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Immunoblotting assays using commercial antibodies were established to investigate the unexpected
persistence of the immunoactive Cry1Ab protein in the bovine gastrointestinal tract (GIT) previously
suggested by enzyme-linked immunosorbent assay (ELISA). Samples of two different feeding
experiments in cattle were analyzed with both ELISA and immunoblotting methods. Whereas results
obtained by ELISA suggested that the concentration of the Cry1Ab protein increased during the GIT
passage, the immunoblotting assays revealed a significant degradation of the protein in the bovine
GIT. Samples showing a positive signal in the ELISA consisted of fragmented Cry1Ab protein of
approximately 17 and 34 kDa size. Two independent sets of gastrointestinal samples revealed the
apparent discrepancy between the results obtained by ELISA and immunoblotting, suggesting that
the antibody used in the ELISA reacts with fragmented yet immunoactive epitopes of the Cry1Ab
protein. It was concluded that Cry1Ab protein is degraded during digestion in cattle. To avoid
misinterpretation, samples tested positive for Cry1Ab protein by ELISA should be reassessed by
another technique.
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INTRODUCTION

The recent regulation 1830/2003 of the European Parliament
and of the Council of the European Union on genetically
modified food and feed comprised the traceability and labeling
of genetically modified organisms (GMO) as well as the survey
of food and feed products produced from GMO (1). The
implementation of these aspects in European law and the further
planned licensing of GMO food and feed by the European
Community have provoked a strong public discussion about the
pros and cons of genetically modified plants, especially with
regard to their safety for the consumer. Genetically modified
plants such as maize will increasingly be used not only as
nutritional components or feed source for farm animals but also
for human consumption (2). Bt-maize has been genetically
modified to express an insecticidal crystal protein called a
Cry protein (for example, Cry1Ab protein) fromBacillus
thuringiensis(3). The modified plant produces this larvicidal
toxin against lepidopteran pests, especially the European corn

borer (Ostrinia nubilalis). Recently, case studies investigating
the fate of plant DNA (4-8) and Cry1Ab protein (9, 10) in
farm animals and rodents were reported. These studies revealed
an apparent persistence of the Cry1Ab protein immunoactivity
in the bovine gastrointestinal tract (GIT). Analyses performed
with a commercially available enzyme-linked-immunosorbent
assay (ELISA) suggested that Cry1Ab protein accumulated in
the course of the GIT passage. As no traces of Cry1Ab protein
in animals fed isogenic maize were detected, potential cross-
reaction of the monoclonal antibody used in the ELISA was
ruled out. However, it cannot be excluded that the signals
detected with the ELISA technique represented an immuno-
reaction between the monoclonal antibody and fragmented, yet
still immunoactive parts of the Cry1Ab protein. Thus, data based
only on ELISA measurement could result in an overestimation
of the full-length Cry1Ab protein.

To examine this hypothesis, immunoblotting assays with
polyclonal and monoclonal antibodies against epitopes of the
Cry1Ab protein were developed. Two independent sets of GIT
samples (gastrointestinal contents of rumen, jejunum, and colon)
as well as feces, collected from two different feeding experi-
ments, were analyzed both with ELISA and with the immuno-
blotting technique.
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MATERIALS AND METHODS

Feeding Studies.Isogenic maize (Antares) and transgenic maize
(Navares) (Syngenta International AG, Basel, Switzerland) were planted
and grown on experimental fields of the Bavarian State Research Center
for Agriculture (Grub, Germany). The harvested plants were chopped
(average size of∼1 cm) and processed to maize silage. Feeding
experiment A consisted of six lactating cows (3.5( 1.2 years old),
kept under standard conditions and fed with either isogenic or transgenic
Bt176 maize silage. Feed consumed per day consisted of 23.0( 2.0
kg of isogenic maize or 27.5( 1.5 kg of transgenic maize and 3.0 kg
of hay, 2.5 kg of concentrated feed, and 0.17 kg of additional cattle
feed.

Feeding experiment B has been described in detail elsewhere (10).
Briefly, 11 cows (4.4( 2.9 years old) in each group were fed with
silage either from genetically modified maize (Navares) or from the
isogenic line (Antares) for 4 weeks. The daily diet contained 88.5%
maize silage, 2% barley straw, 4.5% wheat, 4.5% rape-bruised grain
extract, and 0.5% mineral feed. Each cow was fed with 19 kg of maize
silage in a total fed ration of 21.5 kg per day.

