The ECsq value is defined as thy/] [ 2AbY protein in the diet that results in
30% growth inhibition.

Materials:

Plant-Produced Cry2Ab2 projéiy,
and Control Substance:

E;é@od cyll Cry2Ab2 Reference Standard Protein

The reference standard, an/Z, ‘oli—pm”g/ced rf2Ab2 protein (lot # 20-100071) and a plant-
produced Cry2Ab2 protgfnfiot # 00075 yfecovered from corn grain of MON 89034, were
received from the MopSapio Kipdutt ChArgéierization Center (PCC). The total protein
concentration of thef:, foli-prodyled Zryl Ab2 protein aliquots was 0.50 mg/mL, with & purity of
87%., and a purity Zol ecteq@seentdt' n of 0.4 mg Cry2Ab2/mL. The total protein
concentration offhy/plag-produced (Ay2Ab2 protein aliquots was 0.25 mg/mL with a purity of
33%, and a pupit c()ch)c&)éon nfation of 0.1 mg Cry2Ab2/ml.. Both protcins were
suspended ip/S¢'mM CAPS, 2 DTT, pH 11.0, butfer. The control substance used in the
bioassays Way'buffeAof the sdmé composition used to store the £. cofi-produced and plant-
%M APS, 2 mM DTT, pH 11, buffer (lot # 7622108-C), The plant-
‘weoji-prgduged Cry2Ab2 proteins were stored in a -80° C freezer and the buffer

‘ere obrained from Benzon Research Inc. Insect eggs were incubated at
temperatunds gnging [rom 10°C 10 27°C, 1o achicve the desired hatch time. '

gteAl Famples in accordance with the Monsanto SOP BR-ME-0044-03. The bioassay was
repfcfed three times on separate days with separate batches of insects, The plant- and £, coli-
podhced proteins were run in paralle] during each bioassay. Each bioassay replicate for the £

,q;)uss' ' CEW were used to measure activity of the plant- and E. coli-produced Cry2Ah2
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coli-produced and plant-produced Cry2Ab2 proteins consisted of a series of seven dilutions and a
buffer control yielding a dose series with a 2-fold separation factor ranging from 0.016 - 1.0 ug
Cry2Ab2 protein/mL diet. The dose-response curves for each protein included u buffer control.
Each buffer control contained an amount of their respective buffer equivalent to the amount of
protein in the highest dose level. The Cry2Ab2 protein dosing solutions were prepared by
diluting the protein with purified water and incorporating the dilution into an agar-based insect
diet (Southland). This dose series in diet was chosen to adequately characterize the dose-effect
relationship on CEW weight gain for the proteins from both sources. The dict mixture was then
dispensed in 1 mL aliquots into a 128 well tray (#B10-BA-128, CD International, Pitman, NI),
Insect larvae werc placed on these diets using a fine paintbrush, with a target number of 16
insccts per treatment, The infested wells were covered by a ventilated adhesive cover (#BIO-
CV-16, CD International, Pitman, NJ) and the insects were allowed to feed for a period of seven
days in an environmental chamber programmed at 27° C, ambient relative humidity and a
lighting regime of 14 h light:10 h dark. The combined weight of the surviving insects at each
dose level for each source of protein was recorded at the end of the 7-day incubation period.

Dose Response Modeling and Results:

Data were entered into an Fxcel spreadsheet and transferred to the Statistics Technology Center
for anatysis. Dose response modeling and ECso determinations were performed using a 3-
parameter logistic regression model (equation 1) under the PROC NLIN procedure in SAS.

Equation 1 :
au Wr = i e
+/DieIDﬁv_(i)
L EC50 )

where Wr is the average CEW larvae weight and DietDose is the Cry 1 Ab protein diet dose level.
Three purameters that are included in the model; W, represents the weight at DietDose = 0.0,
ECso represents effective concentration to reduce the growth of the target insect by 50%, and B
reflects the rate of the weight loss as DietDose increases, and e denotes the resideal (error).
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The ECsy values for each replicate bioassay are summarized in Tablc dt

relationships for the two protein sources arc illustrated in Figure 1. /T m
control substance groups was less than 20% in each insect bioassyy, hicl@b\ the/agéeptability
criteria for the assay.

