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The text below applies only to use of the data by the United States Environmental
Protection Agency (US EPA) in connection with the provisions of the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA).

Statement of No Data Confidentiality Claim

No claim of confidentiality is made for any information contained in this study on the
basis of its falling within the scope of FIFRA § 10(d)(1)(A), (B), or (C).

We submit this material to the United States Environmental Protection Agency
specifically under the requirements set forth in FIFRA as amended, and consent to the
use and disclosure of this material by EPA strictly in accordance with FIFRA. By
submitting this material to EPA in accordance with the method and format requirements
contained in PR Notice 86-5, we reserve and do not waive any rights involving this
material that are or can be claimed by the company notwithstanding this submission to
EPA.

Company: Monsanto Company

Company Agent:

Title:

Signature: Date:
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Quality Assurance Statement

Study Title: Assessment of the in vitro Digestibility of the CrylA.105 Protein
in Simulated Gastric Fluid
Study Number: 05-01-62-02

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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Audit Study Director Management
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Monsanto Regulatory, Monsanto Company




4

Monsanto Company
Final Report

Product Characterization Center

Study Number:

Title:

Primary Testing Facility:

Study Director:

Principal Investigator:

Study Initiation Date:
Study Completion Date:

Records Retention:

Specimen Rete

© 2005 My

This dg

Study: 05-01-62- ‘%
MSL: 19929
Page f282’),Q
Study Information Page §

O

Assessment of the in vitro Digestibility'g tk;ggy AZ105
Protein in Simulated Gastric Fluid ’Q’

0
Q@
O

Elena A. Rice, Ph.D.

Monsanto Company (g/
Product Characterigagon Céntey
800 North Lindbefgh Boulevafd
St. Louis, Missg 6'?,@67
Shefalee A pa;;l\i{aO
Monsan[ rQ%a:Zr:
Produc argcterization Center
800 indbepell Boulevard
St. is, sodry 63167

5(2005

NOV cr

05-01-62-02

Monsanto Company
Product Characterization Centg
800 North Lindbergh Boulevard
St. Louis, MO 63167

005

tudy/specific raw data, protocol, amendments,
devVigtigns, final report, and facility records will be retained

5 at Mofsanto, St. Louis.

decimens will be retained at Monsanto, St. Louis, as
pecified in section 5.2.

aulo@o ppdny. All Rights Reserved.

ent‘:’y prgftgcted under copyright law. This document is for use only by the

regulatofy a)ﬁ%;)ri © which this has been submitted by Monsanto Company, and only in
suppoft of @i equested by Monsanto Company. Any other use of this material,

without ;S{ipr
t

/riften consent of Monsanto, is strictly prohibited. By submitting this
orfsanto does not grant any party or entity any right or license to the

docu )
i forma;io ot intellectual property described in this document.

) ’
)

’
{



Monsanto Company Study: 05-01-62-02
Final Report MSL: 19929
Product Characterization Center Page 6 of 23

Study Certification Page

The results reported in this Final Report accurately reflect the data generated under study
number 05-01-62-02.

Approved By:

Z% o 7, p%/,&pj’

Elena A. Rice, Ph.D. Date’
Study Director

Monsanto Company

Product Characterization Center

L B

- ///om/zws"
éary AOBannon, Ph.D. Date

Lead, Protein Sciences Team

Monsanto Company

Product Characterization Center




//

Monsanto Company Study: 05-01-62- Ay
Final Report MSL: 19829 ,Q
Product Characterization Center Page/7 6f %

2

Table of Contents

o

THIE ... nes s fof s sennna s fl e 1

Statement of No Data Confidentiality Claim....................... STTRRR AV A Kg) ............. 2

Statement of Compliance..........cc.ccoooveveiiiiiiiiciiiiee ,Q .................... 3

Quality Assurance Statement..............ocooovveriiiiiniic Lo @/D ...................... 4

Study Information Page .........ccccoocceveviinncincccnnn LS ’Q ............................. 5

Study Certification Page .........cccoovevcicnncncncncnenceccn Lo fon (@ N/ 6

Table of Contents..........coeeevvivveievenennieienieneseen o f % .................................... 7

AbDbreviations..........cccccevevievvereeieniienecnniennneeneenee s S fl é(y ........................................... 9

1.0 Summary.......ccccceeeeneviviienienieeneeneeeene S O ............................................ 10

2.0  Introduction.........ccccoermvverirvenncnncn fofon, O’Q .................................................. 10

30 Purpose.......occeomvcceenincrnneenn fofor . A Y 40 AR 11

Y,

40  Materials ......ccooveevrvecnn il o, 0 O 11

41 Test Substance ....././..... ‘& .................................................................. 11

42 Control Substancgé ’g/ ...................................................................... 11

43 Reference SUbSHACE. L0/ /oo 11

4.4. Characterizagfon of the/ TeSl/Substance..........ocoeevveeceiiiveieece e, 11

5.0 Test System......../.A... Q ............................................................................... 11

5.1 Justificption for SelgCtion of the Test System..........cccovvviviiciiiviiiiineis 12

5.2 SPECIMENS LI\ oo/ S e 12

5.3  Progedure for Pdgntification of Specimens ...........ccceverevecrieereecveecveenesiens 13

6.0  Experiméifal DRYEI/L /. ..ooviiiiiiiiiiiciiiiiii 13

6.1 ige’tﬁ‘lﬁli 6f the Test Substance in SGF ..o 13

6.2 / / Expei l ] CoNtrols ...t 14

7.0 Af yt@d OAS ..ottt ettt 14

.1 GF ACHIVIEY ASSAY «oveiiiieeiiiniiieiitiriieie sttt e e e ste s sts s eraera e ereeebeearans 14

7.2(0) SPF-PAGE ... 15

lg/ Cdlloidal Brilliant Blue G Staining...............ccocoveveiiveiveeeneeeeoseeseeneseenans 16

(%} Western Blot ANalysis .......coccoviviriieicneceeee e, e 16

.5 Statistical Methods.........cccoiiiiiiiiiii e 17

8.0, QOArO] OF Bias......c.cooiiiiiie ettt e s 17
(‘“Q '

)



Monsanto Company Study: 05-01-62-02

Final Report MSL: 19929
Product Characterization Center . Page 8 0f 23
9.0  Rejected Data ..o 17
10.0  Protoco]l AMENdmMEntS.......coeveieriiirereeiiiierr ettt st s sve e s s 18
11.0  Protocol DeVIAtIONS. . ..uiiurieieire et sttt ettt see s e 18
12.0  Results and DISCUSSION c...ooveriiiiiieniiiiiriii sttt sbe e 18
12.1  Pepsin Activity in SGF ..o 18
12.2  Assessment of the Extent of Digestion of the CrylA.105 Protein by Pepsin
using Colloidal Brilliant Blue G Gel Staining of SDS-PAGE................... 18
12.3  Assessment of the Extent of Digestion of the Cryl1 A.105 Protein by Pepsin
using Western Blot ANalysis........cccovievniiemninnieniieninreet e 19
13,0 CONCIUSIONS ...eiiieiiiiiiieiie ettt sttt st e sbs s sa et srene 20
140 RETEIEICES ..uviiiiiiiieiie ettt este ettt st eab s sna e s 20
Figures
Figure 1. Colloidal Brilliant Blue G stained SDS-polyacrylamide gels.............c.ccouoe.. 21
Figure 2. Western blot analysiS.........ccociiiiiiiiiiiiiii 22
Appendix

List of Applicable SOPS.......ccccciiiiiiiinii e 23



A

Monsanto Company Study: 05-01-
Final Report MSL; Q
Product Characterization Center Page/H0

/
&

Abbreviations' O
CEW Corn earworm Q
CFR Code of Federal Regulations O
DF Dilution factor
ECsq Effective protein concentration to inhibifthe K/@{t of the
target insect by 50%
ECL Enhanced chemiluminescence [O'
E. coli Escherichia coli [O
EPA Environmental Protection Agen ’Q’
FIFRA Federal Insecticide, Fungicide /afd @m icrde Act
HRP Horseradish peroxidase
IgG Immunoglobulin G
LOD Limit of Detection
ILSI International Life Sciept In@.lte
LB Laemmli buffer

MALDI-TOF MS Matrix assisted las es@io ighization — time of flight mass

spectrometry O
NFDM Non-fat dry mi .
PBST Phosphate buffefed s%e gntaining Tween-20
SDS-PAGE Sodium do 1 sﬁf’ﬁ(te polyacrylamide gel electrophoresis
SGF Simulated/gdstrid @i
SOP Standard gperating pfoCedure
T Time

TCA Trig

US s
Ix LB mn%?bu fer [62.5mM Tris-HCl, 5% (v/v) 2-
eréﬁ.g; ethaghol, 2% (w/v) sodium dodecyl sulfate, 0.005%
(w/v) brofmoéphenol blue, 10% (v/v) glycerol, pH 6.8].
5x LB Fiye tindes concentrated 1 x LB

1907720
(o

S
Rz
o
52

! Standard/apbreviations, e.g. units of measure, concentration, mass, time, etc., are used without definition
a(lp(gbrdi the format described in “Instructions to Authors” in The Journal of Biological Chemistry.
)]
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1.0 Summary

Monsanto has developed plants that produce the Cry1A.105 insecticidal protein and are
protected from feeding damage caused by European corn borer (Ostrinia nubilalis) and
other lepidopteran insect pests. CrylA.105 is a modified Bacillus thuringiensis Cry1A
protein with 93.6 % overall amino acid sequence identity to the Cry1Ac protein.

