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\ 
Oenetically enhanced com event MON 863 produces a variant of the Bacillus 
thuringiensis (R.t.) Cry3Bbi protein. Com plants producing this Cry3Bbi protein variant 
are resistant to larval feeding damage from the coleopteran insect, com rootworm 
(Coleoptera, Chrysomelidae, Diabrotica sp). The purpose of this study was to investigate 
the in vitro digestibility of the E. coli-produced Cry3Bbl.ll098(Q349R) protein in 
simulated intestinal fluid (SIP). This protein was previously characterized and shown to 
be physicochemically and functionally equivalent to the Cry3Bbi protein produced in 
com event MON 863. 

Digestibility in SIP was evaluated at selected time points using immunoblot analysis. As 
expected, the Cry3Bbi protein was observed to rapidly degrade (within 1 minute) from a 
size of approximately 74 kDa to smaller fragments with approximate molecular weights 
of 68 and 57 kDa. Continued exposure to SIP (;:::5 minutes) resulted in the formation of a 
single stable fragment at a molecular weight of approximately 57 kDa. This fragment 
persisted to the last time point tested, 24 hours. 

2.0 Introduction 

Oenetically enhanced com event MON 863 produces a variant of the Bacillus 
thuringiensis (R.t.) Cry3Bbi protein. Com plants producing this Cry3Bbi protein variant 
are resistant to larval feeding damage from the coleopteran insect, com rootworm 
(Coleoptera, Chrysomelidae, Diabrotica sp). Studies designed to evaluate the food and 
feed safety of genetically modified plants include assessment of the digestibility of each 
engineered protein (Astwood et al. , 1996). The E. coli-produced 
Cry3Bbl.l1098(Q349R) protein investigated in this study, was previously characterized 
and shown to be physicochemically and functionally equivalent to the Cry3Bbi protein 
produced in com event MON 863 (Hileman and Astwood, 2001; Hileman et at., 2001 a). 
The purpose of this study was to investigate the in vitro digestibility of the E. coli
produced Cry3Bb 1.11098(Q349R) protein in simulated intestinal fluid (SIP). 

The digestibility of Cry3 proteins has been previously evaluated in sap (Keck et at., 
1993; Leach et at., 2001a; Leach et at., 2001b) and SIP (Leach et at. , 2001b). The SOP 
digestion pattern of these Cry3 'proteins was consistent with the SOP digestibility pattern 
of safely consumed proteins. In SOP, full-length Cry3 polypeptides were rapidly 
degraded within 15 seconds. In SIP, the full-length Cry3 polypeptides were rapidly 
degraded to smaller, stable polypeptides. Stability to trypsin and trypsin-like proteases is 
a predictable phenomenon for Cry proteins (Aronson and Shai, 2001 ; Hofte and Whiteley, 
1989; Rajamohan et at., 1998; Rukmini et al., 2000). The relationships between the Cry3 
proteins referred to in this report are described in Table 1. 
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Table 1. Comparison of Cry3 proteins. 

% Amino Acid Identity (% Amino Acid Simi 

Cry3 Protein Cry3Aa4 

Cry3Aa4b 

Wild type 69.3 
Cry3Bb1 C (76.9) 

B.t. strain 69.1 
EG11231 (76.9) 
Cry3Bb1 d 

Corn event 68.9 
MON 853 (76.7) 
Cry3Bb1 e 

B.t. strain 69.3 
EG11098 (77.0) 
Cry3Bb1 f 

E. coli 68.9 
11098(Q349R) (76.7) 
Cry3Bb1 9 

Corn event 68.9 
MON 863 (76.7) 
Cry3Bb1 h 

Wild type 
Cry3Bb1 

99.4 
(99.4) 

99.2 
(99.2) 

99.2 
(99.2) 

98.9 
(98.9) 

B.t. strain 
EG11231 
Cry3Bb1 

99.8 
(99.8) 

Corn event 
MON 853 
Cry3Bb1 

99.7 
(99.7) 

99.7 
(99.7) 

99.7 
(99.7) 

100.0 
(100.0) 

Corn event 
MON 863 
Cry3Bb1 

d similar amino acids divided by the total amino acids. A 
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The purpose of this study was to characterize the in vitro digestibility of the 
Cry3Bb1.11098(Q349R) protein isolated from E. coli using a simulated intestinal fluid 
(SlF) mammalian digestion model. Immunoblot analysis was used to assess the extent of 
Cry3Bbi protein degradation as well as the formation of incompletely degraded peptide 
fragments over time. 