Table 1. ECsq values and standard errors for E. coli- andply 1t—pr(®

CEW diet-incorporation bioassay

/
Bioassay ID ECsy Estimates // Sg/ %yﬂard Error
(ug Cry2Ab2/mL diet) o~ p y2Ab2/ml diet)
|\ //

yZAb2 proteins in a

E. cali—i)roduced
replicate | 0.13 0.03

Plant-produced

replicate | 0.17 // 'Q" // 0.03
[/ Q) // /

E. coli-produced ~

replicate 2 %/ /5’ / 0.02

Plant-produced X

replicate 2 L1065, 0.03

F. coli-produced / / %" / /

replicate 3 0.2 . 0.02
Plant-produced / / Y ()//

replicale 3 S,$S')o.1 0.02

2 protein: 0.16 pg Cry2Ab2/mL diet
b2 protein: 0.16 pg Cry2Ab2/mL diet
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L

o
b

Mean Insect Mass (mg)
3

a E. coli
504 O Plant
(L"—"""" | Y T T 1
Controls 1 2 3 4

Log Cry2Ab2 Dose Level (ng/ml diet)

Figure 1. Corn earworm dosc-response relationships for Cry2Ab2 frotn both protein sources in a
diet-incorporation bicassay. Each data point represents the mean of the bicassay replicates (n =
3) at each dose level along with the standard error of the mean. Dose units on the x-axis are
expressed in log nanograms Cry2Ab2/mL diet. Dose-response curves were preparcd using
GraphPad Prism software (v. 4.02).

(Conclusions:

The mean ECsg values for the E. coli-produced protein and the plant-produced protein were
identical and were determined to be 0.16 ug Cry2Ab2/mL diet, with standard deviations of 0.04
and 0.01 p Cry2Ab2/ml. diet, respectively.
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)/1{7( 60-HQ075
0[

Sources:
SAS Software Release 9.1 (TS1M3). Copyright 2002-2003 SAS [p6tj

Prepared by Jushua Uffman, Steven L. Levine Ph.D. an
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Protection Agency (U.S. EPA) in connection with the provisions of the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA).

Statement of No Data Confidentiality Claim
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Study Title: Assessment of the Cryl1 A.105 and Cry2Ab2 Protein Levels in Tissues of
Insect-Protected Corn MON 89034 Produced in 2005 U.S. Field Trials

Study Number: 05-01-39-32

Quality Assurance Statement

Reviews conducted by the Quality Assurance Unit confirm that the final report accurately
describes the methods and standard operating procedures followed and accurately reflects
the raw data of the study.

Following is a list of reviews conducted by the Monsanto Regulatory Quality Assurance
Unit on the study reported herein.
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Inspection/Audit Study Director to Management
04/07/2006 ELISA 0471472006 04/14/2006
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07/10/2006 Raw Data Audit 07/21/2006 07/21/2006
08/18/2006 Draft Report Review 08/25/2006 08/25/2006
Pbe A Aeardon §|25 /2000
Niki Scanlon Date

Quality Assurance Unit
Monsanto Regulatory, Monsanto Company
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ANOVA
B.1.
CrylA.105

Cry2Ab2
Ccv
DTT
DWCF
dwt

E. coli
ELISA
fwt
HRP
1gG
LOD
LOQ
OSL
OSR
OSWP
PBS
PBST
PCR
SEBA
SD
SDS-PAGE
SOP
TBA
TMB
Tris
TSSP

Abbreviations' and Definitions

analysis of variance

Bacillus thuringiensis

A modified B.t. CrylA protein with 93.6% overall amino acid
sequence identity to CrylAc

A protein from B.t. subsp. kurstaki
coefficient of variation

dithiothreitol

dry weight conversion factor

dry weight of tissue

Escherichia coli

enzyme-linked immunosorbent assay
fresh weight of tissue

horseradish peroxidase

immunoglobulin G

limit of detection

limit of quantitation

over season leaf

over season root

over season whole plant
phosphate-buffered saline
phosphate-buffered saline with Tween 20
polymerase chain reaction

Soil extraction buffer with L-ascorbic acid
standard deviation

sodium dodecyl sulfate polyacrylamide gel electrophoresis
standard operating procedure

Tris-borate buffer with L-ascorbic acid
3,3',5,5'"-tetramethylbenzidine
tris(hydroxymethyl)aminomethane
tissue-specific site pool

| Standard abbreviations, e.g., units of measure, were used in this report according to format described in
«Instructions to Authors” in the Journal of Biological Chemistry.
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1.0 Summary