The purpose of this study was to assess the in vitro digestibility of the Cryl1 A.105 protein
in simulated gastric fluid (SGF) containing the proteolytic enzyme pepsin. The
CrylA.105 protein used in this study was produced in and purified from E. coli. The

E. coli-produced Cry1A.105 protein was characterized prior to the digestibility study.
Digestibility of the CrylA.105 protein in SGF was assessed using stained SDS-
polyacrylamide gel and western blot analysis.

The results of this study demonstrated that the full-length Cryl1A.105 protein was rapidly
digested during incubation in SGF. At least 99.3% of the full-length Cryl1A.105 protein
was digested within 30 seconds when analyzed using Colloidal Brilliant Blue G stained
polyacrylamide gels. Greater than 95% of the Cry1A.105 protein was digested in SGF
within 30 seconds when specimens were analyzed using western blot. A faint ~4.5 kDa
band was observed between the 30-second and 20-minute digestion time points when
analyzed using a Colloidal Brilliant Blue G stained polyacrylamide gel. Neither this
band, nor any other immunoreactive band was detected using western blot analysis.

2.0 Introduction

Monsanto has developed plants that produce the CrylA.105 insecticidal protein and are
protected from feeding damage caused by European corn borer (Ostrinia nubilalis) and
other lepidopteran insect pests. CrylA.105 is a modified Bacillus thuringiensis Cryl A
protein with 93.6 % overall amino acid sequence identity to the CrylAc protein.

Currently, proteins introduced into commercial food crops through the techniques of
biotechnology are evaluated for safety, including an assessment of the potential to be
allergenic. One aspect of this assessment includes analysis of the digestibility of the
target protein in an SGF assay containing pepsin. The correlation between protein
allergenicity and protein stability in an in vitro pepsin digestion assay has been
previously established (Astwood et al., 1996). Proteins that are highly digestible are
expected to be less likely to cause sensitization or allergenic reaction when consumed.
Recently, the International Life Science Institute (ILSI) standardized the pepsin
digestibility assay protocol in a multi-laboratory evaluation (Thomas et al., 2004). The
SGF formulation, time course, and experimental parameters used in this study followed
the conditions used in the ILSI multi-laboratory evaluation.
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3.0 Purpose §

The purpose of this study was to assess the stability of the Cry1A.105 prdtgin ip
simulated gastric fluid containing the proteolytic enzyme pepsin.

4.0  Materials Xy

4.1 Test Substance fO/

The test substance was the CrylA.105 protein. The £¢§1
(Analytical Protein Standard lot 20-100073) was igbjte a/fermentation
batch of E. coli containing pMON96851 expressto 1d/ Fhis protein has
been characterized and has a total protein congépfrationof A Z mg/ml and a purity
0f92 %. Functional activity was confirmed Msing an insgcy'bioassay with the

W? ;71

S prétein

larvae of a susceptible pest, corn earworm hg BCsg value was 5.8 ng/ml
of diet. Prior to its application to the tes/sySste cét substance was stored in
a —80 °C freezer in a test substance stopdge buffer cdifaining 25 mM CAPS,

1 mM benzamidine-HCI, 0.1 mM EDTA, a@(). DTT, pH ~10.3.

]

4.2 Control Substance N
There was no control substance/far th(g}tu

4.3 Reference Substance [O
There was no reference subg tam@?; s study. Analytical reference standards

4.4,

substance waypé der characterization plan 20-100073 and is described
on the Certifig4 yysis. The following properties were established for the

CrylA.105 grot idgfiffty (N-terminal sequencing, MALDI-TOF mass
spectrome ' unodetection), concentration (amino acid analysis),
purity ASDSE 4G E/génsitometry), molecular weight (SDS-PAGE/densitometry,

) -T@M stability (SDS-PAGE/densitometry) and activity (CEW

5.0 Pest ’é%(e ‘

The gest )@ of this study was simulated gastric fluid (SGF) that contains the

pfoteq e e pepsin. The SGF was prepared using a highly purified form of pepsin
Latalog numhper P-6887, Sigma Company, St. Louis, MO). The SGF was formulated so
hat ten updtg of pepsin activity per microgram of total protein from the test substance

would be present in the digestion reactions. The amount of pepsin powder used to

A
()
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prepare SGF was calculated from the specific activity reported on the product label. One
unit of activity is defined as a change in Azgonm 0f 0.001 per minute at 37 °C, measured
as trichloroacetic acid (TCA) soluble products using hemoglobin as the substrate. The
stock SGF solution was prepared by adding pepsin powder (26.6 mg) to 33.2 ml of an
acidic sodium chloride solution (2 mg/ml NaCl, 10 mM HCI, pH 1.3). After the activity
of pepsin in SGF was confirmed, the stock SGF solution was diluted to provide
approximately 1500 units pepsin activity/ml of solution.

5.1 Justification for Selection of the Test System

In vitro digestion models are used widely to assess the nutritional value of
ingested proteins based on their amino acid bioavailability. Also, the correlation
between protein allergenicity and protein stability in an in vitro pepsin digestion
assay has been previously established (Astwood et al., 1996). Recently the pepsin
digestibility assay protocol was standardized by ILSI in a multi-laboratory
evaluation test (Thomas et al., 2004). This multi-laboratory test showed that
results of the in vitro pepsin digestion assay are reproducible when a common
protocol is followed. The SGF formulation, time course, and experimental
parameters used in this study followed the conditions used in the ILSI multi-
laboratory evaluation test.

5.2 Specimens

Specimens were generated by incubating the test substance with the test system
for the times specified in section 5.3. See Sections 6.0 through 7.0 for details on
the preparation and analysis of specimens. Specimens will be retained in a -80 °C
freezer one year, after which they will no longer afford analytical evaluation and
may be discarded.
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6.0

6.1

Procedure for Identification of Specimens (j;)
wherg

Alphanumerical codes were used to distinguish incubation time poj
T = time, P = protein only, and N = no protein):

Targeted Incubation Time Point Designaiq
0 min
30 sec
2 min
5 min
10 min
20 min
30 min
1h

Experimental Design

Digestibility of the Test Substanc

Digestion of the test substance in
specimens from all incubation tiphg
37+2°C.

afudted over time by analyzing
¢ target digestion temperature was

The test substance protein
200 pl of the protein at 1

Digestion samples were prepared by adding
¢ to a tube containing 800 ul of SGF. The tube

subsequently voftéx mixéd ghgry 30 - 60 sec throughout the digestion experiment.
Samples (100}) were repdgred at targeted times of 0.5, 2, 5, 10, 20, 30, and

60 min (specyme to

quenching ixtu;ty Quegfiching mixture contained 35 ul of carbonate buffer
[700 mM Ka, ('O pH 11.0], and 35 pl of 5x Laemmli buffer (LB) [312.5 mM
Tris-HOI, 25"‘@(v/ {)/2-mercaptoethanol, 10% (w/v) sodium dodecyl sulfate,
0.026% (W{#) Byby ophenol Blue, and 50% (v/v) glycerol, pH 6.8].

~

Y

e zerQ ancphétion time point (T0) was prepared in a separate tube. SGF (80 pl)

was ane by adding 35 ul of carbonate buffer and 35 ul of 5x LB prior to the
ad@o 3f/20 pl of the diluted test substance.

(ég{ denched samples were heated to 75-100 °C for 5-10 min, frozen on dry ice,
n

¢/stored in a -80 °C freezer until analyzed.



Monsanto Company Study: 05-01-62-02

Final Report MSL: 19929
Product Characterization Center Page 14 of 23
6.2  Experimental Controls

7.0

Experimental controls were prepared to determine the stability of the test
substance in the test system buffer lacking pepsin [10 mM HCI, 2 mg/ml NaCl,
pH 1.3]. These experimental controls were identified with the letter "P". The
zero incubation time point (PO) was prepared in a separate tube. Test system
buffer (80 pl) was quenched by addition of 35 pl of carbonate buffer and 35 ul of
5x LB prior to the addition of 20 pl of the diluted test substance. The 60 min
incubation time point (P7) was prepared by adding 20 pl of the diluted test
substance to test system buffer lacking pepsin (80 pul). The tube was vortex mixed
and immediately placed in a 37.1 °C water bath. After 60 min of incubation, the
sample was quenched by addition of 35 ul of carbonate buffer and 35 pl of 5x LB.