All animals were in good health. The samples of rumen, jejunum,
and colon content were taken immediately after slaughter, snap-frozen
in liquid nitrogen, and stored at-80 °C until further analysis.

Cry1Ab Protein Measurement (ELISA). Determination of the
Cry1Ab protein was carried out by using a commercially available
ELISA kit according to the manufacturer’s instructions (Agdia Inc.,
Elkhart, IN). To pulverize the samples, 0.2 g of material was ground
using the FastPrep system (BIO101, Carlsbad, CA) with 0.8 g of Green
Matrix at 6 m/s for 40 s. The procedure was repeated until the sample
was pulverized; the finally obtained powder was dissolved in 1000µL
of multievent buffer (MEB, provided in the kit). The control Cry protein,
provided by the supplier, was diluted and used in the following
concentrations to create a standard curve: 0.015, 0.03, 0.06, 0.125,
0.25, 0.5, 1.0, and 1.6 ng/mL. The results were expressed as Cry1Ab
protein (nanograms) per gram of wet sample.

Immunoblotting (Western Blotting). The samples were prepared
as described above (Cry1Ab Protein Measurement), except that PBS
(pH 7.4) with protease inhibitors (Merck KGaA, Darmstadt, Germany)
was used as extraction buffer; 17.75µL of extracted protein, 1.0µL of
1,4-dithiothreitol (1 mM; Merck KGaA), and 6.25µL of SDS sample
buffer (4×) were applied to SDS-PAGE in a 4-12% gradient Bis-Tris
gel (NuPage, Invitrogen GmbH, Karlsruhe, Germany). 2-Morpholino-
ethanesulfonic acid was used as running buffer. After separation, the
polypeptides were transferred onto a nitrocellulose membrane (pore
size) 0.45 µm; Schleicher & Schuell BioScience, Keene, NH). The
membranes were blocked with TBS-Tween 20 buffer (0.05 M Tris,
0.15 M NaCl, pH 7.6; 1% Tween 20)+ 1% (w/v) nonfat dried milk
overnight at 4°C; subsequently, the membranes were incubated for 60
min in TBS-Tween 20 buffer supplemented either with a monoclonal
mouse anti-Cry1Ab/1Ac (final concentration) 5 µg/mL) or with the
same polyclonal rabbit anti-Bt-Cry1Ab/1Ac antibody (final concentra-
tion ) 5 µg/mL; Agdia Inc.) which was applied in the ELISA kit. The
membranes were washed four times with casein solution and incubated
for 30 min in secondary antibody solution (biotinylated anti-rabbit IgG
and biotinylated anti-mouse IgG in casein solution, respectively; final
concentrations) 1.5µg/mL). After three additional washing steps with
casein solution for 10 min, membranes were incubated in Vectastain
ABC-AmP reagent (Vector Laboratories, Inc., Burlingame, CA) for
10 min. Membranes were washed three more times (casein solution,
10 min) and incubated for 5 min with chemiluminescent substrate
(DuoLuX, Vector Laboratories, Inc.). Following two final washing steps
(0.1 M Tris, pH 9.3, 5 min), the membranes were exposed to a
chemiluminescent detection film (Roche, Mannheim, Germany) for 15
min. All washing and incubation steps were performed at room
temperature unless indicated otherwise.

RESULTS

ELISA. To ascertain the accuracy of the Cry1Ab ELISA
measurements, rumen contents from animals fed isogenic maize
were spiked corresponding to the standard curve (mentioned

above) with 1.6, 1.0, 0.5, 0.25, 0.12, and 0.06 ng of Cry protein
standard (included in the ELISA kit). The levels detected were
79.7 ( 1.6, 68.4( 5.3, 65.5( 5.5, 81.0( 3.7, 87.6( 1.2,
and 71.7( 53.0% (recovery value( SD) of 1.6, 1.0, 0.5, 0.25,
0.12, and 0.06 ng, respectively. Due to the high SD of 0.06
(71.7( 53.0%) results below a corresponding value of 0.12 ng
were regarded as unreliable and were excluded from the analysis.

To rule out cross-reactivity of the antibody used in the ELISA
with other proteins of animal, bacterial, and plant origin, samples
of animals fed isogenic maize were analyzed in parallel. All
isogenic samples were negative. Both sets of GIT samples
yielded similar results by ELISA (Table 1). In feeding experi-
ment A, 5.1( 1.0, 1.4( 0.8, 3.8( 1.3, and 4.4( 1.3 ng of
Cry1Ab protein per gram of wet sample were detected in rumen,
jejunum, colon, and feces, respectively (Figure 1). This
compared well with the ELISA results obtained from feeding
experiment B (4.3( 0.9, 2.1( 1.3, 2.5( 1.1, and 2.8( 1.1
ng) in rumen, jejunum, colon, and feces, respectively, published
by Einspanier et al. (10). Both data sets suggested that the
concentration of Cry1Ab protein was apparently increasing
during the GIT passage due to the reduced moisture content in
the lower parts of the GIT.