Monsanto has developed corn MON 89034, which produces the Cry, A.@S ant Cry2 Ab2
insecticidal proteins and is protected from feeding damage caused py Eurppediycorn borer
(Ostrinia nubilalis) and other lepidopteran insect pests.” Cryl X Y05 is@ mddified B.1.
CrylA protein. Cry2Ab2 is a B.t. (subsp. kurstaki) protein. A}fe Q? Ation of the
CrylA.105 and Cry2Ab2 insecticidal proteins in a single pla pr%/ﬁz: Détter insect
control and offers an additional insect-resistance managephght

The purpose of this study was to determine the levely/ . 105 and Cry2Ab2 proteins
by validated enzyme-linked immunosorbent assays ¢EL1 in gorh tissues collected from
MON 89034 produced in U.S. field trials. Tissug/Sgmples wefe/ollected from plants
grown in the U.S. at five field sites in 2005 unds l1-%;zti Plan 05-01-50-02. In this
study, over season leaf (OSL-1-4), over seas o’ 0ot(OSK. -4), over season whole plant
(OSWP-1-4), forage, stover, forage root, sghgscent roof, £ilk, pollen, and grain tissues

were used for ELISA analysis. The over ge4so peg (leaf, root, and whole plant)
were collected four times at different gréwth e5' ) V2 — V4 stage,
(2) V6 — V8 stage, (3) V10— V12 stagy/ ) prot VT stage. All protein levels for all

tissue types were calculated on a mjérd grwu gf per gram (g) fresh weight (fwt) basis.
Moisture content was then measuyed fo tisgyé types and all protein levels were
converted and reported on a dry/weig wi) pasis.

The means for CrylA.105 p 0 e1 ﬁ(éls Agtoss all sites were 5.9 pg/g dwt in grain, 42
, 520 pg/g dwt in OSL-1, 120 pg/g dwt in leaves

OSL-4, 12 pug/g dwt in §6r4 g 50 ug/g dwt in stover In tissues harvested

throughout the growi
from 72-520 pg/g d

%Bg{to ds developed corn MON 89034, which produces the CrylA.105 and Cry2Ab2
insecXicidgl proteins and is protected from feeding damage caused by European corn borer
(Ostriflid nubilalis) and other lepidopteran insect pests. CrylA.105 is a modified B.1.
@Vry A/protein. Cry2Ab2 is a B.t. (subsp. kurstaki) protein. The combination of the
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Cryl A.105 and Cry2Ab2 insecticidal proteins in a single plant provides better insect
control and offers an additional insect-resistance management tool.

Cryl A.105 and Cry2Ab2 protein levels were determined in corn plants produced at five
U.S. field sites in 2005. Field sites were selected to represent geographical regions
representing commercial corn production. The corn was planted in a three replicate,
randomized, complete block field design at each test site.

2.2 Purpose
The purpose of this study was to determine the levels of CrylA.105 and Cry2Ab2 proteins

in corn tissues collected from MON 89034, Tissue samples were collected from plants
grown in the U.S. at five field sites in 2005 under Production Plan 05-01-50-02.

3.0 Materials
3.1 Test, Control, and Reference Substances

3.1.1 Test Substance. The test substance was MON 89034 grown in 2005 U.S. field
trials. Tissue samples were collected as outlined in Production Plan 05-01-50-02 from
plants grown from starting seed lot GLP-0411-15624-S.

3.1.2 Control Substance. The negative control substance was a conventional corn
with a similar genetic background to the test plants grown in 2005 U.S. field trials.
Tissue samples were collected as outlined in Production Plan 05-01-50-02 from plants
grown from starting seed lot GLP-041 1-15630-S.

3.1.3 Characterization of Test and Control Substances. The identities of the test
and control substances were confirmed by verifying the chain-of-custody
documentation prior to analysis. To further confirm the identities of the test and
control substances, event-specific polymerase chain reaction (PCR) analyses were
conducted on seed and grain samples. The PCR analyses of the planted seed were
archived by the Sponsor under the seed lot numbers described in sections 3.1.1 and
3.1.2. The identities of grain samples harvested from the field were verified by PCR
and the verification of identity was referenced back to the starting seed lot numbers.

3.1.4 Reference Substances. Two E. coli-produced protein standards were used in
this study and the certificates of analysis were archived with the study data.