Additional experimental controls were prepared to evaluate the stability of the
pepsin in the test system (SGF) lacking the test substance and to determine if non-
specific interaction occurs between the test system components and the antibodies
during western blot analysis of the specimens. These experimental controls
contained an aliquot of the test system incubated with test substance storage
buffer instead of the test substance and were identified with the letter "N". The
zero incubation time point (NO) was in a separate tube. Test system (80 ul) was
quenched by addition of 35 pl of carbonate buffer and 35 pl of 5x LB prior to
addition of 20 pl of the storage buffer (25 mM CAPS, pH 10.3, 1 mM
benzamidine-HCl, 0.1 mM EDTA, and 0.2 mM DTT). The 60 min incubation
time point (N7) was prepared by adding 20 pl storage buffer to 80 pl of test
system. The tube was vortex mixed and placed in a 37.1 °C water bath. After

60 min of incubation, the sample was quenched by addition of 35 pl of carbonate
buffer and 35 pul of 5x SB.

All experimental controls were heated at 75-100 °C for 5-10 min, frozen on dry
ice, and stored in a -80 °C freezer until analyzed.

Analytical Methods

Activity of the SGF was assessed using a pepsin activity assay. The digestibility of the
CrylA.105 protein in SGF was assessed using stained polyacrylamide gels and western
blot analysis. The limit of detection (LOD) of the Cry1 A.105 protein for these methods
was determined concurrently.

7.1

SGF Activity Assay

The SGF activity assay was used to confirm the suitability of the test system
before its use with the test substance. Acceptable activity was defined as a pepsin
activity per mg of pepsin powder (0.03 mg of powder per ml of diluted SGF)
equal to the activity of pepsin per mg of pepsin powder as determined by the
manufacturer (+1000 units/mg). One unit of pepsin activity in this assay is
defined as the amount of pepsin that will produce a change in the absorbance at
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280 nm of 0.001 per min at pH 1.2-2.0 at 37 £ 2 °C. The assay is used
the amount of soluble peptides present in a TCA solution after pepsi
denatured hemoglobin. Undigested hemoglobin was precipitated
the amount of soluble peptides was estimated by measuring the a

were incubated at 37.0 °C for an additional 10
addition of 10 ml of chilled 5% (v/v) TCA to

SGF (1 ml) was then added to the blank sa . pleg'were mixed and then
incubated another 5-10 min at 37.4 °C. P i fyd pro in was removed by
filtering the test and the blank samples y&j . syringe filters. Samples of
the clarified test and blank samples w m in a Beckman DU-650

equation:

MeanTest .4 /. —\M/‘e}/n Ank ,r50,m
INA

x DF',
0 /

1 ml is the amount of S ¢ reaction; and, DF is the dilution factor for
the SGF.

7.2  SDS-PAGE

-PAGE using pre-cast tricine 10-20%

i-gels and tricine running buffer (Invitrogen,
Carlsbad, '
protein @1 f'the CrylA.105 protein. All experimental controls were

ading on the gels. Protein markers were used to estimate the
ar weight. Electrophoresis was performed at a constant voltage of
minutes. After electrophoresis, proteins were either visualized by
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7.3 Colloidal Brilliant Blue G Staining

7.4

The colloidal Brilliant Blue G staining method was selected because it is an
effective method for detecting nanogram quantities of protein on a gel (Neuhoff et
al., 1988). Mark12 molecular weight markers (Invitrogen, Carlsbad, CA) were
used to estimate the relative molecular weight of visualized proteins and peptides.
Based on pre-digestion concentrations, approximately 0.7 ug of total protein was
loaded per lane. After separation of proteins, the gels were fixed in a solution
containing 7% (v/v) acetic acid and 40% (v/v) methanol for 30 min and stained
for approximately 20 h in 1x Brilliant Blue G-colloidal stain solution containing
20% (v/v) methanol. The gels were briefly destained for 30 s in a 10% (v/v)
acetic acid, 25% (v/v) methanol solution and completely destained for ~5 hin a
25% (v/v) methanol solution. Images were captured using a Bio-Rad GS-800
densitometer. The results of the ir vitro digestibility of Cry1A.105 protein were
determined by visual examination of the stained gels.

The approximate molecular weights of the full-size protein and proteolytic
fragment observed on the colloidal Brilliant Blue G stained gels were visually
determined relative to the positions of the molecular weight markers.

The LOD of the Cryl1A.105 protein using the colloidal Brilliant Blue G staining
procedure was determined. Various dilutions of the zero time point (T0)
digestion specimen were loaded onto a separate gel that was run concurrently with
the gel used to assess digestibility. Aliquots of the TO digestion sample
representing approximately 700, 350, 100, 50, 20, 10, 5, and 2.5 ng total protein
were used for the stained LOD gel.

Western Blot Analysis

Specimens from the SGF in vitro digestions were also analyzed using western
blotting. Based on pre-digestion concentrations, approximately 20 ng of total
protein were loaded per lane. Following electrophoresis, pre-stained molecular
weight markers (Precision Plus Protein Standards, Bio-Rad, Hercules CA) were
used to verify electrotransfer of proteins to the membrane. Proteins were
electrotransferred to nitrocellulose membranes (0.45 um pore size, Invitrogen) for
90 min at a constant voltage of 25 V.

Membranes were blocked overnight in a 4 °C refrigerator with 5% (w/v) non-fat
dry milk (NFDM) in phosphate buffered saline containing Tween-20 (PBST)
buffer. All subsequent incubations (described below) were performed at room
temperature. Membranes were incubated with rabbit anti~-Cry1A.105 antibody
(lot 070705JL) diluted 1:2,000 in PBST containing 1% (w/v) NFDM for 1 h.
Excess serum was removed by three 10 min washes with PBST. The membrane
was incubated with HRP-conjugated goat anti-rabbit IgG (Sigma) at a dilution of
1:10,000 in PBST containing 1% (w/v) NFDM for 1 h and again washed
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7.5

8.0

system experimental controls to gcdounf {dr
of the pepsin enzyme and the ghséncef’th

Measures taken to control bias in tfig s{}tﬁw

|

(three 10 min washes) with PBST. Immunoreactive bands were visualizgd v@%
the enhanced chemiluminescence (ECL) detection system (Amershap

Biosciences) and exposed (2, 5, and 10 minutes) to Hyperfilm ECI/IMg
performance chemiluminescence film (Amersham Biosciences). Afms Were
developed using a Konica SRX101A automated film processor{Fokys, Ja

The approximate molecular weights of the full-size protein/Ofse éd/o
western blots were visually determined relative to the pogitions 0%, th
weight markers.

The LOD for the Cry1A.105 protein using the westgin blo@h
was determined. Various dilutions of the zero tim€ po r@l‘ 0
were loaded onto a separate gel that was run copCprr Wi
western blot gel and subjected to the same wegltgin blot’pr
above. Aliquots of the TO digestion sample fepresentin
1, 0.5, 0.2, 0.1, and 0.05 ng total protein wepé u@ 0
analysis.

the digestion
dure as described

e western blot LOD

Statistical Methods <
No statistical analysis was performed. “13

Control of Bias 7(}

e inclusion of both stability and test
effects due to the model in the absence

lower limit of detection sample4 w%an yzed concurrently to eliminate run-to-run

variation. ’Q’

9.0

SDS-PAGE gels was r

was not gbs Cr\;{i}l’l

~

Rejected Data

ted because the band representing pepsin in the T7 specimen
gel, which most probably was a result of a loading error. One

set of weste tsAwas rejected because a significant reduction in the amount of the full-
length Cry otein in the TO specimen was observed. This was likely caused by a
loadirig e
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10.0 Protocol Amendments

The protocol contained a few typographical errors, which were corrected by amendments.
Section 6.1, describing digestibility of the test substance in SGF, was amended to address
the possibility of test substance precipitation and/or aggregation at low pH. There was no
negative impact on the study as a result of these changes.

11.0 Protocol Deviations

Throughout the experimental phase of the study, one protocol deviation occurred. The
preparation of the TO specimen and experimental controls PO, P7, NO, and N7 followed
the amended procedure for the digestibility of the test substance, even though they were
not specifically referenced in the amendment. This deviation improved the quality of the
study data, because the TO specimen and experimental controls were prepared in a similar
manner to the study specimens.

12.0 Results and Discussion

12.1 Pepsin Activity in SGF

The pepsin activity in SGF was evaluated before conducting the digestion trials to
assess the suitability of the test system used in this study. The experimentally
observed activity was 2429 units per mg pepsin powder, which was within the
acceptable interval of pepsin activity (2280 to 4280 units per mg pepsin powder).
Therefore, the test system was shown to be suitable for use in this study.

12.2 Assessment of the Extent of Digestion of the Cry1A.105 Protein by Pepsin
using Colloidal Brilliant Blue G Gel Staining of SDS-PAGE

The extent of digestion of the Cryl A.105 protein was evaluated by visual analysis

of colloidal Brilliant Blue G stained polyacrylamide gels (Figure 1). The SDS-

PAGE for the digestibility assessment (Figure 1A) was run concurrently with a

separate SDS-PAGE to determine the LOD of CrylA.105 protein (Figure 1B).

