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Abstract

1 Abstract

Cultivation of genetically modified (gm) maize (Bt-maize; event MON810) leads to
introduction of recombinant cry71Ab DNA and the insecticidal 6-endotoxin Cry1Ab into soil by
way of root debris and harvest residues. Another agricultural pathway leading to the potential
entry of the recombinant molecules is the application of liquid manure from cattle fed gm
maize. To assess crylAb DNA and Cry1Ab protein entry by these pathways and their
potential accumulation and persistence in soil a liquid manure field study and an
experimental Bt maize cultivation field trial were accomplished. For the liquid manure study
five cows each were fed a ration containing transgenic maize MON810 or near-isogenic
maize components. Slurry produced was collected, stored and applied to grassland and
maize field lots. Soil samples and the following grass and maize crop were collected from the
slurry treated lots. To investigate the fate of Cry1Ab protein and cry7Ab DNA introduced into
soil by Bt maize harvest residues soil was collected from four experimental field sites
cultivated with MON810 and a near-isogenic non Bt-maize variety over nine growing
seasons, the longest time of experimental Bt maize cultivation documented so far.

For analysis of the diverse agricultural sample matrices specific and sensitive methods for
the detection of cry7Ab DNA and quantification of Cry1Ab protein were developed and
validated. Qualitative endpoint PCR was applied for detection of a 206 bp cry1Ab gene
fragment in feed, slurry and soil samples. Immunoactive Cry1Ab protein was quantified using
an enzyme linked immunosorbent assay validated for each matrix according to the criteria
specified in the European Commission Decision 2002/657/EC. Additionally, immunoblot
analysis was performed to show the fragmentation pattern of immunoactive Cry1Ab protein
in the agricultural samples.

The 206 bp cry1Ab DNA fragment was present in Bt maize MON810 plants and transgenic
feed but not detectable in any of the slurry samples after feeding gm maize. Thus no
indication for cry1Ab DNA application to agricultural soil by way of liquid manure was given.
Quantification of Cry1Ab protein revealed a continuous degradation of the protein beginning
with an average of 7.75 ug Cry1Ab g harvested maize plant material, along 278 ng Cry1Ab
g' feed sample down to 21 ng Cry1Ab g liquid manure. The major fraction of Cry1Ab
protein was degraded already by the processing of Bt maize plants to feed as feed contained
only 2.6% of the recombinant protein detected in the plant. Calculated amounts around
500 mg Cry1Ab protein ha™ could be applied to fields by common slurry management of
farms feeding Bt-maize MONB810. This adds up to less than 0.15% of Cry1Ab protein
introduced directly by gm maize plant residues. None of the soil samples from lots treated
with liquid manure from Bt-maize fed cows was positive for the presence of Cry1Ab protein at

the assay detection limits, neither was the recombinant protein detected in grass crop or
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isogenic maize plants grown on the slurry treated lots. Overall, the Cry1Ab protein revealed
no extraordinary stability as it showed a higher rate of degradation in the assessed
agricultural processes compared to total protein. The immunoblot analyses of maize
MONB810 plants, feed and liquid manure revealed a proceeding degradation of the
recombinant 65 kDa Cry1Ab protein molecule into smaller immunoreactive fragments of 42,
34 and 17 kDa.

In the Bt maize cultivation field trial Cry1Ab protein was detected on one out of four field sites
in concentrations of 2.91 ng and 2.57 ng Cry1Ab protein g™ soil in samples collected six
weeks after harvest of the eighth growing season. At no site Cry1Ab protein was detected in
soil sampled in spring before the next farming season, although a calculated load of 100 ng
Cry1Ab g soil corresponding to 462 g Cry1Ab ha™ could be introduced into soil by maize
crop residues into the 30 cm top-soil layer. Thus no experimental evidence for accumulation
or persistence of Cry1Ab protein in different soils under long-term Bt-maize cultivation was

drawn from the field study.

1.1 Zusammenfassung

Beim Anbau von gentechnisch verandertem (gv) Mais (Bt-Mais, Event MON810) wird Uber
Wourzelabrieb und Erntereste rekombinante DNA und insektizides d-endotoxin Cry1Ab in den
Boden eingebracht. Ein zweiter landwirtschaftlicher Eintragspfad fur die rekombinanten
Molekule ergibt sich beim Ausbringen von Gulle von Rindern, die mit gv Mais gefuttert
wurden. Ein Gulle-Feldstudie und der Versuchsanbau von Bt-Mais dienten dazu, den Eintrag
von cry1Ab DNA und Cry1Ab Protein auf diesen Pfaden sowie deren mdgliche Akkumulation
und Persistenz im Boden zu untersuchen. Fir die Gulle-Studie wurden je funf Kiihe mit einer
Mais MON810-haltigen Futterration oder einer entsprechenden Ration mit isogenen
Maiskomponenten versorgt. Die anfallende Gllle wurde gelagert und auf Dauergriinland und
Maisflachen ausgebracht. Von den so behandelten Flachen wurden Bodenproben, der
Grasschnitt und die Maispflanzen gesammelt. Um den Verbleib von Cry1Ab Protein und
cry1Ab DNA aus Ernterlckstanden im Boden zu untersuchen, wurden Bodenproben von
Mais-Versuchsflachen herangezogen. Auf diesen Flachen wurde Bt Mais MON810 und eine
nah isogene Maissorte Uber neun Vegetationsperioden angebaut. Dies stellt den langsten
Zeitraum dar, in dem Bt-Mais Daueranbau bisher wissenschaftlich dokumentiert wurde.

Fir die Analyse der verschiedenen landwirtschaftlichen Probenmatrices wurden spezifische
und sensitive Methoden zum Nachweis von cry1Ab DNA und zur Quantifizierung von Cry1Ab
Protein entwickelt und validiert. Die Polymerasekettenreaktion (PCR) wurde zum qualitativen
Nachweis eines 206 bp cry1Ab Genfragments in Futtermitteln, Gulle und Boden

herangezogen. Zur Quantifizierung von immunaktivem Cry1Ab Protein diente ein enzyme-
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linked immunosorbent assay (ELISA), der fur jede Probenmatrix nach der EU-Kommissions
Richtlinie 2002/657/EC validiert wurde. Zusatzlich wurde die Fragmentierung des
immunaktiven Cry1Ab Proteins in den unterschiedlichen landwirtschaftlichen Proben im
Immunoblot dargestellt.

Das 206 bp cry1Ab DNA Fragment war in Bt Mais MON810 Pflanzen und transgenen
Futtermitteln vorhanden, wahrend es in den Gilleproben aus Bt-Mais Fltterung nicht
nachweisbar war. Es ergibt sich in dieser Studie somit kein Hinweis auf den Eintrag von
cry1Ab DNA in landwirtschaftliche genutzte Bdden Uber Gille. Die Quantifizierung des
Cry1Ab Toxins zeigt einen kontinuierlichen Abbau des Proteins mit durchschnittlichen
Gehalten von 7.75 pyg Cry1Ab g' Maiserntegut, 278 ng Cry1Ab g Futtermittel und 21 ng
Cry1Ab g Giille. Der Hauptanteil des Cry1Ab Proteins wurde durch die Verarbeitung der Bt
Maispflanzen zu Futtermitteln abgebaut, in denen noch 2.6% des rekombinanten Cry1Ab
Proteins aus Mais nachgewiesen wurde. Die errechneten 500 mg Cry1Ab Protein ha™, die
von einem Bt-Mais flitternden Betrieb pro Giillegabe auf Ackerflachen ausgebracht werden,
entsprechen 0.15% des Cry1Ab Proteins welches direkt durch Bt-Mais Erntertickstande in
den Boden eingetragen werden kann. In keiner Bodenprobe der mit Gille aus Bt-Mais
Futterung behandelten Flachen wurde Cry1Ab Protein detektiert. Entsprechend wurde das
rekombinante Protein auch im Gras- oder isogenen Mais Aufwuchs nicht nachgewiesen.
Insgesamt wies das Cry1Ab Protein keine au3ergewdhnliche Proteinstabilitat auf, da es sich
in den beobachteten Prozessen im Vergleich zum Gesamtprotein durch eine hdhere
Abbaurate auszeichnete. Die Immunoblotanalysen von Mais MON810 Pflanzen, Futtermitteln
und Gllle zeigten einen fortschreitenden Abbau des rekombinanten 65 kDa Cry1Ab
Proteinmolekuls in kleinere immunaktive Fragmente von 42, 34 und 17 kDa.

Im Bt Mais Feldversuch wurde Cry1Ab Protein auf einem der vier Versuchsstandorte in
Konzentrationen von 2.91 ng und 2.57 ng Cry1Ab Protein g”' Boden sechs Wochen nach der
Ernte der achten Anbausaison bestimmt. Auf keinem Standort wurde im Frihjahr vor dem
nachsten Maisanbau Cry1Ab Protein im Boden nachgewiesen, obwohl die errechneten, iber
Erntereste in den 30 cm tiefen Oberboden eingetragenen Cry1Ab Mengen bei 100 ng
Cry1Ab g Boden beziehungsweise 462 g Cry1Ab ha™ liegen. Aus dem Langzeitfeldversuch
ergibt sich somit kein Hinweis auf eine Akkumulation oder Persistenz des Cry1Ab Proteins in

verschiedenen Boden unter Bt Mais Daueranbau.
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2 Introduction

2.1 Genetically modified maize

The global area planted with biotech crops comprised 148 million hectares in 2010 with
genetically modified (gm) maize accounting for a major proportion as 47 million hectares
were cultivated with gm maize (7). One of the most common genetic modifications enables
plants to synthesize a d-endotoxin originating from Bacillus thuringiensis (Bt) var. kurstaki,
which is directed against the larvae of the European corn borer (Ostrinia nubilalis, Hubner).
This lepidopteran organism is considered to be one of the major pests worldwide in maize
cultivation as it leads to the destruction of four percent of the yearly maize plants according
to estimations of the Food and Agriculture Organization of the United Nations (FAO). The
lepidopteran larvae start to feed on developing maize leaves and then bore into the stalk and
excavate tunnels towards the maize root head. This leads to insufficient maintenance of
water and nutrient balance and reduced mechanical stability of the maize plant. Heavy
infestation can lead to the break down of a whole maize crop. Furthermore, infections by
Fusarium spp. are facilitated in infested and weakened maize plants, leading to a toxic load
with mycotoxines like Deoxynivalenol or Zearalenone, which may cause severe health
problems in humans and animals (2, 3). Cropping of gm maize is an efficient strategy to
combat the European corn borer that increasingly replaces commonly used chemical and
biological measures of pest control. The first Bt maize cultivars have been registered and
commercialized in 1996 in the United States, followed by their approval in other countries all
over the world, including countries of the European Union in 1998 (4). Since the commercial
release of Bt maize, public concern has been expressed about potential effects of Cry1Ab
protein and cry1Ab DNA released into the environment. These concerns are currently met by
studies considering the biosafety of this crop, which add up to the prescribed biosafety

assessment performed in Europe by the EFSA before approving gm crops.

2.2 Cry proteins

Bt maize (MON810) is altered by insertion of a truncated version of the cry71Ab gene under
control of the 35S promoter from the cauliflower mosaic virus (CaMV) into the plants
genome. This cry1Ab gene encodes for a shortened insecticidal Cry1Ab protein of 65 kDa
molecular size. The Cry1Ab protein belongs to a large family of crystal (Cry) proteins stored
originally in crystalline inclusion bodies in endospore forming Bt strains. The Cry proteins are

classified according to their amino acid sequence, size and structure (5). Each class exhibits

7



Introduction

toxicity to a narrow range of target organism species e.g. the insect family of Lepidoptera for
the Cry1Ab protein (6, 7). Cry proteins consist of three distinct structural domains responsible
for their toxic mode of action (8, 9) (Figure 1). Once ingested the Cry proteins are solubilized
and activated to their toxic form by gut proteases of susceptible insect larvae. Activated toxin
binds to specific receptors localized in the midgut epithelial cells (70, 17), invades the cell
membrane and forms cation-selective ion channels that lead to the disruption of the epithelial
barrier and larval death by osmotic cell lysis (72, 13). Due to both the lack of Cry protein
activation process in the mammalian acidic gut (74) and the absence of Cry protein receptors
in the mammalian small intestine (75, 16), Cry toxins are considered harmless or non-toxic to

humans and farm animals (717, 18).

C-terminal extension removed by gut
Bt is applied as proteases in larger Cry proteins

spore/erystal mix or

as erystal alone ™\ ~a
Ingestion Domain ITT
/ — entry to midgut  Solubilisation
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Bt vegetative growth.
Cell contans spore

and toxin erystal 3
¥ N-terminal fragment
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Domains IT and TIT
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membrane

receptor sites

membrane and formation of pore

Ton channel allows influx and efflux
of cell contents and leads to lysis

Figure 1: Toxicity mechanism of Cry proteins. The process of solubilisation, proteolysis and
receptor binding of Cry protein domains Il and Il is followed by insertion and pore formation
of domain I. Adapted from de Maagd et al (2001).
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2.3 Fate of novel protein and DNA in the environment

Insecticidal proteins and novel DNA synthesized by Bt plants enter the soil by different
pathways, e.g. in root exudates or root debris during the vegetative period (719, 20), after
transgenic plants have been harvested and residual biomass is incorporated into soil (271, 22)
and by some minor input from pollen (23).

A range of studies have investigated the entry and degradation of Cry proteins in field soils
as well as the adsorption of the novel proteins on soil particles on a laboratory scale (24-28).
In laboratory experiments, as a result of the interaction of the Bt toxins with soil constituents,
the insecticidal proteins became partially resistant to microbial degradation (20, 29, 30).
Several studies report that clay minerals and humic substances are the most important
adsorbents in soils, because of their large specific surface area and high cation-exchange
capacity (26, 37). However, the potential persistence of Bt toxins in field soils, as well as their
microbial degradation, have to be regarded as a function of soil type, environmental
conditions, source of the proteins (plant produced versus purified form), and the particular
Cry protein studied (32). Up to now no accumulation of any Cry protein could be
demonstrated from field soils under Bt maize cultivation for time periods of up to five years
(33-38).

The potential effects of recombinant Cry proteins introduced into the agricultural environment
were investigated in a wide range of studies on non-target organisms such as earthworms,
nematodes and soil microbiota (39), beneficial insects (40-43) and the potential selection and
enrichment of toxin-resistant target insects (11, 44, 45). However, to the present knowledge,
no scientific evidence for Bt-maize posing a severe hazard to any of these non-target
organisms was drawn from these studies (4, 46). Regarding the entry of gm plant DNA into
the soil compartment, a potential horizontal gene transfer of transgenic plant DNA to soil
borne bacteria is still discussed (47). So far, no evidence for such a putative transfer exists
from field and microcosms investigations using marker genes from transgenic plants and
indigenous soil and plant-associated bacteria (48-50). However, in laboratory studies
bacterial incorporation of purified plant DNA fragments was enforced under artificial
conditions and at very low frequencies (49, 51, 52).

It is common agricultural practice on dairy farms to collect the bovine slurry for liquid
manuring of fields used for crop production. If gm maize is a component of the feed,
insecticidal Cry1Ab protein and modified maize DNA may enter the agricultural soil by way of
incompletely digested gm maize material in the liquid manure.

The fate of Cry1Ab protein and novel DNA during feed processing of Bt maize plants and

during the passage through the cows gastrointestinal tract (GIT) has been addressed in a
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range of studies so far. After harvest of maize plants, degradation of plant DNA and protein
starts by autolytic processes and microbial activity (63). In the digestive tract DNA and
protein fragments are further degraded by microbial enzymatic processes and gastric acid
(54-57). In a long-term feeding study investigating dairy cows fed Bt maize MON810,
fragments of cry17Ab DNA were detectable in the feed ration but not in feces of the animals
(58). Concerning the novel protein, feed processing e.g. ensiling to maize silage leads to
degradation of the recombinant protein (59, 60). After ingestion, microbial activity in the
rumen leads to further degradation of the protein. There is evidence that a fraction of proteins
passes through the rumen and is partly degraded in the small intestine. Thus, immunoactive
Cry1Ab protein fragments can also be found in contents of the GIT and in the feces of cows
and pigs fed gm feed (55, 59, 61, 62).

Considering these results in view of manuring practice on dairy farms, a potential entry of
recombinant Cry1Ab protein, but not recombinant DNA, by way of liquid manure as a mixture
of feces and urine has to be assumed into the agricultural environment, particularly the soil
compartment. Accordingly, the fate of Cry1Ab protein introduced into soil and its unwanted
transfer to crops cultivated on fields treated with liquid manure from cows provided with gm
food has to be addressed. Furthermore, the quantitative degradation of Cry1Ab protein was
not yet followed over the whole agricultural pathway from the Bt maize crop over liquid
manure, soil and subsequent crops by a single validated detection method. The degradation
products of Cry1Ab protein in this agricultural process have been assessed to a limited
extent so far (67).

In order to trace even minute amounts of Cry1Ab protein or recombinant DNA in feed, liquid
manure, different soils and various crops, highly specific and sensitive extraction and
detection methods are needed. For Cry protein analysis immunological assay systems like
enzyme linked immunoassays (ELISA) are most commonly used to date, whereas current
recombinant DNA detection methods are based on polymerase chain reaction (PCR)
systems. To ensure the collection of solid data these methods also need to be validated
according to existing international guidelines for analytical procedures, like the guideline laid

down in the European Commission Decision 2002/657/EC.
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3 Aim of the Study

Adsorption to
organic and
inorganic soil
components

Chemical and
microbial
degradation

Agricultural soll

Figure 2: Schematic presentation of the aims of this study

The objectives of the present experimental field study were to investigate the entry of Cry1Ab
protein and cry1Ab DNA into soil by two different pathways in agricultural procedures
operating with Bt maize MON810 (Figure 2). In the direct pathway, the novel molecules are
released to soil by Bt maize plant residues during the vegetation period and after harvest.
The second indirect pathway enters the soil by liquid manure from cattle receiving Bt maize
in their diet and will be addressed in this study for the first time. Major aspects of this work
were the development and optimization of immunological assay systems to quantitatively
determine Cry1Ab protein and the development of DNA isolation procedures to enable PCR
analysis in the agricultural sample matrices of maize plants, maize feed, liquid manure, soil,
as well as maize and grass crop and to validate them according to criteria laid down in
international guidelines. Additionally, immunoblot analysis was applied to gather further
information on the degradation of the insecticidal Cry1Ab protein molecule running through

the investigated agricultural processes. Amounts of Cry1Ab protein turned over in liquid
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manuring practice should be balanced and the amounts introduced into soil evaluated in
comparison to the direct Cry1Ab protein entry by harvest residues on Bt-maize fields. Finally,
analysis of soil obtained from fields after Bt maize long-term cultivation will meet the issue of
a potential accumulation and persistence of the insecticidal protein or cry1Ab DNA in soil.
Altogether, the study is aimed at providing data about the temporary availability of the
recombinant Cry1Ab protein and cry7Ab DNA in the agrarian ecosystem, which is an

important issue regarding the biosafety assessment of this gm crop.
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4 Materials and Methods

4.1 Experimental maize field sites and maize cultivars
The four experimental Bt maize field sites Baumannshof, Puch, Neuhof and Grub/Finsing

were located in Bavaria in the south of Germany. The main features of the field sites and
their soil characteristics are given in Table. 1.

Table 1: Experimental sites and soil characteristics in the field trial investigating Bt maize
long-term cultivation over a time period of nine growing seasons

field site absolute FAO soil type pH soil texture temperature average

altitude CaCl, 0-30 cm mean rainfall

[% Clay/ % .
[m] Silt/ % Sand] [C] [mm/year]
Baumannshof 365 cambisol 4.8 4/15/81 7.8 636
Puch 550 rendzina 5.8 18/70/12 8.0 920
Grub/Finsing 525 luvisol 7.0 30/42/28 7.4 967
Neuhof 516 planosol, 6.8 21/6/18 7.6 764
gleysol

Each experimental field contained four replicate plots cultivated with the Bt-maize variety
Kuratus (event MON810) and four replicate plots planted with the near-isogenic-maize
variety Gavott (both cultivars from KWS Saat AG, Einbeck, Germany). The size of the

replicate plots was 750 m?. A detailed view of the plot design is given in Figure 3.
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Figure 3: Experimental field design of Bt maize long term cultivation and application of liquid
manure from Bt maize fed cattle to maize fields. Transgenic maize (light green) and a non-
transgenic variety (blue) were grown on replicate plots of 750 m? size, surrounded by a 12 m
framing strip of isogenic maize. Rectangles (+) within the plots represent 6 m? small plots
treated with liquid manure of transgenic (T) or non-transgenic (NT) origin on the sites Grub
and Finsing.
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Growing of gm (MON810) and non-gm maize cultivars was started in the year 2000 and
continued without interruption until the end of the maize growing season 2008. The whole
maize plants were harvested and used as grain maize according to good agricultural
practice. Chopped plant residues, maize stubbles and root material remained on the field

plots.

4.2 Feeding experiment and liquid manure field trial

For the liquid manure field trial ten dairy cows were selected out of a 25-month feeding study
conducted on 36 lactating Bavarian Fleckvieh at the Bavarian State Research Center
(Bayerische Landesanstalt fir Landwirtschaft, Grub, Germany). A detailed description of the
whole gm maize feeding experiment is given in Steinke et al. 2010 and Guertler et al. 2010.
The daily diet contained a partial total mixed ration (PTMR) based on transgenic maize for
the target group or non-transgenic maize for the control group as shown in Table 2. Non-
transgenic and transgenic maize components with equivalent feed values assured a

comparable feeding regime of the target and the control group (63).

Table 2: Feed composition of the partial total mixed ration (58) as given to cows in the liquid
manure field trial

Component Ratio (DM)

Maize silage’ 41.9%

Maize cobs’ 21.2%

Grass silage 11.0%

Straw 5.9%

Molasses 1.4%

Concentrates 18.6%
e Rapeseed meal e 51.1%
e Maize kernels' o 41.2%
¢ Mineral mixture e 53%
e Urea e 24%

"Ingredients contained 100% MON810 in gm ration or conventional maize in non-gm ration

For the liquid manure field trial, five cows each of either the target group fed on PTMR
containing 63 % gm maize MON810 or the control group fed the conventional maize ration
were kept in a stable equipped with special slurry sampling facilities for a time period of six
days. The entire stall manure of each group was collected and pooled. Storage was carried
out in four slurry tanks according to agricultural practice at ambient temperature for further

experimentation (store 1 and 2: slurry control group; store 3 and 4: slurry experimental

group).
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The liquid manure was applied in the vegetation period of 2007 to grassland and maize plots
located on two experimental field sites in Grub and Finsing (Southern Bavaria, Germany).
Maize fields were under experimental maize cultivation before and during the liquid manure
field trial for seven (Grub, as one of the long term cultivation sites) and one year (Finsing)
whereas the grassland was under common permanent agricultural cultivation. Experimental
Bt maize and non-Bt maize cultivation was performed on four replicate plots as stated above.
Grassland was manured four times each time after cutting the grass, maize fields were
treated twice (before and after germination of seeds) (64). Liquid manure of the Bt-maize fed

group and the control group was applied to four

lig. man. lig. man. replicate small plots of 6 m? on grassland (Figure
T * NT * 4) and within maize fields (Figure 3) according to
lig. man. lig. man. the time schedule shown in Figure 5. On the
NT % T % ‘5 maize fields, liquid manure of transgenic and non-
2m g,_’ transgenic origin was applied to Bt-maize- and
] g non-Bt-maize-parcels, resulting in a total of 16
2m lig. man. lig. man. 2 small plots of manure application. The manure
: T % NT % was evenly applied with a watering-can in
om lig. man. lig. man. amounts of 2.5 L/m? on grassland and 4 L/m? on
y NT % T % l  maize fields following a scenario of a maximum

- am ‘,i r;1 load allowed in good agricultural practice

Figure 4: Application scheme of liquid manure on grassland. Liquid manure was obtained
from cows fed either transgenic (T) or non-transgenic (NT) maize and applied to small plots
of 6 m? size.