4.0 Materials 

4.1 Test substance. The test substance, E. coli-produced Cry3Bb1.11098(Q349R) 
protein (lot 6962478), used in this study was previously shown to be the same variant of 
the wild type Cry3Bbi protein produced in com event MON 863 (Hileman et ai., 2001a). 
This protein was isolated using chromatographic methods from a large-scale fermentation 
of E. coli containing the pET24d( + )/25097 expression plasmid. 

4.2 Control substance. There was no control substance used in this study. However, 
experimental controls were included to assess the stability of the test substance in the test 
system lacking pancreatin and to characterize the test system (see Section 5.3). 

4.3 Reference substance. There was no reference substance used in this study. 
Analytical reference standards (molecular weight markers) were used to aid interpretation 
of the immunoblots. Hemoglobin was used as a reference protein to assess the activity of 
SlF prior to, and after, digestion of the test substance (see Section 5.1). 

4.4 Test substance characterization. DNA sequence that encompassed the cry3Bbl 
coding region of the pET24d( + )/25097 expression plasmid was confirmed prior to 
fermentation of E. coli. Records pertaining to the identity of the expression plasmid, as 
well as characterization and stability of the E. coli-produced protein, are archived in study 
01-01-39-30. Protein purity was previously determined to be 92.6% (Hileman et al., 
2001a). Prior to initiation of this study, Cry3Bb1.11098(Q349R) protein (lot 6962478) 
was clarified by centrifugation (approximately 100,000xg, 1 h, 4°C). Total protein 
concentration (0.34 mglmL) was determined as an average of three replicate 
determinations using amino acid analysis. Records pertaining to the centrifugation and 
protein concentration were archived in study 01-01-62-06 (in progress). The purity of the 
test substance was verified after, rather than before, the digestions were performed. 
While this constituted a protocol deviation (archived in this study), there was no impact 
to the study. 

4.5 Test system. The test system used for this study was simulated intestinal fluid 
(SlF). SlF was prepared according to SOP GEN-PRO-058-01 and is based on a 
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(PO) and 24 h (PlO). These samples were used to evaluate the extent of degradation of 
the test substance in the absence of proteases (pancreatin) and to demonstrate the 
effectiveness of the quenching method by comparison to the 0 min (TO) time point. The 
o min (PO) time point was quenched by addition of Laemmli sample buffer and heated 
approximately 5 min, 100°C prior to addition of test substance. 

Experimental controls were included to evaluate the extent of background signal in the 
detection method at two incubation times, 0 min (NO) and 24 h (NlO). These samples 
were prepared by addition of buffer (10 mM phosphate buffer, pH 7.0) to SIP in place of 
the test substance. The zero (NO) time point was quenched by addition of Laemmli . 
sample buffer and heated approximately 5 min, 100°C prior to addition of buffer. 

5.4 SDS-PAGE and immunoblot analysis. All quenched samples contained Ix 
Laemmli (Laemmli, 1970) sample buffer [62.5 mM Tris-HCI, pH 6.8,5% (v/v) 
~-mercaptoethanol, 2% (w/v) SDS, 10% (v/v) glycerol and 0.005% (w/v) Bromophenol 
Blue]. Digestion samples containing the test substance were prepared at a final 
concentration of 2 ng/IlL, based on pre-digestion estimates. Separation of the pre-stained 
molecular weight markers (Amersham Life Science, Buckinghamshire, England) were 
visually confirmed and used as an accept criterion for SDS-PAGE. Electrotransfer of the 
pre-stained molecular weight markers to membranes were visually confirmed and used as 
an acceptance criterion for immunoblot analysis. 

The limit of detection of Cry3Bb 1.11098(Q349R) protein was assessed by dilution of the 
TO digestion sample with Ix Laemmli sample buffer. Analyses for digestibility and limit 
of detection were run in the same gel apparatus and electro transfer apparatus. Although 
placed in 'separate trays, membranes were incubated with approximately the same 
volumes of primary and secondary antibody solutions and detected on a single sheet of 
film. 