The limit of detection of the full-length (~130 kDa) CrylA.105 protein was

visually estimated to be 0.005 pg or approximately 1% of the total protein loaded:
0.005 pg x100% _ 0.7%

0.7 ug
The gel used to assess the stability of the Cryl A.105 protein to pepsin
(Figure 1A) was loaded with ~0.7 pg (based on pre-digestion concentrations) for
each of the digestion time points. Visual examination of the stained gel showed
that the full-length (~130 kDa) Cry1A.105 protein was digested below LOD
within 30 seconds of digestion in SGF (Figure 1A, lane 5). Therefore, at least
99.3% (100% — 0.7% = 99.3%) of the full-length CrylA.105 protein was digested
within 30 seconds of incubation of Cry1A.105 protein in SGF based on the
Colloidal Brilliant Blue G Gel stained SDS-PAGE analysis. A faint band with a
molecular weight of approximately 4.5 kDa was observed at a very low level
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between the 30-second and 20-minute digestion time points (Figure 14, an@
9). No protein band was visible at the 30-minute digestion time poi 1g@ 14,

lane 10). Q

No change in the full-length Cry1A.105 protein band intensity fvds gbservgdn
the absence of pepsin in the experimental controls PO and P7A(Bi A/lgnes 3
and 12). This indicates that digestion of the Cry1A.105 profein %d ¢ 10 the
proteolytic activity of pepsin present in SGF and not due fo/the 1&}& 1ty of the
test substance at pH 1.3 and 37°C. @

The experimental controls evaluating the stability of e 1n the test system
(SGF) lacking the test substance demonstrated thaf fe goserved as the
stained protein band at ~38 kDa throughout the £ e«:@’n phase (Figure 1A,
lanes 2 and 13). The amount of pepsin slight ecreased gtween 30 and 60 min
of the digestion, most probably due to enzyjyfg

Assessment of the Extent of Digestion 6§the Qy
using Western Blot Analysis

The extent of digestion of the Cry 14 Y05 ﬁ%i vas also evaluated by a western
blot method (Figure 2). The westetp'blot ised/tg assess the stability of the
Cry1A.105 protein to pepsin digésfio (Fﬁlg A) was run concurrently with a
western blot to determine the /OD o A/105 protein (Figure 2B). The LOD
of full-length (~130 kDa) Cr¥ JA.1 : i
5 % of the total protein logded:

05 Protein by Pepsin

05 protein in vitro digestibility by western blot
#in of the test substance (based on pre-digestion
digestion time points. Western blot analysis

05 protein was digested below the LOD within

was loaded with 20 Ag tots} prg
concentrations) for'each™of th
demonstrated hat the CrylA
30 seconds ¢of Mncubatjo
LOD for the ry/}f@l protein in SGF and the observation that no full-length
protein of } reaCyive bands were observed on the western blot at the 30-
second/d 'ges,@)l tipie/point, it was concluded that at least 95%

(100% 5"/@95 of the full-length Cry1A.105 protein was digested within

30 coﬁdsj/
’hg/{ng/ he full-length Cry1A.105 protein band intensity was observed in
the ¢e/0f pepsin in the experimental controls PO and P7 (Figure 2A, lanes 3
his indicates that the test substance was stable in the test system

QZ ot pepsin at pH 1.3 and ~37 °C over the course of the experiment.

Ng ymmunoreactive bands were observed in specimens NO and N7 that represent
est system experimental controls (Figure 2A, lanes 2 and 13). This indicates that
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non-specific interactions between the test system components and the antibodies
were not observed under these experimental conditions.

13.0 Conclusions

The results of this study demonstrated that the full-length Cryl1A.105 protein was rapidly
digested after incubation in SGF. At least 99.3% of the full-length Cry1A.105 protein
was digested within 30 seconds when analyzed using Colloidal Brilliant Blue G stained
polyacrylamide gels. Greater than 95% of the Cry1A.105 protein was digested in SGF
within 30 seconds when specimens were analyzed using western blot analysis. A faint
~4.5 kDa band was observed between the 30-second and 20-minute digestion time points
when analyzed using Colloidal Brilliant Blue G stained polyacrylamide gels. Neither this
band, nor any other immunoreactive band was detected when using western blot analysis.
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Lane Sample Incubation fane dple Amount
Time (min) (ng)
1 Molecular weight marker — 'Q Kolecular weight marker —
2 NO, SGF only Q TO, protein+SGF 0.7
3 PO, protein only Y TO, protein+SGF 0.35
4 TO, protein+SGF XU 4/ 710, protein+SGF 0.1
5 TI, protein+SGF fO’ 5 TO, proteintSGF 0.05
6 T2, protein+SGF & 6  TO, protein+SGF 0.02
7 T3, protein+SGF ,g, 7 TO, protein+SGF 0.01
8 T4, protein+SGF 1 8 TO, proteintSGF 0.005
9 TS5, protein+SGF §Q§D 9 TO, proteintSGF 0.0025
10  Té, protein+SGF Q} 10 Molecular weight marker —
11 F ,%/ 60
12 ()
13 50
14 eigﬁt/t‘;iyr G -
Figure 1. Cg pnt Blue G stained SDS-polyacrylamide gels

1A.105 protein digestion in SGF. Based on pre-digestion
0.7 pg (total protein) was loaded in lanes containing Cryl1A.105

S 1Q
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Full-length 250 =
CrylA.105 150
100
75
50
37
25
20
15
10 =
Lane Sample Incubation Lane  Sample Amount
Time (min) (ng)
1 Molecular weight marker — 1 Molecular weight marker —
2 NO, SGF only 0 2 TO, protein+SGF 7
3 PO, protein only 0 3 TO, protein+SGF 3.5
4  TO, proteintSGF 0 4 TO, protein+SGF
5  T1, protein+SGF 0.5 5 TO, protein+SGF 1
6 T2, protein+SGF 2 6 TO, proteintSGF 0.5
7 T3, protein+SGF 5 7 TO, protein+SGF 0.2
8 T4, proteintSGF 10 8 TO, proteint+SGF 0.1
9  T5, protein+SGF 20 9 TO, protein+SGF 0.05
10  Té, protein+SGF 30 10 Molecular weight marker —
11 T7, proteintSGF 60
12 P7, protein only 60
13 N7, SGF only 60
14 Molecular weight marker —

Figure 2. Western blot analysis

Panel A corresponds to Cryl A.105 protein digestion in SGF. Based on pre-digestion
protein concentrations, 20 ng (total protein) was loaded in lanes containing CrylA.105
protein. The incubation times are indicated. Panel B corresponds to the limit of
detection of the Cry1A.105 protein. Approximate molecular weights (kDa) are shown on
the left and correspond to the markers loaded in each gel. In both gels, Cry1A.105
migrated to approximately 130 kDa. A 10 min exposure is shown. Blank or empty lanes
were cropped and lanes renumbered.
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Appendix. List of Applicable SOPs

BR-ME-0388-02
BR-ME-0392-01
BR-ME-0460-02
BR-ME-0527-01
BR-ME-0924-01
BR-ME-0973-01

BR-EQ-0599-02
BR-EQ-0857-01

&
@

Sodium Dodecyl Sulfate Polyacrylamide Gel Elegtyophoresis
Western Blot Analysis (Immunoblotting) é

Assay for Pepsin Activity in Simulated Gastrjé P Tuik

Brilliant Blue G-Colloidal Staining of Polyg lan(@la (9
Electrotransfer of Proteins to Membranes

Drying of Polyacrylamide Mini Gels Using IngitrogéryyGel Drying
System (Adaptation of Invitrogen Gel D in@Pro edure)
Bio-Rad GS-710 and GS-800 Densitoyp et@

Beckman Coulter DU-650 Spectropio er
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The text below applies only to use of the data by the United States Environmental
Protection Agency (US EPA) in connection with the provisions of the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA).

Statement of No Data Confidentiality Claim

No claim of confidentiality is made for any information contained in this study on the
basis of its falling within the scope of FIFRA 10(d)(1)(A), (B), or (C).

We submit this material to the United States Environmental Protection Agency
specifically under the requirements set forth in FIFRA as amended, and consent to the
use and disclosure of this material by EPA strictly in accordance with FIFRA. By
submitting this material to EPA in accordance with the method and format requirements
contained in PR Notice 86-5, we reserve and do not waive any rights involving this
material that are or can be claimed by the company notwithstanding this submission to
EPA.

Company: Monsanto Company

Company Agent:

Title:

Signature: Date:
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Quality Assurance Statement

Study Title: Assessment of the in vitro Digestibility of the Cry1A.105 Protein
in Simulated Intestinal Fluid

Study Number: 05-01-62-03

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.