Immunoblotting. To determine the fragment size of the
Cry1Ab protein detected by ELISA, that is to assess a potential
fragmentation of the Cry1Ab protein, an immunoblotting assay
was developed. For evaluation and validation purposes, samples
with decreasing amounts of Cry1Ab protein, isolated from fresh
plant material of transgenic maize (Navares) as described above,
were loaded on a BIS-Tris gel (Figure 2). The detection limit
corresponded to 50 mg (fresh weight) of transgenic maize
(Navares), equivalent to∼2.0 ng of Cry1Ab protein (according
to ELISA concentration measurements).

The same GIT samples analyzed by ELISA were tested by
immunoblotting. Cry1Ab protein was not detectable in any
isogenic (i) sample for feeding experiment A (Figure 3) or for
feeding experiment B (data not shown). Using the polyclonal
antibody the samples of rumen contents showed bands at
approximately 34 and 17 kDa (Figure 3A,C). All other samples
(jejunum, colon, feces) displayed only the band at 17 kDa
(Figure 3A,B). The smear at∼60 kDa observed in bovine GIT
samples of both isogenic and transgenic maize fed animals
(Figure 3A,B) is presumably due to unspecific binding of the

Table 1. ELISA Measurements (Nanograms of Cry1Ab Protein per
Gram of Wet Sample) in Rumen, Jejunum, Colon, and Feces of
Feeding Experiments A and B

expt rumen jejunum colon feces

A 5.1 ± 1.0 1.4 ± 0.8 3.8 ± 1.3 4.4 ± 1.4
B 4.3 ± 0.9 2.1 ± 1.3 2.5 ± 1.1 2.8 ± 1.1

Figure 1. Results obtained by ELISA performed with samples of feeding
experiment A. All samples were determined in duplicates. Error bars
represent standard deviation (SD).
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polyclonal antibody to other bovine proteins present in the
protein extract. Plant extracts of fresh Navares leaves (Figures
2 and3, lanes 2 and 11) did not show any unspecific binding
or smear. To test whether the antibody used in the ELISA kit
displayed a similar pattern, new membranes with the same
samples were prepared and exposed to the monoclonal antibody.
The fragmentation pattern in rumen samples was very similar
(Figure 3C). However, it has to be noted that the sample of
Navares plant material (lane 7) showed more bands when using
the monoclonal antibody as compared to the polyclonal antibody
(lane 2). Immunoblotting analyses with samples of feeding
experiment B revealed similar results (data not shown). The
positive control represents the Cry protein provided with the
ELISA kit.

DISCUSSION

The ELISA technique is widely used for screening of the
Cry1Ab/1Ac protein, to determine the expression levels of Cry
protein or to track the persistence and the amount of the
insecticidal Cry protein in different environments (12-15). In
addition to the Cry1Ab protein from maize, the content or

concentration of the Cry1Ac protein in potatoes and cotton is
measured in different kinds of samples, for example animal
tissues, plants, and soil. Previously we reported the detection
of Cry1Ab protein immunoactivity in bovine gastrointestinal
contents using a commercial ELISA kit (10). To verify the
Cry1Ab protein measurements obtained with the ELISA, we
evaluated an immunoblotting assay with a polyclonal antibody.
This provided information with respect to the size of the reactive
protein and the appearance of potential degradation products
in the bovine GIT samples. Intriguingly, in all samples analyzed
the full-length Cry1Ab protein (60 kDa) was absent or at least
below the detection limit of the immunoblotting assay. Only
fragments of approximately 34 and 17 kDa size were found,
suggesting that the antibody used in the ELISA recognized
fragmented yet immunoactive parts of the Cry1Ab protein. To
investigate this hypothesis, we tested the monoclonal antibody
in immunoblotting. Western blotting with the monoclonal
antibody confirmed the previous results obtained with the
polyclonal antibody, suggesting significant protein degradation
due to physiological processes such as proteolysis by bovine
proteases, rumen bacterial decomposition, and the pH in the
bovine GIT.