All samples were heated at approximately 100°C for 5 min and applied to pre-cast 
NOVEX® 10"-720% polyacrylamide gradient tricine-buffered mini-gels (Invitrogen™, 
Carlsbad, CA). Samples (10 ng total protein) were loaded into separate lanes. 
Electrophoresis was performed under reducing conditions according to SOP 
BtC-PRO-026-01 at constant voltage (125 V) for approximately 100 min (the dye front 
was retained at the bottom of the gel). 

hnmunoblotting was performed according to SOP GEN-PRO-002-03. Gels were 
incubated with filter papers and nitrocellulose membranes (NOVEX® 0.45 Ilm pore size, 
InvitrogenTM) in transfer buffer (24 mM Tris, 192 mM glycine containing 20% (v/v) 
methanol) for approximately 20 min. The transfer sandwich was assembled, submerged 
in transfer buffer and proteins electrotransferred at 25 V (constant voltage) for 90 min 
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using a NOVEX® Xcell IT blot module. Membranes were removed and keD~ 
incubation with gentle shaking in PBST (1 mM KH2P04, 100 mM Na2 O~7i 
NaCl, 2.7 mM KCI, pH 7.4) containing 5% (w/v) NFDM for 30 min. lJll~b were 
probed with a 1:5000 dilution of rabbit polyc1onal anti-Cry3Bbl a od:NlOt 9830B) 
prepared in PBST containing 1 % (w/v) NFDM for 1 h. 

ct the results or interpretation 
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Comparison of the results of the experimental controls prepared without pancreatin added 
to the test substance digestion samples demonstrated that the quenching method was 
effective at inactivating SIF activity and that the test substance was stable under 
conditions of the test system in the absence of pancreatin. Experimental controls 
prepared without added test substance demonstrated that the test system did not 
contribute to the immunoreactive signal observed in the test substance digestion samples. 
Separate tubes were used for each time point in order to provide replicates that fall within 
a certain range. Systematic positioning and handling of the tubes was also used to track 
the progress of each digestion sample while providing the opportunity to eliminate errors 
during the experiment. 

7.0 Results and Discussion 

7.1 SIF activity. Simulated intestinal fluid contains pancreatin, a mixture of enzymes 
including amylase, trypsin, lipase, ribonuclease and protease. The proteolytic activity of 
SIF was measured prior to (13,749 U/mL), and after digestion of the test substance 
(12,795 U/mL). One unit of activity is defined as an increase in absorbance of 0.001 
AS74 om per min at 37°C. These values were within the acceptability requirements of SOP 
GEN-PRO-058-01. 

7.2 Digestibility of Cry3Bbl.ll 098( Q349R) protein in SIF. The 
Cry3Bbl.ll098(Q349R) protein used in this study was produced using an E. coli 
heterologous protein production system using the same cry3Bbl DNA sequence present 
in com event MON 863. That is, the DNA sequence ,'..TId deduced amino acid sequence of 
the E. coli- and com-produced proteins were identical (Hileman and Astwood, 2001). 
These proteins were shown to be physicochemically and functional equivalent (Hileman 
et ai., 2001a). 

As expected, exposure of Cry3Bb 1.11098(Q349R) protein to simulated intestinal fluid 
resulted in the formation of a stable digestion product that persisted for at least 24 h 
(Figure 1). The position of the single band observed in lanes 2, 4 and 15 is consistent 
with the predicted molecular weight of approximately 74 kDa for 
Cry3Bbl.ll098(Q349R) protein (Hileman et ai., 2001a). At Tl (1 min, lane 5), the 
Cry3Bb 1.11098(Q349R) protein appeared as two bands having approximate molecular 
weights of 68 and 57 kDa. These molecular weights are very similar to those observed 
previously for Cry3Bbi variants isolated from B.t., which corresponded to N-terminally 
truncated forms of the full-length proteins (Hileman et ai., 2001b). Time points greater 
than 1 min appeared as a single predominant band (=57 kDa). The intensity of this band 
remained essentially unchanged from the 5 min to 24 h time points, indicating that it is 
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that even if 98% of the sample were digested, a band would still be detected [that is, 
0.2 ng represents 2% of the total protein loaded (10 ng)]. 

Based on visual inspection of the digestion time course (Figure 1), the immunoreactive 
signal remained unchanged, relative to TO. These data suggest that all of the 74 kDa 
Cry3Bbl.ll098(Q349R) protein was degraded to an intermediate product with a 
molecular weight of approximately 68 kDa, and finally to a stable product with a 
molecular weight of approximately 57 kDa. 