Dates of Inspection / Phase Date Reported To:

Audit Study Director Management
07/20/2005 Digestive Fate 07/21/2005 07/21/2005
07/21/2005 Western Blot 07/22/2005 07/22/2005
09/14/2005 Raw Data Audit 09/27/2005 09/27/2005
09/14/2005 Draft Report Review 09/28/2005 09/28/2005

Quum V) Keida- Healh T)overnber 2, 2005
v o Date

Quality Assurance Unit

Monsanto Regulatory, Monsanto Company
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APS
CEW
CFR
COA
ECso

ECL

E. coli

EPA

FIFRA

HRP

- IgG

LOD
MALDI-TOF MS

NFDM
PBST
PVDF
SIF
SDS-PAGE
SOP

T

TCA
U

US

1x LB

5x LB

Abbreviations and Definitions’

Analytical Protein Standard
Corn earworm
Code of Federal Regulations

Y,
Certificate of Analysis [O

Effective protein concentration to inhiby “t& Y of the target
insect by 50% O

Enhanced chemiluminescence %’
Escherichia coli
Environmental Protection Agg :

Fedral Insecticide, Fungicidg epti€ide Act

Horseradish peroxidase

Immunoglobulin G

Limit of detection

Matrix assisted laser/désorfitipn and ionization - time of flight mass

spectrometry ~

Zy
and

Non-fat dry mil Y,
Phosphate bufféréd saline ¢optaining Tween-20
Polyvinylidere (ﬁ?{l‘
Simulated yigesti ¥dContaining pancreatin

a
Sodium ¢ ecﬁ fagé polyacrylamide gel electrophoresis
Standaytl Op g procedure

TimeAgint
or 1c AcAd
0 ymi¢/activity)
d State

aemiyli blfter [62.5mM Tris-HCI, 5% (v/v) 2-mercaptoethanol,
v) sodium dodecyl sulfate, 0.005% (w/v) bromophenol

z)\e, 0% (v/v) glycerol, pH 6.8].
< Give ifies concentrated 1 x LB

@
rg/’V
5

1
Standard
acgﬁndin tg’the format described in “Instructions to Authors” in The Journal of Biological Chemistry.

©

reviations, e.g., units of measure, concentration, mass, time etc., are used without definition
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1.0 Summary

Monsanto has developed plants that produce the Cry1A.105 insecticidal protein and are
protected from feeding damage caused by European corn borer (Ostrinia nubilalis) and
other lepidopteran insect pests. CrylA.105 is a modified Bacillus thuringiensis Cry1A
protein with 93.6% overall amino acid sequence identity to the CrylAc protein.

The purpose of this study was to assess the in vitro digestibility of the Cry1A.105 protein
in simulated intestinal fluid (SIF) containing a mixture of proteolytic enzymes known as
pancreatin. The Cry1A.105 protein used in this study was produced in and purified from
E. coli. The E. coli-produced Cry1A.105 protein was characterized prior to the
digestibility study. Digestibility in SIF was assessed using western blot analysis.

The results of this study demonstrate that the full-length Cry1A.105 protein was digested
within 5 min of incubation in SIF, yielding fragments with molecular weights of
approximately 60, 32, and 30 kDa. At least 99.5% of the full-length Cry1A.105 protein
was digested in SIF within 5 minutes. The ~60 kDa fragment, migrating as a doublet,
which represents the trypsin resistant core of the Cry1A.105 protein, was observed for up
to 24 hours of digestion. The ~32 kDa fragment was undetectable at the 2-hour digestion
time point. The amount of the ~30 kDa fragment, migrating as a doublet, while greatly
diminished over the course of the digestion, was still faintly visible at the 24-hour time
point.

2.0 Introduction

Monsanto has developed plants that produce the Cry1A.105 insecticidal protein and are
protected from feeding damage caused by European corn borer (Ostrinia nubilalis) and
other lepidopteran insect pests. CrylA.105 is a modified Bacillus thuringiensis Cry1 A
protein with 93.6% overall amino acid sequence identity to the CrylAc protein.

Potential allergenicity and toxicity of the introduced protein are evaluated using various
methods, including digestibility of the protein by various proteases in simulated gastric
and intestinal fluid assays (Astwood et al., 1996). Simulated intestinal fluid (SIF) is an in
vitro digestion model where proteins undergo digestion at neutral pH by a mixture of
proteases known as pancreatin. The relationship between protein allergenicity and
protein stability in the in vitro SIF study is limited, because the protein has not been first
exposed to the acidic denaturing conditions of the stomach, as would be the case in vivo
(FAO/WHO, 2001).

3.0 Purpose

The purpose of this study was to assess the stability of the Cry1A.105 protein in
simulated intestinal fluid containing a mixture of proteolytic enzymes called pancreatin.
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4.0  Materials C)O

4.1 Test Substance

The test substance was the Cry1A.105 protein. The CrylA.10)'p thn
(Analytical Protein Standard lot 20-100073) was isolated fpop a fermey tation
batch of E. coli containing pMON96851 expression plaspiid. pyotéin has
been characterized and has a total protein concentratio/of 1. /ml/and a purity
of 92 %. The activity was confirmed using an insect Bigas a@vi e larvae of a
susceptible pest, corn earworm (CEW). The ECs yalie 5.8 wg/ml of diet.
Prior to its application to the test system, the test gups e wb tored in a —80 °C
freezer in a test substance storage buffer contaipipg ?%M APS, 1 mM
benzamidine-HCI, 0.1 mM EDTA, and 0.2 m} gz/l“, P 0.3.

4.2 Control Substance O

There was no control substance for this g

43  Reference Substance ,Q
Analytical reference standards (e.g Qle@ar dight markers for SDS-PAGE)
used in this study were documengegd in the/dagh énd are described in this report.

4.4. Characterization of Test Substi

The characterization of the phfsi erfigal and functional properties of the test
substance was performed /iy der,.$rjal dtetization plan 20-100073 and is described
on the Certificate of Ané4 sis]gj e folowing properties were established for the
Cry1A.105 protein: igept itﬁ% “teyfninal sequencing, MALDI-TOF mass
spectrometry (MS) mﬁl ete€tion), concentration (amino acid analysis),
depsitometty), molecular weight (SDS-PAGE/densitometry,

purity (SDS-PAGE
MALDI-TOF ) stability {SDS-PAGE/densitometry) and activity (CEW

bioassay).
The test systerd for titis,Study/was simulated intestinal fluid (hereafter referred to as SIF),
which contajfig’a xr@ure of proteolytic enzymes known as pancreatin. Normal
proteolyti 'ges% of£gnsumed food proteins starts with pepsin-mediated hydrolysis in
the acidi¢ ¢hvironrhept 6f the stomach, and continues with neutral pH enzymatic
digestig 12@ mall Antestine. The denaturing environment of the stomach (low pH)

5.0 Test Systg¢

altery/pfote] arhoferistics and facilitates proteolytic digestion in the small intestine by

pantpéatic enzyes. The physiological relevance of protein digestion in the in vitro SIF

spdy 1 Tiflit because these experimental conditions do not first expose the protein to
he a defigturing conditions of the stomach, as would be the case in vivo.

r~
4

. Q,)

(B
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SIF was prepared according to the method described in The United States Pharmacopoeia
(1995). The pancreatin enzyme used for the preparation of SIF was obtained from Sigma
Company (Catalog number P1500, St. Louis, MO). The SIF was formulated so that

55.3 pg of pancreatin powder would be present per 1 pg of test substance (total protein)
in the digestion reactions. The SIF was prepared by adding pancreatin powder (0.304 g)
to 30.4 ml (final volume) of 50 mM monobasic potassium phosphate solution) adjusted to
pH 7.5 with sodium hydroxide. Activity of the SIF was assessed using an SIF activity
assay. The assay was used to confirm activity before initiation of the digestion of the test
substance.

5.1 Justification for Selection of the Test System

In vitro digestion models are widely used to assess the digestibility of ingested
substances and SIF has been used for irn vitro studies to assess the digestion of
food components (Yagami et al., 2000; Okunuki et al., 2002).

5.2 Specimens

Specimens were generated by incubating the test substance with the test system
for the times specified in section 5.3. See sections 6.0 and 7.2 for details on the
preparation and analysis of specimens. Specimens will be retained in a —80 °C
freezer for one year from the end of study after which they will no longer afford
analytical evaluation and may be discarded.

5.3  Procedure for Identification of Specimens

Alphanumerical codes were used to distinguish incubation time points (where
T = time, P = protein only, and N = no protein):

Targeted Incubation Time Point Code(s)
0 min TO, PO, NO
5 min Tl
15 min T2
30 min T3
lh T4
2h TS
4 h T6
8h T7
12h T8

24 h T9, P9, N9
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6.0  Experimental Design

6.1 Digestibility of the Test Substance in SIF

Digestion of the test substance in SIF was evaluated over ti
specimens from all incubation time points. The target diggsy aflire was
37+2°C.

The digestion was prepared by adding 200 pl of the 0 a tube
containing 1.33 ml of SIF. The tube contents were ¢

6.2

and were prepared in separate tubes. To prépare the
¢ point (P0), test system buffer (66 ul) was quenched

o yest system experimental controls were prepared with the test system
é test substance. An aliquot of the test system incubated with storage
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7.0

between the test system components and the antibodies during western blot
analysis of the specimens. For the zero incubation time point (NO), the test
system (66 pl) was quenched by addition of Sx LB (19 ul) followed by heat
denaturation prior to addition of the storage buffer (10 pul). The 24-hour
incubation time point (N9) was prepared by adding 10 ul storage buffer to 66 ul
of the test system and placing in a 37 + 2 °C water bath. After 24 hours of
incubation, the sample was quenched by addition of 19 pl of 5x LB and heated to
92.6 °C for 5 min.

All controls were frozen on dry ice and stored in a —80 °C freezer until analysis.