4.3 Sampling procedures

In the presented study samples of feed, liquid manure, soil, maize crop and grass crop were
collected according to the time schedule given in Figure 5 and analysed for the presence of
Cry1Ab protein and cry7Ab DNA.

Representative PTMR feed samples of the transgenic and the non-transgenic diet were
collected weekly within the long term Bt maize feeding experiment. Feed samples collected
within the period of liquid manure retrieval from the cows were selected and ground finely in
liquid nitrogen using mortar and pestle.

Liquid manure samples were collected from slurry stores at the beginning of storage and at
each date of manuring the experimental field lots (Figure 5). Each sample was pooled from
six subsamples taken with a 35 mm diameter sampling tube after exhaustive homogenization

of the slurry from the tank.
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Liquid manure field trial: Maize parcels under Bt
Bt maize and grassland lots maize long term cultivation
Grub and Finsing
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Figure 5: Sampling schedule of the experimental field trials investigating Cry1Ab protein and
cry1Ab DNA entry into agricultural soil by way of harvest residues or liquid manure from Bt
maize fed cattle.
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Grass cut from each slurry treated grassland parcel was harvested at four cutting dates. The
time period between liquid manure application and cropping was between 28 and 44 days.
Grass from each parcel was mixed, one aliquot drawn from the core of the crop, chopped to
small pieces and ground in liquid nitrogen.

Mature maize plants at growth stage of BBCH85 (ripening stage) (65) were harvested by
cutting with a sickle from each experimental field parcel treated with liquid manure. Ten
representative plants were selected and chaffed by a crop chopper to pieces of
approximately 5 cm diameter size. Aliquots of the well mixed chaffed material were ground in
liquid nitrogen.

For Western Blot analysis, one additional set of maize plants of the varieties Kuratus
(transgenic) and Gavott (near-isogenic) were grown in the glasshouse at 22 °C with a weekly
nitrogen phosphorus potassium (NPK) treatment. The leaves of four plants of each variety
were collected in the growth stages of BBCH14 (5 leaves) and BBCH69 (10-11 leaves)
omitting the uppermost and undermost leaves. Leaves were immediately reduced to small
pieces using a scalpel, ground in liquid nitrogen and frozen at -20 °C.

Soil samples were taken from the liquid manure treated 6 m? maize and grassland lots at the
end of the vegetation period in depth of 0-30 cm and 30-60 cm from maize field plots and 0-
15 cm from grassland plots. In the years 2007, 2008 and 2009, soil samples from
experimental maize fields under long term Bt maize cultivation were collected from 750 m? in
depths of 0-30 cm and 30-60 cm. In each case, ten individual drilling cores of 4.5 cm
diameter were mixed and combined to one soil sample per plot and depth. The soil samples
were stored under cold-condition until further processing. In the laboratory, soil was
homogenized and sieved at 2 mm mesh size. Aliquots of the fraction <2 mm were stored at -
20 °C until analysed for Cry1Ab protein or cry1Ab DNA.

4.4 Cry1Ab protein quantification

For the detection and quantification of Cry1Ab protein, an enzyme linked immunosorbent
assay (ELISA), based on highly specific polyclonal antibodies raised in crossbred rabbits
through immunization with 65 kDa active Cry1Ab toxin and labeled with biotin after affinity
purification, was used (66). A schematic view of the quantitative sandwich-ELISA is given in
Figure 6. The precision of the Cry1Ab-ELISA was assessed by determinig intra-assay and
inter-assay coefficients of variation (CV) calculated from the analysis of Cry1Ab protein
control samples at three concentrations of 0.3, 1.2 and 5.0 ng mL" in nine independent

assays.
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Figure 6: Assembly of the Sandwich Enzyme linked immunosorbent assay for sensitive and
specific quantification of Cry1Ab protein

Cry1Ab protein extraction procedures for maize plant material, grass, liquid manure and soil
were developed on the basis of a PBST extraction buffer system and are described in detail
in (64, 67). For Cry1Ab protein analysis in PTMR, samples were extracted as previously
described (58).

50 uL of each sample extract was applied as a concentrate or in adequate dilution in the
assay and the Cry1Ab protein concentrations were determined in unknown samples by
interpolation from a Cry1Ab protein calibration curve. HPLC purified trypsin activated Cry1Ab
protein (65 kDa, generously provided by Dr. William J. Moar, Auburn University, USA) served
as a calibrator for quantification of Cry1Ab protein. Results are presented as ng of Cry1Ab
protein g’ matrix wet weight or pg of Cry1Ab protein g' protein as determined by
bicinchoninic acid (BCA) assay according to Smith et al. 1985.

For each sample matrix, the ELISA was validated according to the criteria specified in the
recently adopted European Commission Decision 2002/657/EC for the performance and
validation of screening and confirmatory analytical methods as outlined in previous
publications (66, 68). The decision limits (CCa) and detection capabilities (CCB) were

calculated by the formulas
(1) CCa = (background noise level for Cry1Ab in blanks) x 3

Blank samples were fortified at the respective Cry1Ab concentration levels of CCa, and

detection capabilities (CCp) calculated from the equation
(2) CCB = CCa + 1.64 x standard deviation of samples spiked at CCa.

According to the EU Commission Decision 2002/657/EC, false compliant rates (B-error:
samples below CCa, when spiked at a concentration level of CC[3) of <5% are prescribed for
screening assays. Similarly, <56% false compliant results (a-error: blanks exceeding the CCa

value) are accepted.
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The mean analytical recovery of Cry1Ab protein in plant material, PTMR, liquid manure and
soil was determined separately for each matrix by spiking eight blank samples at three
different concentration levels of Cry1Ab protein (5, 20 and 60 ng g sample) and measuring

Cry1Ab concentrations in the spiked samples by applying the Cry1Ab protein ELISA.

4.5 Cry1Ab protein fragmentation analysis by immunoblot

The fragmentation of Cry1Ab protein from maize MON810 was recorded by immunoblot
analyses of protein extracts from maize plants, PTMR samples and liquid manure samples.
Amounts of approximately 5 ug (maize plants), 50 ug (PTMR) or 220 ug (liquid manure) total
protein were applied to 12 % reducing SDS-polyacrylamide gels and proteins were resolved
by gel electrophoresis at 120 V for 150 min, followed by blotting of the proteins onto
nitrocellulose membranes (Protran AB 85, Whatman, Dassel, Germany). Immunodetection
with polyclonal Cry1Ab protein specific antibodies (rabbit 0.1 ug mL™") and visualization of
immunoactive Cry1Ab fragments was performed according to the procedures described
earlier (67). HPLC purified trypsin activated Cry1Ab protein (65 kDa) served as a positive

control for the presence of Cry1Ab protein in the respective samples.

4.6 crylAb DNA analysis

4.6.1 DNA extraction procedures
For DNA extraction from PTMR, liquid manure and soil, a Cetyltrimethylammoniumbromide

(CTAB)-based extraction protocol (Swiss Food Manual, 2004) was optimized and used as
described in detail elsewhere (58). DNA concentrations of all samples were determined by
measuring the optical density (OD) at 260 nm and the ratio 260/280nm was used for DNA
integrity determination (Nanodrop 1000, Thermo Scientific). The recovery rate of each
extraction procedure was determined by spiking samples with predefined copy numbers of

cry1Ab DNA, followed by re-extraction and qualitative analysis of the DNA.

4.6.2 Polymerase Chain Reaction
Qualitative end-point PCR was performed using 100 ng genomic DNA to test for the

presence of a 206 bp fragment of cry1Ab (Accession No. AY326434) in PTMR and liquid
manure samples. As a positive DNA extraction control, a 365 bp fragment of ribosomal 78S
RNA was amplified. Additionally, a 173 bp fragment of chloroplast specific multi copy gene
rubisco (Accession No. X86563) and a 202 bp fragment of the maize specific single copy
opaque-2 gene (Accession No. X15544) were amplified as a positive control. Primer
sequences are given in Table 3. Cycling conditions for amplification of the opaque-2 gene
fragment are given in Gruber et al. 2011c. The cycling conditions for amplification of the

other three gene fragments are summarized in (69). Isolated DNA from gm maize grain
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(MONB810) served as a positive control for cry1Ab, opaque-2 and rubisco. The PCR products

were separated by gelelectrophoresis and visualized by staining with ethidiumbromide.

Table 3: Primer sequences as used for the DNA analysis and fragment size of the amplicons

target fragment primer sequences reference
gene size (bp)
cry1Ab 206 For: 5-CCT GGA GAA CTT CGA CGG TA-3' (69)
Rev: 5-TCG TGC CGT AGA GAG GAA AG-3'
cry1Ab 280 For: 5-CAA GTG TGC CCA CCACAGC -3 this study
Rev: 5-GCA AGC AAA TTC GGA AAT GAA -3
rubisco 173 For: 5-AGC TAATCG TGT GGC TTT AGA AGC C-3' | (56)
Rev: 5-TGG TAT CCA TCG CTT TGA AAC CA-3'
opaque-2 | 202 For: 5-CTG GAG AAA GAG TGC CCT TG -3’ (70)
Rev: 5-TGG CTA ACC GGT TTA CGT TC-3
18S 365 For: 5-AAG TCT TTG GGT TCC GGG-3' (69)
Rev: 5'-GGA CAT CTA AGG GCA TCA CA-3'

4.7 Statistics and data analysis

Final data are presented as ng of Cry1Ab protein g~ wet weight sample and as pg Cry1Ab
protein per g total protein. Data are presented as mean * standard deviation of replicate
samples analysed. Student’s t-test was used to compare the means of Cry1Ab
concentrations in maize plants, PTMR, liquid manure and soil of transgenic and non-
transgenic origin, considering a P-value below 0.05 as significant.

According to the validation criteria laid down by the European Commission Decision
2002/657/EC Cry1Ab protein values below the decision limit of CCa indicated the absence of
the novel protein in the respective sample with an a-error of 5%.

In the qualitative end-point PCR analysis the limit of detection (LOD) is presented as the
lowest detectable number of gene copies g~' sample after gene amplification in spiked

samples.
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5 Results and Discussion

5.1 Assay validation

At the beginning of this study, an ELISA, validated according to the guidelines of the
European Commission Decision 2002/657/EC for Cry1Ab protein detection in sample
material of animal origin was available (58, 66), but not validated for the agricultural matrices
investigated in the present study. Similarly, sensitive analytical methods for detection and
quantification of novel DNA in animal samples were developed before (568, 77) but not
assessed for the analytical matrices of liquid manure and soil. Hence, the development of
extraction and quantification methods for Cry1Ab protein and the development of detection
methods for cry7Ab DNA in the new matrices was a major task of this study. Based on the
sensitive and specific ELISA system, Cry1Ab protein quantification methods in the matrices
of maize plant material, grass crop, feed, liquid manure and soil were developed and
optimized. The Cry1Ab protein assay was validated for each matrix by determining the
decision limit CCa, the detection capability CCB of the ELISA and analytical recovery rates. A
qualitative endpoint PCR assay (68) was adopted for the analysis of the recombinant cry1Ab
DNA in liquid manure and soil from one representative experimental field site. For cry1Ab
DNA detection LODs were determined. Results of the validation procedure are summarized
in Table 4.

5.1.1 Cry1Ab protein ELISA analytical assay performance
The analytical range of the assay was 0.04 to 20 ng Cry1Ab mL™" extraction buffer, which

corresponds to 0.4 ng to 200 ng Cry1Ab protein g™ matrix and allowed for determination of
Cry1Ab down to the analytical limit of 0.4 ng Cry1Ab protein g matrix(68).. A good assay
precision was documented by a mean intra-assay CV of 5.9 % and a mean inter-assay CV of
14.6 % (n=9; three Cry1Ab protein concentrations) (64).

5.1.2 Analytical recovery of CrylAb protein
The immunoassay operated well for the investigated matrices with mean analytical

recoveries in the range from 68% to 99%. The recoveries differed in the investigated

matrices as summarized in Table 4.
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Table 4: Decision limits (CCa), detection capabilities (CCB) and analytical recoveries of the
Cry1Ab protein ELISA and limits of detection (LOD) for qualitative endpoint PCR analysis of
cry1Ab DNA in different sample matrices

Mean Cry1Ab LOD cry1Ab gene
CCa CCB protein recovery® fragment
Sample material [ng g wet weight] [ng g™ wet weight] [%] [copies g™ wet weight]
Feed (PTMR) 4.00 6.00 78.9£13.2 37 (206 bp)
Liquid manure 1.20 1.41 71.2+5.1 10 (206 bp)
Soil 2.00 3.06 68.1+9.9 3.3 x 10” (280 bp)
Plant material 1.38 2.00 98.8+7.2 n.d.

@ Mean recovery * S.D. after spiking with three concentrations of Cry1Ab protein (eight replicates per
spike concentration)

" (58)

°soil representing the experimental field site Puch

A broad variance of analytical recoveries of Cry1Ab protein was observed in representative
soil samples of experimental Bt-maize fields ranging from 49.1 % to 88.9 % (67). The
percentage of Cry1Ab protein, recovered from the different soils when fortified with known
amounts of Cry1Ab protein, was strongly correlated (R=0.912) to the clay content of the soils
assessed as shown in Figure 7. High clay contents were associated with low recovery rates,
whereas, lower clay contents resulted in high recovery of Cry1Ab protein from soil. It has
been reported before that physical and chemical soil properties exert a strong effect on the
adsorption of protein molecules to the surface active particles in soil. In the present study
clay minerals proved to be the major compounds responsible for the Cry1Ab adsorption in
the investigated soils. Similar findings were reported earlier concerning the binding of novel
protein to the soil matrix (26, 72-74).

Clay content [%]
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5.1.3 cry1lAb DNA detection by PCR
For analysis of feed PTMR and liquid manure samples, a sensitive and well-established

conventional PCR method for detection of a small cry71Ab gene fragment of 206 bp was
adopted. Its suitability for the investigated slurry matrix was proven by determination of the
LOD for the 206 bp cry1Ab gene fragment, which is in line with its LOD reported earlier for
bovine feces (58, 70). An LOD of 3.3 x 10° gene copies g soil was determined for the
detection of the 206 bp cry7Ab DNA fragment in soil samples from the Puch field site. It is
well known that PCR analysis of complex environmental samples like soil may be hampered
by poor DNA recovery due to degradation of the DNA by nucleases and irreversible
nonspecific binding of the target DNA to soil particles. Furthermore, the activity of the
polymerase may be inhibited by organic and anorganic compounds like humic acids, fulvic
acids or metals (75-77).

Altogether, the analytical performance of the Cry1Ab protein assay in the investigated
sample material fulfilled the EC validation guideline criteria and good analytical recoveries of
the novel protein were achieved. Thus, the assay is well-suited for documenting Cry1Ab
protein concentration levels when investigating the fate of Cry1Ab protein from gm maize
introduced by agricultural processes into the soil compartment. The qualitative detection
methods for cry71Ab DNA established in the study revealed a high sensitivity and were well-
adapted for PCR analysis of feed and liquid manure samples and soil samples of the field
site Puch. After further optimization of extraction methods to gather DNA extracts of
adequate purity and DNA yield in the other soil types, they could be applied for PCR analysis

of soil samples from all experimental field sites.

5.2 CrylAb protein contents

By applying the validated highly sensitive and specific Cry1Ab protein ELISA, both the intact
recombinant Cry1Ab protein molecule and immunoreactive Cry1Ab protein fragments are
quantified as a whole. In the following results section the term Cry1Ab protein covers the

entirety of immunoreactive Cry1Ab protein and its immunoreactive fragments.

5.2.1 Feed
Cry1Ab assay validation revealed a CCa of 4.00 ng g" PTMR (wet weight) and a CC of

6.00 ng g PTMR (wet weight) (Table 4).

No Cry1Ab protein was detected in the non-transgenic PTMR feed samples of the control
group, as the reported value of 2.6 ng Cry1Ab protein g wet sample is clearly below the
decision limit CCa determined for PTMR. In the transgenic PTMR, Cry1Ab protein was

measured in amounts of 278 + 29 ng Cry1Ab protein g™ wet feed. This corresponds well with
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amounts of 245.5 ng Cry1Ab protein g feed sample reported by Paul et al. 2010 for samples
analysed in course of the associated Bt-maize feeding study. A mean daily intake of 6 mg
Cry1Ab protein per cow by the whole PTMR feed ration containing kernels cobs and silage

was assumed by Guertler 2009.

5.2.2 Liquid manure
A CCa of 1.20 ng g™ slurry (wet weight) and a CCB of 1.41 ng g slurry (wet weight) was

determined in the validation procedure (Table 4).

22 samples were collected from the slurry stores within 29 weeks of storage and analysed for
the presence of Cry1Ab protein. No liquid manure sample of the cows fed a non-transgenic
ration was positive for the presence of Cry1Ab protein at the decision limit CCa. In the stores
filled with slurry from the transgenic ration-fed cows Cry1Ab protein was detected in all
samples (Figure 8). This finding goes in line with previous work reporting the presence of
Cry1Ab protein in feces of Bt-maize fed cows (58, 62). In liquid manure, as a mixture of urine
and feces, the Cry1Ab protein detection can be attributed to poorly digested transgenic
maize plant feed material in the feces. Apparently, the Cry1Ab protein seems to be protected
from degradation by proteolytic enzymes in the gastrointestinaltract (GIT) when enclosed in
the heavy digestible parts of the maize plant (78). Regarding the effect of liquid manure
storage on Cry1Ab protein quantities in samples collected at the time point of filling, the
stores showed initial concentrations of 23.5 + 0.9 and 18.2 + 1.0 ng Cry1Ab protein g™ slurry
in store 3 and 4, respectively. During further storage, Cry1Ab concentrations in samples
taken from the tanks continuously decreased to mean Cry1Ab concentrations of 51% of the

initial values within 25 weeks of storing liquid manure (64).
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Figure 8: Detection and quantification of Cry1Ab protein in liquid manure samples derived
from cows fed partial total mixed ration containing non-transgenic maize (store 1, store 2) or
transgenic maize MON810 (store 3, store 4). Samples were analysed with proceeding time of
storage in the slurry stores. The data are presented as mean + SD values (n=4).

5.2.3 Soil-liquid manure field trial
For analysis of soil samples, a validated Cry1Ab protein ELISA with a CCa of 2.00 ng g™ soil

(wet weight) and a CCB of 3.06 ng g soil (wet weight) was applied (Table 4).

At the experimental field sites Grub and Finsing 32 soil samples in total were collected from
maize field and grassland lots treated with liquid manure obtained from cows receiving non-
transgenic or transgenic feed rations. Results of the analysis of soil samples for the presence
of Cry1Ab protein are summarized in Table 5. In soil collected from maize lots and under
grassland management at the field site Grub, all samples were below CCa. For soil samples
collected at the Finsing field site, values exceeding CCa of 2.0 ng Cry1Ab protein g™ soil
were observed on the lots treated with slurry from non-transgenic and from transgenic origin.
This can be due to a cross reaction of the polyclonal antibody used in the ELISA with organic
substances in this soil horizon, which is rich in fine grass roots and organic material. Natural
organic matter and, in particular, humic substances were identified as commonly interfering
substances when environmental samples were analysed by ELISA before (79-87). Beyond
the finding that there is no significant difference in soil samples of Finsing undergoing each

slurry treatment, further methodological development is necessary to reduce unspecific
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background absorbance in the ELISA and to give final evidence for the presence or absence

of Cry1Ab protein in this special soil matrix rich in organic substances.

Table 5: Cry1Ab protein analysis in soil samples collected in the liquid manure field trial.
Mean values and standard deviation of soil samples drilled from four replicate plots are
shown. Values of 0.40 ng Cry1Ab protein g ™' soil indicate measurements at or below the
analytical detection limit.

Field site Cultivation Origin of liquid manure - Cry1Ab protein
maize feed [ng g'1 wet weight]

Grub Bt-maize non-transgenic 0.40 £0.00
Bt-maize transgenic 0.40 £0.00
maize non-transgenic non-transgenic 0.40 £ 0.00
maize non-transgenic transgenic 0.40 £ 0.00
Finsing Bt-maize non-transgenic 0.45+0.09
Bt-maize transgenic 0.50+0.14
maize non-transgenic non-transgenic 0.40 £ 0.00
maize non-transgenic transgenic 0.40 £ 0.01
Grub grassland non-transgenic 1.56 + 0.32
grassland transgenic 1.68 £ 0.21
Finsing grassland non-transgenic 245+ 1.95
grassland transgenic 3.42 +1.62

5.2.4 Maize and grass crop - liquid manure field trial
Cry1Ab assay validation revealed a CCa of 1.38 ng g™ plant material and a CCB of 2.00 ng g

! plant material (wet weight) (Table 4).

Maize plants

Maize samples from the non-Bt maize variety Gavott were below the decision limit CCa,
whereas samples from the MON810 Bt maize variety Kuratus revealed mean Cry1Ab protein
concentrations ranging from 6.7 to 8.4 ug Cry1Ab protein g' chaffed plant material (64)
(Figure 9). This is consistent with values of 5.5 — 6.4 ug Cry1Ab protein g~ fresh weight for
leaves of maize MON810 plants reported before (82). Consistent average Cry1Ab protein
expression levels of 4.65 pg Cry1Ab protein g”' plant material were stated by (32). Neither
the near-isogenic maize plants nor the transgenic maize plants showed statistically
significant differences in Cry1Ab protein concentrations depending on the treatment with
liquid manure from cows fed non-transgenic or transgenic ration. This implies that no residual
traces of the transgenic protein from undigested Bt maize plant material in liquid manure
were dispersed to and persisted during the growth of the maize plants. These results are
important with regard to concerns about the uptake of the Cry1Ab protein toxin by crops

subsequently grown in soils in which Bt maize has been cultivated. In a study meeting these
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concerns, Saxena and Stotzky 2002 demonstrated, that the toxin released to soil in root
exudates of Bt maize, from the degradation of the biomass of Bt maize, or as purified toxin,

was not taken up from soil or from hydroponic culture by non-Bt maize plants (83).
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Figure 9: Cry1Ab protein determination in maize and grass crop harvested from field lots
treated with liquid manure from cows fed partial total mixed ration containing non-transgenic
maize (grey bars) or transgenic maize MON810 (blue bars). Data are presented as mean +
S.D. (n=4).

Grass

Grass crop was sampled at four cutting dates keeping a minimum time interval of 28 days to
the preceding manuring as commonly practiced in grassland management. All grass samples
analysed were clearly below CCa of 1.38 ng Cry1Ab g™ plant material (Figure 9). Thus, no
Cry1Ab protein was detected in any of the grass samples collected from grassland lots
treated with slurry from cows fed Bt maize or from the control group fed non-transgenic feed.
According to these results, grass crop, harvested from grassland under slurry management
of a cattle farm feeding Bt-maize MON810, can be regarded as similar to grass produced
under management omitting GM feed concerning the unwanted contamination of grass with
the Cry1Ab toxin.

5.2.5 Soil under long-term Bt maize cultivation
Altogether 21 soil samplings were conducted on the four experimental field sites

Baumannshof, Grub, Neuhof and Puch that were in the eights and ninth year of permanent
Bt-maize cultivation during the study. Out of the reported field studies with gm maize, this is
the longest duration Bt-maize was cultivated in consecutive growing seasons for an

experimental analysis of Cry1Ab protein contents in soil (34, 37, 67). Environmental factors
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were considered in the presented study by including different field sites into the experiment
to assess the potential accumulation of transgenic Bt-protein under various soil types and
climate regimes.

Soil samples were either collected in spring before sowing or in autumn after maize residues
had been incorporated into soil after harvest. For analysis of soil samples, the validated
Cry1Ab ELISA with a CCa of 2.00 ng g soil and a CCB of 3.06 ng g™ soil was applied. The
results of the quantitative Cry1Ab protein analysis of all soil samples are depicted in
Figure 10.