A CrylA.105 protein standard (lot 20-100086) was used as the reference substance
for the analysis of CrylA.105 protein levels. The purity-corrected protein
concentration of the purified standard was 1.0 mg/ml by amino acid composition
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analysis. The purity was 80% as determined by sodium dodecyl sylfafe C)
polyacrylamide gel electrophoresis (SDS-PAGE) and densitomet£ analysis,

A Cry2 Ab2 protein standard (lot 20-100071) was used as thek, fe;@fe ghbstance for
the analysis of Cry2Ab2 protein levels. The purity-correctgd frogein cohe entration of
the purified standard was 0.4 mg/ml by amino acid comp@stio g. The purity

4.0 Methods
4.1 Generation of Plant Samples

4.1.1 Summary of Field Design. Producif, Ple%\ﬂS- ~50-02 (Hull, 2006) was
initiated during the 2005 planting season ¢t and control substances at
various corn-growing locations in the
County, IA; Warren County, IL; Clin

C

cate@ yvi
e

root, senescent root, poll
plot at all field sites. T
collected four times at/di

gamples (leaf, root, and whole plant) were

h stages: (1) V2 - V4 stage, (2) V6 - V8 stage,
stage. The identification of corn growth and
the descriptions in “How a Corn Plant Develops”
2hout the field production, sample identity was

yamples, except grain, were stored and shipped on dry ice
Processing facility in Saint Louis, Missouri.  Grain samples
d at ambient temperature.

#z¢r until shipped on dry ice to Monsanto’s analytical facility. All processed
ples were stored in a -80°C freezer during the study.

o corn tissues as described in standard operating procedures (SOPs) BR-ME-1027-
and BR-ME-1026-01, respectively. Extraction parameters for each protein and
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tissue type are described in Appendices 2 and 3. All processed tissues were kept on
dry ice during extract preparation. All tissues were extracted using a Harbil mixer.
Insoluble material was removed from the extracts by using a Serum Filter System
(Fisher Scientific, Pittsburgh, PA), or by centrifugation. The extracts were aliquoted
and stored in a -80°C freezer until ELISA analyses.

4.3 ELISA Reagents and Methods

4.3.1 Cryl1A.105 Antibodies. Goat polyclonal antibodies (lot 7509175) specific for
the CrylA.105 protein were purified using Protein-G Agarose affinity
chromatography. The concentration of the purified IgG was determined to be 0.93
mg/ml by spectrophotometric methods. The purified antibody was stored in a
phosphate buffered saline (1X PBS) buffer (pH 7.4) containing 0.001 M KH,PO,, 0.01
M Na,HPO, - 7H,0, 0.137 M NaCl, and 0.0027 M KCL

The purified Cryl1A.105 antibodies were coupled with biotin (Sigma, St. Louis, MO)
according to the manufacturer’s instructions and assigned lot 7509180. The detection
reagent was NeutrAvidin (Pierce, Rockford, IL) conjugated to horseradish peroxidase
(HRP). '

4.3.2 Cry2Ab2 Antibodies. Mouse monoclonal antibody (lot G-800601) specific for
the Cry2Ab2 protein was purified using Protein-A Agarose affinity chromatography.
The concentration of the purified IgG was determined to be 1.0 mg/ml by
spectrophotometric methods. Production of the Cry2Ab2 monoclonal antibody was
performed by Strategic Biosolutions (Newark, DE). The purified antibody was stored
in a buffer (pH 7.2) containing 0.02 M Na,HPO, - 7H,0 and 0.15 M NaCl with 0.05%
NaN; added as a preservative.

Purified Cry2Ab2 antibodies (lot 738 1862) were coupled with biotin (Sigma)
according to the manufacturer’s instructions and assigned lot 7381898. The detection

reagent was NeutrAvidin-HRP.

43.3 Cry1A.105 ELISA Method. Goat anti-Cry1A.105 capture antibodies were

diluted in coating buffer (15 mM Na,COs, 35 mM NaHCO; and 150 mM NaCl, pH

9.6) and immobilized onto 96-well microtiter plates at 5.0 pg/ml followed by

incubation in a 4°C refrigerator for >8 h. Prior to each step in the assay, plates were —
washed with 1X PBS containing 0.05% (w/v) Tween-20 (1X PBST). For grain tissue .
only, plates were blocked with the addition of 100 to 150 pl per well of 1X PBST with

9% non-fat dried milk (NFDM) for 30 to 90 minutes at 37°C. Cryl1A.105 protein

standard or sample extract was added at 100 pl per well and incubated for 1 hat 37°C.

The captured Cryl A.105 protein was detected by the addition of 100 pl per well of

biotinylated goat anti-CrylA.105 antibodies and NeutrAvidin-HRP (Pierce). Plates
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tetramethylbenzidine (TMB; Kirkegaard & Perry, Gaithersburg, ¥ID). The ¢ matic
reaction was terminated by the addition of 100 pl per well of 6 H@4.