For transgenic maize event Bt176 different transgene products
sized 36, 40, and 60 kDa have been reported, potentially
indicating that in-plant metabolic processing is occurring or that
multiple products are being produced (16).

Chowdhury et al. found the full-length Cry1Ab protein within
Bt11 maize in different parts of the GIT of calves and pigs (9,
17) using ELISA and immunoblotting technique,whereas in our
study only fragmented Cry1Ab protein was detected. The
authors (9,17) suggested that only a trace amount of Cry1Ab
protein survived passage through the GIT but was not transferred
to liver, spleen, kidney, lymph nodes, or muscles. Discrepancies
between the findings of the study of Chowdhury et al. and this
investigation could be related to differences in the metabolism
of calves and adult lactating cows or the distinct expression
levels of the Cry1Ab protein in Bt11 and Bt176 maize. However,
previous studies from our laboratories (data not published) or
others (9,17) did not reveal any presence of Cry1Ab protein in
tissue samples.

The finding that only small-sized fragments of the Cry1Ab
protein were detected throughout the GIT and the feces has also
a major impact on environmental concerns. Additional release
of full-length Cry1Ab protein (60 kDa) caused by the output
of liquid manure of Bt176-fed animals on fields can be almost
ruled out. Moreover, a potential effect of fragmented Cry1Ab
protein on the epithelial tissue of the bovine GIT and on other
organisms cannot be excluded but is less likely.

Haider et al. reported that the insect specificity ofB.
thuringiensisvar. colmeri, serotype 21, was altered depending
on the digestive fluids the crystal endotoxin was processed in
(18). They showed that processing of the native crystal
δ-endotoxin (130 kDa) by gut enzymes ofPieris brassicae
larvae yielded a 55 kDa protein that was toxic to only
lepidopteran cell lines, whereas gut extracts of the dipteran
(Aedes aegypti) larvae resulted in a 52 kDa fragment that was
toxic to all mosquito cell lines but only one lepidopteran cell
line (Spodoptera frugiperda). Experiments investigating a
possible bioactivity of 17 and 34 kDa Cry1Ab protein fragments
are lacking. However, this should be investigated as a separate
matter.

ELISA is a method widely used for screening purposes with
a high throughput capacity that allows rapid, preliminary testing
and is easy to handle. However, it is not a suitable method for

Figure 2. Detection limit of the immunoblotting assay using the polyclonal
antibody in a serial dilution of Cry1Ab protein extracted from fresh GM
maize plant material (Navares): (lane 1) Antares; (lane 2) Navares (200
mg, ∼100%); (lane 3) Navares (75%); (lane 4) Navares (50%); (lane 5)
Navares (25%); (lane 6) Navares (10%); (lane 7) Navares (1%); (lane 8)
Navares (0.1%); arrows indicate the sizes of the molecular weight standard.

Figure 3. Immunoblotting of samples from bovine gastrointestinal contents
(feeding experiment A): (A, B) polyclonal antibody [(lane 1) Antares; (lane
2) Navares; (lanes 3−5) rumen; (lanes 6−8) jejunum; (lane 9) positive
control; (lane 10) Antares; (lane 11) Navares; (lanes 12−14) colon; (lanes
15−17) feces; (lane 18) positive control]; (C) comparison of polyclonal
and monoclonal antibody in rumen samples [(lanes 1−5) polyclonal
antibody; (lanes 6−10) monoclonal antibody; (lanes 1, 6) Antares; (lanes
2, 7) Navares; (lanes 3−5, 8−10) rumen content]; i, samples from a cow
fed isogenic maize (feeding experiment A); t, samples of two cows fed
transgenic maize (feeding experiment A); positive control, Cry protein
provided in the ELISA kit. Arrows indicate the sizes of the molecular weight
standard.
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drawing definitive conclusions, as it does not provide informa-
tion on the chemical structure. To comply with legal require-
ments according to the Commission of the European Commu-
nities (93/256/EEC), an identifying analytical procedure consists
of a suitable combination of cleanup, chromatographic separa-
tion, and spectrometric or immunochemical detection (19). The
data provided in this paper indicate that results on Cry1Ab
protein content based solely on ELISA measurements have to
be interpreted carefully. It cannot be ruled out, yet is unlikely,
that the signals obtained by ELISA measurements in our studies
are restricted to bovine GIT samples due to very specific
conditions regarding rumen bacterial composition and pH
changes. However, to ensure adequate measurements and to
confirm the presence of the full-length Cry1Ab protein, the use
of an alternative method, for example immunoblotting or a
bioassay with susceptible insect species, is advisable.
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