No immunoactive Cry1Ab protein was detected in any of the soil samples taken from the
control plots cultivated with non-transgenic maize. From the plots cropped with Bt maize, no
transgenic protein was determined in soil samples from the field sites Baumannshof and
Grub. Similarly, all soil samples from Puch field plots showed Cry1Ab values below CCa.
However, in 2008, soil collected in Puch from transgenic plots directly after harvest showed
mean Cry1Ab protein values of 1.17 + 0.30 ng Cry1Ab protein g” soil (0-30 cm), which is
below CCa but significantly elevated (P< 0.05) compared to the soil samples from non-Bt
maize plots. In soil from Bt-maize plots of the experimental field site Neuhof collected in
December 2007, six weeks after harvest, Cry1Ab protein was detected in quantities of 2.91 +
1.54 ng Cry1Ab protein g™ top soil and 2.57 + 1.59 ng Cry1Ab protein g™ lower soil. In the
whole study, these autumn soil samples from Neuhof were the only samples revealing
immunoreactive Cry1Ab concentrations higher than CCa (2.00 ng Cry1Ab protein g™ soil).
The presence of the recombinant protein in soil even six weeks after harvest could be
attributed to soil water-logging on this field site so that Bt maize harvest residues and root
material were kept in a poorly aerated environment at low temperatures. The decomposition
rate of plant material will be greatly reduced under such field conditions as efficient aerobic
microbial degradation of organic material is inhibited (84). As a consequence, persistence of
the recombinant Cry1Ab protein for a few months after harvest is possible under exceptional
and extreme environmental circumstances that lead to temporary protection of plant material
from degradation.

Finally, in all soil samples taken in spring 2007, 2008 and 2009, Cry1Ab protein
concentrations were close to and below the analytical detection limit of 0.4 ng Cry1Ab protein
g’ soil. Thus, no Cry1Ab protein was detected in soil on any of the four investigated
experimental field sites in spring after up to nine consecutive Bt-maize growing seasons.
These results are consistent with a range of studies giving report about a fast degradation of
Cry1Ab protein (33-35, 37, 38) from transgenic plants in field soils. Also the Cry3Bb1 protein
from Bt maize (event MON88017) did not accumulate in soil as outlined in a three years field
trial (36).
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The Cry1Ab quantities determined in the Neuhof 2007 bulk soil samples under cultivation of
Bt-maize MONB810 in the presented study are comparable with the data reported in earlier
studies for the soil fraction < 2mm. Hopkins and Gregorich 2003 found trace amounts < 0.1
ng of Cry1Ab protein g™ soil. Maximum concentrations of 3 ng Cry1Ab protein g soil were
reported by Baumgarte and Tebbe 2005 in soil samples collected during the vegetation

period.
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Figure 10: Cry1Ab protein contents in bulk soil samples collected in the depths of 0-30 cm
and 30-60 cm on the experimental field sites Baumannshof (A), Puch (B), Neuhof (C) and
Grub (D) cultivated with Bt maize MON810 (blue bars) and a near-isogenic non-Bt maize
variety (grey bars) in the eighth (2007) and ninth (2008) growing seasons of consecutive Bt-
maize cultivation. Data from 2009 represent Cry1Ab protein contents determined in soil
samples collected terminally in spring after nine years long-term cultivation of Bt-maize
MON810. The dotted line marks the decision limit CCa at 2.0 ng Cry1Ab protein g wet soil.
*indicate differences (P < 0.05) in Cry1Ab protein quantities in soil of Bt-maize and non-Bt
maize field plots. n.a.: not analysed.
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5.2.6 Toxicological relevance of CrylAb protein detected in soil
The ELISA applied enables for quantification of Cry1Ab and its immunoreactive degradation

products (67) but gives no evidence for the remaining biological activity of the Cry1Ab protein
molecules. The presence of bound toxin and its insecticidal activity can only be determined
using sensitive organism species in biotoxicity assays at present.

Appropriate test organisms used in earlier studies are the target organism Ostrinia nubilalis,
other lepidoteran species or susceptible soil dwelling invertebrates. The Cry1Ab protein
susceptibility of the target organism O. nubilalis was described by a LCs, ranging from 0.10
to 0.34 pg of Cry1Ab per gram of diet in a study performed by Saeglitz et al. 2006 (85).
Accordingly, O. nubilalis larvae fed on biogas reactor effluent containing Cry1Ab protein
concentrations of 2.67 ng g”' and below - the concentration range of the Neuhof-autumn
2007 soil in the present study - showed no increased mortality compared to a group receiving
control effluent without Cry1Ab (60). Both free and humic acid bound Cry1Ab protein was
insecticidal to larvae of the lepidopteran tobacco hornworm Manduca sexta with LCs, values
between 215 - 304 ng 100 L ™' (86). Effects on the predator organism Chrysoperia carnea
were determined after feeding Cry1Ab toxin in concentrations of 25, 50, 100 ug g™ diet to the
prey organism (47). A study on feeding solutions of recombinant Cry1Ab protein to the soil
dwelling nematode Caenorhabditis elegans revealed verifiable effects on growth and
reproduction at minimum concentrations of 118 and 41 mg Cry1Ab protein L nutrient
solution, respectively (87). This corresponds to Bt-toxin concentrations about 10,000 times
higher than the concentrations measured in the experimental field soils of the present study.
In the cited nematode study the test organism C. elegans identified deleterious effects of
rhizosphere and bulk soil samples from fields with Bt maize (MON810) containing 0.51 and
1.31 ng Cry1Ab g soil dry weight. However, though the observed effects correlated with
concentrations of the Cry1Ab protein in soil they could not be explained by a direct toxicity of
the Cry1Ab protein. These results of the nematode study point out that beneath quantification
of Cry1Ab protein in soil samples additional assessment of Bt toxin using appropriate
biotoxicity assays should gain in importance regarding further studies. Relating the Cry1Ab
susceptibilities of test organisms to the concentrations of Cry1Ab protein determined in the
field soils of the present study no toxicological and ecological effects on soil dwelling
invertebrates should be expected. These assumptions are in line with the current knowledge
of the effects of Cry proteins on soil dwelling organisms as summarized by (88). There, for
the majority of soil born organisms no toxic effects were reported. Studies on the effects on

soil nematodes show different findings, though with most of the results revealing no effects.
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5.3 Cry1Ab protein degradation pattern in immunoblots

Cry1Ab protein quantification by the ELISA technique allowed for an easy and rapid analysis
of the agricultural samples in the present study. The elaborate and time consuming Western
Blot technique offers a more detailed and qualitative analysis of Cry1Ab protein as
degradation products of the transgenic protein are separately visualized. In the present
study, immunoblot analysis of MON810 maize plants, feed and liquid manure revealed a
continuous degradation of the recombinant 65 kDa Cry1Ab protein molecule into smaller
immunoactive fragments of approximately 42, 34 and 17 kDa (64). The time dependent
fragmentation of Cry1Ab protein due to feed processing, storage and enzymatic proteolysis
in the ruminal GIT has been described before (67) and fragments of similar size have been
detected by other Cry1Ab specific antibody preparations (56, 59, 89). In the agricultural
samples assessed in the present study, fragmentation of the Cry1Ab protein becomes
apparent already in the early developmental BBCH14 and BBCHG9 stages of the transgenic
maize plants suggesting a continuous synthesis and breakdown of the recombinant Cry1Ab
protein by endogenous plant proteases (Figure 11A). In transgenic feed, the same
fragmentation pattern as in Bt maize plants was recorded with the full sized recombinant 65
kDa Cry1Ab protein and fragments of 42 kDa, 34 kDa and 17 kDa (Figure 11B). In liquid
manure obtained from cows fed transgenic maize only the full sized 65 kDa Cry1Ab protein
and a 34 kDa fragment was detected, whereas the 42 kDa and the 17 kDa fragment detected
in transgenic plant and feed samples was not recorded. Successive degradation of the full
sized recombinant Cry1Ab protein and the immunoactive 34 kDa fragment during slurry
storage is documented by the immunoblot shown in Figure 11C. In an earlier study, the 34
kDa fragment was reported to be the most prominent immunoactive fragment in digesta and
feces (67). These consistent findings could be a sign of a higher proteolytic stability of this 34
kDa degradation product.

Altogether, the fragmentation pattern of the Cry1Ab protein in addition to Cry1Ab protein
quantity is an important criterion in the discussion on toxic effects of Cry1Ab protein
introduced into the environment by agricultural processes. To the present knowledge, the
toxic pathway of the recombinant Cry1Ab toxin is closely related to the presence of all
functional domains of the whole trypsin resistant 65 kDa protein (9, 90-92). However, the
toxic activity of Cry1Ab fragments smaller than 65 kDa has not been studied so far. With
regard to the documented proteolytic stability of the 34 kDa Cry1Ab protein fragment, the
biological activity of this fragment would be an interesting issue to be adressed in further

studies.
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Fig 11: Western blot analysis showing immunoreactive full sized Cry1Ab protein and
immunactive fragments in [A] transgenic (T) and non-transgenic (NT) maize plants in
successive developmental stages of BBCH14, BBCHG69 (plant leaves) and BBCH85 (chaffed
maize crop), [B] total protein extracts (60 pg) of transgenic (T) and non-transgenic (NT)
PTMR feed and [C] in liquid manure from Bt maize MON810 fed cows (store 3) and the
control group (store 1) )with proceeding time (weeks) of storage. In any blot, 500 pg of
trypsin treated and HPLC purified Cry1Ab protein was used as a positive control (C),
Prestained Protein Marker (M) served as a protein fragment size standard.
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5.4 Quantitative Cry1Ab protein turnover

This is the first study that quantified Cry1Ab protein in respect of the fate of the recombinant
protein introduced into agricultural soil entirely from Bt maize crop over feed and liquid
manure into soil and investigated the following crop. Data were collected by an ELISA
system validated for the various agricultural samples (Bt maize plants, feed, slurry and soil)
and allow for balancing of Cry1Ab contents over the whole pathway. The quantitative
degradation of the recombinant Cry1Ab protein and its immunoreactive fragments is

summarized in Table 5.

Table 5: Quantification of Cry1Ab protein degradation by Bt maize crop processing and
biodegradation in agricultural processes. Cry1Ab concentrations are given in mean values +
standard deviation. The quantitative decrease of the recombinant protein by each
degradation step is shown by the percentages of Cry1Ab protein recovered in a sample in
relation to Cry1Ab quantities in the primary Bt maize plant material or in relation to the
previous degradation stage (red values).

Cry1Ab protein content Cry1Ab protein conc.//total protein
[%] of [%%]of
[ng CrylAb g [ug CrylAb g™
! dry weight] _Bt ] total protein]
. - previous
n maize .
material
plant

Bt maize 23677

MONB10 plant 32 1934.6 100 100 457.9 £+ 46.5 100 100
o Feed 8 | 611.3x644 26 26 106+ 1.2 2.3 2.3
S (transgenic)
c
IS
1S Liquid manure’ 8 204.6 +20.4 0.9 BEI5 19+04 0.4 17.9
O
=
g Liquid manure? 8 104.5+21.5 0.4 51.1 09+0.2 0.2 47.4
z _
> Soil 16 < CCa - - - -
S Isoggnlc maize 16 <CCa _ ) _ _
= crop
n Grass crop® 32 < CCa 5 - - -

Bt maize 23 867.7 £
> g | Mons10 plant 32 1934.6 100 100 457.9 £+ 46.5 100 100
c 2 3 soil Neuhof
S T =2 + - _
= i % Dec 2007 8 3.6+20 0.02 0.02
N B 136 <CCa - - - -

" week 1 of slurry storage

2 weeks 24 and 25 of slurry storage

® from Non-Bt maize plots treated with liquid manure from Bt maize fed cows

* all soil samples collected from plots under experimental Bt maize long term cultivation
(except Neuhof December 2007) were below CCa in the Cry1Ab protein ELISA

- not determinable
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The major fraction of Cry1Ab protein is degraded by the processing of Bt maize plants to
feed, as only 2.6 % of the novel protein determined in plant material were recovered in the
transgenic feed ration. Digestive processes during the GIT passage led to a further reduction
of Cry1Ab protein levels in a way that 33.5 % of the Cry1Ab protein ingested by the cow was
detected in liquid manure. Half of this residual immunoactive Cry1Ab protein in slurry
persisted during slurry storage for 25 weeks. When applied to biologically active agricultural
soil, final degradation of this remaining Cry1Ab protein down to non detectable levels in soil
is reported. The findings of the present extensive study confirm the results of earlier specific
studies elucidating single degradation steps of the recombinant protein. Thus a marked
reduction of Cry1Ab protein contents by ensiling and feed processing (89, 93) and
degradation by proteolysis in the ruminant digestive tract was described earlier (55, 58, 59,
62). However the further and complete degradation of the residual recombinant protein in
feces as a component of liquid manure has been documented in the present study for the
first time.

When harvest residues are incorporated directly into soil an extremely rapid degradation of
Cry1Ab protein was observed. In 128 of 140 soil samples from Bt maize plots, no Cry1Ab
was detected, which implies a very efficient degradation of the recombinant protein on all
field sites. Notably a complete degradation was also observed in soil samples drilled shortly
after harvest on the field site Baumannshof (2008). Cry1Ab protein amounts persisting in the
Neuhof soil under particular weather conditions added up to only 0.02 % of the Cry1Ab
protein content in the maize crop and confirm the efficient biodegradation of the novel protein
in soil. These results are consistent with the rapid biodegradation reported for Cry1Ab protein
in the soil compartment by (37).

Cry1Ab protein concentrations calculated in relation to total protein give further information
about the degradation process and elucidate the proteolytic stability of the novel protein and
its immunoactive fragments compared to other proteins.

Only 2.3 % of Cry1Ab protein g' protein present in the Bt maize plant was detected in
transgenic PTMR. This marked decline can be explained on the one hand by the addition of
40 % of non-transgenic components to the mixed feed ration. On the other hand ensiling and
processing of maize plants to feed led to a decrease of immunoactive Cry1Ab protein levels.
Apparently, heat denaturation and disintegration reduced the contents of immunoactive
Cry1Ab protein to a greater extent than the total protein content.

Passage of feed through the GIT leads to a further decrease of Cry1Ab protein in relation to
total protein. Thus, in liquid manure, only 18 % of the initial Cry1Ab protein g™ protein in
transgenic PTMR was found. A previous study (67) reported consistent findings with a
Cry1Ab protein concentration decline of 44 % when feed containing GM-maize MON810 and

freshly collected feces were analysed. The decline observed in both studies can be
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explained by several reasons: first, additional protein of animal and microbial origin is added
to the feed protein during the passage through the bovine GIT. Furthermore the marked
reduction of Cry1Ab protein in relation to total protein might be a result of a faster
degradation of Cry1Ab protein in the GIT compared to the rest of the total protein. This
suggests that Cry1Ab protein exhibits no extraordinary stability compared to the entirety of
other proteins in feed. This assumption is confirmed by the analysis of the Cry1Ab
concentrations in slurry with increasing time of storage, where no additional protein is
introduced into the system. Here, the Cry1Ab concentrations related to total protein declined
to 50 % of the initial levels within 25 weeks. These findings point out that in comparison to
total protein in liquid manure, Cry1Ab protein runs through a faster degradation process and
can be assigned to the less stable group of proteins in liquid manure, compared to other

proteins.

5.5 Amounts of CrylAb introduced into agricultural soil

When balancing the Cry1Ab protein amounts added to soil by the overground Bt maize plant
material in this study, a Cry1Ab load of 100 ng Cry1Ab g™ soil in the 30 cm top-soil layer is
calculated (64). Thus, a calculated maximum of 462 g Cry1Ab ha™ could be introduced into
soil by maize crop residues. These estimates are confirmed by a maximum theoretical load
of 480 g Cry1Ab ha™ calculated for recombinant protein from MON810 maize (32). In
addition to the plant material grown aboveground, a further fraction of immunoreactive
Cry1Ab protein introduced into the soil compartment can be attributed to root residues (37).
A concentration of 1.4 pg Cry1Ab g™ fresh root material (82) and a range of 152 — 183 ng
Cry1Ab g in decomposing root residues (37) were reported in Bt-maize MON810 plants.
The Cry1Ab detected in soil under Bt maize cultivation in this study can derive from both
above ground harvest residues and root material.

Cry1Ab amounts incorporated into soil by way of liquid manure are diminutive in comparison
to the amounts added to soil by Bt maize plant residues. Transgenic protein in one liquid
manure application added up to minute amounts of 431 mg Cry1Ab ha™ for grassland and
690 mg Cry1Ab ha™ for maize fields. This Cry1Ab load, applied to agricultural fields by way
of liquid manure from Bt maize fed cows, adds up to less than 0.15 % of Cry1Ab amounts

introduced directly by plant residues.
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5.6 crylAb DNA analysis

Another issue of the study was to assess the likelihood of introducing recombinant cry1Ab
DNA gene fragments to agricultural fields by way of liquid manure from cows fed gm maize.
For this purpose qualitative end-point PCR was applied to feed and liquid manure samples
after feeding Bt-maize (MONB810) to dairy cows in order to amplify fragments of the
recombinant single copy cry1Ab gene and the plant derived control genes rubisco
(multicopy) and the maize specific opaque-2 (single copy) (94). Additionally, soil from one
experimental field site under long term Bt- maize cultivation (Puch) was investigated for the
presence of cry1Ab DNA introduced directly by Bt maize harvest residues. The LOD for
cry1Ab and opaque-2 DNA detection are shown in Table 6.

Table 6: Limits of detection (LOD) of the assessed gene fragments in liquid manure and soil.
The LOD is presented as the lowest detectable number of copies g' sample after
amplification through qualitative end-point PCR.

cry1Ab (206 bp) opaque-2 (202 bp)
Liquid manure 1,000 copies g’ 100,000 copies g’
cry1Ab (280 bp)
Soil (Puch 0-30 cm) 330,000 copies g’ n.d.

5.6.1 Feed
DNA extraction from feed resulted in concentrations of 360 ng DNA pL™" of isolate for non-

transgenic and 382 ng DNA pL™" for transgenic PTMR. The photometrical analysis revealed
260/280 nm ratios between 1.4 and 1.8, a DNA purity suitable for PCR analysis.

Gene fragments of the multicopy genes rubisco and 18S were amplified in isolates of all
PTMR samples both of non-transgenic and transgenic origin. Similarly, the 202 bp fragment
of the maize specific single copy gene opaque-2 was detected in both feed variants. The 206
bp cry1Ab gene fragment was present in the feed ration containing Bt-maize (MON810). It

was not detected in PTMR feed samples based on non-transgenic maize (Figure 12).
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Figure 12: PCR amplification products of rubisco and
188, opaque-2 and cry1Ab DNA in non-transgenic or
transgenic feed ration. M: PegLab-Low Range Marker
(50, 200, 400, 850, 1500 bp), NTC: non-template
control (H,O), NT: non-transgenic PTMR, T:
transgenic PTMR

5.6.2 Liquid manure
DNA extraction from liquid manure resulted in concentrations ranging from 21.3 to 86.8 ng

DNA pL™" isolate. The photometrical analysis revealed a DNA purity suitable for PCR
analysis, as 260/280 nm ratios were between 1.4 and 1.8. Figure 13 depicts the results of
PCR-analysis of liquid manure samples collected from dairy cows after long term feeding of
Bt maize MON810 or non-transgenic maize. Gene fragments of the multicopy genes 78S
(365 bp amplicon) and rubisco (173 bp amplicon) were detected in all liquid manure samples
from the first to the 29" week of storage (Fig 13 A + B). No liquid manure sample was found
positive for cry7Ab DNA at the LOD of 1,000 copies g in the slurry collected from cows fed
transgenic or non-transgenic maize. Also the 202 bp maize specific single copy
opaque-2 control gene fragment was not detected in any slurry sample at the LOD of
100,000 copies g.

38



Results and Discussion

MNTCPC 1 4 9 14 20 26 1 9 14 20 26 1

non-transgenic non-transgenic
365 bp
- —

173 bp
G o= Emn S e D D S ——

store 1 store 2

M 1 2 7 11 18 24 1 ik R e el
18 24 1 59
transgenic

transgenic

l = =3 M NTCPC 1 4 9 14 20 268 1 7 1 15 29
M NTCPC 1 4 9 20 26 1 [ 11

non-transgenic
nen-transgenic

store 1

T 11 a8 2803 S 9 13 25 M1

transgenic

transgenic

Figure 13: PCR amplification products of 18S (A), rubisco (B), opaque-2 (C) and cry1Ab
MONB810 (D) in liquid manure obtained from dairy cows fed either non-transgenic or
transgenic maize. In the upper part of each gel: Slurry store 1 and 2, liquid manure from
control group fed non-transgenic PTMR. In the lower part of each gel: Slurry store 3 and 4,
liquid manure from cows fed transgenic PTMR. Numbers indicate weeks of slurry storage
before analysis. NTC: non-template control (H,O or DNA from near-isogenic maize grain in
D); PC: positive control (DNA from Bt maize MON810 grain),

Even though the small cry1Ab gene fragment was present in transgenic maize feed, it was
not detectable in liquid manure of the cows fed the transgenic PTMR. Thus, cry7Ab DNA
from maize MON810 was efficiently degraded during dairy cow digestion leading to non-
detectable levels in slurry. These findings account for the extensive time-dependent
degradation of novel DNA during the passage of feed through the bovine gastrointestinal
tract reported in earlier studies (56, 58, 95, 96).

In the present study, the single copy cry1Ab and opaque-2 gene fragments could not be
amplified from slurry, whereas a 173 bp amplicon of the multicopy gene rubisco was
detectable in all liquid manure samples. This result is in line with a report about the presence

of small rubisco gene fragments in bovine feces samples, but absence of the 206 bp cry1Ab
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fragment (58). As rubisco is a gene abundant in a high copy number in the plants’ genome
(97), there is a higher probability that small fragments of the rubisco DNA gene copies are
detected by PCR than for the single copy cry1Ab gene. Our study confirms this suggestion,
as the maize specific single copy gene opaque-2 was also not detectable by qualitative
endpoint PCR in the slurry samples. Generally, it can be assumed, that during passage
through the GIT, biomolecules like protein or DNA may be protected from enzymatic
degradation in heavy digestible plant material, leading to the presence of plant feed born
protein or DNA fragments in feces or liquid manure. In contrast to the documented presence
of insecticidal Cry1Ab protein in feces (67) and liquid manure (64), there was no accordant
evidence for the presence of recombinant cry7Ab DNA fragments in bovine feces (58) or
liquid manure (70) after feeding maize (MON810). According to these studies, there is no
evidence for the application of recombinant cry7Ab DNA to agricultural fields by way of liquid

manuring after feeding Bt maize MON810.

5.6.3 Soil
In the soil extracts from the experimental field site Puch, A values corresponding to DNA

concentrations ranging from 29.7 to 52.2 ng DNA pL™' isolate were obtained. The
photometrical analysis revealed 260/280 nm ratios between 1.2 and 1.8.