Analytical Methods

Activity of the SIF was assessed using an SIF activity assay. The digestion of the
Cryl A.105 protein in SIF was assessed using western blot analysis. The limit of
detection (LOD) of the Cry1 A.105 protein was determined for the western blot.

7.1

SIF Activity Assays

The SIF activity assay was used to confirm the suitability of the test system before
its use with the test substance. According to SOP “Assay for Proteolytic Activity
in Simulated Intestinal Fluid”, acceptable activity was defined as 11,000 +

3,000 U/ml. One unit of pancreatin activity in this assay is defined as an increase
in the absorbance at 574 nm of 0.001 per min at 37 +2 °C.

The assay is based on the estimation of the amount of soluble peptide present in a
trichloroacetic acid (TCA) solution after pancreatin digestion of resorufin-labeled
casein (Roche Molecular Biochemicals, Mannheim, Germany). Undigested
resorufin-labeled casein is precipitated with TCA and the amount of soluble
peptide is estimated in the supernatant by measuring the absorbance at 574 nm.
The amount of soluble peptide is directly proportional to the amount of
proteolytic activity.

Both blank and activity replicates contain resorufin-labeled casein. Three activity
replicates were incubated with 0.05x SIF for 15 min at 37.5 °C. Three blank
replicates were incubated with 50 mM KH,PO,, pH 7.5 in place of SIF. The
reaction was quenched by addition of chilled 5% (w/v) TCA to activity and blank
replicates. Supernatant recovered after centrifugation was neutralized by the
addition to assay buffer [S00 mM Tris-HCI, pH 8.8] and the absorbance of the
clarified activity and blank replicates was read at 574 nm using a Beckman DU-
650 spectrophotometer. The activity of SIF was calculated using the following
equation:
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Mean Activity 4,,,, — Mean Blank .,
0.001x15minx0.1mlx0.05 Q

where 0.001 is the change in the absorbance at 574 nm per minAay37 £2 °©
produced by one unit of pancreatin activity, 15 min is the reag ' , O/1/ml is
|

the amount of 0.05 x SIF added to the reaction, and 0.05 is thg S fludof factor.
7.2 Western Blot Analysis

Specimens from the SIF in vitro digestion of the CrylA 05@/00t;’ ere
separated by SDS-PAGE using pre-cast 4-20% tris-glyci adiert mini-gels
(Invitrogen, Carlsbad, CA) with tris-glycine SDS nir@uf ¢/ The protein
loaded in each lane was based on pre-digestion g0y c%ﬁlio s/6f the CrylA.105
protein (total protein). The digestion samples fvére diluted’with 1x LB to a
concentration of ~2 ng/pl and ~20 ng of tots roég% wag Joaded in each lane.
The experimental controls were loaded in he sa
°C fog'?

samples. All samples were heated to 99
After electrophoresis, proteins were £lg épfed to a polyvinylidene
difluoride (PVDF) membrane (Noy¥e# y

1 Plus All Blue Protein Standards,

Bio-Rad, Hercules, CA) were wsgd. ¥ ¢lectrotransfer of proteins to the

membrane.

Proteins transferred to a P 4%9 e were analyzed by western blot. The
membrane was blockeg/oernight gt »4 °C with 5% (w/v) non-fat dry milk
(NFDM) in PBST bu cquent incubations (described below) were
performed at room abbit anti~Cry1A.105 antibody (lot 070705JL)

was incubated wi byarte for 60 min at a dilution of 1:2,000 in 1% (w/v)
NFDM in PBSY. /Excess’sepirh was removed by three 5 min washes with PBST.
The membrané fvas spcubatedd with HRP—conjugated goat anti-rabbit IgG (Sigma,
St. Louis, M) at ngll}u i
and again/wA shed%thr
visualiz¢d/using(the €nhanced chemiluminescence (ECL) detection system
(AmepShtam Bidscién€e, Piscataway, NJ) and exposed to Hyperfilm ECL high
perfg an@he fluminescence film (Amersham Biosciences). Films were
deve opéd\ysi 4 Konica SRX101A automated film processor (Tokyo, Japan).

e ﬁhﬁyw e/scanned using a Bio-Rad GS-800 densitometer to produce
glectyOdic irmAdges to be used as figures for reporting purposes.

I@ apprgximate molecular weights of the full-size protein and proteolytic
ragménts observed on the western blot were visually determined relative to the
ositigns of the molecular weight markers.
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The limit of detection (LOD) for the western blot analysis procedure was
determined for the Cry1A.105 protein by loading various dilutions of the zero
time point (T0) digestion specimen onto a separate gel. This gel was run
concurrently with the digestion western blot gel and subjected to the same western
blot procedure as described above. The following approximate total protein
loadings of the TO digestion sample were used for the western blot LOD analysis:
10, 5,2,1,0.5,0.2,0.1, and 0.05 ng.

7.3 Statistical Methods

No statistical analysis was performed.
8.0  Control of Bias

Measures taken to control bias in this study included the inclusion of both stability and
test system experimental controls to account for any effects due to the model in the
absence of the pancreatin enzyme and the absence of the test substance. Digestion
specimens and lower limit of detection samples were analyzed concurrently to eliminate
run-to-run variation.

9.0 Amendments and Deviations

The description of the test substance storage buffer contained a typographical error,
which was corrected by the amendment to the protocol. There was no impact on the
study.

10.0 Results and Discussion

10.1  SIF Activity

In order to assess the suitability of the test system used in this study, the
pancreatin activity in SIF was evaluated before use. The experimentally observed
activity was 10,618 U/ml and was within the acceptable interval of SIF activity
(8,000 to 14,000 units per ml of SIF). Therefore, the test system was shown to be
active and suitable for use in this study.

10.2 Assessment of Digéstibility by Western Blot Analysis

The digestion of the Cryl1A.105 protein was evaluated by a western blot method,
as described in Section 7.2 (Figure 1). A western blot to determine the LOD
(Figure 1A) of the Cryl A.105 protein was run concurrently with the western blot
used to assess the CrylA.105 protein in vitro digestibility in SIF (Figure 1B). The
LOD was visually estimated to be 0.1 ng. This value represents 0.5% of the total
protein loaded:

0.1ng x100%

20 ng

=0.5%
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A

loaded with 20 ng total protein of the test substance (based on preAl
concentrations) for each of the digestion time points. Western blot analysis
demonstrated that a band corresponding to the full-length Cry YA .10@'ot 17 was
digested below the LOD within 5 minutes of incubation in S (Fikuye 1B

lane 5). Therefore, at least 99.5% (100% - 0.5% = 99.5%)/0f th 1-léngth
Cry1A.105 protein was digested within 5 minutes. ProtgO}iti grperts with
approximate molecular weight of ~60, 32 and 30 kDa wg gerv d/at the

The gel to assess the Cry1A.105 protein in vitro digestibility by wegfe ‘ild@v
gesh

5 minute digestion time point. The ~60 kDa fragmept /mi ng'af a doublet,
which represents the trypsin resistant core of the CAYY A Y protéin, was
observed for up to 24 hours of digestion. The ~3Z X et was digested and
undetectable at the 2-hour time point (Figure 1B Aane™$y. Phé ~30 kDa fragment,
migrating as a doublet, was observed for up t6 Z4 hours gestion, however, the
intensity of the signal corresponding to thiy/fyagment djfminished as digestion
progressed.

No change in the full-length CrylA.10 pro@n bAnd intensity was observed in
the absence of pancreatin in the expé 'mel@ cofiffols PO and P9 (Figure 1B,
lanes 3 and 14). This indicates thdtfhe tsgt sybsfance was stable in the test system
without pancreatin at ~37 °C ov€rtheoprsg/of the experiment.

ed s specimens NO and N9 that represent
1gur# 1B, lanes 2 and 15). This indicates that
befween the test system components and the

No immunoreactive bands were o
test system experimental goptrol
no non-specific interactjop ocgjr

antibodies. gk/

11.0  Conclusions C

The results of this study demonstragé that the full-length Cry1A.10S5 protein was digested
within 5 min of inculfa 1onAﬁ§XS(IF, elding fragments with molecular weights of
approximately 60, 3%, ang 30kPg. At least 99.5% of the full-length Cry1A.105 protein
was digested in AP within’S sijfiutes. The ~60 kDa fragment, migrating as a doublet,
which representsth m résistant core of the Cry1A.105 protein, was observed for up
to 24 hours of digesyiod. The ~32 kDa fragment was undetectable at the 2-hour digestion
time point. /The.a ny/of the ~30 kDa fragment, migrating as a doublet, diminished
over the ¢0 rszg?the digestion, however, it was still present at the 24-hour time point at

a very oW levéh
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TO, protein+SIF
TO, protein+SIF
TO, protein+SIF
TO, protein+SIF
TO, protein+SIF
TO, protein+S1
Molecular wex
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Amount
(ng)

250

Sample

Molecular weight marker

NO, SIF only

PO, protein only
TO, protein+SIF
T1, protein+SIF
T2, protein+SIF
T3, protein+SIF
T4, protein+SIF
TS, protein+SIF
T6, protein+SIF
T7, protein+SIF
T8, protein+SIF
T9, protein+SIF
P9, protein only
N9, SIF only

Full length
CrylA.105
protein

Digestion

Time

12h
24h
24h
24 h

igestion in SIF. Based on the pre-digestion protein concentration, 20
as loaded in lanes containing Cryl1A.105 protein. The digestion times
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Appendix

List of Applicable SOPs

BR-ME-0388-02 Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis
BR-ME-0392-01 Western Blot Analysis (Immunoblotting)

BR-ME-0461-03 Assay for Proteolytic Activity in Simulated Intestinal Fluid
BR-EQ-0599-02 Bio-Rad GS-710 and GS-800 Densitometers
BR-EQ-0857-01 Beckman Coulter DU-650 Spectrophotometer
BR-ME-0924-01 Electrotransfer of Proteins to Membranes
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Quality Assurance Statement

Study Title: Assessment of the in vitro Digestibility of the Cry2Ab2 Protein
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Study Number: 05-01-62-04

Reviews conducted by the Quality Assurance Unit confirm that the final report accurately
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the raw data of the study.
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Study Information Page
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Supervisory Personnel: Gary A. Bannon, Ph.D.
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Records Retention: All study specific raw data, protocol, amendment, final
report, and facility records will be retained at Monsanto,
St. Louis.

