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In Vitro Simulated Intestinal Fluid Digestibility Study of Microbially Derived CrylF (tr)

SUMMARY

Maize has been modified by the insertion of a gene from Bacillus thuringiensis (B.t.) subspecies
aizawai strain PS811. The B.1. gene encodes for an insecticidal delta-endotoxin designated as
CrylF. The purpose of this study was to evaluate the digestibility of the Cry1F protein in a
simulated intestinal fluid (SIF) model. Reference proteins representing known non-allergenic
(acid phosphatase; a common plant protein) and allergenic (B-lactoglobulin, a milk allergen and
ovalbumin, an egg allergen) proteins were also included in the experimental design of this study
for comparative purposes. The test and reference substances were subjected to SIF at specified
time intervals and were then analyzed by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE).

The Cry1F protein remained undigested in SIF for the duration of the assay (120 min). The non-
allergenic protein, acid phosphatase and the allergenic protein, ovalbumin also remained
undigested for the duration of the assay. The allergenic protein, B-lactoglobulin, was digested

between 1 and 5 minutes after addition to SIF.
The results from this study indicate the following:

1) The in vitro SIF model 1s apparently unable to discriminate between known non-allergenic

and allergenic proteins using stability to proteolysis as an experimental endpoint.

2) The CrylF protein remained undigested in SIF for the duration of the assay. CrylF shares

this and other characteristics with other Cry proteins that dissociate them from being

regarded as potential food allergens.
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In Vitro Simulated Intestinal Fluid Digestibility Study of Microbially Derived Cry1F (tr)

ABSTRACT

Maize has been modified by the insertion of a gene from Bacillus thuringiensis (B.t.) subspecies
aizawai strain PS811. The B.t. gene encodes for an insecticidal delta-endotoxin designated as
CrylF. The purpose of this study was to evaluate the digestibility of the Cry1F protein in a
simulated intestinal fluid (SIF) model. Reference proteins representing known non-allergenic
(acid phosphatase; a common plant protein) and allergenic (B-lactoglobulin, a milk allergen and
ovalbumin, an egg allergen) proteins were also included in the experimental design of this study
for comparative purposes. The test and reference substances were subjected to SIF at specified
time intervals and were then analyzed by sodium dodecyl sulfate polyacrylamide gel

electrophoresis (SDS-PAGE).

The CrylF protein remained undigested in SIF for the duration of the assay (120 min). The non-
allergenic protein, acid phosphatase and the allergenic protein, ovalbumin also remained
undigested for the duration of the assay. The allergenic protein, B-lactoglobulin, was digested

between 1 and 5 minutes after addition to SIF.
The results from this study indicate the following:

1) The in vitro SIF model is apparently unable to discriminate between known non-allergenic

and allergenic proteins using stability to proteolysis as an experimental endpoint

2) The CrylF protein remained undigested in SIF for the duration of the assay. CrylF shares

this and other characteristics with other Cry proteins that dissociate them from being

regarded as potential food allergens.
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INTRODUCTION

Maize has been modified by the insertion of a gene from Bacillus thuringiensis (B.t.) subspecies
aizawai strain PS811. The B.t. gene encodes for an insecticidal delta-endotoxin designated as
CrylF. The purpose of this study was to evaluate the digestibility of the Cry1F proteinin a
simulated intestinal fluid (SIF) model. Reference proteins representing known non-allergenic
(acid phosphatase; a common plant protein) and allergenic (B-lactoglobulin, a milk allergen and
ovalbumin, an egg allergen) proteins (1) were also included in the experimental design of this
study for comparative purposes. The test and reference substances were subjected to SIF at
specified time intervals and were then analyzed by sodium dodecyl sulfate polyacrylamide gel

electrophoresis (SDS-PAGE).
EXPERIMENTAL

Test Substance

The test substance, microbially derived Cry1F protein (TSN101788) (Purity 11.4%) was
obtained from the Test Substance Coordinator, Dow AgroSciences, 9330 Zionsville Road,

Indianapolis, Indiana 46268-1054.

The recombinant Cry1F protein was prepared at Dow AgroSciences LLC, San Diego,
California. A gene encoding the full-length Cry1F toxin (~130 kDa) was placed in
Pseudomonas fluorosescens strain MR872. This strain was grown under large-scale
fermentation conditions and the toxin extracted from concentrated cell pellets. The cell pellets
were enzymatically lysed and fu.ll—length toxin was isolated as insoluble inclusions. These
inclusions were washed extensively, suspended under alkaline conditions, and treated with

trypsin to truncate the toxin. The soluble, truncated toxin (~65 kDa) was then diafiltered and

finally concentrated by lyophilization (2). The resulting CrylF powder was sent to the
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Dow AgroSciences Indianapolis Test Substance Coordinator and entered into the Test Substance

Database.