4.3.4 Cry2Ab2 ELISA Method. Mouse anti-Cry2Ab) ca /{7 anyibody was diluted
in coating buffer (15 mM Na,CO; and 35 mM NaHCO ,phgj) And immobilized onto
96-well microtiter plates at 5.0 pg/ml followed by jaghb i/a/4°C refrigerator for
>8 h. Prior to each step in the assay, plates werg s%?it PBST. Cry2Ab2
protein standard or sample extract was added gt Y00 {hper Av£ll and incubated for 1 h
at 37°C. The captured Cry2 Ab2 protein was/détegted byAle addition of 100 pl per
well of biotinylated goat anti-Cry2Ab2 antjfg i;bfl edtrAvidin-HRP. Plates were
MB. epzymatic reaction was terminated
by the addition of 100 ul per well of 6 M H;P04. Qlntitation of the Cry2Ab2 protein
was accomplished by interpolation frgy'a C@A protein standard curve that ranged

from 0.219 — 7 ng/ml.

~ A0 .
4.3.5 CrylA.105 and Cry2Ab L&A VAlidations. Appendices 2 and 3
summarize the results of validatfon cfb‘he EI/ISA methods used to assess the

CrylA.105 and Cry2 Ab2 py6 in@els i Lorn tissues, respectively.

4.4 Control of Bias 'g/
The test and control subsgapce e plafited in a non-systematic manner at all field sites

using a randomized cory ete’gg k dedign as described in Production Plan 05-01-50-02.
Representative tissueg ory!%a/ fof were collected as described in the production plan.
All tissues, except poJfen, wefe pfgCessed by thoroughly grinding before extraction to
minimize sampling Yfas. aAll of/tfe ELISA methods used were optimized to minimize
method bias. "g/‘&/

4.5 Moistuye aZﬁl’[@'s
All tissuey/were yz¢d/for moisture content using a IR-200 Moisture Analyzer (Denver

Instrumg Co@n / Krvada, CO) according to SOP AG-EQ-1023-01. A homogeneous
tissue ciﬁé\yte #obl (TSSP) was prepared consisting of a minimum of 4 samples of a
ssue(t)lpe ifcluding over season samples) grown at a given site. For stover tissue,
e%m of were available and all three samples were used to prepare the TSSP.
p ofc prepared for all tissues in this study. The average percent moisture for
{s calculated from triplicate analyses. A TSSP Dry Weight Conversion
a@;r (DAWCF) was calculated as follows:

DWCF = | — [Mean TSSP Moisture / 100]
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The DWCF were used to convert protein levels assessed on a ug/g fresh weight (fwt) basis
into levels reported on a ug/g dry weight (dwt) basis using the following calculation:

(Protein Level Fresh Weight)
( DWCF)

Protein Level in Dry Weight =

The protein levels that were reported to be less than or equal to the limit of detection
(LOD) or the limit of quantitation (LOQ) on a fresh weight basis were not reported on a
dry weight basis.

4.6 Data Analyses

All Cryl1A.105 and Cry2Ab2 ELISA plates were analyzed on a SPECTRAmax Plus
(Molecular Devices, Sunnyvale, CA) microplate spectrophotometer using a dual
wavelength detection method. All protein concentrations were determined by optical
absorbance at a wavelength of 450 nm with a simultaneous reference reading of 620-655
nm. Data reduction analyses were performed using Molecular Devices SOFTmax PRO
version 4.7.1 software. Absorbance readings and protein standard concentrations were
fitted with a four-parameter logistic curve fit. Following the interpolation from the
standard curve, the amount of protein (ng/ml) in the tissue was converted to a “pg/g fwt”
basis. For all proteins, this conversion utilized a sample dilution factor and a tissue-to-
buffer ratio. The protein values in “ug/g fwt” were also converted to “pg/g dwt” by
applying the DWCF. Microsoft Excel 2002 (Version 10.6730.6735 SP3, Microsoft,
Redmond, WA) was used to calculate the CrylA.105 and Cry2Ab2 protein levels in corn

tissues.
4.7 Protocol Amendment and Deviations

The study protocol was amended to correct the lot number of the CrylA.105 reference
standard. This amendment had no impact on the data generated in the study.