Specimen Retention: Specimens will be retained at Monsanto, St. Louis, as

specified in section 5.2.

© 2006 Monsanto Company. All Rights Reserved.

This document is protected under copyright law. This document is for use only by the
regulatory authority to which this has been submitted by Monsanto Company, and only in
support of actions requested by Monsanto Company. Any other use of this material,
without prior written consent of Monsanto, is strictly prohibited. By submitting this
document, Monsanto does not grant any party or entity any right to license or to use the
information of intellectual property described in this document.
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Abbreviations'
CEW Corn earworm KJO
CFR Code of Federal Regulations
COA Certificate of Analysis ‘Q
DF Dilution factor fO’
ECso Effective protein concentratiof §6 i ClQ growth of the
target insect by 50% ‘&
ECL Enhanced chemiluminescgge O
E. coli Escherichia coli %
EPA Environmental Protectfof Agency
FIFRA Federal Insecticide, gigdy odenticide Act (U.S.)
HRP Horseradish peroxjdase O
1gG Immunoglobuli

ILSI International Lite/Science

LOD Limit of Detgt ono
MALDI-TOF MS Matrix assjstgd }a%; tion 1onization — time of flight
mass speg tmﬁt?
n/a Not appljéab
NFDM Non-# dn@k
PBST PhoSphatg yiffe saline containing Tween-20
PVDF Pglyvi 'ﬁz{e ' i
SDS-PAGE d'szf.yao 1 sulfate polyacrylamide gel electrophoresis
SGF J ed/gdstric fluid
SOP a@' erating procedure
T .
TCA
us
Ix LB agmmli buffer [62.5mM Tris-HCl, 5% (v/v) 2-
fo, ercaptoethanol, 2% (w/v) sodium dodecyl sulfate, 0.005%
< (w/v) bromophenol blue, 10% (v/v) glycerol, pH 6.8].
5x LB Five times concentrated 1x LB

! Stan abbreviations, e.g. units of measure, concentration, mass, time, etc., are used without definition
Matcord g to the format described in “Instructions to Authors” in The Journal of Biological Chemistry.
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1.0 Summary

Monsanto has developed plants that produce the Cry2Ab2 insecticidal protein and are
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 purpose of this study was to assess the in vitro digestibility of the Cry2Ab2 protein
in simulated gastric fluid (SGF) containing the proteolytic enzyme pepsin. The Cry2Ab2
protein used in this study was produced in and purified from E. coli. The

E. coli-produced Cry2Ab2 protein was characterized prior to the digestibility study.
Digestibility of the Cry2Ab2 protein in SGF was assessed using stained SDS-
polyacrylamide gels and western blot analysis.

The results of this study demonstrated that the full-length Cry2Ab2 protein was rapidly
digested after incubation in SGF. At least 99.4% of the full-length Cry2Ab2 protein was
digested within 30 seconds when analyzed using Colloidal Brilliant Blue G stained
polyacrylamide gels. At least 99% of the Cry2Ab2 protein was digested in SGF within
30 seconds when analyzed using western blot analysis. A faint proteolytic band of

~5 kDa was observed only at the 30-second digestion time point when analyzed using a
stained polyacrylamide gel. No stable proteolytic bands were observed at any time points
by western blot analysis.

2.0 Introduction

Monsanto has developed plants that produce the Cry2Ab2 insecticidal protein and are
protected from feeding damage caused by European corn borer (Ostrinia nubilalis) and
other lepidopteran insect pests. The Cry2Ab2 is a Bacillus thuringiensis (subsp. kurstaki)
protein.

Currently, proteins introduced into commercial food crops through the techniques of
biotechnology are evaluated regarding their potential allergenicity. One aspect of this
assessment includes analysis of the digestibility of the target protein in an SGF assay
containing pepsin. The correlation between protein allergenicity and protein stability in
an in vitro pepsin digestion assay has been previously established (Astwood et al., 1996).
Proteins that are highly digestible are expected to be less likely to cause sensitization or
allergenic reaction when consumed. Recently, the International Life Science Institute
(ILSI) standardized the pepsin digestibility assay protocol in a multi-laboratory
evaluation (Thomas et al., 2004). The SGF formulation, time course of digestion, and
experimental parameters used in this study followed the conditions used in the ILSI
multi-laboratory evaluation.
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3.0  Purpose

The purpose of this study was to assess the stability of the Cry2Ab ro@n in/Ajymulated
gastric fluid containing the proteolytic enzyme pepsin. <L

4.0 Materials | 'Q’
4.1 Test Substance @
The test substance is the E. coli-produced CryZ4 2 ei he E. coli-produced
Cry2Ab2 protein is referred to as Cry2 Ab2. i C iy ﬁcate of Analysis
(Analytical Protein Standard lot 20-10007 ¢t was isolated from a
fermentation batch of E. coli containing ON7 0520 expression plasmid.
This protein has been characterized and Has alpybtein concentration of
. 0.5 mg/ml, and a purity of 87%. Acpyvity was’confirmed using an insect bioassay
with the larvae of a susceptible pegf, Corp earwobyn (Helicoverpa zea, CEW). The
SS

T
C

~
4.2 Control Substance XU

There was no control sub nce/@f thhs/study.

ECso value was 0.25 pug/ml of dig st gyBstance was stored in a —80 °C
freezer in buffer containing 50, DTT, pH 11 prior to use.

4.3 Reference Substancg

There was no refergnCe Sl@ta ofor this study. Analytical reference standards
~ (e.g., molecular wWefghtAqarkefs) used in this study were documented in the data
and are describéd/in (@reo .

4.4 Characteryzation of the Yest Substance

The chargc, »eriz‘@i;n of the physicochemical and functional properties of the test
substanCe¢’ wag perfofifed under characterization plan 20-100071 and is described
on the ZO A TheAogllowing properties were established for the Cry2Ab2 protein:
1degtify 4l sequencing, MALDI-TOF mass spectrometry (MS),
’ i unggerecy{on), concentration (amino acid analysis), purity (SDS-
AGE si{ofnetry), molecular weight (SDS-PAGE/densitometry, and MALDI-
O’i//IVPS) sgability (SDS-PAGE/densitometry), and activity (CEW bioassay).

5/ 1@/(8 em

he}%{ sy#£tgm for this study was simulated gastric fluid (SGF) that contains the
olygic£nzyme pepsin. The SGF was prepared using a highly purified form of pepsin
194 Aumber P-6887, Sigma Company, St. Louis, MO). The SGF was formulated so

,\tPat ¢1/units of pepsin activity per microgram of total protein from the test substance

©
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would be present in the digestion reactions. The amount of pepsin powder used to
prepare SGF was calculated from the specific activity reported on the product label. One
unit of activity is defined as a change in Ag0nm 0f 0.001 per minute at 37 °C, measured
as trichloroacetic acid (TCA) soluble products using hemoglobin as the substrate. The
stock SGF solution was prepared by adding pepsin powder (26.6 mg) to 33.2 ml of an
acidic sodium chloride solution (2 mg/ml NaCl, 10 mM HC], pH ~1.3). After the activity
of pepsin in SGF was confirmed, the stock SGF solution was diluted to provide
approximately 1944 units pepsin activity/ml of solution.

5.1 Justification for Selection of the Test System

In vitro digestion models are used widely to assess the nutritional value of
ingested proteins based on their amino acid bioavailability. Also, the correlation
between protein allergenicity and protein stability in an in vitro pepsin digestion
assay has been previously established (Astwood et al., 1996). Recently the
pepsin digestibility assay protocol was standardized by the ILSI'in a multi-
laboratory evaluation test (Thomas et al., 2004). This multi-laboratory test
showed that results of the in vitro pepsin digestion assay are reproducible when a
common protocol is followed. The SGF formulation, time course, and
experimental parameters used in this study followed the conditions used in the
ILSI multi-laboratory evaluation test.