Soil samples were collected in 2008 from the experimental field site Puch at the end of the
vegetation period after nine years of Bt maize cultivation. Soil samples from Bt-maize plots
and non-Bt-maize plots were tested for the presence of a 280 bp cry1Ab gene fragment. As
depicted in Figure 14, fragments of cry71Ab were not detected at the LOD of
330,000 copies g soil. However, the 173 bp fragments of the plant specific multicopy gene
rubisco were also not detectable in the soil samples (Figure 15). The absence of
recombinant single copy and plant derived multicopy gene fragments in the assessed soils
can be ascribed to a fast degradation of the DNA by endogenous plant nucleases and by
nucleases of microbial soil organisms. DNA molecules might also be tightly adsorbed to
surface active soil particles rendering their extraction and detection of gene fragments by
PCR difficult. Earlier studies showed that DNA can bind rapidly and tightly on clays and on
humic acids extracted from soil (271, 98). Thus, for the investigated soils under long-term Bt
maize cultivation, proceeding studies including a further optimization of the DNA extraction
procedure for each respective soil type would be of major importance to investigate the fate
of recombinant DNA from Bt maize plant debris in the soil compartment. Scientific evidence
related to cry1Ab DNA persistence in experimental field soils is rare. Yet, the detection of the
cry1Ab transgene in soil under Bt maize cultivation at the time point of pollination was shown
(77). For other transgenes, for example the recombinant CP4 epsps gene from Roundup

Ready (RR) corn and soybean, persistence in soil for up to 1 year after seeding (99) was
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documented. Another study, accompanying the field release of transgenic rhizomania-

resistant sugar beets, has shown that the DNA of the gene construct was detectable for up to

six months in soil (49).
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Figure 14: Absence of cry1Ab amplicons after amplification of a 280 bp fragment in soil
samples from the experimental field site Puch cultivated with Bt maize in a long term field
trial. C1: DNA maize MON810, C2: DNA near-isogenic maize, NTC: non template control,
samples 1-4: 0-30 cm control plot, samples 5-8: 0-30 cm Bt-maize field, samples 9-12:
30-60 cm control plot, samples 13-16: 30-60 cm Bt-maize field
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Figure 15: Absence of rubisco amplicons after amplification of a 173 bp fragment in soil
samples from the experimental field site Puch cultivated with Bt maize in a long term field
trial. . C1: DNA maize MON810, C2: DNA near-isogenic maize, NTC: non template control,
samples 1-4: 0-30 cm control plot, samples 5-8: 0-30 cm Bt-maize field, samples 9-12:
30-60 cm control plot, samples 13-16: 30-60 cm Bt-maize field
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6 Conclusions

This is the first field study investigating the potential entry of insecticidal Cry1Ab protein and
novel DNA into soil by way of liquid manure after feeding gm maize (MON810) to cows. The
study’s particular feature is its overall approach covering the whole agricultural chain from
the Bt-maize plant, processed feed, through the cow over liquid manure into soil and the
following crop. Comparatively, the direct entry of the novel molecules into agricultural soil by
plant debris from gm maize plants was studied after cultivation of Bt maize for nine growing
seasons, the longest time experimentally documented so far. Thus concerns about the
accumulation and persistence of Cry1Ab protein and cry1Ab DNA in the soil compartment
were addressed. To assure the sensitive and specific detection of the recombinant molecules
in the diverse sample matrices of the field trials, methods for Cry1Ab protein quantification
and cry1Ab DNA detection were developed, optimized and validated. LODs for detection of
recombinant cry1Ab gene fragments were determined and the ELISA for quantitative
analysis of Cry1Ab protein was validated according to international guidelines laid down in
the European Commission Decision 2002/657/EC.

MON810

cry1Ab DNA Cry1Ab protein

Agricultural soil

No accumulation of
recombinant DNA and

Cry1Ab protein in soil

Figure 16: Schematic presentation of the results of this thesis concerning the potential entry

of novel DNA and the Cry1Ab protein into soil
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Surveillance of Cry1Ab protein contents in Bt maize crop, transgenic feed and liquid manure
revealed a rapid degradation of the Cry1Ab protein, with a major proportion of more than
95% being degraded during food processing. Cry1Ab protein and its immunoactive
fragments in feed were further degraded by digestive processes in the cows gastrointestinal
tract (GIT) leading to diminutive levels in liquid manure. The calculated amount of transgenic
protein in one liquid manure application to agricultural grassland or maize fields was in the
range of 500 mg Cry1Ab protein ha™'. This is less than 0.15% of the Cry1Ab protein
introduced directly by Bt maize plant residues in the present study. Once introduced into
agricultural soil, the recombinant protein was rapidly metabolized leading to non detectable
levels in soil of plots cropped with Bt maize (spring samples) or treated with Cry1Ab
containing slurry. No Cry1Ab protein was detected in grass or isogenic maize crop from
slurry treated plots. In waterlogged soil from the Bt maize field site Neuhof temporary
persistence of Cry1Ab protein was shown as 2.5 ng Cry1Ab protein g™ soil was quantified six
weeks after harvest. However, no transgenic protein was detected in any soil sample
collected in spring from fields under long term Bt maize cultivation. Considering the Cry1Ab
susceptibilities of relevant test organism species no toxicological and ecological effects on
soil dwelling invertebrates are expected at the concentrations determined in slurry or soil
analysed in the study. Compared to other proteins, the Cry1Ab was degraded more
efficiently in the investigated feeding and manuring pathway, suggesting no extraordinary
protein stability of the recombinant Cry1Ab molecule. Immunoblot analysis revealed the
degradation of the 65 kDa Cry1Ab protein into smaller fragments of 42, 34 and 17 kDa. The
bioactivity of these immunoactive degradation products in the environment remains to be
elucidated. The presence of cry1Ab DNA gene fragments was proven in transgenic feed but -
after digestion in the bovine GIT - the recombinant DNA was not detected in any slurry
sample. Thus, no evidence for the application of novel DNA to agricultural soil by way of

slurry can be drawn from this study.

In summary, the nine years lasting Bt maize cultivation trial on four independent field sites
revealed no evidence for the accumulation of recombinant Cry1Ab protein or cry7Ab DNA in
soil. The bioavailability of the novel molecules in the investigated agricultural processes is
high in the living transgenic plant, decreases rapidly during feed processing and by microbial
degradation of plant material in the cows GIT and is at most temporary and diminutive in soil
(Figure 16). By the detailed insight into the temporary availability of the novel molecules from
Bt-maize (MON810) used as bovine feed and in soil of Bt maize fields, this study provides
new and scientifically secured contributions feeding the debate about the implications of gm

plants in agriculture.

43



Acknowledgements

7 Acknowledgements

| want to express my gratitude to

Prof. Dr. Dr. Heinrich H.D. Meyer for the good collaboration and the possibility to accomplish
this study in the department of Physiology Weihenstephan. | want to thank him for his
professional guidance and advice throughout the work.

Dr. Martin Muller for encouraging me and enabling me to write this thesis in course of our
studies performed at the Bavarian State Research Center for Agriculture and for his
outstanding support in practical and scientific aspects of this work.

the Bavarian State Ministry of Agriculture and Forestry and the Bavarian State Ministry of the
Environment, Public Health and Consumer Protection for funding of the projects.

my colleague Vijay for his great helpfulness at the beginning of the laboratory work and for
his continuing help and friendship during our time at the Physiology.

Patrick for his continuous help and advice during writing of the thesis and his creative
support in designing of the figures.

my roommates Patrick and Caro for the great and open atmosphere in our office and for all
the fun we had together.

Stefanie Gellan for her great reliability, for keeping things on the right place, for excellent
technical assistance and a nice chat whenever we met.

Kathrin Soldner for her activities in handling of the liquid manure samples.
my bachelor students and apprentices for their help in preparation and analysis of samples.

all colleagues of the Physiology Weihenstephan for the inspiring, nice and open working
atmosphere and their great helpfulness.

the team of the seed testing laboratory at the LfL for feeling welcome and finding a place to
work whenever | turned up.

the colleagues at the Bavarian State Research Center for Agriculture in Freising and Grub
and the staffs of the experimental farms who contributed to the success of the laboratory and
extensive field study by their continuous and professional collaboration.

Andrea Kellermann, who provided major contributions to this work by taking care of my
daughter for so many hours and for any coffee | enjoyed with her after returning from work.

My whole familiy for their everlasting support.

44



References

8 References

1. James, C., Global Status of Commercialized Biotech/GM Crops: 2010. ISAAA Brief ,
Ithaca, NY 2010, No. 42.

2. Luongo, D.; De Luna, R.; Russo, R.; Severino, L., Effects of four Fusarium toxins
(fumonisin B(1), alpha-zearalenol, nivalenol and deoxynivalenol) on porcine whole-blood
cellular proliferation. Toxicon 2008, 52, 156-62.

3. Koenigs, M.; Schwerdt, G.; Gekle, M.; Humpf, H. U., Effects of the mycotoxin
deoxynivalenol on human primary hepatocytes. Mol Nutr Food Res 2008, 52, 830-9.

4. Mendelsohn, M.; Kough, J.; Vaituzis, Z.; Matthews, K., Are Bt crops safe? Nat
Biotechnol 2003, 21, 1003-9.

5. Schnepf, E.; Crickmore, N.; Van Rie, J.; Lereclus, D.; Baum, J.; Feitelson, J.; Zeigler,
D. R.; Dean, D. H., Bacillus thuringiensis and its pesticidal crystal proteins. Microbiol Mol Biol
Rev 1998, 62, 775-806.

6. Gill, S. S.; Cowles, E. A.; Pietrantonio, P. V., The mode of action of Bacillus
thuringiensis endotoxins. Annu Rev Entomol 1992, 37, 615-36.

7. Hofte, H.; Whiteley, H. R., Insecticidal crystal proteins of Bacillus thuringiensis.
Microbiol Rev 1989, 53, 242-55.

8. de Maagd, R. A.; Bravo, A.; Crickmore, N., How Bacillus thuringiensis has evolved
specific toxins to colonize the insect world. Trends Genet 2001, 17, 193-9.

9. Grochulski, P.; Masson, L.; Borisova, S.; Pusztai-Carey, M.; Schwartz, J. L;
Brousseau, R.; Cygler, M., Bacillus thuringiensis CrylA(a) insecticidal toxin: crystal structure
and channel formation. J Mol Biol 1995, 254, 447-64.

10. Bravo, A.; Jansens, S.; Peferoen, M., Immunocytochemical localization of Bacillus
thuringiensis insecticidal crystal proteins in intoxicated insects. J Invertebr Pathol 1992, 60,
237-246.

11. Van Rie, J.; Jansens, S.; Hofte, H.; Degheele, D.; Van Mellaert, H., Receptors on the
brush border membrane of the insect midgut as determinants of the specificity of Bacillus
thuringiensis delta-endotoxins. App!/ Environ Microbiol 1990, 56, 1378-85.

12. English, L.; Slatin, S. L., Mode of action of delta-endotoxins from Bacillus
thuringiensis: A comparison with other bacterial toxins. Insect Biochem Molec 1992, 22, 1-7.

13. Knowles, B. H.; Evans, P. D., Mechanism of Action of Bacillus thuringiensis
Insecticidal [delta]-Endotoxins. Adv Insect Physiol 1994, Volume 24, 275-308.

14. Okunuki, H.; Teshima, R.; Shigeta, T.; Sakushima, J.-i.; Akiyama, H.; Goda, Y.;
Toyoda, M.; Sawada, J.-i., Increased Digestibility of Two Products in Genetically Modified
Food (CP4-EPSPS and Cry1Ab) after Preheating. Food Hygiene and Safety Science
(Shokuhin Eiseigaku Zasshi) 2002, 43, 68-73.

15. Sacchi, V. F.; Parenti, P.; Hanozet, G. M.; Giordana, B.; Luthy, P.; Wolfersberger, M.
G., Bacillus thuringiensis toxin inhibits K+-gradient-dependent amino acid transport across
the brush border membrane of Pieris brassicae midgut cells. FEBS Letters 1986, 204, 213-
218.

45



References

16. Shimada, N.; Miyamoto, K.; Kanda, K.; Murata, H., Bacillus thuringiensis insecticidal
crylab toxin does not affect the membrane integrity of the mammalian intestinal epithelial
cells: An in vitro study. In Vitro Cell DeV - An 2006, 42, 45-49-49.

17. Kuiper, H. A.; Kleter, G. A.; Noteborn, H. P. J. M.; Kok, E. J., Assessment of the food
safety issues related to genetically modified foods. Plant J 2001, 27, 503-528.

18. McClintock, J. T.; Schaffer, C. R.; Sjoblad, R. D., A comparative review of the
mammalian toxicity of Bacillus thuringiensis-based pesticides. Pestic Sci 1995, 45, 95-105.

19. Saxena, D.; Flores, S.; Stotzky, G., Insecticidal toxin in root exudates from Bt corn.
Nature 1999, 402, 480.

20. Saxena, D.; Stotzky, G., Insecticidal toxin from Bacillus thuringiensis is released from
roots of transgenic Bt corn in vitro and in situ. FEMS Microbiol Ecol 2000, 33, 35-39.

21. Stotzky, G., Persistence and Biological Activity in Soil of Insecticidal Proteins from
Bacillus thuringiensis and of Bacterial DNA Bound on Clays and Humic Acids. J Env Qual
2000, 29, 691-705.

22. Tapp, H.; Stotzky, G., Persistence of the insecticidal toxin from Bacillus thuringiensis
subsp. kurstaki in soil. Soil Biol Biochem 1998, 30, 471-476.

23. Losey, J. E.; Rayor, L. S.; Carter, M. E., Transgenic pollen harms monarch larvae.
Nature 1999, 399, 214.

24. Crecchio, C.; Stotzky, G., Biodegradation and insecticidal activity of the toxin from
Bacillus thuringiensis subsp. kurstaki bound on complexes of montmorillonite-humic acids-Al
hydroxypolymers. Soil Biol Biochem 2001, 33, 573-581.

25. Muchaonyerwa, P.; Chevallier, T.; Pantani, O. L.; Nyamugafata, P.; Mpepereki, S.;
Chenu, C., Adsorption of the pesticidal toxin from Bacillus thuringiensis subsp. tenebrionis on
tropical soils and their particle-size fractions. Geoderma 2006, 133, 244-257 .

26. Pagel-Wieder, S.; Niemeyer, J.; Fischer, W. R.; Gessler, F., Effects of physical and
chemical properties of soils on adsorption of the insecticidal protein (Cry1Ab) from Bacillus
thuringiensis at Cry1Ab protein concentrations relevant for experimental field sites. Soil Biol
Biochem 2007, 39, 3034-3042.

27. Venkateswerlu, G.; Stotzky, G., Binding of the protoxin and toxin proteins of Bacillus
thuringiensis subsp.kurstaki on clay minerals Curr Microbiol 1992, 25, 225-233.

28. Lee, L.; Saxena, D.; Stotzky, G., Activity of free and clay-bound insecticidal proteins
from Bacillus thuringiensis subsp. israelensis against the mosquito Culex pipiens. Appl
Environ Microbiol 2003, 69, 4111-5.

29. Koskella, J.; Stotzky, G., Microbial Utilization of Free and Clay-Bound Insecticidal
Toxins from Bacillus thuringiensis and Their Retention of Insecticidal Activity after Incubation
with Microbes. App! Environ Microbiol 1997, 63, 3561-8.

30. Stotzky, G., Persistence and biological activity in soil of the insecticidal proteins from
Bacillus thuringiensis, especially from transgenic plants. Plant Soil 2004, 266, 77-89.

31. Stotzky, G., Influence of soil mineral colloids on metabolic processes, growth,
adhesion, and ecology of microbes and viruses. In: Huang, P.M., Schnitzer, M. (Eds.),
Interaction of Soil Minerals with Natural Organics and Microbes. Soil Science Society of
America,Madison 1986, 305-428.

46



References

32. Clark, B. W.; Phillips, T. A.; Coats, J. R., Environmental fate and effects of Bacillus
thuringiensis (Bt) proteins from transgenic crops: a review. J Agric Food Chem 2005, 53,
4643-53.

33. Head, G.; Surber, J. B.; Watson, J. A.; Martin, J. W.; Duan, J. J., No detection of
Cry1Ac protein in soil after multiple years of transgenic Bt cotton (Bollgard) use. Environ
Entomol 2002, 31, 30-36.

34. Hopkins, D. W.; Gregorich, E. G., Detection and decay of the Bt endotoxin in soil from
a field trial with genetically modified maize. EurJ Soil Sci 2003, 54, 793-800.

35. Palm, C. J.; Donegan, K.; Harris, D.; Seidler, R. J., Quantification in soil of Bacillus
thuringiensis var. kurstaki 6-endotoxin from transgenic plants. Mol Ecol 1994, 3, 145-151.

36. Miethling-Graff, R.; Dockhorna, S.; Tebbe, C. C., Release of the recombinant
Cry3Bb1 protein of Bt maize MON88017 into field soil and detection of effects on the
diversity of rhizosphere bacteria Eur J Soil Biol 2010, 46, 41-48.

37. Baumgarte, S.; Tebbe, C. C., Field studies on the environmental fate of the Cry1Ab
Bt-toxin produced by transgenic maize (MON810) and its effect on bacterial communities in
the maize rhizosphere. Mol Ecol 2005, 14, 2539-51.

38. Wang, H.; Ye, Q.; Wang, W.; Wu, L.; Wu, W., Cry1Ab protein from Bt transgenic rice
does not residue in rhizosphere soil. Environ Pollut 2006, 143, 449-55.

39. Saxena, D.; Stotzky, G., Bacillus thuringiensis (Bt) toxin released from root exudates
and biomass of Bt corn has no apparent effect on earthworms, nematodes, protozoa,
bacteria, and fungi in soil. Soil Biol Biochem 2001, 33, 1225-1230.

40. Priestley, A. L.; Brownbridge, M., Field trials to evaluate effects of Bt-transgenic silage
corn expressing the Cry1Ab insecticidal toxin on non-target soil arthropods in northern New
England, USA. Transgenic Res 2009, 18, 425-43.

41. Hilbeck, A.; Moar, W. J.; Pusztai-Carey, M.; Filippini, A.; Bigler, F., Prey-mediated
effects of Cry1Ab toxin and protoxin and Cry2A protoxin on the predator Chrysoperla carnea.
Entomol Exp Appl 1999, 91, 305-316.

42. Harwood, J.; Samson, R. A.; Obrycki, J., No evidence for the uptake of Cry1Ab Bt-
endotoxins by the generalist predator Scarites subterraneus (Coleoptera: Carabidae) in
laboratory and field experiments. Biocontrol Sci Techn 2006, 16, 377.

43. Ludy, C.; Lang, A., A 3-year field-scale monitoring of foliage-dwelling spiders
(Araneae) in transgenic Bt maize fields and adjacent field margins. Biol Control 2006, 38,
314-324.

44, Kaiser-Alexnat, R.; Meise, T.; Langenbruch, G.; Hommel, B.; Huber, J., Studies on
the early detection of resistance development of the European corn borer (Ostrinia nubilalis)
to the Bt-corn-toxin Cry1Ab. Nachrichtenblatt Deut Pflanzenschutzd 2005, 57, 144-151.

45, Tabashnik, B. E.; Liu, Y. B.; Finson, N.; Masson, L.; Heckel, D. G., One gene in
diamondback moth confers resistance to four Bacillus thuringiensis toxins. Proc Natl Acad
Sci U S A 1997, 94, 1640-4.

46. Marvier, M.; McCreedy, C.; Regetz, J.; Kareiva, P., A meta-analysis of effects of Bt
cotton and maize on nontarget invertebrates. Science 2007, 316, 1475-7.

47



References

47. Nielsen, K. M.; van Elsas, J. D.; Smalla, K., Dynamics, horizontal transfer and
selection of novel DNA in bacterial populations in the phytosphere of transgenic plants. Ann
Microbiol 2001, 51, 79-94.

48. Becker, J.; Siegert, H.; Logemann, J.; Schell, J., Begleitende Sicherheitsforschung
zur Freisetzung gentechnisch veranderter Petunien. In Biologische Sicherheit Vol. 3,
Bundesministerium flr Forschung und Technologie: Bonn, 1994; pp 563-578.

49. Gebhard, F.; Smalla, K., Transformation of Acinetobacter sp. strain BD413 by
transgenic sugar beet DNA. Appl Environ Microbiol 1998, 64, 1550-4.

50. Paget, E.; Lebrun, M.; Freyssinet, G.; Simonet, P., The fate of recombinant plant DNA
in soil. Eur J Soil Biol 1998, 34, 81-88.

51. de Vries, J.; Wackernagel, W., Detection of nptll (kanamycin resistance) genes in
genomes of transgenic plants by marker-rescue transformation. Mol Gen Genet 1998, 257,
606-13.

52. Nielsen, K. M.; van Elsas, J. D.; Smalla, K., Transformation of Acinetobacter sp. strain
BD413(pFG4Deltanptll) with transgenic plant DNA in soil microcosms and effects of
kanamycin on selection of transformants. Appl/ Environ Microbiol 2000, 66, 1237-42.

53. Flachowsky, G.; Chesson, A.; Aulrich, K., Animal nutrition with feeds from genetically
modified plants. Arch Anim Nutr 2005, 59, 1-40.

54. Alexander, T. W.; Reuter, T.; Aulrich, K.; Sharma, R.; Okine, E. K.; Dixon, W. T;
McAllister, T. A., A review of the detection and fate of novel plant molecules derived from
biotechnology in livestock production. Anim Feed Sci Tech 2007, 133, 31-62.

55. Einspanier, R.; Lutz, B.; Rief, S.; Berezina, O.; Zverlov, V.; Schwarz, W.; Mayer, J.,
Tracing residual recombinant feed molecules during digestion and rumen bacterial diversity
in cattle fed transgene maize. Eur Food Res Technol 2004, 218, 269-273.

56. Wiedemann, S.; Lutz, B.; Kurtz, H.; Schwarz, F. J.; Albrecht, C., In situ studies on the
time-dependent degradation of recombinant corn DNA and protein in the bovine rumen. J
Anim Sci 2006, 84, 135-44.

57. Sharma, R.; Alexander, T. W.; John, S. J.; Forster, R. J.; McAllister, T. A., Relative
stability of transgene DNA fragments from GM rapeseed in mixed ruminal cultures. Br J Nutr
2004, 91, 673-81.

58. Guertler, P.; Paul, V.; Steinke, K.; Wiedemann, S.; Preiltinger, W.; Albrecht, C;
Spiekers, H.; Schwarz, F. J.; Meyer, H. H. D., Long-term feeding of genetically modified corn
(MONB810) - Fate of cry1Ab DNA and recombinant protein during the metabolism of the dairy
cow. Livest Sci 2010, 131, 250-259.

59. Lutz, B.; Wiedemann, S.; Einspanier, R.; Mayer, J.; Albrecht, C., Degradation of
Cry1Ab protein from genetically modified maize in the bovine gastrointestinal tract. J Agric
Food Chem 2005, 53, 1453-6.

60. Rauschen, S.; Schuphan, |., Fate of the Cry1Ab protein from Bt-maize MON810
silage in biogas production facilities. J Agric Food Chem 2006, 54, 879-83.

61. Paul, V.; Guertler, P.; Wiedemann, S.; Meyer, H. H., Degradation of Cry1Ab protein

from genetically modified maize (MON810) in relation to total dietary feed proteins in dairy
cow digestion. Transgenic Res 2010, 19.

48



References

62. Chowdhury, E. H.; Kuribara, H.; Hino, A.; Sultana, P.; Mikami, O.; Shimada, N.;
Guruge, K. S.; Saito, M.; Nakajima, Y., Detection of corn intrinsic and recombinant DNA
fragments and Cry1Ab protein in the gastrointestinal contents of pigs fed genetically modified
corn Bt11. J Anim Sci 2003, 81, 2546-51.

63. Steinke, K.; Guertler, P.; Paul, V.; Wiedemann, S.; Ettle, T.; Albrecht, C.; Meyer, H.
H.; Spiekers, H.; Schwarz, F. J., Effects of long-term feeding of genetically modified corn
(event MON810) on the performance of lactating dairy cows. J Anim Physiol Anim Nutr (Berl)
2010, DOI: 10.1111/.1439-0396.2010.01003.

64. Gruber, H.; Paul, V.; Guertler, P.; Tichopad, A.; Spiekers, H.; Meyer, H. H. D.; Miiller,
M., Fate of Cry1Ab protein in agricultural systems under slurry management of cows fed
genetically modified maize (Zea mays L.) MON810 — a quantitative assessment. J Agric
Food Chem 2011, DOI: 10.1021/jf200854n

65. Meier, U., Growth stages of mono- and dicotyledonous plants. In BBCH Monograph,
2nd ed.; Forestry, F. B. R. C. f. A. a., Ed. Braunschweig, Germany, 2001.

66. Paul, V.; Steinke, K.; Meyer, H. H. D., Development and validation of a sensitive
enzyme immunoassay for surveillance of Cry1Ab toxin in bovine blood plasma of cows fed
Bt-maize (MON810). Anal Chim Acta 2008, 607, 106-113.

67. Gruber, H.; Paul, V.; Meyer, H. H. D.; Muller, M., Determination of insecticidal Cry1Ab
protein in soil collected in the final growing seasons of a nine-year field trial of Bt-maize
MONB810. Transgenic Res 2011, DOI 10.1007/s11248-011-9509-7.