A protocol deviation was written to address OSL-1, OSR-3, and forage samples that were
analyzed more than one time. Alldata from the additional analyses were reported,
resulting in minimal impact on the study data. A second protocol deviation was written
because samples from site IA for MON 89034 stover were not included in the moisture or
ELISA analyses. These samples were stored improperly and never entered the study. The
absence of these samples had no impact on the moisture data generated and had minimal
impact on the ELISA data generated. A third deviation was written for an OSWP-1
sample that was extracted for CrylA. 105 protein using an incorrect tissue-to-buffer ratio
as a result of a miscalculation. The actual tissue-to-buffer ratio was used in all
calculations for that sample, so there was no impact to the data generated.
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5.0 Results

5.1 Cry1A.105 Protein Levels in Corn O

Summaries of mean, standard deviation (SD), and range of the £ 1{%’0’5 pragtein levels
reported on a pg/g fwt and pg/g dwt basis in corn tissues colle edﬁ
sites in 2005 for MON 89034 are presented in Tables 1 throfig %W
Cry1A.105 protein in tissue samples from the conventiongl gon
CrylA.105 assay LOQ or LOD for each tissue type, as £ ecé%&b

£U.S. field
eAchels of
ofe’below the

5.2 Cry2Ab2 Protein Levels in Corn

Summaries of mean, SD, and range of the Cry2Ap2 protein le¥els reported on a pg/g fwt
and pg/g dwt basis in corn tissues collected fromf five g\? fiéld sites in 2005 for MON
89034 are presented in Tables 1 through 4. THg eveSof Z1¥2Ab2 protein in tissue
samples from the conventional control were/bglow the Ab2 assay LOQ or LOD for
each tissue type, as expected. ,Q

5.3 Stability of Test Materials * O
All of the test and control substanceg erg@g/?r/a o and analyzed by ELISA within the

timeframe of verified tissue stabilify for plzj, ryl A.105 and Cry2 Ab2 proteins.

6.0 Conclusions ,g/‘@‘

MON 89034 was grown i .s§{1§3t {af5 at five field sites in 2005. Tissue samples were
e¥thydyghout the growing season and assayed for
1

collected at various growtlf sty
Cryl A.105 and Cry2 Ab p}%‘é’ exols using validated ELISA methods. These data

estimate the protein Jéy€ls ol Wry¥A( 105 and Cry2Ab2 proteins on a fresh weight and dry
weight basis in ningfg€n ‘&'s;ues foughout the growing season.

The means for Ly lA'.'ﬁ\j)S ofofein levels across all sites were 5.9 pg/g dwt in grain, 42
pg/g dwt in §6 ge,/@’p o/dwt in pollen, 520 pg/g dwt in OSL-1, 120 ng/g dwt in leaves
OSL-4, 12 fig/g dyyin forage root, and 50 pg/g dwt in stover. In tissues harvested
throughopdt/the @w' teason, mean Cryl A.105 protein levels across all sites ranged
from 72~ O’u\%//g dfv/in leaf, 42-79 pg/g dwt in root, and 100-380 pg/g dwt in whole

plant ,,g/

The/me Q«) y2Ab2 protein levels across all sites were 1.3 pug/g dwt in grain, 38 pg/g
dwt i@, 0.64 1g/g dwt in pollen, 180 pg/g dwt in OSL-1, 160 pg/g dwt in OSL-4,
1 yrg/¥ dyitAn forage root, and 62 pg/g dwt in stover. In tissues harvested throughout
theﬂgéo Ang season, mean Cry2 Ab2 protein levels across all sites ranged from 130-180

&%/g dy/in leaf, 26-58 pg/g dwt in root, and 39-130 pg/g dwt in whole plant.

O

©
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Table 1. Summary of Cry1A.105 and Cry2Ab2 Protein Levels ig’Zorn Leaf Pissues
Collected from MON 89034 Produced in U.S. Field Trials Con cte@n 2

Ve
Cry1A.105 Protein Levels ﬂ{é&&’y&e/m Levels
Tissue Type' Mean (SD)? Mean (SD) an%m Mean (SD)
Range’ Range / R'Qg Range
(ng/g fwt)* (ng/g dwt)® (it (ng/g dwi)

Monsanto Company Study 01-3",52
Biotechnology Regulatory Sciences MSIL, SSQ
Pagd 16 ofQp
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OSL-1 85 (21) 520 (130) 180 (59)
56 - 130 94 - 270
OSL-2 28 (8.7) 2(5.3) 170 (34)
12 -45 23 -44 110 - 230
OSL-3 . 16 (4.3) 29(5.4) 130 (34)
94 -24 2341 85 -200
OSL-4 30 (20) 37(12) 160 (44)
' 6.3 -59 11 -56 48 - 210
. Tissues were collected at the
a. OSL-1: V2-V4 :
b. OSL-2: V6-V8
. The mean and standar i r¢/cAlculated across sites (n=15, except OSL-1 for CrylA.105,

n=16).
. Minimum and maxjfnfm values wgrg/determined for each tissue type across sites.
. Protein levels are
basis.
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Table 2. Summary of Cry1A.105 and Cry2Ab2 Protein Levels in Corn Root Tissues
Collected from MON 89034 Produced in U.S. Field Trials Conducted in 2005