5.2  Specimens
Specimens were generated by incubating the test substance with the test system
for the times specified in section 5.3. See Sections 6.0 through 7.0 for details on
the preparation and analysis of specimens. Specimens will be retained in a -80°C
freezer for one year, after which they will no longer afford analytical value and
may be discarded. '

53 Procedure for Identification of Specimens

Alphanumerical codes were used to distinguish incubation time points: (where
T = time, P = protein only, and N = no protein):

Targeted Incubation Time Point Designation(s)
0 min TO, PO, NO
30 sec T1
2 min T2
5 min T3
10 min T4
20 min TS
30 min T6

60 min T7,P7, N7
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6.0  Experimental Design

6.1 Digestibility of the Test Substance in SGF

Digestion of the test substance in SGF was evaluated

specimens from all incubation time points. The tar
37+2°C.

'V, _
t;qg by/afalyzing
igpg) nfeMmperature was

substance to a tube
tex phixed and immediately

Digestion samples were prepared by adding 2
containing 648 pul of SGF. The tube content
placed in a 37.2 °C water bath. The tube gesfign mixture was regularly
vortexed (every 30-60 sec) throughout t gxperiment to prevent test

substance precipitation. Samples (100 enfgXed at targeted times of 0.5,
2,5, 10, 20, 30, and 60 min (specim
tube containing quenching mixture

and/35 ul of Sx Laemmli buffer (LB)
thanol, 10% (w/v) sodium dodecyl
gnd 50% (v/v) glycerol, pH 6.8].

6.2

Experimept, ére prepared to determine the stability of the test
tem buffer lacking pepsin [10 mM HCI, 2 mg/ml NaCl,

fige point (PO) was prepared in a separate tube. Test system
36 quenched by addition of 35 pl of carbonate buffer and 35 pl of

3@ ater bath. After 60 min of incubation, the sample was quenched by
@ tjoff of 35 pl of carbonate buffer and 35 pl of 5x LB.

,Q/ Additional experimental controls were prepared to evaluate the stability of the
pepsin in the test system (SGF) lacking the test substance and to determine if non-
épecific interaction occurs between the test system components and the antibodies
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7.0

during western blot analysis of the specimens. These experimental controls
contained an aliquot of the test system incubated with test substance storage
buffer instead of the test substance and were identified with the letter "N". The
zero incubation time point (NO) was in a separate tube. Test system (72 pl) was
quenched by addition of 35 pl of carbonate buffer and 35 ul of 5x LB prior to
addition of 28 pl of storage buffer (50 mM CAPS, 2 mM DTT, pH 11). The

60 min incubation time point (N7) was prepared by adding 28 pl storage buffer to
72 ul of test system. The tube was vortex mixed and placed in a 37.4 °C water
bath. After 60 min of incubation, the sample was quenched by addition of 35 ul
of carbonate buffer and 35 pl of 5 LB.

All experimental controls were heated at 75-100 °C for 5-10 min, frozen on dry
ice, and stored in a -80 °C freezer until analyzed.

Analytical Methods

Activity of the SGF was assessed using a pepsin activity assay. The digestibility of the
Cry2Ab2 protein in SGF was assessed using stained polyacrylamide gels and western
blot analysis. The limit of detection (LOD) of the Cry2Ab2 protein for these methods
was determined concurrently.

7.1

SGF Activity Assay

The SGF activity assay was used to confirm the suitability of the test system
before its use with the test substance. Acceptable activity was defined as a pepsin
activity per mg of pepsin powder (0.03 mg of powder per ml of SGF) equal to the
activity of pepsin per mg of pepsin powder as determined by the manufacturer
(£1000 units/mg). One unit of pepsin activity in this assay is defined as the
amount of pepsin that will produce a change in the absorbance at 280 nm of 0.001
per min at pH 1.2-2.0 at 37 £ 2 °C.

The assay is used to estimate the amount of soluble peptides present in a TCA
solution after pepsin digestion of denatured hemoglobin. Undigested hemoglobin
was precipitated with TCA, and the amount of soluble peptides was estimated by
measuring the absorbance at 280 nm. The amount of soluble peptide is directly
proportional to the amount of protease activity.

The SGF was diluted to 0.03 mg of solid material (pepsin) per ml of SGF [the
dilution factor (DF) was 26.7]. Acidified hemoglobin [2% (w/v), 5 ml] was added
to each of three replicates of the test sample and blank samples and pre-warmed at
37 £ 2 °C for 5-10 minutes prior to starting the reactions. Diluted SGF (1 ml) was
added to each replicate of test samples and both test and blank samples were
incubated at 37.0 °C for an additional 10 min. The reaction was stopped by
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7.2

7.3

addition of 10 m! of 5% (v/v) chilled TCA to the test and bla
SGF (1 ml) was then added to the blank samples. Samples
incubated another 5-10 min at 37.4 °C. Precipitated prote}

the clarified test and blank samples were read at 280

Spectrophotometer. The activity of pepsin was calc
equation:

MeanTest ., — MeanBla

0.001x10minx1 O

where 0.001 is the change in the absorbance/ar’2 ¢’ min at pH 1.2-2.0 and
37 £ 2 °C produced by one unit of pepsin gcfivity; 1 is the reaction time,

1 ml is the amount of SGF added to the ectigd%;/an PF is the dilution factor for
the SGF. O

SDS-PAGE '
o

Samples containing 1x LB fro @ o digestion of the Cry2Ab2
protein were separated by SDy- sipfgpre-cast tricine 10-20%
polyacryamide gradient min¥g ls ndtri€ife running buffer (Invitrogen,
Carlsbad, CA). The prote} oagélp Ane was based on pre-digestion total
protein concentration of )¢ C b pfotein. All experimental controls were
loaded at the same volynfe a ‘&s gntaining Cry2Ab2 protein so that all other
components would bg or@b £./All samples were heated at 95.3 °C for 5 min
prior to loading onAb 4r¥12 molecular weight markers (Invitrogen,
Carlsbad, CA) wery loggd to/bé used to estimate the relative molecular weight of
proteins and pgpyd s@ua éd by staining. Electrophoresis was performed at a
constant voltdg€ o V/fér 90 min. After electrophoresis, proteins were either
visualized P staining tite el with colloidal Brilliant Blue G (section 7.3), or the
gel was sdbject efedtrotransfer of proteins to polyvinylidene difluoride
(PVDE) 1 emlg?n western blot analysis (section 7.4).

Colloid lBﬁh

The col@él Biflliant Blue G staining method was selected because it is an
EHfeotivémefhéd for detecting nanogram quantities of protein on a gel (Neuhoff et
Rased on pre-digestion concentrations, approximately 0.8 ug of total

3¢ loaded per lane. After separation of proteins, the gels were fixed in a

Blue G Staining
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74

results of the in vitro digestibility of Cry2Ab2 protein were determined by visual
examination of the stained gels.

The LOD of the Cry2Ab2 protein using the colloidal Brilliant Blue G staining
procedure was determined. Various dilutions of the zero time point (T0)
digestion specimen were loaded onto a separate gel that was run concurrently
with the gel used to assess digestibility. Aliquots of the TO digestion sample
representing approximately 1, 0.5, 0.2, 0.1, 0.05, 0.02, 0.01, 0.005, and 0.0025 g
total protein were used for the stained LOD gel.

Western Blot Analysis

Specimens from the SGF in vitro digestions were also analyzed using western
blotting. Based on pre-digestion concentrations, approximately 20 ng of total
protein were loaded per lane. Following electrophoresis, pre-stained molecular
weight markers (Precision Plus Protein Standards, Bio-Rad, Hercules CA) were
used to verify electrotransfer of proteins to the membrane and estimate size of
proteins and peptides. Proteins were electrotransferred to PVDF membranes
(0.45 um pore size, Invitrogen) for 90 min at a constant current of 25 V.

Membranes were blocked overnight in a 4 °C refrigerator with 5% (w/v) non-fat
dry milk (NFDM) in phosphate buffered saline containing Tween-20 (PBST)
buffer. All subsequent incubations (described below) were performed at room
temperature. Membranes were incubated with goat anti-Cry2 Ab2 antibody (lot
7227632) diluted 1:3,000 in PBST containing 1% (w/v) NFDM for 70 min.
Excess serum was removed by three 5 min washes with PBST. The membrane
was incubated with HRP—conjugated anti-goat 1gG (Sigma) at a dilution of
1:10,000 in PBST containing 1% (w/v) NFDM for 1 h and again washed (three
5 min washes) with PBST. Immunoreactive bands were visualized using the
enhanced chemiluminescence (ECL) detection system (Amersham Biosciences,
Piscataway, NJ) and exposed (1, 2, 5, and 10 min) to Hyperfilm ECL high
performance chemiluminescence film (Amersham Biosciences). Films were
developed using a Konica SRX101A automated film processor (Tokyo, Japan).

The LOD for the Cry2Ab2 protein using the western blot analysis procedure was
determined. Various dilutions of the zero time point (T0) digestion specimen
were loaded onto a separate gel that was run concurrently with the digestion
western blot gel and subjected to the same western blot procedure as described
above. Aliquots of the TO digestion sample representing approximately 10, 5, 2,
1,0.5, 0.2, 0.1, and 0.05 ng total protein were used for the western blot LOD
analysis.