68. Gruber, H.; Paul, V.; Meyer, H.; Miller, M., Validation of an enzyme immunoassay for
monitoring Cry1Ab toxin in soils planted with Bt-maize (MON810) in a long-term field trial on
four South German sites. J Cons Protect Food Safety 2009, 3, 22-25-25.

69. Guertler, P.; Lutz, B.; Kuehn, R.; Meyer, H.; Einspanier, R.; Killermann, B.; Albrecht,
C., Fate of recombinant DNA and Cry1Ab protein after ingestion and dispersal of genetically
modified maize in comparison to rapeseed by fallow deer (Dama dama). Eur J Wildlife Res
2008, 54, 36-43.

70. Gruber, H.; Guertler, P.; Meyer, H. H. D.; Miller, M., Investigation of cow liquid
manure for the presence of cry1Ab DNA after feeding genetically modified maize (MON810).
. J Cons Protect Food Safety 2011, submitted.

71. Guertler, P.; Paul, V.; Albrecht, C.; Meyer, H. H., Sensitive and highly specific
quantitative real-time PCR and ELISA for recording a potential transfer of novel DNA and
Cry1Ab protein from feed into bovine milk. Anal Bioanal Chem 2009, 393, 1629-38.

72. Chevallier, T.; Muchaonyerwa, P.; Chenu, C., Microbial utilisation of two proteins
adsorbed to a vertisol clay fraction: toxin from Bacillus thuringiensis subsp. tenebrionis and
bovine serum albumin. Soil Biol Biochem 2003, 35, 1211-1218.

73. Pagel-Wieder, S.; Gessler, F.; Niemeyer, J.; Schréder, D., Adsorption of the Bacillus
thuringiensis toxin (Cry1Ab) on Na-montmorillonite and on the clay fractions of different soils.
J Plant Nutr Soil Sci 2004, 167, 184-188.

74. Tapp, H.; Calamai, L.; Stotzky, G., Adsorption and binding of the insecticidal proteins
from Bacillus thuringiensis subsp. kurstaki and subsp. tenebrionis on clay minerals. Soil Biol
Biochem 1994, 26, 663-679.

75. Braid, M. D.; Daniels, L. M.; Kitts, C. L., Removal of PCR inhibitors from soil DNA by
chemical flocculation. J Microbiol Methods 2003, 52, 389-93.

49



References

76. Zhou, J.; Bruns, M. A_; Tiedje, J. M., DNA recovery from soils of diverse composition.
Appl Environ Microbiol 1996, 62, 316-22.

77. Douville, M.; Gagne, F.; Blaise, C.; Andre, C., Occurrence and persistence of Bacillus
thuringiensis (Bt) and transgenic Bt corn cry1Ab gene from an aquatic environment.
Ecotoxicol Environ Saf 2007, 66, 195-203.

78. Romagnolo, D.; Polan, C. E.; Barbeau, W. E., Electrophoretic analysis of ruminal
degradability of corn proteins. J Dairy Sci 1994, 77, 1093-9.

79. Aga, D. S.; Goldfish, R.; Kulshrestha, P., Application of ELISA in determining the fate
of tetracyclines in land-applied livestock wastes. Analyst 2003, 128, 658-62.

80. Deng, A.; Himmelsbach, M.; Zhu, Q. Z.; Frey, S.; Sengl, M.; Buchberger, W_;
Niessner, R.; Knopp, D., Residue analysis of the pharmaceutical diclofenac in different water
types using ELISA and GC-MS. Environ Sci Technol 2003, 37, 3422-9.

81. Gascon, J.; Oubina, A.; Barceld, D., Detection of endocrine-disrupting pesticides by
enzyme-linked immunosorbent assay (ELISA): application to atrazine. TrAC Trends Anal
Chem 1997, 16, 554-562.

82. Nguyen, H. T.; Jehle, J. A., Quantitative analysis of the seasonal and tissue-specific
expression of Cry1Ab in transgenic maize MON810. J Plant Dis Prot 2007, 114, 82-87.

83. Saxena, D.; Stotzky, G., Bt toxin is not taken up from soil or hydroponic culture by
corn, carrot, radish, or turnip. Plant Soil 2002, 239, 165-172-172.

84. Pulford, I. D.; Tabatabai, M. A., Effect of waterlogging on enzyme activities in soils.
Soil Biol Biochem 1988, 20, 215-219.

85. Saeglitz, C.; Bartsch, D.; Eber, S.; Gathmann, A.; Priesnitz, K. U.; Schuphan, I,
Monitoring the Cry1Ab susceptibility of European corn borer in Germany. J Econ Entomol
2006, 99, 1768-73.

86. Crecchio, C.; Stotzky, G., Insecticidal activity and biodegradation of the toxin from
Bacillus thuringiensis subsp. kurstaki bound to humic acids from soil. Soil Biol Biochem 1998,
30, 463-470.

87. Hoess, S.; Arndt, M.; Baumgarte, S.; Tebbe, C. C.; Nguyen, H. T.; Jehle, J. A., Effects
of transgenic corn and Cry1Ab protein on the nematode, Caenorhabditis elegans. Ecotoxicol
Environ Saf 2008, 70, 334-40.

88. Icoz, |.; Stotzky, G., Fate and effects of insect-resistant Bt crops in soil ecosystems.
Soil Biol Biochem 2008, 40, 559-586.

89. de Luis, R.; Lavilla, M.; Sanchez, L.; Calvo, M.; Pérez, M., Immunochemical detection
of Cry1A(b) protein in model processed foods made with transgenic maize. Eur Food Res
Technology 2009, 229, 15-19-19.

90. de Maagd, R. A.; Bosch, D.; Stiekema, W., Bacillus thuringiensis toxin-mediated
insect resistance in plants. Trends Plant Sci 1999, 4, 9-13.

91. Ferre, J.; Van Rie, J., Biochemistry and genetics of insect resistance to Bacillus
thuringiensis. Annu Rev Entomol 2002, 47, 501-33.

50



References

92. Gomez, |.; Dean, D. H.; Bravo, A.; Soberon, M., Molecular basis for Bacillus
thuringiensis Cry1Ab toxin specificity: two structural determinants in the Manduca sexta Bt-
R1 receptor interact with loops alpha-8 and 2 in domain Il of Cy1Ab toxin. Biochemistry 2003,
42, 10482-9.

93. Lutz, B.; Wiedemann, S.; Albrecht, C., Degradation of transgenic Cry1Ab DNA and
protein in Bt-176 maize during the ensiling process. J Anim Physiol Anim Nutr (Berl) 2006,
90, 116-23.

94. Maddaloni, M.; Di Fonzo, N.; Hartings, H.; Lazzaroni, N.; Salamini, F.; Thompson, R.;
Motto, M., The sequence of the zein regulatory gene opaque-2 (0O2) of Zea Mays. Nucleic
Acids Res 1989, 17, 7532.

95. Chowdhury, E. H.; Mikami, O.; Murata, H.; Sultana, P.; Shimada, N.; Yoshioka, M.;
Guruge, K. S.; Yamamoto, S.; Miyazaki, S.; Yamanaka, N.; Nakajima, Y., Fate of maize
intrinsic and recombinant genes in calves fed genetically modified maize Bt11. J Food Prot
2004, 67, 365-70.

96. Einspanier, R.; Klotz, A.; Kraft, J.; Aulrich, K.; Poser, R.; Schwagele, F.; Jahreis, G.;
Flachowsky, G., The fate of forage plant DNA in farm animals: a collaborative case-study
investigating cattle and chicken fed recombinant plant material. Eur Food Res Technol 2001,
212, 129-134.

97. Gutteridge, S.; Gatenby, A. A., Rubisco Synthesis, Assembly, Mechanism, and
Regulation. Plant Cell 1995, 7, 809-819.

98. Romanowski, G.; Lorenz, M. G.; Wackernagel, W., Adsorption of plasmid DNA to
mineral surfaces and protection against DNase |. Appl Environ Microbiol 1991, 57, 1057-61.

99. Lerat, S.; Gulden, R. H.; Hart, M. M.; Powell, J. R.; England, L. S.; Pauls, K. P.;
Swanton, C. J.; Klironomos, J. N.; Trevors, J. T., Quantification and persistence of
recombinant DNA of Roundup Ready corn and soybean in rotation. J Agric Food Chem
2007, 55, 10226-31.

51



Scientific Communications

9 Scientific Communications

9.1 Publications

Entire publications

Richard A. Williamson, Helga Bartels, Gilian Murphy, Robert B. Freedman, 1994: Folding
and Stability of the active N-terminal Domain of Tissue Inhibitor of Metalloproteinases-1 and
—2. Protein Engineering. 7 no. 8, 1035-1040.

Fernando Miragall, Peter Albiez, Helga Bartels, Uwe de Vries, Rolf Dermietzel, 1997:
Expression of the Gap Junction Protein Connexin43 in the Subependymal Layer and the
Rostral Migratory Stream of the Mouse: Evidence for an Inverse Correlation between
Intensity of Connexin43 Expression and Cell Proliferation Activity. Cell Tissue Res 287 2,
243-253.

Helga Bartels, Ulrich Stetter, Franz Makeschin, 1999: Der Einflu der Bestockung auf
mikrobielle und chemische Oberbodeneigenschaften eines Pseudogleystandorts. Mitt.
Deutsch. Bodenkundl. Gesellsch. 89 , 197-200.

Helga Gruber, Monika Sedimeier, Berta Killermann, 2003: A Monoclonal Antibody specific for
a Unique Epitope of High Molecular Weight Glutenin Subunit 1 allows Immunological
Discrimination of Glu-A1 Alleles. The Gluten Proteins, Proceedings of the 8" Gluten
Workshop,Viterbo, Italy, 50-53.

Martin Schlapschy, Helga Gruber, Oliver Gresch, Claudia Schafer, Christoph Renner,
Michael Pfreundschuh, Arne Skerra, 2004: Functional Humanization of an Anti-CD30 Fab
Fragment for the Immunotherapy of Hodgkin's Lymphoma using an In Vitro Evolution
Approach. Protein Eng Des Sel. 12, 847-60.

Helga Gruber, Berta Killermann, 2006: Entwicklung und Einsatz monoklonaler Antikérper zum
Nachweis von hochmolekularen Gluteninen in der Qualitatsweizenzichtung. Vortr.
Pflanzenzicht. 69, 107-116.

Helga Gruber, Berta Killermann 2007: Development and Application of Fast Immunological
Selection Methods for High Molecular Weight Glutenin Subunits in Wheat Breeding. 9"

52


http://link.springer.de/link/service/journals/00441/bibs/7287002/72870243.htm
http://link.springer.de/link/service/journals/00441/bibs/7287002/72870243.htm
http://link.springer.de/link/service/journals/00441/bibs/7287002/72870243.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15708864&query_hl=8&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15708864&query_hl=8&itool=pubmed_DocSum

Scientific Communications

International Gluten Workshop, San Francisco. Gluten proteins 2006, 28-32, ISBN: 978-1-
891127-57-1.

Helga Gruber, Vijay Paul, Heinrich H.D. Meyer, Martin Muller 2008: Validation of an enzyme
immunoassay for monitoring Cry1Ab toxin in soils planted with Bt-maize (MON810) in a long-
term field trial on four South German sites. Journal of Consumer Protection and Food Safety
3, Supplement 222-25.

Martin Schlapschy, Fogarasi Marton, Helga Gruber, Oliver Gresch, Claudia Schafer , Aguib
Yasmine, Arne Skerra 2009: Functional humanization of an anti-CD16 Fab fragment:
obstacles of switching from murine {lambda} to human {lambda} or {kappa} light chains.

Protein Engineering Design and Selection 22(3):175-88.

Helga Gruber, Vijay Paul, Hubert Spiekers, Heinrich H.D. Meyer, Martin Miller 2010:
Eintragspfade und Degradation von Bt-Protein in landwirtschaftlich genutzten Bdden.
Schriftenreihe zur 3. Fachtagung ,Gentechnik fir Umwelt- und Verbraucherschutz
Herausgeber: Bayerisches Landesamt flir Gesundheit und Lebensmittelsicherheit ISBN 978-
3-942018-02-9: 23-37.

Helga Gruber, Vijay Paul, Heinrich H.D. Meyer, Martin Muller 2011: Determination of
insecticidal Cry1Ab protein in soil collected in the final growing seasons of a nine-year field
trial of Bt-maize MON810. Transgenic Research DOI : 10.1007/s11248-011-9509-7.

Helga Gruber, Vijay Paul, Patrick Guertler, Ales Tichopad, Hubert Spiekers, Heinrich H.D.
Meyer, Martin Muller 2011: Fate of Cry1Ab protein in agricultural systems under slurry
management of cows fed genetically modified maize (Zea mays L.) MON810 — a quantitative
assessment. Journal of Agricultural and Food Chemistry 59 (13), pp 7135-7144, DOI:
10.1021/jf200854n

Helga Gruber, Patrick Guertler, Heinrich H.D. Meyer, Martin Muller 2011: Investigation of
cow liquid manure for the presence of cry1Ab DNA after feeding genetically modified maize

(MON810). Journal of Consumer Protection and Food Safety, submitted

Helga Gruber 2011: Nachweis von Cry1Ab-Protein im Boden nach dreijahrigem Bt-Mais-
Anbau. In Anbauversuche mit Bt-Mais in Sachsen. Schriftenreihe des LfULG, Heft 11/2011.
Herausgeber: Sachsisches Landesamt fur Umwelt, Landwirtschaft und Geologie, Dresden
ISSN: 1867-2868: 94-100

53


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schlapschy%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fogarasi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gruber%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gresch%20O%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%A4fer%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aguib%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aguib%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Skerra%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/19022801?dopt=Abstract##

Scientific Communications

9.2 Presentations
In terms of this doctoral thesis

Helga Gruber ,Was passiert mit dem Bt-Protein aus GVO-Mais (MON810) in Boden?“ LfL-
Jahrestagung 2008, Landshut, 04.11.08

Helga Gruber ,Zum Eintrag von Cry1Ab-Protein aus Bt-Mais-Ernteriickstanden und Giille Bt-
Mais gefltterter Rinder in den Boden“ Fachkollogium der LfL-Institute 2009, Freising,
27.01.09

Helga Gruber ,Eintragspfade und Degradation von Bt-Protein in landwirtschaftlich genutzten
Boden® 3. Fachtagung Gentechnik des Landesamtes flir Gesundheit und
Lebensmittelsicherheit, OberschleilRheim, 02.12.09

Helga Gruber ,Nachweis von Cry1Ab-Protein im Boden nach dreijahrigem Bt-Maisanbau®
Fachkolloquium: Untersuchungen zum GVO-Anbau in Sachsen, Kollitsch Sachsen,
26.04.2010

9.3 Posters
In terms of this doctoral thesis

Gruber H., Paul V., Gellan S., Meyer H.H.D. and M. Miiller (2007), Was passiert mit dem Bt-
Protein aus GVO-Mais im Boden? Tag der offenen Tir der Bayerischen Landesanstalt flr
Landwirtschaft (LfL) Grub, 30.09.2007

Gruber H., Paul V., Meyer HH.D. and M. Miller (2008), Validation of an enzyme
immunoassay for monitoring Cry1Ab toxin in soils planted with Bt-maize (MON810) in a long-
term field trial on four South German sites. 3. Workshop on Post Market Environmental
Monitoring of Genetically Modified Plants. Julius Kiihn-Institut, Berlin, 24. - 25.04.08

Gruber H., Paul V, Spiekers H., Meyer H.H.D. and M. Muller (2008), Was passiert mit dem
Bt-Protein aus GVO-Mais (MON810) in Boden? Jahrestagung der Bayerischen
Landesanstalt fur Landwirtschaft (LfL), Landshut, 04.11.08

Gruber H. (2010), Eintrag von Bt-Protein auf landwirtschaftliche Nutzflachen GVO-

Themenzentrum, Feldtage der Deutschen Landwirtschafts-Gesellschaft (DLG), Gut
Bockerode, Springe, 15. - 17.06.2010

54



Appendix

10 Appendix

Publications in terms of this doctoral thesis

Appendix 1:

Gruber H., Paul, V., Meyer, HH.D., and M. Miller. 2008. Validation of an enzyme
immunoassay for monitoring Cry1Ab toxin in soils planted with Bt-maize (MON810) in a long-
term field trial on four South German sites. Journal for Consumer Protection and Food Safety
3, Supplement 2: 22-25.

Appendix 2:

Gruber H., Paul V., Meyer H.H.D., Muller M. 2011. Determination of insecticidal Cry1Ab
protein in soil collected in the final growing seasons of a nine-year field trial of Bt-maize
MONS810. Transgenic Research, DOI: 10.1007/s11248-011-9509-7

Appendix 3:

Gruber H., Paul V., Guertler P., Tichopad A., Spiekers H., Meyer H.H.D., Miller M. 2011.
Fate of Cry1Ab protein in agricultural systems under slurry management of cows fed
genetically modified maize (Zea mays L.) MON810 — a quantitative assessment. Journal of
Agricultural and Food Chemistry, 59 (13), pp 7135-7144, DOI: 10.1021/jf200854n

Appendix 4:
Gruber H., Guertler P., Meyer H.H.D., Mller M. 2011. Investigation of cow liquid manure for
the presence of cry1Ab DNA after feeding genetically modified maize (MON810). Journal for

Consumer Protection and Food Safety, submitted

55



Journal fur Verbraucherschutz und Lebensmittelsicherheit

J.Verbr. Lebensm. 3 (2008) Supplement 2: 22-25
I Journal of Consumer Protection and Food Safety

1661-5751/08/120022-4
DOI10.1007/s00003-009-0399-z
© Birkhauser Verlag, Basel, 2009

Validation of an enzyme immunoassay for monitoring CrylAb
toxin in soils planted with Bt-maize (MION810) in a long-term field
trial on four South German sites

H. Gruber', V. Paul?, H. H. D. Meyer?, and M. Miiller'

'Bavarian State Research Center for Agriculture, Freising, Germany
*Technische Universitdt Miinchen, Physiology Weihenstephan, Freising, Germany

Correspondence to: Dr. Helga Gruber, 'Bavarian State Research Center for Agriculture,
Institute for Crop Science and Plant Breeding, Am Gereuth 8, D-85354 Freising, Germany,
Tel.: +49-(0)8161-714306, Fax: +49-(0)8161-714407, E-mail: Helga.Gruber@LfL.bayern.de

Eingegangen: 2. Dezember 2008

Key words: Bt-maize (MON810), CrylAb protein, enzyme im-
munoassay, EU-Decision 2002/657/EC, soil.

Abstract: For monitoring the environmental impacts of a gen-
etically modified crop well-established methods are a key re-
quirement for the collection of appropriate data. With regard to
the fate of CrylAb protein from Bt-maize MONS810 released by
root exudates, plant residues and pollen deposition into soil, a
highly specific and sensitive sandwich enzyme immunoassay for
detection and quantification of CrylAb in soil matrix was deve-
loped. The assay was validated according to the criteria of EU-
Decision 2002/657/EC for a range of soils originating from four
selected experimental field sites in South Germany, where Bt-
maize MONB810 has been cultivated. On three sites Bt-maize was
grown permanently for eight years whereas one site was crop-
ped with Bt-maize for one year only. The validation of the me-
thod showed that the assay fulfils the validation criteria as
prescribed in the guidelines of the EU-Decision with minor res-
trictions. When the assay was applied to field soil samples col-
lected from the selected four experimental sites six months after
harvest, no CrylAb protein was detectable. By ELISA-determina-
tion and quantification of CrylAb protein in soils collected from
these sites at further time points more profound knowledge
about the long-term behaviour of CrylAb protein in soil will be
obtained.

1. Introduction

Bt-maize MONS8I10 expressing insecticidal endotoxin CrylAb
from Bacillus thuringiensis (Bt) exhibits specific insect res-
istance against infestation by the European corn borer Ostrinia
nubilalis. Thus Bt-maize cultivation decreases the need for
chemical insecticides and represents an important alternative
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Fig. 1 Plot design on the four experimental field sites.

to the cropping of non genetically modified maize varieties
managed with applications of conventional pesticides. Since
the introduction of the Bt-maize technology the total area of
agricultural land planted with Bt-maize crops has been grown
up to 35 million hectares worldwide in 2007. In the European
Union only Bt-maize MONS8I0 varieties expressing the CrylAb
toxin have been approved for commercial growth in 1998. Cry
toxins are considered harmless or non-toxic to human and
farm animals and there is no evidence for adverse effects of Bt
maize MONS8I10 cultivation onto nontarget invertebrates from
field experiments if compared to nontransgenic fields mana-
ged with insecticides (Marvier et al., 2007). However, as CrylAb
protein may be introduced into the soil during cultivation and
harvest by root exudates, pollen deposition and incorporation
of plant material (Stotzky, 2000), there is still concern about Bt
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maize posing a risk to the agricultural ecosystem. From the
finding that CrylAb protein can rapidly adsorb to clay minerals
and humic substances in soil the question arises whether plant
produced CrylAb may accumulate and persist in soil (Icoz and
Stotzky 2007). In order to clarify this issue a lot of studies have
been performed (amongst others by Wang, 2006, Baumgarte
and Tebbe, 2005, Hopkins and Gregorich, 2003) to estimate
CrylAb protein in soils from fields cropped with Bt plants. In
these field studies a great variation of CrylAb protein amounts
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Fig. 2 Calibration curve for CrylAb protein quantification in soil using
CrylAb protein standards in extraction buffer.

in bulk soil samples and of the time period CrylAb protein was
detected after harvesting is observed. The reason for this va-
riation can be easily explained by the various cropping systems
and soil types studied and the application of different assay
systems used for quantification of the CrylAb protein. Though
the commercially available CrylAb ELISA Kkits used in these
studies are reported to detect CrylAb protein down to 0.1 ng
ml? soil extract, extensive validation of the kits before their
application to soil samples has not been reported.

In the present study the development of a sensitive, specific
sandwich ELISA for the detection and quantification of CrylAb
in soilis described (Paul et al., 2008). The assay was validated as
required by the guidelines of EU-Decision 2002/657/EC for a
range of selected soils from experimental field sites and a first
set of soils was analysed using the new method.

2. Methods

2.1 Experimental field sites and soil sampling

Experimental fields are located on four different sites in the
state of Bavaria in the South of Germany. Each field contains
four replicate plots planted with Bt-maize MONGS810 or a non Bt-
maize variety (Fig. 1). At the Puch, Baumannshof and Grub sites
Bt-maize was grown continuously for seven years in a long-
term study before sampling. In Finsing, Bt-maize was cultiv-
ated for one year. Soil samples were collected in depths of 0-
30 cm and 30-60 cm in April 2007 before sowing, sieved at
2 mm mesh-size and stored at -20 °C.

2.2. ELISA

A highly specific and sensitive sandwich enzyme immu-
noassay based on immunoaffinity purified polyclonal anti-
body raised against 65 kDa active CrylAb toxin in rabbit was
developed for the detection and quantification of CrylAb toxin
in soil. Duplicates of 50 ul CrylAb protein calibrators (0.04 to 20
ng ml?) and soil extracts were used in ELISA and a CrylAb
protein calibration curve was constructed. CrylAb toxin con-
centrations were determined in unknown samples by inter-
polation.

2.3. Validation

The assay validation for calculation of CCa and CCf values for
the CrylAb toxin ELISA was performed according to the gui-
delines of EU-Decision 2002/657/EC on 32 soil samples collec-
ted from the surroundings of experimental fields. CCa value
was calculated from the CrylAb protein background noise
level in the blanks and CCp value was determined by fortifying
the same samples at the concentration level of CCa value.
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Tab. 1 Cry1Ab protein determination in soil samples collected six months after harvest. Data are expressed as ng Cry1Ab protein g™ soil and represent

mean values (four replicates).

Field site Puch Baumannshof Grub Finsing
Soil depth 0-30cm 30-60cm 0-30cm 30-60cm 0-30cm 0-30cm
Non-Bt-maize < 0.40 < 0.40 < 0.40 < 0.40 < 0.40 < 0.40
Bt-maize (MON810) < 0.40 < 0.40 < 0.40 < 0.40 < 0.40 0.45

2.4. Recovery

Soil samples with non-detectable levels of CrylAb protein were
collected from experimental fields in spring. Recovery rates for
CrylAb toxin were investigated by spiking four replicate soil
samples per site and depth at concentration levels of 5, 20 and
60 ng CrylAb protein per g of fresh soil.