Cry1A.105 Protein Levels Cry2Ab2 Protein Levels
Tissue Typel Mean (SD)2 Mean (SD) Mean (SD) Mean (SD)
Range’ Range Range Range
(ng/g fw)' _ (ng/g dwt’ (ng/g fwt) (ng/g dwt)
OSR-1 8.9 (1.3) 79 (17) 6.4 (1.6) 56 (17)
73-12 52 -110 44-10 33 - 100
OSR-2 5.8 (1.6) 48 (11) 7.6 (4.2) 58 (18)
3.0-8.5 30-63 25-15 25-86
OSR-3 6.4 (1.8) 45 (10) 5.0 (2.7) 35 (17)
" o "44-10 2664 22-12 15-74
OSR-4 6.7 (0.63) 42 (10) 42(12) 26 (1.7)
56-8.1 30 - 63 32-7.6 1545
Forage-Root 2.2 (0.35) 12 3.1) 4.1(1.4) 21 (5.9)
1.3-2.7 62-16 : 22-6.5 14-33
Senescent Root 2.2 (0.36) 11(1.4) 5.3(2.0) 26 (8.8)
1.7-3.1 9.4-15 24-9.1 13-43
1. Tissues were collected at the following growth stages (Ritchie et al., 1997):
a. OSR-1: V2-V4 c. OSR-3: V10-VI2 e. Forage-Root: Early dent
b. OSR-2: V6—-V8 d. OSR-4: pre-VT f. Senescent Root: After harvest
9. The mean and standard deviation were calculated across sites (n=135, except OSR-3 for CrylA.105,
n=16).

3. Minimum and maximum values were determined for each tissue type across sites.

4. Protein levels are expressed as microgram (pg) of protein per gram (g) of tissue on a fresh weight (fwt)
basis.

5. Protein levels are expressed as pg/g on a dry weight (dwt) basis. The dry weight values were calculated
by dividing the fwt by the dry weight conversion factors obtained from moisture analysis data.
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Table 3. Summary of CrylA.105 and Cry2Ab2 Protein Levels i
Forage, and Stover Tissues Collected from MON 89034 Produ

Trials Conducted in 2005

Y
Cy
Y/ A
Cry1A.105 Protein Levels },@ﬂ tein Levels
Tissue Type' Mean (SD)’ Mean (SD) WS(D Mean (SD)
' Range’ Range Range
(ng/g fwt)* (ng/g dwt)® (ng/g dwt)

4.6) 130 (51)
~21 52 -230

OSWP-1 40 (5.7) 380 (%0
30-52 230 -

OSWP-2 24 (3.7) 7.5 (1.8) 79 (18)
' 16 -31 4.0-9.7 45-110
OSWP-3 11(2.4) 4.2 (0.94) 40 (9.9)
7.0-15 24-58 22 - 61

OSwWP-4 5.9 (2.6) 39 (16)
0.70 - 11 5.0-67

Forage 12 (4.0) 38 (14)
20 - 56 6.5-18 15-55

Stover 50 (17) 22 (3.6) 62 (15)
26 — 85 17-29 46 - 97

t. OSWP-3: VI0-VI12 €. Forage Early-dent
d. OSWP-4: pre-VT f. Stover: After harvest
eviation were calculated across sites (n=15, except MON 89034 stover, n=12

for Cryl A.105, n=30).
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Table 4. Summary of Cryl1A.105 and Cry2Ab2 Protein Levels in Corn Silk, Pollen,
and Grain Tissues Collected from MON 89034 Produced in U.S. Field Trials
Conducted in 2005

Cry1A.105 Protein Levels Cry2Ab2 Protein Levels
Tissue Type' Mean (SD)’ Mean (SD) Mean (SD) Mean (SD)
Range’ Range Range ' Range
(ng/g fwt)* (ng/g dwt)® (ng/g fwt) (ng/g dwt)
Silk 3.0 (0.57) 26 (3.9) 8.2 (3.6) 71 (35)
20-3.8 20-31 33-16 33-160
Pollen 6.4 (1.5) 12 (1.7) 0.34 (0.084) 0.64 (0.091)
3.8-8.8 8.5-16 0.21 - 0.47 0.49-0.79
Grain 5.1(0.67) 5.90.77) 1.1 (0.31) 1.3 (0.36)