Reference Substances

The reference substances used in this study are listed in the following table:

Reference Substance Product Name ID Number Reference
Non-Allergenic Acid Phosphatase Lot 30K7052 Sigma Catalog Number
Protein Activity: 1.2 P-3752
units/mg
Allergen Protein B-lactoglobulin Lot 119H7007  Sigma Catalog Number
Purity: 290% L-7880
Allergen Protein Ovalbumin Lot 79H7003 Sigma Catalog Number
Purity: ~ 99% A-2512
Molecular Weight Novex Mark 12 Lot MRKO01005 Novex Catalog #L.C5677,
Marker Wide Range Protein Molecular Markers of 200,
Standards 116.3,97.4,66.3, 55.4,
36.5,31,21.5,14.4,and 6
kiloDalton (kDa)
Test Methods

Equimolar (~0.074 mM) solutions of the test and reference substances were prepared as follows.
TSN101788 (CrylF protein) was reconstituted by weighing 4.8 mg of powder in a 4-mL test
tube and adding 1 mL of H.O. Acid phosphatase was reconstituted by weighing 5.1 mg of
powder in a 4-mL test tube and adding 1 mL of H,O. B-lactoglobulin was reconstituted by
weighing 5.4 mg of powder in a 4-mL test tube and adding 2 mL H,0. Ovalbumin was
reconstituted by weighing 6.3 mg of powder in a 4-mL test tube and adding 2 mL of H,O.
Simulated intestinal fluid (SIF) containing approximately 1 % (w/v) pancreatin (Sigma Aldrich,

St. Louis, MO) was prepared and adjusted to a pH of approximately 7.5 as described in the

United States Pharmacopeia (3).
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Ninety-five microliter aliquots of SIF were added to 1.5 mL microcentrifuge tubes and placed in
a water bath set to 37 °C. After 2 minutes, 5 pL of each protein was then added to the individual
tubes and a timer was set. Digestions were performed at time intervals of 1, 5, 15, 30, 60, 90,
and 120 minutes for each protein. After each specified incubation interval, a 10-puL sample of
each protein/SIF combination was removed and 18 pL of sample buffer (Invitrogen/Novex,
Carlsbad, CA) containing fresh B-mercaptoethanol (Sigma Aldrich) was added to stop the
reaction. The samples were immediately placed in a heat block set at 100 °C for 5 minutes then
placed on wet ice until all of the time points were sampled. For each of the proteins above, an
'undigested control', incubated for O min and 120 min at 37 °C was prepared in the same manner
except that water was substituted for SIF. These undigested controls were employed to
determine the stability of the proteins under non-proteolytic conditions for the duration of the
assay. An SIF reagent blank was prepared for each set of digestion reactions to determine
enzyme stability during the assay. The digested proteins and their respective controls were

stored in a freezer overnight.

For each individual protein sample, the entire sample volume (28 nL) was loaded on-to 4-20%
polyacrylamide gels (Owl Separation Systems, Portsmouth, NH). Approximate protein

concentrations are listed in Table 1.

The samples were then electrophoresed at 125V for 2 hours and 25 minutes. After separation the
gels were stained for 3 hours with Coomassie Brilliant Blue dye (G250, Invitrogen/Novex) and

then destained overnight.

RESULTS AND DISCUSION

Based on the presence of the SIF protein bands for both the 0 min (Figures 1-4, Lane 2) and 120
min (Figures 1-4, Lane 3) incubations at 37 °C, the SIF system appeared to be functional for the
duration of the test. Similarly, the presence of the undigested protein control bands for both 0

min (Figures 1-4, Lane 4) and 120 min (Figures 1-4, Lane 5) incubations at 37 °C, indicates the

test and reference proteins were stable for the length of the test.
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The digestibility results for Cry1F, acid phophatase, B-lactoglobulin, and ovatbumin in SIF are
summarized in Table 1. The test substance, Cry1F, remained undigested in the SIF for 120 min,
the duration of the assay (Figure 1, lanes 6-12). The known non-allergenic protein, acid
phosphatase, also remained undigested in SIF for the duration of the study (Figure 2, lanes 6-12).
Of the two known protein allergens, one (B-lactoglobulin) was digested after 1 min and the other
(ovalbumin) remained stable for the duration of the assay. The B-lactoglobulin protein was
visible on the SDS-PAGE gel at the 1 min time point (Figure 3, lane 6), but not at later time
points (Figure 3, lanes 7-12). Ovalbumin appeared to break down to a stable smaller molecular
weight degradation product at the 1 min time point and remained visible on the SDS-PAGE gel

for all subsequent time points of the assay (Figure 4, lanes 6-12).

Based on the results of this study the in vitro SIF model is apparently unable to discriminate
between known non-allergenic and allergenic proteins using stability to proteolysis as an
experimental endpoint; acid phophatase (non-allergenic protein) and ovalbumin (protein
allergen) were both stable to digestion for the duration of the study. B-lactoglobulin (protein

allergen) was readily digested (i.e., within 5 minutes after addition to SIF).