3. Results

3.1. Assay sensitivity for CrylAb toxin

A calibration curve used for CrylAb determination in soil is
shown in Fig. 2. The analytical range of the assay is 0.04 to 20
ng CrylAb mL" extraction buffer which corresponds to 0.4 ng
to 200 ng CrylAb protein g™ soil and allows determination of
CrylAb down to the analytical limit of 0.4 ng CrylAb protein g’
!soil.

3.2. Decision limit and detection capability

The background values for CrylAb protein in soil determined
by analysis of 32 blank samples ranged from 0.4 to 2.37 ng g’
with a mean value of 0.65 ng g. The decision limit CCa cal-
culated from the mean value of blank samples was 2.0 ng
CrylAb protein g” soil. After the 32 samples were fortified at
the concentration level of CCa values ranged from 0.70 to 3.27
ng g* (mean 1.95 ng g*; S.D. 0.65 ng g?). The calculated dete-
ction capability CCB was 3.1 ng CrylAb protein g* soil (Fig. 3).

3.3. Recovery rates for CrylAb protein in soil

When blank soil samples from experimental field sites were
fortified with CrylAb protein at concentration levels of 5, 20
and 60 ng CrylAb protein g™ soil recoveries ranged from 45 % to
91%. The recovery rates showed a strong dependence to the
origin of soil. The highest recovery was reached in the upper
layer of Baumannshof soil (mean of three spike concentrations
89%) whereas in the lower layer of the Puch soil recovery
averaged 49%.

3.4. Surveillance of CrylAb protein in experimental field soils
In all soil samples collected from experimental fields six
months after harvest CrylAb protein concentrations were far
below the decision limit CCa (Tab.1). Neither on Bt-maize
MONS810 nor on non-Bt-maize plots CrylAb protein was dete-
ctable in these soil samples.

4. Conclusions

A sandwich ELISA based on an immunoaffinity purified poly-
clonal antibody has been developed for the CrylAb protein

determination in soil. It was validated for a selected set of four
soil types corresponding to four experimental Bt-maize field
sites. For these sites the assay meets the validation criteria of
the EU-Decision 2002/657/EC, but as a result of low CrylAb
protein recovery rates in some soil types the required 5% limit
for p-error (percentage of samples lying below CCo when
fortified at CCB) was exceeded. As some soils exhibit physico-
chemical properties interfering with the ELISA for CrylAb
protein detection further method development and validation
has to be carried out independently for various soil types.
When the validated CrylAb protein ELISA was applied to field
soil samples collected six months after harvest no CrylAb
protein was detected on either of the sites though three of the
surveilled experimental fields were planted with Bt maize
MONS8I10 continuously for seven years before sampling. In the
future both the validated assay system and the long-term field
experiment will allow for further studies to gain profound
knowledge about the short- and long-term behaviour of
CrylAb protein in agricultural soils.
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Abstract Cultivation of genetically modified maize
(Bt-maize; event MON810) producing recombinant
o-endotoxin CrylAb, leads to introduction of the
insecticidal toxin into soil by way of root exudates
and plant residues. This study investigated the fate of
CrylAb in soil under long-term Bt-maize cultivation
in an experimental field trial performed over nine
growing seasons on four South German field sites
cultivated with MONS810 and its near isogenic non
Bt-maize variety. CrylAb protein was quantified in
soil (<2 mm size) using an in-house validated ELISA
method. The assay was validated according to the
criteria specified in European Commission Decision
2002/657/EC. The assay enabled quantification of
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CrylAb protein at a decision limit (CCa) of 2.0 ng
CrylAb protein g~ ' soil with analytical recovery in
the range 49.1-88.9%, which was strongly correlated
with clay content. Cryl Ab protein was only detected
on one field site at concentrations higher than the
CCu, with 2.91 and 2.57 ng CrylAb protein g~ soil
in top and lower soil samples collected 6 weeks after
the eighth growing season. Cry1Ab protein was never
detected in soil sampled in the spring before the next
farming season at any of the four experimental sites.
No experimental evidence for accumulation or per-
sistence of CrylAb protein in different soils under
long-term Bt-maize cultivation can be drawn from
this field study.

Keywords Soil - Genetically modified maize -
Bt-maize MONS810 - Long-term field trial - CrylAb
protein - Biosafety - ELISA

Introduction

Bacillus thuringiensis (Bt) is a spore-forming bacte-
rium that produces proteinaceous, crystalline inclu-
sions during sporulation. These inclusions may
contain one or more types of insecticidal crystal
proteins (ICPs). The ICPs are solubilized and hydro-
lysed in the midgut of larvae of susceptible insects,
leading to the release of polypeptide toxins which can
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cause larval death by forming receptor-mediated
cation-selective ion channels in the membrane of
epithelial cells, disruption of the midgut epithelial
barrier, and osmotic cell lysis (Schnepf et al. 1998;
Hoefte and Whiteley 1989). Numerous distinct crys-
tal protein (cry) genes coding for insecticidal Cry
proteins of different amino acid sequence, size, and
structure have been identified (Crickmore et al.
1998). Each class of Cry proteins is characterized
by a narrow range of susceptible target organism
species offering very target-oriented pest-manage-
ment by application of selected Cry-proteins as
insecticides. In the early 1990s genetically modified
(gm) Bt-plants expressing insecticidal Cry proteins
were generated and followed by the first approval and
commercialized release of gm maize varieties in 1996
(Mendelsohn et al. 2003). A broad assortment of
Bt-maize varieties is now distributed in gm maize-
growing countries, including a variety of Cry
proteins, which may be present singularly, in com-
bination, or combined with other traits in stacked
events. Most Bt-maize varieties carry a modified
crylAb gene in their plant genome (CERA-GM Crop
Database 2010) and express a truncated version of the
CrylAb protein which is highly active against
Lepidoptera and widely used to combat the European
corn borer (Ostrinia nubilalis Hiibner), a major pest
in maize fields (Koziel et al. 1993). A benefit of Bt-
crops is the reduced need for application of broad-
spectrum chemical pesticides, because the toxins are
produced continuously within these plants and have
high specificity for insect pests (Roush 1997; Ferré
and Van Rie 2002). On the other hand, there is some
concern that Bt-crops may pose a risk to natural and
agricultural ecosystems, because non-target air and
soil-borne organisms are also exposed to the
recombinant Bt-toxin during the growing season. A
substantial amount of the Bt-protein will be intro-
duced into soil through root exudates and root debris
during the growth of the plant according to Saxena
et al. 2002. After harvest and field management
additional toxin enters the soil from plant residues
and might persist and accumulate when maize is
planted after maize (Tapp and Stotzky 1998; Stotzky
2000). A minor input from pollen can be assumed
(Losey et al. 1999).

Potential effects of recombinant Cry proteins
introduced into the agricultural environment have
been investigated in a wide range of studies on

@ Springer

non-target organisms, for example earthworms, nem-
atodes, and soil microbiota (Saxena and Stotzky
2001, Icoz and Stotzky 2008), on beneficial insects
(predators and parasites of insect pests; Hilbeck et al.
1999; Harwood et al. 2006; Priestley and Brown-
bridge 2009), and on the potential selection and
enrichment of toxin-resistant target insects (Tabash-
nik et al. 1997; Van Rie et al. 1990; Kaiser-Alexnat
et al. 2005). According to current knowledge, how-
ever, there is no scientific evidence from these studies
that Bt-maize poses a severe hazard to any non-target
organism (Marvier et al. 2007; Mendelsohn et al.
2003).

With regard to the biosafety of a new gm crop it is
still important to assess the potential persistence of
the transgenic protein introduced into the soil. In
general, persistence depends on the amounts of toxin
introduced into the soil, the rate of consumption and
inactivation by insect larvae, the rate of microbial
degradation, and its abiotic inactivation (Saxena and
Stotzky 2003). If the input of CrylAb protein into the
soil exceeds its degradation, the toxin could accu-
mulate particularly in soil under long-term cultivation
of Bt-maize. The possibility of persistence and
accumulation of CrylAb protein in soil was
addressed in earlier studies on the binding of the
proteinaceous toxin to surface-active particles, for
example clay minerals and humic substances.
Adsorption and tight binding of purified CrylAb
protein to clay minerals has been reported in several
laboratory studies (Pagel-Wieder et al. 2007; Crec-
chio and Stotzky 2001; Stotzky 2000, 2002). In
natural soil, this binding can reduce the availability of
the transgenic protein to microbes and thus inhibit
microbial degradation and lead to the persistence of
clay-bound toxin (Koskella and Stotzky 1997). Fur-
thermore, clay bound toxin retained its larvicidal
activity in these studies (Tapp and Stotzky 1995;
Saxena and Stotzky 2000).

Qualitative and quantitative analysis of the
Bt-protein content of agricultural soil derived from
experimental fields has been performed in a consid-
erable range of studies using different immunological
detection methods. Maximum concentrations of
CrylAb protein reported in bulk soil by Baumgarte
and Tebbe (2005) were in the range 3 ng CrylAb
protein g~ ' soil, whereas Hopkins and Gregorich
(2003) found 4.4 ng CrylAb protein g~' soil in
the soil fraction >2 mm size but only traces
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(below 0.1 ng g~ 1) in fine soil <2 mm size. Saxena
and Stotzky (2000) qualitatively determined CrylAb
protein in Bt-maize rhizosphere soil using Lateral
Flow Quickstix (EnviroLogix detection limit
<10 ppb corresponding to 10 ng Cry protein g~
soil) and assessed all soil samples positive for the
presence of the Bt-toxin. Head et al. (2002) reported
no CrylAc protein accumulation in soil under Bt-
cotton cultivation. Likewise, Wang et al. (2006)
could not detect Cryl Ab protein from transgenic rice
(KMD) in rhizosphere soil.

In these experimental field trials, the maximum
time of Bt-crop cultivation was five years. Thus, the
issue of a potential accumulation of CrylAb protein
in soil as a result of continuous entry of Bt-maize
plant residues over more than five vegetation periods
has not been addressed in these studies. For this
reason experimental Bt-maize field plots established
on four different sites in the South of Germany in the
year 2000 (Bavarian Research Center for Agricul-
ture—Bayerische Landesanstalt fiir Landwirtschaft
2005) were of a special interest for obtaining further
knowledge about the long-term behaviour of the
Bt-toxin in soil, because Bt-maize MON810 produc-
ing the J-endotoxin CrylAb was grown without
interruption on these field sites.

Highly specific and sensitive analytical methods
are essential to trace and quantify the minor
amounts of CrylAb protein which could be detected
in soil after entry of Bt-maize plant residues. The
most common and reliable technique for sensitive
detection and quantification of CrylAb protein is
enzyme-linked immunosorbent assay (ELISA). In
this study we applied an in-house developed and
standardized ELISA based on a highly specific
immunoaffinity purified polyclonal antibody for
CrylAb protein determination in animal liquids
and animal by-products (Paul et al. 2008, 2010).

The assay was successfully validated and has been
used for surveillance of transgenic protein in feed,
and in the faeces, blood plasma, milk, and urine of
cows (Guertler et al. 2009, 2010). This method was
adopted and validated according to the guidelines
for analytical method validation cited in European
Commission Decision 2002/657/EC (Byrne 2002)
for quantitative analysis of CrylAb protein in the
soil matrix (Gruber et al. 2008). By application of
this validated assay, quantities of CrylAb protein
in soil samples from different field sites and
with distinct physicochemical properties can be
measured.

The objective of this study was to quantify and
compare the amounts of CrylAb protein and its
degradation behaviour in agricultural soils from four
different experimental field sites during the eighth
and ninth Bt-maize MONS810 growing seasons in a
nine-year continuous Bt-maize planting study. The
main focus of the study was to investigate any
possibility of persistence or accumulation of the
recombinant CrylAb protein in soil after long-term
Bt-maize cropping.

Materials and methods

Experimental field sites, maize cultivars and soil
sampling

The four experimental field sites Baumannshof, Puch,
Neuhof, and Grub are located in Bavaria in the South
of Germany. The main features of the field sites and
their soil characteristics are given in Table 1. Each
field contained four replicate plots cultivated with the
Bt-maize variety Kuratus (event MON810) and four
replicate plots planted with the near isogenic maize
variety Gavott (both cultivars were from KWS Saat,

Table 1 Experimental sites and soil characteristics in the field trial investigating Bt-maize long-term cultivation over a period of

nine growing seasons

Field site Absolute FAO soil pH Soil texture 0-30 cm Mean Average rainfall
altitude (m) type CaCl, (% clay/% silt/% sand) temperature (°C) (mm/year)

Baumannshof 365 Cambisol 4.8 6/7/87 7.8 636

Puch 550 Rendzina 5.8 18/70/12 8.0 920

Grub 525 Luvisol 7.0 30/42/28 74 967

Neuhof 516 Planosol, gleysol 6.8 21/6/18 7.6 764
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Einbeck, Germany). MONS810 cultivars were chosen
because they constituted the only genetically modi-
fied crops approved for cultivation in the European
Union at the time of the field trial. The size of the
replicate plots was 25 m x 30 m. A detailed view of
the plot design is given in Gruber et al. (2008).
Growing of gm (MON810) and non-gm maize
cultivars was started in 2000 and continued without
interruption until the end of the maize growing
season in 2008. Whole maize plants were harvested
for grain maize according to good agricultural
practice. Chopped plant residues, maize stubble,
and root material remained on the field plots. Soil
samples analysed in this study were collected from
experimental field plots in 2007, 2008, and 2009. Soil
samples were collected from each plot at a depth of
0-30 cm and 30-60 cm at ten sampling points by
using a drilling core (diameter 4.5 cm). Ten individ-
ual drilling core soil samples were mixed and
combined to obtain one sample per plot and depth.
The soil samples were stored under cold conditions
until further processing. In the laboratory, soil
samples were mixed well and sieved to 2 mm mesh
size. Aliquots of the fraction <2 mm were stored at
—20°C until analysed for CrylAb protein. In soil
samples from all analysed field sites collected in the
spring before seeding, no maize plant litter particles
>2 mm were retained after sieving. All residual
small-sized organic material of decomposing Bt-
maize plants was included in the CrylAb protein
analysis of spring samples.

Extraction and quantification of CrylAb protein

Reagents used were of analytical grade and supplied
by Merck (Darmstadt, Germany) unless stated
otherwise. HPLC-purified trypsin-activated CrylAb
protein for standard preparation was provided by Dr
William J. Moar, Auburn University, USA. Highly
specific polyclonal antibodies against CrylAb protein
were raised in rabbits, immunoaffinity purified, and
labelled with biotin as described elsewhere (Paul
et al. 2008).

For protein extraction, 200 mg (wet weight) fresh
soil was mixed with 2 ml ice-cold extraction buffer
(8 mM NaH,PO,, 137 mM NaCl, 2.7 mM KClI,
1.5 mM KH,POy, 2.5 mM EDTA, 0.1% Tween 20;
pH 7.4) containing 0.5% skim milk and extracted by
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vigorous horizontal shaking (220 movements per
min) at ambient temperature. Soil suspensions were
centrifuged at 4,500 rpm, 15 min, 4°C. A 400-pl
aliquot of the supernatant was centrifuged at
15,000 rpm and 4°C for 15 min and the clear sample
extract (supernatant) was directly used for CrylAb
protein quantification in the ELISA.

ELISA procedure and assay validation

A previously developed and optimized sandwich
ELISA based on highly specific immunoaffinity
purified anti-CrylAb protein rabbit polyclonal anti-
body (Paul et al. 2008) was validated according to the
guidelines of European Commission Decision
2002/657/EC for quantification of CrylAb protein
in soil extracts (Gruber et al. 2008). The assay
enabled analysis of CrylAb protein in soil with a
decision limit (CCo value) of 2.0 ng CrylAb protein
g ! wet soil.

In brief, the ELISA procedure was performed in
96-well microtiter plates (Maxisorp, Nunc, Denmark)
coated with immunoaffinity purified anti-CrylAb
antibody at a concentration of 0.025 pg well™' in
100 pl 50 mM sodium carbonate/bicarbonate buffer
pH 9.6 and blocked with 300 pul 1% BSA in PBST
(Serva, Heidelberg, Germany) well™!, Aliquots of
50 ul CrylAb protein standards (2-1,000 pg per
50 pl extraction buffer) and unknown sample extracts
were added in duplicate to respective wells of the
microtiter plate followed by addition of 50 ul PBST.
Plates were incubated overnight at 6-8°C while
shaking and washed six-times with PBST the next
day. The amount of antibody-captured CrylAb
protein in the respective wells was determined by
applying 0.5 ng biotin-labelled anti-CrylAb detec-
tion antibody in 100 pl PBST to each well, followed
by Streptavidin—horseradish peroxidase enzyme con-
jugate (Roche Diagnostics, Germany; 100 pl, diluted
1:20,000 in PBST) and subsequent incubation with
150 wl 3,3',5,5'-tetramethylbenzidine (TMB; Sigma,
Germany) for 35 min. The reaction was stopped by
adding 50 pl 2 M sulfuric acid. Absorbance was read
at 450 nm in a microplate reader (Sunrise, Tecan,
Germany) and CrylAb protein concentrations in
unknown samples were interpolated from the Cryl1Ab
protein calibration curve generated using online
Magellan V6.1 software (Tecan, Austria).
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Analytical recovery

Analytical recovery of CrylAb protein in soil sam-
ples was determined in field site-representative soil
samples taken at a minimum distance of 300 m from
the Bt-maize field plots in 2007 before sowing.
Additional soil samples from two Bavarian experi-
mental field sites (Schwarzenau and Finsing) were
included in the recovery study to obtain more
information about the analytical performance of the
assay. Eight independent replicate blank soil samples
(200 mg) for each field site and soil depth were
spiked with CrylAb protein at concentrations of 1.0,
4.0, 12.0ng CrylAb protein in 100 ul PBS
(8 mM NaH,PO,, 137 mM NaCl, 2.7 mM KClI,
1.5 mM KH,PO,; pH 7.4) and incubated on ice for
20 min to enable adsorption and binding of the
protein to surface-active soil particles. A control
sample was incubated with 100 pl PBS only. CrylAb
protein was quantified in spiked soil samples using
the CrylAb protein ELISA and analytical recovery
calculated in relation to the amount of CrylAb
protein determined by ELISA in the spiking
solutions.

Soil texture analysis

Soil texture analysis was performed on aliquots of the
eight replicate field site soil samples used in the
recovery study. Air-dried soil particles <2 mm in
diameter were assessed for particle size distribution
in accordance with DIN ISO 11277 by sedimentation
in a Sedimat 4-12. H,0O, pretreatment to remove
organic matter was omitted.

CrylAb protein quantification in experimental
field soils

Immunoreactive CrylAb protein was quantified in
bulk soil samples from four experimental field sites in
the eighth and ninth growing seasons of consecutive
cultivation of Bt-maize MONS810 (variety Kuratus)
and the near isogenic Non-Bt-maize variety (Gavott).
Soil was also collected in spring after nine years of
Bt-maize cropping and analysed for CrylAb protein
determination. For each sampling date, soil samples
from four replicate plots cropped with Bt-maize or
Non-Bt-maize were investigated. The sandwich
ELISA wused for CrylAb protein analysis was

validated on the experimental field soils. The vali-
dated assay enabled CrylAb protein determination
and quantification at a decision limit, CCax, of 2.0 ng
CrylAb protein g~' wet soil. When EU validation
guidelines for an analytical method are applied, soil
samples below the decision limit (2.0 ng CrylAb
protein g~ " wet soil) will be classified as negative for
the presence of analyte (CrylAb protein) whereas
values higher than the decision limit (2.0 ng CrylAb
protein g~' wet soil) may indicate the presence of
immunoreactive CrylAb protein. The analytical
detection limit given by the minimum concentration
of CrylAb protein calibrator measurable in the
ELISA corresponds to 0.4 ng CrylAb protein g~
soil.

Statistics

Final data are presented as ng CrylAb protein g~
wet weight soil sample. Student’s ¢ test was used to
compare the means of CrylAb concentrations in soil
samples considering a P value below 0.05 as
significant.

Results

Recovery of CrylAb protein from experimental
field site soil

Analytical recovery of purified trypsin-activated
CrylAb protein from representative soil samples of
the experimental Bt-maize fields ranged from 49.1 to
88.9% (Table 2). The lowest recovery was achieved
for Puch (30-60 cm) and the highest recovery for
Baumannshof (0-30 cm). The percentage of CrylAb
protein recovered from the different soils fortified
with known amounts of Cryl Ab protein was strongly
correlated (R = 0.923) with the clay content of the
soils assessed (Fig. 1). High clay content was asso-
ciated with low recovery whereas low clay content
resulted in high recovery of CrylAb protein from
soil. Thus, for the sandy soil from Baumannshof
containing less than 6% clay, analytical recovery was
higher than 85% CrylAb protein. On the other hand,
when the clay content exceeded 25%, as for the lower
depth soils of Puch, Neuhof, Schwarzenau and Grub
field sites, recovery was in the range 49-60%.

@ Springer



Transgenic Res

Table 2 Analytical recovery achieved for CrylAb protein determination in spiked soil samples

Amount of CrylAb protein added Puch Baumannshof Neuhof Grub

-1 il
(g g soih 030cm 3060 cm 030 cm  30-60cm 0-30cm  30-60 cm  0-30 cm
5 759 £36 447 £9.8 90.0£5.1 827+40 792454 564+66 720+40
20 713 +£62 4954+70 899+43 86.6+22 696+29 535+39 61.7+12
60 78.0£8.6 53.14+£97 86.9+55 914+51 622+45 480+44 462 +39
Mean recovery (%) 75.1 49.1 88.9 86.9 70.3 52.6 60.0

Data are presented as mean values = SD (four replicates) as percentages of the amount of CrylAb protein measured in the spike

solution
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Fig. 1 Analytical recovery of CrylAb protein determined in
spiking experiments, and clay content of experimental field site
soils including two independent additional Bt-maize field sites
(SC and FI). Dots represent mean values for each field site
(PU, Puch; BH, Baumannshof; NH, Neuhof; GR, Grub; SC,
Schwarzenau; FI, Finsing) and soil depth (¢, topsoil 0-30 cm;
s, subsoil 30-60 cm) calculated from eight replicate samples
analysed

Quantification of CrylAb protein in soils
of experimental field sites

Quantification of immunoreactive CrylAb protein in
bulk soil samples of four experimental field sites
revealed that the recombinant CrylAb protein was
not detected in any of the soil samples taken from the
control plots cultivated with non-transgenic maize.
For none of these samples did amounts of CrylAb
protein exceed the decision limit, CCa, of 2.0 ng
CrylAb protein g~ soil (Fig. 2). Also, in Bt-maize
MONS810 planted plots, immunoreactive CrylAb
protein was never detected in bulk soil samples
collected in the spring before seeding. Furthermore,
no transgenic protein was determined in any of the
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soil samples from the field sites Baumannshof
(Fig. 2a) and Grub (Fig. 2d).