4.1-6.0 4.7-17.0 0.67-1.8 0.77-2.1

1. Tissues were collected at the following growth stages:
a. Silk: At pollination ¢. Grain: Dried to approximately 12-15% moisture
b. Pollen: At pollination

2. The mean and standard deviation were calculated across sites (n=15).

3. Minimum and maximum values were determined for each tissue type across sites.

4. Protein levels are expressed as microgram (pg) of protein per gram (g) of tissue on a fresh weight (fwt)
basis. '

5. Protein levels are expressed as pg/g on a dry weight (dwt) basis. The dry weight values were calculated
by dividing the fwt by the dry weight conversion factors obtained from moisture analysis data.
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Appendix 1. Standard Operating Procedures

@,

AG-EQ-1023-01 Denver Instrument IR-200 Moisture 13%1’

BR-ME-1026-01 Extraction and Indirect ELISA AhAlys; Q Ab2 in Corn
Tissues

BR-ME-1027-01 Extraction and Indirect ELISA é@/s' T CrylA.105 in
Corn Tissues
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Appendix 2. Summary of the Validation Results for the Cry1A.105 Protein ELISA
in Corn Matrices

1.0 Accuracy
1.1 Extraction Efficiency and Spike and Recovery
Extraction Efficiency acceptance criteria = 70 — 100%.
Spike and Recovery acceptance criteria = 70 — 130%.
Spike and Recovery acceptance criteria (grain) = 60 — 140%.

Tissue Tissue-to-Buffer | Extraction Spike and
Ratio Efficiency’ Recovery’
Forage 1:100 100 % 72 —-78 %
Leaf 1:50 100 % 74 - 85%
Pollen 1:100 92 % 79 - 83%
Root 1:50 88 % 100 - 105 %
Silk 1:50 85 % 86 — 92%
Grain 1:50 100 % 60 — 67 %

Extraction efficiency for each tissue type was determined by comparing an aqueous extract to an
extract in harsh buffer (e.g. 1X Laemmli buffer) on a western blot.

To evaluate the analytical accuracy of the ELISA, extracts prepared from each tissue type of
conventional corn plants were spiked with known quantities of Cryl A.105 protein at three
concentrations spanning the range of the standard curve.

1.2 Matrix Effects

No matrix interferences (non-specific binding) were noted when sample extracts were
analyzed at matrix dilutions stated below. Matrix Effects acceptance criteria = 70 —
130%.

Tissue Minimal Dilution to Avoid Average
Matrix Effects Recovery Range
Forage 1:10 92 - 109 %
Leaf 1:30 84 -95 %
Pollen 1:25 87 — 100 %
Root 1:15 88 —-111%
Sitk 1:20 91 -96 %
Grain 1:50 99 — 108 %
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1.3 Parallelism

Parallelism is defined to mean that the plant-produced CrylA.
immunologically equivalent to the E. coli-Cry1A.105 protei . Pofallelism
acceptance criteria = 70 — 130%.

o~
G,
Tissue Parallelism ef.q@()— %

Forage 9%/ 103% //
Leaf /é/ —S:Q';{/"/g/ /
Pollen / /3190 % /
Root // Q6 —99%

Silk | [/ R %
Grain // D LA3Y%

2.0 Precision
Range of Quantitation:
Method for Curve Fit

0.438 — 14 ng/ml
4-parameter

Criteria: <15%

ce Criteria: <25%
Criteria: Standards 1-5 <15%
Standard 6 <25%

cAsured for the positive control sample from 57 independent ELISAs using one-
ce (ANOVA). '

#-assay precision were assessed by determining the CV of the concentration of

# measured for the positive control sample from 21 independent ELISAs using one-
variance (ANOVA).
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Precision Profile:

Standard Number Concentration (ng/ml) | %CYV (over 57 runs)
1 14 6.8 %
2 7 53%
3 3.5 6.2 %
4 1.75 5.0 %
5 0.875 5.9 %
6 0.438 9.3 %

The total intra-assay precision based on the standard curve was calculated to be

6.4%.

Precision Profile (Grain):

Standard Number | Concentration (ng/ml) | %CV (over 21 runs)
1 14 6.4 %
2 7 6.7 %
3 3.5 6.8 %
4 1.75 7.2%
5 0.875 8.3 %
6 0.438 12.0 %

The total intra-assay precision based on the standard curve was calculated to be

7.9%.