8.0 Conclusions 

As expected, a stable degradation product (approximately 57 kDa) was produced when 
Cry3Bbl.ll098(Q349R) protein was exposed to SlF. The molecular weight of this 
polypeptide is consistent with the expected size of the tryptic core for Cry3 proteins. 
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97.4 

66.0 

46.0 

14.3 

Lane 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Sample 
pre-stained MW marker 
PO, Cry38b1 protein without pancreatin 
NO, SIF without Cry38b1 protein 
TO, Cry38b1 in SIF 
T1, Cry38b1 in SIF 
T2, Cry38b1 in SIF 
T3, Cry38b1 in SIF 
T4, Cry38b1 in SIF 
T5, Cry38b1 in SIF 
T6, Cry38b1 in SIF 
T7, Cry38b1 in SIF 
T8, Cry38b1 in SIF 
T9, Cry38b1 in SIF 
T10, Cry38b1 in SIF 
P10, Cry38b1 protein without pancreatin 
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MSLNo.17530 
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Incubation Time 

Omin 
Omin 
Omin 
1 min 
5min 
15 min 
30 min 

1 h 
2h 
4h 
8h 
16 h 
24 h 
24 h 

Figure 1. Digestibility of Cry3Bb1.11098(Q349R) protein in simulated intestinal 
fluid. Proteins were separated using a 1O~20% polyacrylamide gradient tricine gel and 
electroblotted to nitrocellulose membrane. Digestion products were detected using 
Cry3Bbl antisera and developed using an ECL system (60 s exposure shown). 
Approximately 10 ng protein (pre-digestion) was loaded per lane. Approximate 
molecular weights (kDa) for marker proteins (lane 1) are shown on the left. 
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5 ng, 50% 
4 r.g, 60% 
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SOP Number SOP Title 

GEN-PRO-058-0 1 

BtC-PRO-026-0 1 

GEN -PRO-002-03 

Appendix 1 

List of Applicable SOPs 
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Protocol and Amendment 
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Study Director: 
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Assessment of the in vitro digest" 
Cry3Bbl.ll098(Q349R) prote' 
fluid 
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Reviewed By: 

---'--~4 "~I1:A ~"' e-, ", 
Quality Assurance Spebarst 
Monsanto Company 
Monsanto Regulatory 
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1.0 Regulatory Compliance 

1.1 

2.0 Introduction 

3.0 Purpose 

5.0 

4.1 
4.2 

MSL-17530 

November 2001 
November 2001 
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6.0 

5.2 Control Substance 

5.3 

5.4 

5.5 

6.1 

There is no control substance for this study. 

Characterization and stability 0 

this study (Hileman et al., 20 
substance before use in this 
final report. 

eference Standards 
es of analysis confirming the 

(lards and other materials used in this 
study files. 

he time course and experimental parameters proposed in this study are 
similar to conditions used in a previously published study (Astwood et at., 
1996). 
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7.0 

6.2 

6.3 

6.4 
A numerical code using the numb r 0 will be used to 
distinguish assay time points. 

A schematic of the digestibility 
All assay tubes will be frozen transferred to a -20°C freezer until 
analyzed. 

7.1 

bation time point (T = 0) will be quenched by diluting SIF 
Ii sample loading buffer followed by heating at approximately 

r approximately 5 min prior to addition of the test substance. 

geted incubation times will be 0, 1,5, 15,30 min, and 1,2,4, 8, 16, 
24 h. Actual incubation times will be recorded in the data file. 

xperimental Controls 
The stability of Cry3Bb1.II098(Q349R) protein in SIF lacking pancreatin 
will be assessed at two time points, 0 and 24 h. Additional time points 
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system. 

7.3 SDS-PAGE and Western Blot 
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9.0 Records to be Maintained 

10.0 

11.0 

MSL-17530 

United States Pharmacopoeial 
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Attachment 1: List of Applicable Method SOPs 

SOPs cited in this protocol will be used in this study unless superseded 
versions. In this event, the actual SOPs followed in this study will be 
final report. 

SOP Title 

GEN-PRO-058-01 

BtC-PRO-026-0l 

GEN-PRO-002-03 Western Blot Analysis (.LUllUp l,fV 
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Attachment 2: Schematic of Experimental Procedure 

Record 
start time 

Record 
stop time 

Experimental Controls: 

Pancreatin activity as 
experiment. 

Digestive Fate Experiment 

SIF 

Vortex 

estions 

SDS-PAGE 

Western blot 
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Protocol Amendment Form 

Monsanto Study #: 

Date changes implemented: 

Page number(s) and section(s): 

Protocol amended as follows 

01-01-62-11 

November 26,2001 

Page 7 of 10, Section 7.3 

ment and what impact will result from. this change: 

This 

description of the limit of detection from this protocol was an oversight. 
a limit of detection western blot will aid in the interpretation of the blot. 
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Protocol Amendment Form 

Approved By: 

Patrick T. Weston 
Testing Facility Management Representativ 

fJ.1~ r~~ 
Ronald E. Hileman 
Study Director 

Ravinder S. Sidhu 
Sponsor Representative 

Reviewed By: 

MSL-17530 

Study No. 

--v..e c . 4- ,2-00 I 
Date 
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