For all soil samples from Puch field plots amounts
of CrylAb were below the CCo of 2.0 ng CrylAb
protein g~ soil. However, in 2008, in soil (0-30 cm
depth) collected in Puch from transgenic plots directly
after the harvest mean CrylAb protein values were
1.17 £ 0.30 ng CrylAb protein g~' soil, which is
below the CCa but significantly elevated (P < 0.05)
compared with soil samples from non-Bt-maize plots,
in which recombinant protein levels were below the
analytical detection limit of 0.4 ng CrylAb protein
g~ ! soil. Soil from Bt-maize plots of the experimental
field site at Neuhof (collected in December 2007,
6-weeks after harvest) were unequivocally assessed to
be positive for the presence of the recombinant
protein, because CrylAb protein values exceeded
2.0 ng g~ soil (Fig. 2c). Throughout the study, soil
samples collected from Neuhof experimental field site
in December 2007 were the only samples in which
CrylAb concentrations were higher than 2.0 ng
Cry1Ab protein g~ ' soil. Mean Cry1Ab protein levels
were 2.91 & 1.54 ng CrylAb protein g~ ' soil in top
soil and 2.57 #+ 1.59 ng CrylAb protein g~ soil in
the lower soil. However, CrylAb protein determina-
tion in the corresponding top soil samples (0-30 cm)
collected after harvest in November of the following
year, 2008, revealed mean values of 1.50 &+ 0.79 ng
CrylAb protein g~' soil on Bt-maize plots versus
0.65 + 0.22 ng CrylAb protein g~ soil on non-Bt-
maize control plots. CrylAb protein values were
significantly higher in soil of the Bt-maize plots than
in the non-Bt-maize control plots. As stated above,
similar tendencies were reported in top soil samples
collected from Puch in October 2008.

Finally, in all soil samples taken in spring 2009,
CrylAb protein concentrations were close to or
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Fig. 2 CrylAb protein
concentrations in bulk soil
samples collected at depths
of 0-30 and 30-60 cm on
the experimental field sites
Baumannshof (a), Puch (b),
Neuhof (¢) and Grub

(d) cultivated with Bt-maize
MONS10 (white bars) and a
near isogenic non-Bt-maize
variety (black bars) in the
eighth (2007) and ninth
(2008) growing seasons of
consecutive Bt-maize
cultivation. Data from 2009
are CrylAb protein
concentrations in soil
samples collected
terminally in spring after
nine years long-term
cultivation of Bt-maize
MONS810. The dotted line
marks the decision limit
CCu at 2.0 ng CrylAb
protein g~' wet soil.
Asterisks indicate
statistically significant
differences (P < 0.05) in
CrylAb protein quantities
in soil from Bt-maize or
non-Bt-maize field plots.
n.a. not analysed
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below the analytical detection limit of 0.4 ng CrylAb
protein g~ soil with a maximum value of 0.5 ng
CrylAb protein g~ soil. Thus, no CrylAb protein
was detected in soil on any of the four investigated
experimental field sites in spring after nine consec-
utive Bt-maize growing seasons (Fig. 2).

Discussion
Analytical assay performance

The sensitive and specific sandwich ELISA method
used to investigate the fate of the CrylAb endotoxin
in soil was validated according to European Com-
mission Decision 2002/657/EC (Gruber et al. 2008).
This validated assay enabled comparative quantita-
tive analysis of a broad range of soils from different
field sites with different matrix properties because of
their distinct physicochemical soil properties. The
analytical performance of the enzyme immunoassay
was assessed by spiking blank soil matrix samples
from different field sites with the Cry1Ab protein and
determining the recovery of the protein from these
samples. No CrylAb concentration-dependent
adsorption saturation was observed in the tested low
concentration range between 5 and 60 ng CrylAb
protein g~ soil. Clay adsorption studies similarly did
not show saturation when clay minerals were incu-
bated with CrylAb protein in a concentration range
up to 8,000 ng g~ ' clay (Pagel-Wieder et al. 2004) or
at lower concentrations of 400-900 ng g~' clay
(Pagel-Wieder et al. 2007). Recovery of CrylAb
protein from the soil matrix in the range 49.1-88.9%
compares favourably with extraction efficiencies
reported in earlier studies for Cry proteins. Earlier
studies reported recovery of CrylAb protein from soil
between 27 and 60% by use of a specific extraction
buffer (Badea et al. 2010; Baumgarte and Tebbe
2005; Palm et al. 1994). Whereas amounts of CrylAb
protein desorbed from soil using double-distilled
water were 10% or less (Chevallier et al. 2003; Pagel-
Wieder et al. 2004) even lower recovery, less than
0.1%, when using only water for extraction was
reported for recombinant Cry3Bbl (Meissle and
Romeis 2009). The major reason for incomplete
analytical recovery of Cry proteins in the soil matrix
lies in adsorption of the proteinaceous recombinant
endotoxins by surface-active soil particles, as was
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intensively studied in previous work (Stotzky 2005;
Pagel-Wieder et al. 2004). Accordingly, in this study,
analytical recovery differed for the various soils
indicating that physical and chemical properties of
the soils had a strong effect on adsorption of the
CrylAb protein. When recovery was analysed with
regard to soil particle size distribution, a strong
correlation with the clay content of the investigated
soil was shown. This is consistent with clay minerals
being the major compounds responsible for the
CrylAb adsorption in these soils and in accordance
with results reported for other soils in previous
studies (Chevallier et al. 2003; Tapp et al. 1994;
Pagel-Wieder et al. 2004, 2007).

It is important to mention, that reduced analytical
recovery of CrylAb protein from the soil matrix may
result in the lack of detection of a fraction of bound
CrylAb protein, particularly for field soils with high
clay content. In our study, this applies to subsoils of
the experimental field sites Neuhof and Puch and to
the topsoil from the site Grub. CrylAb protein
concentrations around the decision limit CCo may
result in measured ELISA concentrations below CCo,
indicating the absence of the CrylAb protein in a
sample as per the EU-decision guideline. Thus in
particular for soils with high clay content, results
need to be interpreted cautiously with regard to
analytical recovery. However, the potential accumu-
lation of the recombinant protein in any of the
investigated soils would be revealed by the applied
ELISA method. If the transgenic protein was accu-
mulated in soil, CrylAb protein quantities would be
in a higher concentration range, where the described
matrix effects are overcome by the high efficiency of
the extraction method and the sensitivity of the assay
(Paul et al. 2008).

Study design

The issue of potential accumulation of insecticidal
recombinant CrylAb protein was addressed in this
study by investigating four independent experimental
field sites under Bt-maize MONS810 cultivation for a
period of nine years. Of reported literature on field
studies with Bt-maize, this is the longest duration of
Bt-maize cultivation in consecutive growing seasons
in a field for experimental analysis of the CrylAb
protein content of soil. Previously reported studies of
the persistence of CrylAb protein in soil were
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followed up for a maximum of five growing seasons
(Baumgarte and Tebbe 2005; Hopkins and Gregorich
2003). Binding and degradation of the recombinant
Cry proteins from gm maize plants in soil depends
strongly on soil characteristics; for example clay
content, organic matter content, water-holding capac-
ity, pH, etc. (Stotzky 2000; Pagel-Wieder et al. 2004).
Environmental factors, for example regional weather
conditions, will lead to various microclimates in
different field sites with regard to soil temperatures
and soil moisture contents. The combination of crop
variety, soil type, and environmental factors results in
the variable degradation times observed for Cry
proteins, as reviewed by Icoz and Stotzky (2008).
Important environmental factors were considered in
this study by including four different sites in the
experiment to assess the potential accumulation of
transgenic Bt-protein under various agricultural field
conditions.

CrylAb protein content of soil

The ELISA method used here enables the determi-
nation of immunoreactive CrylAb protein at a
decision limit, CCo, of 2.0 ng CrylAb protein g~
soil, which is in the range of CrylAb protein
concentrations theoretically to be expected in soil.
Reported quantities of CrylAb protein in Bt-maize
MONS810 plant material examined concurrently in the
course of the study were 6.7-8.4 ng CrylAb protein
g ! fresh weight Bt-maize chaff (Gruber et al.
unpublished results). Clark et al. (2005) reported
similar average CrylAb protein expression levels of
4.65 pg CrylAb protein g~' plant material. It has
been shown that a major fraction of immunoreactive
CrylAb protein introduced into soil in agricultural
practice can be attributed to root residues (Baumgarte
and Tebbe 2005). A concentration of 1.4 ng CrylAb
protein g~ ' fresh root material (Nguyen and Jehle
2007) and a range of 152-183 ng Cry1Ab protein g~
in decomposing root residues (Baumgarte and Tebbe
2005) were reported in Bt-maize MON810 plants. As
maize stubble usually remains on the field after
harvest, this root material has to be regarded as a
substantial source of CrylAb protein entering the
soil. Depending on the soil tillage system, a propor-
tion of the root material will remain enclosed in the
soil where it is subsequently degraded. A few
published estimates of the amount of Cry proteins

added to soil by transgenic crops have been reviewed
by Clark et al. (2005). These estimates range from
1.58 ug CrylAc kg™ soil under Bt-cotton given in
the Biopesticides Registration Action Documents
(US Environmental Protection Agency Office of
Pesticide Programs 2001) to 580-2,410 pg of
Cry3Bbl kg~ ' soil for maize MON863. The maxi-
mum theoretical load calculated for recombinant
CrylAb protein from MON810 maize adds up to
208 ng CrylAb protein g~ soil, assuming incorpo-
ration into a 15-cm furrow slice (Clark et al. 2005).
These estimates are confirmed by balancing CrylAb
protein amounts determined in the course of this
study leading to a calculated CrylAb protein load of
100 ng CrylAb protein g~ soil in the 30 cm topsoil
layer. The CrylAb protein assay developed and
validated in this study is very suitable for estimation
of these calculated amounts of CrylAb protein
introduced into soil under Bt-maize cultivation.
Comparing the four experimental field sites
(Fig. 2), immunoreactive CrylAb protein could only
be detected and quantified on the Neuhof field site on
one sampling date—after harvest in 2007. The
presence of the recombinant protein in the topsoil
and subsoil even after 6-weeks of harvest could be
attributed to the extreme weather conditions after
harvest in this trial year. Continuous rainfall led to soil
water-logging on this field site in such a way that the
harvest residues and root material were kept in a
poorly aerated environment at low temperatures after
harvest. The rate of decomposition of plant material
will be greatly reduced under such field conditions,
because efficient aerobic microbial degradation of
organic material is inhibited. As a consequence,
persistence of the recombinant CrylAb protein for a
few months after harvest is possible in exceptional
and extreme environmental circumstances, leading to
temporary prevention of degradation of plant mate-
rial. However, by the next seeding date, complete
degradation of CrylAb protein was shown on the
respective field site (Neuhof) in our field trial. In
topsoil samples collected from the field sites Neuhof
and Puch within 1 week after harvest in 2008, Cry1Ab
protein quantities determined by ELISA were slightly
but significantly higher in Bt-maize plots than in non-
Bt-maize plots. But the estimated values were below
the CCa decision limit of 2.0 ng CrylAb protein g~
soil. In this case, the presence of minimum amounts of
CrylAb protein of approximately 1 ng CrylAb
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protein g~ soil must be assumed as revealed by

statistical assessment of the data. Here it becomes
obvious that the definition of a decision limit, CCax, of
the ELISA according to European Commission Deci-
sion 2002/657/EC results in safe assessment of
samples regarding unspecific soil matrix effects.
Samples taken in November at the Grub field site
with high background absorbance can be appropri-
ately classified as not suspicious for the presence of
CrylAb protein. Beyond that, if particular sets of soil
samples with less unspecific background absorbance
are analysed, a more sensitive assay could be
achieved, as demonstrated for soil samples collected
in Puch and Neuhof after harvest in 2008.

The quantities of CrylAb determined in bulk soil
samples under cultivation of Bt-maize MONS10 in
this study are in agreement with data reported after
previous studies of the soil fraction <2 mm. Hopkins
and Gregorich (2003) found trace amounts <0.1 ng of
CrylAb protein g_l soil, and a maximum concentra-
tion of 3 ng CrylAb protein g~ soil was reported by
Baumgarte and Tebbe (2005).

Our findings suggest that on any of the four sites
the overall climatic and field site conditions led to
complete degradation of the Bt-maize plant material
containing the recombinant CrylAb protein by the
following growing season. No persisting immunore-
active CrylAb protein was detected in any soil
shortly before the next seeding over the experimental
period of three years, which comprised the last third
of nine years of Bt-maize planting. Accordingly, no
evidence for accumulation of the recombinant
CrylAb protein from Bt-maize MONS810 in agricul-
tural soils was obtained in this study. The reported
results further suggest that the recombinant CrylAb
protein has no extraordinary stability in soil. Glass-
house experiments showing rapid degradation of
Bt-protein from potted Bt-maize MONS810 plants in
three different soil types (Badea et al. 2010) are
consistent with our results from field-scale
experiments.

Toxicological relevance of CrylAb protein in soil

When immunological assay systems are used to
quantify CrylAb protein in soil samples two impor-
tant methodological aspects have to be considered in
interpretation of the collected data. First, CrylAb
protein bound by strong interactions to the soil matrix
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will possibly not be captured by the ELISA leading to
underestimation of the CrylAb concentration in the
assessed samples. Second, the ELISA enables quan-
tification of CrylAb and its immunoreactive degra-
dation products (Paul et al. 2010) but gives no
information about the remaining biological activity of
the CrylAb protein molecules. Both the presence of
bound toxin and its insecticidal activity can only be
determined by use of sensitive organism species in
biotoxicity assays.

Appropriate test organisms used in earlier studies
are the target organism Ostrinia nubilalis, other
lepidopteran species, or susceptible soil dwelling
invertebrates. The CrylAb protein susceptibility of
the target organism O. nubilalis was described by a
LCsp ranging from 0.10 to 0.34 pg of CrylAb per
gram of diet in a study performed by Saeglitz et al.
(2006). Accordingly, O. nubilalis larvae fed on
biogas reactor effluent containing CrylAb protein
concentrations of 2.67 ng g~ ' and below—the con-
centration range in the Neuhof autumn 2007 soil in
this study—showed no increased mortality compared
with a group receiving control effluent without
CrylAb (Rauschen and Schuphan 2006). Both free
and humic acid-bound CrylAb protein was insecti-
cidal to larvae of the lepidopteran tobacco hornworm
Manduca sexta with LCsq values between 215 and
304 ng 100 ul~' (Crecchio and Stotzky 1998). A
study in which solutions of recombinant CrylAb
protein were fed to the soil-dwelling nematode
Caenorhabditis elegans revealed verifiable effects
on growth and reproduction at minimum concentra-
tions of 118 and 41 mg CrylAb protein 17" nutrient
solution, respectively (Hoess et al. 2008). This
corresponds to Bt-toxin concentrations approximately
10,000 times higher than those measured in the
experimental field soils in this study. The cited
nematode study of the test organism C. elegans
identified deleterious effects of rhizosphere and bulk
soil samples from fields with Bt-maize (MONS810)
containing 0.51 and 1.31 ng CrylAb g~ soil dry
weight. However, although the observed effects
correlated with concentrations of the CrylAb protein
in soil they could not be explained by the direct
toxicity of the CrylAb protein. These results from the
nematode study point out that in addition to quanti-
fication of CrylAb protein in soil samples additional
assessment of Bt toxin using biotoxicity assays
should gain importance regarding further studies.
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If the CrylAb susceptibilities of test organisms are
compared with the concentrations of CrylAb protein
determined in the field soils in this study no
toxicological and ecological effects on soil dwelling
invertebrates should be expected. These assumptions
are in accord with current knowledge of the effects of
Cry proteins on soil-dwelling organisms as summa-
rized by Icoz and Stotzky (2008). For most soil
organisms no toxic effects were reported. Studies on
the effects on soil nematodes show different findings,
though with most of the results revealing no effects.
In conclusion the major finding of this study is rapid
degradation of CrylAb protein from plant residues
remaining on the field after harvest and no accumula-
tion or persistence of CrylAb protein after nine
successive years of Bt-maize MON810 cultivation.
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ABSTRACT: The objective of the study was to track the fate of recombinant CrylAb protein in a liquid manure field trial when
feeding GM maize MONS810 to dairy cows. A validated ELISA was applied for quantification of CrylAb in the agricultural chain
from GM maize plants, feed, liquid manure and soil to crops grown on manured fields. Starting with 23.7 ug of CrylAb g~ " dry
weight GM maize material, a rapid decline of CrylAb levels was observed as 2.6% and 0.9% of CrylAb from the GM plant were
detected in feed and liquid manure, respectively. Half of this residual CrylAb persisted during slurry storage for 25 weeks. After
application to experimental fields, final degradation of CrylADb to below detectable levels in soil was reported. CrylAb exhibited a
higher rate of degradation compared to total protein in the agricultural processes. Inmunoblotting revealed a degradation of the
65 kDa CrylAb into immunoreactive fragments of lower size in all analyzed materials.

KEYWORDS: GM maize, MON810, CrylAb protein, dairy cow, liquid manure, soil, Zea mays

1. INTRODUCTION

The global area planted with biotech crops comprised 148
million hectares in 2010 with genetically modified (GM) maize
accounting for a major proPortion as 47 million hectares were
cultivated with GM maize.” The majority of GM maize crops
used at present exhibit resistance against insect pests by expres-
sion of insecticidal proteins derived from delta-endotoxins of
Bacillus thuringiensis (Bt). These Bt proteins are summarized as
crystal (Cry) proteins as they are stored in crystalline inclusion
bodies in the bacterial cell>® Each class of Cry proteins is
characterized by a narrow range of susceptible target organism
species as the toxin needs proteolytic activation in the gut and
binding to selective receptors localized in the midgut epithelial
cells of larvae to unfold its toxic effects.* This defined spectrum of
insecticidal activity allows for target specific pest management
and reduced application of insecticides when growing Bt crops.”

MONBIO0 is a transgenic maize event based on the introduc-
tion of a modified crylAb gene into the plant genome enabling
plants to synthesize a truncated form of the protein CrylAb.
CrylAb is highly active against Lepidoptera and widely used to
combat the European corn borer (Ostrinia nubilalis Hiibner), a
major pest in maize fields.® MONS8IO cultivars have been
registered and commercialized in 1996 in the United States,
followed by their approval in other countries all over the world
including countries of the European Union in 1998.”

Since the development and application of the Bt-maize technol-
ogy, safety concerns have been raised concerning potential adverse
effects on human and animal health and the environment, though an
extensive environmental risk assessment is prescribed and performed
before the approval of any GM crop.®” For Cry1Ab expressing maize

W ACS Publ ications (© XXXX American Chemical Society

these concerns were met by a broad range of studies dealing with the
toxicity and allergenic potential of Cry proteins,"” ' transfer of
CrylAb from livestock feed into food for human consumption,'®
impact on nontarget organisms'*"> and entry of CrylAb from Bt-
maize plants into agricultural soils.'® " Although the current
scientific knowledge about Bt crops gives no evidence for any
significant risk to the environment or to human and animal
health,”"” commercial Bt-maize (MON810) cropping was banned
in some EU countries in the face of low consumer accegtance when
GM crops are employed in food and feed production.”
Regarding the fate and metabolism of the insecticidal Cryl1Ab
protein in dairy cows fed Bt-maize, results from a 25 month long-
term feeding study”' revealed that immune detective Crylb
protein fragments are not transferred to body fluids as urine,
blood plasma and milk*> However, as the protein is not
completely degraded by digestive processes in the gastrointest-
inal tract (GIT), the CrylAD is still detectable in feces of Bt-
maize fed cattle.”* Considering these findings in view of manur-
ing practice on dairy farms, the use of a mixture of feces and urine
as liquid manure for fields implicates the introduction of the
recombinant CrylAb protein into the agricultural environment,
particularly the soil compartment, provided the fact that it is not
totally degraded during liquid manure storage. Whereas the entry
of CrylAb into soil via maize plant residues has been extensively

studied,"®**~* the entry via liquid manure of Bt-maize fed cattle
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Table 1. Time Schedule for Application of Liquid Manure to
Experimental Field Lots and Collection of Samples for As-
sessing CrylAb Protein Contents in the Field Trial Carried
Out in 2007

date of liquid manure treatment or

sampling

Grub® Finsing”
1st manure application grass Apr 3 Apr 3
1st manure application maize field Apr 19 Apr 18
1st grass cut May 2 May 4
2nd manure application grass May 3 May 4
2nd manure application maize field May 15 Jun 12
2nd grass cut May 31 Jun 4
3rd manure application grass Jun 4 Jun 4
3rd grass cut Jul 16 Jul 18
4th manure application grass 20-Jul 20-Jul
4th grass cut Aug 24 Aug 27
Sth manure application grassland Aug 28 Aug 28
sampling of maize plants Sep 19 Sep 19
soil sampling Oct 8 Oct 9

“ Experimental field site.

has not been examined so far. To address this issue, an extensive
field trial was performed in close association with a Bt-maize
MONS810 feeding study'**" to track the further fate of Cry1Ab in
liquid manure.

In order to provide a set of quantitative CrylAb protein data
reflecting the entire agricultural manuring process, this study
investigated liquid manure storage, its soil entry and harvest of
maize and grass crops from fields after application of manure from
Bt-maize fed cows. Consequently, to meet the analytical require-
ments of the trial, an appropriate detection method to evaluate the
presence of CrylAb in a range of samples with different matrix
properties was necessary. We took advantage of a highly specific
immunoaffinity purified polyclonal antibody based ELISA system
for CrylAb toxin determination in animal liquids and animal
byproducts,”>*® that had been validated and successfully used for
surveillance of transgenic protein in feces and urine of cows.”” By
adopting this ELISA system to other matrices and validating the
detection system for the sample material investigated in the
present liquid manure field trial, we aimed to keep track of the
insecticidal CrylADb protein through different agricultural environ-
ments under comparable analytical conditions.

In the course of feed processing and passage through the GIT
of the cow the CrylAb undergoes various proteolytic processes
leading to the breakdown of the insecticidal protein into smaller
fragments.zg*31 In agricultural manuring practice, further degra-
dation may take place during the storage of liquid manure and by
physicochemical breakdown and proteolytic microbial activity
when liquid manure is applied to agricultural soil. Analysis of the
fragmentation patterns of the CrylAb protein in the samples
collected in a field trial could give important additional informa-
tion considering the stability of the insecticidal protein and its
fragments in the described processes.

Therefore, the objectives of this study were to develop, optimize
and standardize extraction and immunological detection methods
for Cry1Ab in liquid manure, soil, maize and grass crop samples.
The methods were then applied to samples of a liquid manure field

trial after feeding cows maize MONS810 in order to assess the
persistence and degradability of the insecticidal CrylAb protein in
different stages of agricultural manure management.

2. MATERIALS AND METHODS

2.1.Feeding Experiment and Liquid Manure Field Trial. All
handling of the dairy cows was performed under the approval of the
Bavarian State Research Center of Agriculture (LfL, Grub, Germany)
institutional animal care and use committee. A detailed description of
the Bt-maize feeding experiment and of the feed composition in the daily
diet of the cows is given in refs 21 and 13.

Five Simmental cows of the target group were fed a partial total mixed
ration (PTMR) containing 63% (dry matter basis) GM maize MON810
whereas the control group received a substantially equivalent ration
based on near-isogenic maize components. Cows were kept in a stable
equipped with special slurry sampling facilities for a time period of six
days. The entire stall manure of each group was collected and pooled.
Storage was carried out according to agricultural practice at ambient
temperature for further experimentation (stores 1 and 2, near-isogenic
feed ration; stores 3 and 4, GM feed ration).

The liquid manure field trial took place in 2007 on two experimental
field sites in Grub and Finsing, both located in Southern Bavaria,
Germany. Whereas the grassland was under common permanent
agricultural cultivation, maize fields were under experimental maize
cultivation before the liquid manure field trial for seven years and one
year, respectively. Experimental maize cultivation continued during the
liquid manure trial in 2007 by growing the GM maize hybrid Kuratus
(KWS-Saat, Einbeck, Germany) representing the transformation event
MONBIO0 and its near-isogenic maize hybrid Gavott (KWS-Saat,
Einbeck, Germany) as control on four replicate plots of 750 m” size.

Liquid manure of the Bt-maize fed group and the control group was
applied to four replicate small plots of 6 m* on grassland and within
maize fields according to the time schedule shown in Table 1. On the
maize fields, liquid manure of transgenic and non-transgenic origin was
applied each to GM maize and near-isogenic maize plot, resulting in a
total of 16 small plots of manure application. The manure was evenly
applied with a watering can in practice-oriented maximum admissible
amounts of 2.5 L/m” on grassland and 4 L/ m? on maize fields.

2.2. Sampling Procedures. Representative PTMR feed samples
based on GM maize and near-isogenic maize were collected daily within
the period of liquid manure retrieval from the cows and were subsequently
pooled and ground finely in liquid nitrogen using mortar and pestle.