The Cry1F protein was stable to digestion in SIF for a period of 120 minutes. This property has
been reported for a number of other Cry proteins (e.g., Cryl A(b) and Cry3A, [4]) and relates to
the well known fact (5) that B¢ protoxins (130-140 kDa in size) require processing via the
alkaline pH and enzymatic conditions of the insect mid-gut to “protease-resistant cores” in order
to exert their specific activity. Prior to use in this study, the Cry!F test substance was
trypsinolysed to the truncated form (" Test Substance” section of this report), therefore, the

observed behavior of the truncated protein in SIF was not unexpected.

The Cry1F protein has previously been shown to be rapidly digested (within 1-5 minutes,
depending on pepsin concentration) in an in vitro simulated gastric fluid (SGF) model (2). The

Cry1F protein shares these proteolvtic characteristics in SGF and SIF systems as well as the

absence of homology with known allergens with other Cry proteins (e.g., Cryl A(b), and Cry3A)
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(4). These Cry proteins are not considered to share the characteristics of known food allergens

4.

CONCLUSION

In conclusion, the in vitro simulated intestinal fluid model is apparently unable to discriminate
between known non-allergenic and allergenic proteins using stability to proteolysis as an
experimental endpoint. Therefore, inferences regarding the potential allergenicity of proteins
using this experimental system cannot be drawn. The Cry1F protein remained undigested in SIF
for the duration of the assay (120 min). CrylF shares this, and other characteristics with other

Cry proteins that disassociate them from being regarded as potential food allergens.
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Table 1. Approximate Protein Concentration of Each Test Protein Subjected to SIF
Digestion and Subsequently Analyzed by SDS-PAGE

Protein Concentration of protein by Concentration of protein by
weight (before digestion) added  weight (before digestion)
to the digestion reaction. loaded in each lane for SDS-
PAGE Analysis
CrylF ~24 ug ~2.4 ug
Acid Phosphatase ~25.5 ug ~2.6 ug
B-lactoglobulin ~13.6 pg ~1.4 ug
Qvalbumin ~15.7 pug ~1.6 ug
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Table 2. In Vitro Digestibility Results in Simulated Intestinal Fluid
Known Allergenic Property Protein Stability in SIF (minutes)
Test Protein CrylF >120
Non-Allergen Acid Phosphatase > 120
Allergen Ovalbumin >120

Allergen B-Lactoglobulin 1-5




Dow AgroSciences LLC
Study ID: GH-C 5146
Page 16

12 3 45 67 89 10 11

Lane assignments: (1) Mark 12 Wide Range Protein Standard, (2) SIF reagent blank, 0 minute
incubation, (3) SIF reagent blank, 120 minute incubation, (4) undigested Cry1F (~2.4 ug
protein), 0 minute incubation, (5) undigested Cry1F (~2.4 pg protein), 120 minute incubation, (6)
1 minute digestion, (7) 5 minute digestion, (8) 15 minute digestion, (9) 30 minute digestion, (10)

60 minute digestion, (11) 90 minute digestion, (12) 120 minute digestion.

Figure 1. SDS-PAGE Analysis of CrylF Protein Subjected to Digestion in Simulated
[ntestinal Fluid
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31.0kDa
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Lane assignments: (1) Mark 12 Wide Range Protein Standard, (2) SIF reagent blank, O minute

incubation, (3) SIF reagent blank, 120 minute incubation, (4) undigested Acid Phosphatase (~2.6
1ig protein), 0 minute incubation, (5) undigested Acid Phosphatase (~2.6 pg protein), 120 minute
incubation, (6) 1 minute digestion, (7) 5 minute digestion, (8) 15 minute digestion, (9) 30 minute

digestion, (10) 60 minute digestion, (11) 90 minute digestion, (12) 120 minute digestion.

Figure 2. SDS-PAGE Analysis of Acid Phosphatase Protein Subjected to Digestion in
Simulated Intestinal Fluid
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Lane assignments: (1) Mark 12 Wide Range Protein Standard, (2) SIF reagent blank, 0 minute
incubation, (3) SIF reagent blank, 120 minute incubation, (4) undigested 3-Lactoglobulin (~1.4
ug protein), 0 minute incubation, (5) undigested B-Lactoglobulin (~1.4 pg protein), 120 minute
incubation, (6) 1 minute digestion, (7) 5 minute digestion, (8) 15 minute digestion, (9) 30 minute

digestion, (10) 60 minute digestion, (11) 90 minute digestion, (12) 120 minute digestion.

Figure 3. SDS-PAGE Analysis of f-Lactoglobulin Protein Subjected to Digestion in
Simulated Intestinal Fluid
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Lane assignments: (1) Mark 12 Wide Range Protein Standard, (2) SIF reagent blank, 0 minute
incubation, (3) SIF reagent blank, 120 minute incubation, (4) undigested Ovalbumin (~1.6 pg
protein), 0 minute incubation, (5) undigested Ovalbumin (~1.6 pg protein), 120 minute
incubation, (6) 1 minute digestion, (7) 5 minute digestion, (8) 15 minute digestion, (9) 30 minute

digestion, (10) 60 minute digestion, (11) 90 minute digestion, (12) 120 minute digestion.

Figure 4. SDS-PAGE Analysis of Ovalbumin Protein Subjected to Digestion in Simulated
Intestinal Fluid