Liquid manure samples were collected from slurry stores at the
beginning of storage and at each date of manuring the experimental field
lots (Table 1). Each sample was pooled from six subsamples taken with a
35 mm diameter sampling tube after exhaustive homogenization of the
slurry from the tank.

At four time points, depicted in Table 1, the entire grass cut from each
plot was harvested. Grass from each plot was mixed, one aliquot drawn
from the core of the crop, chopped to small pieces and ground in liquid
nitrogen.

For Western blot analysis, one set of maize plants of the varieties
Kuratus (GM) and Gavott (near-isogenic) were grown in the glasshouse
at 22 °C with a weekly nitrogen phosphorus potassium (NPK) treat-
ment. The leaves of four plants of each variety were collected in the
BBCH growth stages®* of BBCH14 (5 leaves) and BBCH69 (end of
tasseling) omitting the uppermost and undermost leaves. Leaves were
immediately reduced to small pieces using a scalpel, ground in liquid
nitrogen and frozen at —20 °C. Mature maize plants at growth stage of
BBCHSS (ripening stage) were harvested by cutting with a sickle from
each experimental field plot treated with liquid manure. Ten represen-
tative plants were selected and chaffed by a crop chopper to pieces of
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approximately S cm size in diameter. Aliquots of the well-mixed chaffed
material were ground in liquid nitrogen.

Finally, soil samples were taken at the end of the vegetation period in
depths of 0—30 c¢m and 30—60 c¢m from maize field plots and 0—15 cm
from grassland plots as mixed samples comprising ten drilling cores. Soil
was homogenized and sieved at 2 mm mesh size. All sample material was
stored at —20 °C until analyzed.

2.3. Analysis of Substantial Equivalence: Influence of Differ-
ent Types of Liquid Manure on Heterogeneous Parameters of
Maize and Grass Crop. Maize plants, grass crop and liquid manure were
assessed for substantial equivalence by determining fourteen maize para-
meters (fresh matter, dry matter, starch, enzyme soluble organic substance,
crude fiber, crude protein, crude fat, sugar, neutral soluble fiber, acid soluble
fiber, acid soluble lignin, organic neutral soluble fiber, organic acid soluble
fiber, in vitro digestible organic matter), six grass crop parameters (fresh
matter, dry matter, crude fiber, crude protein, crude fat, crude ash) and nine
parameters for liquid manure (dry matter, pH of liquid manure, pH of liquid
manure extract, total nitrogen, NH,—N, P,Os, K,0, MgO, CaO; samples
taken over the entire manure storage period). Statistical analysis investigat-
ing the influence of the two types of liquid manure (transgenic origin/non-
transgenic origin) on various maize and grass parameters was performed by
using ANOVA. As there were 14 or 6 individual tests conducted (one for
each parameter), the threshold level of o was adjusted to multiple
comparison to prevent the overall probability of type 1 error to be larger
than 5%. The Bonferroni correction method was applied according to the
formula 1 — (1 — o)"/". Only effects with obtained p-values <0.0037 for
maize and <0.0083 for grass are considered significant. In addition, a
multivariate analysis of variance (MANOVA) model was created using
liquid manure as explanatory variable with the same set of response variables
as in the ANOVA model. This test studied the effect of the factor liquid
manure on all response variables simultaneously, using the overall prob-
ability of type one error set to 5% (no significant overall effect with the Wilks
lambda statistic significance p = 0.5181).

2.4. Reagents. All reagents were of analytical grade and supplied by
Merck (Darmstadt, Germany) unless otherwise stated. HPLC-purified
trypsin-activated Cry1ADb protein was used as standard and for validation
procedures. Development, purification and biotin-labeling of highly
specific polyclonal anti-CrylAb antibodies were described in detail in
ref 23. Assay buffer in the ELISA was phosphate-buffered saline (PBS;
8 mM NaH,PO,, 137 mM NaCl, 2.7 mM KC], 1.5 mM KH,PO, pH
7.4) containing 0,1% Tween 20.

2.5. Protein Extraction. 2.5.1. Protein Extraction of Maize and
Maize Feed (PTMR). Protein was extracted by homogenization of ground
maize plant and feed samples in ice cold extraction buffer (EB: 8 mM
NaH,PO,, 137 mM NaCl, 2.7 mM KC], 1.5 mM KH,PO,, 0.1% Tween
20 pH 7.4) containing protease inhibitor (Roche, Germany) using a Fast
Prep FP120 (MP Biomedicals, Germany) homogenization machine.
Samples (100 mg) were weighed in FastPrep tubes filled with 200 mg of
beads (Lysing Matrix D; MP Biomedicals, Germany) and homogenized
five times at Sm s~ for 20 s with a 5 min cooling step on ice in between
each homogenization cycle. Protein from the samples was extracted by
horizontal shaking at 225 rpm for 30 min at room temperature. The
homogenate was then centrifuged at 15000g at 4 °C for 15 min, and
500 uL of the supernatant was subjected to a second centrifugation to
receive a clear sample extract. Before Cry1ADb analysis, maize and PTMR
extracts were diluted in EB in a ratio of 1:100 and 1:5 respectively.

2.5.2. Protein Extraction of Liquid Manure. Samples of 100 mg of
thawed liquid manure were extracted by the FastPrep procedure as
described above, with the exception of using 1 mL of ice cold EB
containing protease inhibitors and 1.5% skim milk as extractant. In
extracts prepared for total protein determination, skim milk was omitted
in the extraction buffer.

2.5.3. Protein Extraction of Grass. Protein from finely ground grass
samples was extracted applying the procedure stated above but using

400 mg of sample and 4 mL of ice cold EB containing protease inhibitors
and 1.5% skim milk in a FastPrep-24 (MP Biomedicals, Germany)
homogenization machine. The homogenate was centrifuged at 4,500 rpm
for 15 min at 4 °C and 500 uL of the supernatant clarified by a second
centrifugation step (15000g, 1S min, 4 °C) before ELISA analysis.

2.5.4. Protein Extraction of Soil. Soil samples (<2 mm) of 200 mg
were extracted using 2 mL of EB containing 2.5 mM EDTA and 0.5%
skim milk in plastic tubes by horizontal shaking at RT for 30 min at
225 rpm. A clear extract was gained after centrifugation at 4,500 rpm for
15 min at 4 °C followed by centrifugation at 15000g for 15 min at 4 °C.

2.6. BCA Assay. Total protein concentrations in PTMR, liquid
manure and maize extracts was measured by bicinchoninic acid (BCA)
assay”> using BSA (SERVA, Heidelberg, Germany) in a concentration
range of 0 to 1000 ttg/mL PBST as protein standard.

2.7.Cry1Ab Protein ELISA. For the determination of the CrylAb
concentration in the protein extracts, a previously developed and well-
described sandwich ELISA system® was used whereas the incubation
time of calibrators and unknown samples was changed from 3 to 15 h.

2.8. Assay Validation. A separated validation of the CrylAb
protein ELISA was carried out for the matrices of plant material
(maize and grass), soil and liquid manure according to the criteria
specified in the recently adopted European Commission Decision 2002/
657/EC34 for the performance and validation of screening and con-
firmatory analytical methods. A detailed description of the general
standardization procedure is given in ref >>.

2.8.1. Decision Limit (CCa) and Detection Capability (CCp). The
validation procedure was carried out for the plant material by using 32
discrete grass and 16 near-isogenic maize samples (blanks) derived from
sections of the experimental fields, where neither GM maize was planted nor
liquid manure from GM maize feeding was applied. A number of 32 blank
liquid manure samples, collected from cows fed the diet based on near-
isogenic maize, were taken for standardization of the CrylAb ELISA in
liquid manure. Accordingly 32 independent blank soil samples were drilled
at least 300 m distant of GM maize cultivation on four experimental field
sites including Grub and Finsing for validation of the Cryl1Ab ELISA in soil.

These blank samples were analyzed using the CrylAb ELISA to
demonstrate the range of blank matrix effects and to determine the decision
limits (CCo) and the detection capabilities (CC[3) in the different sample
materials. According to the EC guideline 2002/657/EC, CCa.is defined as
three times the average signal-to-noise level measured in the assay for
CrylAb in the blanks. CC3 was determined by use of the equation CC3 =
CCo. + 1.64 x SD,, SD; being the standard deviation obtained for the
blank samples fortified at the spike concentration level of CCo.. Whereas the
o-error is the percentage of blank samples exceeding the CCot-value,
B-error describes the percentage of blank samples spiked at CrylAb
concentration of CCf and falling below the CCat-value.

2.8.2. Precision and Recovery. Precision of the CrylAb-ELISA was
expressed by intra-assay and interassay coefficients of variation (CV)
calculated from the analysis of Cryl1Ab control samples dissolved in EB
containing 1.5% skim milk at three concentrations of 0.3, 1.2, and
5.0 ng mL ™" in nine independent assays.

The mean analytical recovery of CrylAb in each matrix was deter-
mined by spiking eight of the blank samples collected for assay validation
at three different concentration levels of CrylAb (S, 20, and 60 ng g_1
sample) and measuring Cry1Ab concentrations in the spiked samples by
applying the CrylAb ELISA.

2.8.3. Statistics. Final data are presented as ng of Cry1Ab protein g~
wet weight sample and as ug of CrylAb protein per g total protein.
Student’s t test was used to compare the means of CrylAb concentra-
tions in maize plants, PTMR, and liquid manure of transgenic and non-
transgenic origin, considering a P-value below 0.05 as significant.

2.9.Immunoblotting Procedure. The fragmentation of Cryl1Ab
protein from GM maize MON810 was recorded by immunoblot
analyses of protein extracts from maize plants, PTMR samples and liquid
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manure samples. Amounts of S (maize plants), SO (PTMR) or 220 (liquid
manure) 4g total protein were applied to 12% reducing SDS—polyacry-
lamide gels, and proteins were resolved by gel electrophoresis at 120 V for
150 min, followed by blotting of the proteins onto nitrocellulose
membranes (Protran AB 85, Whatman, Dassel, Germany). Immunode-
tection with polyclonal CrylAb specific antibodies (rabbit 0.1 xg/mL)
and visualization of immunoactive CrylAb fragments was performed
according to the procedures described earlier.>® HPLC purified trypsin
activated CrylAb protein (65 kDa) was used as a positive control for the
presence of CrylAb in the respective samples.

3. RESULTS AND DISCUSSION

3.1. Analysis of Substantial Equivalence: Influence of
Different Types of Liquid Manure on Heterogeneous Para-
meters of Maize and Grass Crop. The analysis of nine chemical
parameters of the two types of liquid manure resulted in the
following mean differences: dry matter, 5% (n = 7); pH of liquid

Table 2. Analytical Precision for ELISA in CrylAb Protein
Control Samples: Coefficients of Variation at Three Different
Concentrations (C1—C3) of CrylAb Protein (Three Deter-
minants per Assay) in Nine Independent Assays

CrylAD protein controls
Cllg % €3k mean
cv* 0.3 ng/mL 1.2 ng/mL 5.0ng/mL CvV
intra-assay (%) 11.0 22 4.6 59
interassay (%) 17.1 14.0 119 14.3

“ Coeflicient of variation.

manure, 1% (n = 6); pH of liquid manure extract, 3% (n = 6);
total nitrogen, 2% (n = 7); NH,;—N, 8% (n = 8); P,Os, 4%
(n=15); K,0, 4% (n =5); MgO, 4% (n = $); CaO, 0% (n = 5).
These differences are minor regarding the substantial equiva-
lence of the applied liquid manure. Statistical analysis of 14
nutrient and energy parameters in all maize samples and of six
respective parameters in all grass samples revealed no significant
effect of transgenic or non-transgenic liquid manure treatment
onto these parameters in maize and grass crop (data not shown).
The MANOVA revealed no significant overall effect of the factor
liquid manure on all response variables simultaneously. These
results are in close accordance with the Bt maize long-term
feeding study where the compositional equivalence with respect
to nutrient concentration of GM and near-isogenic maize fed to
the dairy cows was demonstrated.”!

3.2. Analytical Assay Performance. 3.2.1. Assay Precision.
Calibration curves of CrylAb standards in the respective extrac-
tion buffers allowed quantification of CrylAb in the extracts over
the dynamic range from 0.04 to 20 ng mL . The analytical limit
of 0.04 ng mL™" of extract corresponds to 0.4 ng of CrylAb
protein g~ " wet sample for all the analyzed matrices. CrylAb
control samples in concentrations of 0.3, 1.2, and 5.0 ng mL 'in
nine independent assays indicated a good assay precision, with a
mean intra-assay coefficient of variation of 5.9% and a mean
interassay coefficient of variation of 14.6% (Table 2).

3.2.2. Assay Standardization. The assay standardization was
performed according to the European Commission Decision
2002/657/EC>* and resulted in distinct analytical limits for the
different sample materials (Table 3). According to the European
Commission Decision false compliant rates (f3-error: samples
below CCa, when spiked at a concentration level of CCf3) of

Table 3. Decision Limits (CCa), Detection Capabilites (CCff) and Recoveries Achieved for CrylAb Protein Determination in

Spiked Samples of the Different Matrices Investigated

CCa [ng g~ " wet wt]

sample material

feed (PTMR) 4.02 5.96
liquid manure 1.20 1.41
soil 2.00 3.06
plant material 1.38 2.00

CCB [ng g~ " wet wt]

o-error [%] [-error [%]

mean recovery” [%]

0 0 789+ 13.2°
0 0 71245.1
0 0° 68.14+ 9.9
0 3.1 98.84+7.2

“ Mean recovery & SD after spiking with three concentrations of CrylAb protein (eight replicates per spike concentration). ” As determined by Guertler
et al,, 2010. “Validation soil samples of the experimental field sites Grub and Finsing.

Table 4. CrylAb Protein Concentration in Soil Samples Collected in the Field Trial®

field site cultivation

Grub GM maize MON810
GM maize MON810
maize near-isogenic
maize near-isogenic
GM maize MON810
GM maize MON810

maize near-isogenic

Finsing

maize near-isogenic
Grub grassland
grassland
Finsing grassland

grassland

- . L b
origin of maize feed and liquid manure

CrylAb protein [ng g~ wet wt]

NT 0.40 £0.00
T 0.40 £0.00
NT 0.40 £0.00
T 0.40 % 0.00
NT 0.45 4+ 0.09
T 0.50+0.14
NT 0.40 £ 0.00
T 0.40 +0.01
NT 1.56£0.32
T 1.68+£0.21
NT 2.45+1.95
T 342+1.62

“ Mean values and standard deviation of soil samples drilled from four replicate plots are shown. * T: feed and liquid manure of transgenic origin. NT:

feed and liquid manure of non-transgenic origin.
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Table S. Quantitative Degradation of CrylAb Protein in Agricultural Processes Relevant for Liquid Manure Management”

CrylAb protein content

CrylAb protein concn/total protein

n [ng of CrylAb g~ dry wt]

maize near-isogenic 32 <cca®

GM maize MONS810 32 23 677 + 1934.6
feed (NTY) 8 <CCa

feed (T) 8 611.3 = 64.4
liquid manure® (NT) 8 <CCa

liquid manure® (T) 8 204.6 £ 20.4
liquid manure’ (NT) 8 <CCa
liquid manure’ (T) 8 104.5 £21.5
soil¥ (NT) 16 <CCa

soil® (T) 16 <CCa
near-isogenic maize crop (NT) 16 <CCa
near-isogenic maize crop (T) 16 <CCa

grass crop (NT) 32 <CCa

grass crop (T) 32 <CCa

[%] of Bt maize plant

of total protein] [%] of Bt maize plant

[ug of CrylAb g~

c

100 457.9 £ 46.5 100
;6 ;0.6 +12 ;3
(;.9 ;9 + 04 (;4
(:4 (;9 +02 0.2

 Cry1ADb concentrations are given in mean values = standard deviation. Columns 3 and 4 show Cry1Ab contents on dry weight basis. In columns S and 6
CrylAD in relation to total protein contents is depicted. The quantitative decrease of the recombinant protein by each degradation step is shown by the

percentages of CrylAb protein recovered in a sample in relation to CrylAb quantities in the primary GM maize plant material. ”

<CCa.: any sample

analyzed revealed CrylAb measurements below the decision limit CCat determined fpr the respective sample matrix. © —: not calculable as Cry1Ab was

not detected in the samples.
storage. fWeeks 24 and 25 of slurry storage. ¢ Maize field plots.

T: feed and liquid manure of transgenic origin. NT: feed and liquid manure of non-transgenic origin. ‘ Week 1 of slurry

<5% are prescribed for screening assays. Similarly, <5% false
compliant results (0t-error: blanks exceeding the CCat value) are
accepted. As depicted in Table 3, the 5% limit for ai-error and f-
error was under-run in all investigated matrices. Thus, the CCal
and CCf values satisfy the criteria for the performance and
validation of screening and quantitative analytical methods of this
guideline in the sample materials of PTMR, liquid manure, soil
and plant material collected in the liquid manure field trial.

3.2.3. Analytical Recovery. For each of the different sample
materials analyzed, the analytical performance of the assay was
assessed by spiking matrix samples of non-transgenic origin with
CrylAb protein. The immunoassay operated well for the in-
vestigated matrices with mean analytical recovery rates of 68% for
soil; 71% for liquid manure, 79% for PTMR and 99% for plant
material (Table 3). Recovery of 68% CrylAb protein from the
soil matrix is in the range of 49—89% shown for different soils'®
and compares favorably with extraction efficiencies between 27
and 60% reported in earlier studies for Cry proteins.'®*”** For
PTMR 79% CrylAb recovery was documented earlier by ref 22.

3.3. Cry1Ab Protein Contents. 3.3.7. CrylAb Protein Con-
tents in Feed (PTMR). Transgenic and non-transgenic feed
samples (PTMR) given to the dairy cows during slurry collection
were analyzed for their CrylAb contents by applying the
validated CrylAb immunoassay. As depicted in Table S, no
CrylAb was detected in the non-transgenic feed samples of the
control group. In the transgenic PTMR, CrylAb was reported in
amounts of 278 + 29 ng of CrylAb g~ ' wet feed sample. This
corresponds well with amounts of 246 ng of CrylAb g~ ' feed
sample reported for samples analyzed in course of the associated
Bt-maize feeding study.”®

3.3.2. Cry1Ab Contents in Liquid Manure. During the 29 weeks
of the liquid manure field trial, slurry samples of control manure
(cows fed on non-transgenic ration) and the manure of cows fed a
transgenic ration were collected with proceeding time of storage
from the slurry stores. In total, 22 samples were analyzed for the

presence of CrylAb using the validated ELISA system. No liquid
manure sample of the cows fed a non-transgenic ration was positive
for the presence of CrylAD at the decision limit CCot of 1.2 ng of
CrylAb g~ wet sturry (Figure 1). In the stores 3 and 4 filled with
slurry from the transgenic ration-fed cows, Cryl1Ab was detected in
all samples taken at different time points with initial concentrations
0f23.5+ 09 and 182 % 1.0 ng of CrylAb g~ ' sturry in stores 3 and
4, respectively. After feed ingestion, microbial activity in the rumen
leads to degradation of feed protein, but a fraction of protein passes
through the rumen and is partly degraded in the small intestine.
Thus, immunoactive CrylAb protein fragments were found in
contents of the GIT and in the feces of cows and pigs fed GM
feed*®*"3%% Previous work reported the presence of CrylAb in
feces, but the absence of CrylAb in urine of maize MON810 fed
dairy cows.”> Thus in liquid manure, as a mixture of both, the
CrylAb detection can be attributed to poorly digested GM maize
plant feed material in the feces. Apparently, the Cry1Ab protein was
protected from degradation by proteolytic enzymes in the GIT
when enclosed in the heavy digestible parts of the maize plant. In
contrast easily accessible purified Cry1Ab, isolated from GM maize
plants, was shown to be very rapidly degraded by pepsin in in vitro
studies.*®

During further storage, CrylAb concentrations in samples
taken from the tanks continuously decreased to Cry1Ab contents
of 92 £ 1.1 and 8.6 + 2.1 ng g ' slurry in stores 3 and 4. This
implies a significant decrease (P < 0.01) in CrylAb concentration
to a mean of 51% of the initial values within 25 weeks of storing
liquid manure. Thus, CrylAb derived from transgenic feed is
further degraded in the liquid manure during storage. Still, a
proportion of CrylAb will persist in liquid manure within the
time period of slurry storage in common agricultural practice.
Thus, it has to be assumed that minor amounts of Cry1Ab will be
applied to agricultural fields by slurry management of dairy farms
feeding GM maize MONB810. In the described field experiment,
transgenic protein in one liquid manure application added up to

dx.doi.org/10.1021/jf200854n |J. Agric. Food Chem. XXXX, XXX, 000-000

383
384
385
386
387
388
389

391
392
393

395
396
397
398
399
400

402
403
404
408
406
407
408
409
410
411
412
413
414
418
416
417

F1



418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
43§
436
437
438
439
440

442
443
444
445
446
447
T4 448
449
450
451
452
483
454
ERN
456
487
458

Journal of Agricultural and Food Chemistry

—— Liquid manure non-transgenic feed
mmmm | iquid manure transgenic feed
30

25 store 1 store 2 store 4

_ store 3

20

15

10

[ng g"| liquid manure wet weight]

Cry1Ab protein

Week of storage

Figure 1. Detection and quantification of CrylAb protein in liquid
manure samples derived from cows fed partial total mixed ration
containing near-isogenic maize (store 1, store 2) or GM maize
MONS8I10 (store 3, store 4). Samples were analyzed with proceeding
time of storage in the slurry stores. The data are presented as mean &= SD
values (n = 4).

diminutive amounts of 431 mg of CrylAb ha™" for grassland and
690 mg of Cryl1Ab ha™" for maize fields. Evidently, these amounts
are very small in comparison to the amounts of Cry proteins added
to soil by GM maize plant residues remaining on the fields after
harvest."® From the CrylAb amounts determined in GM maize
chaff analyzed in this study, a calculated maximum of 462 g of
CrylAbha ™' could be introduced into soil by maize crop residues.
These estimates are confirmed by a maximum theoretical load of
480 g of CrylAb ha ' calculated for recombinant protein from
GM maize MONS810 by ref 39. Thus, the theoretical CrylAb
protein load applied to agricultural fields by way of liquid manure
from GM maize fed cows adds up to less than 0.15% of CrylAb
protein introduced directly by plant residues.

CrylAb biotoxicity studies provide a basis to estimate the
toxicological relevance of the CrylAb concentrations arising in
liquid manure. The CrylAb protein susceptibility of the target
organism Ostrinia nubilalis was described by a LCsg ranging from
0.10 to 0.34 ug of CrylAb per gram of diet.*” Both free and
humic acid bound CrylAb protein was insecticidal to larvae of
the lepidopteran tobacco hornworm Manduca sexta with LCg
values between 215 and 304 ng of 100 #L ~'.*' Thus the Cry1Ab
concentrations detected in this study were clearly below any
concentration that would cause a direct toxic effect on nontarget
organisms such as Manduca sexta or Caenorhabditis elegans.*”

3.3.3. Cry1Ab Contents in Soil. At the experimental field sites
Grub and Finsing, 32 soil samples in total were collected from
maize field and grassland lots treated with liquid manure
obtained from cows receiving non-transgenic or transgenic feed
rations. In the soil samples collected from maize lots, no CrylAb
was detectable as ELISA analysis revealed concentrations below
the CCa 0f 2.0 ng of CrylAb g71 of soil (Table 4). For the maize
field, this gives evidence for degradation of the insecticidal
CrylAb protein when introduced into soil by way of liquid
manuring. CrylAb values of soil under grassland management at
the field site Grub were below CCat of 2.0 ng of CrylAb g~ ' of
soil in both manuring variants showing that the transgenic
protein applied with the slurry is degraded to nondetectable
levels in this soil. For soil samples collected at the Finsing field
site, values exceeding CCat of 2.0 ng of CrylAb g~ " of soil were
determined on the lots treated with slurry from non-transgenic
and transgenic origin. This can be due to a cross reaction of the

polyclonal antibody used in the ELISA with organic substances in
this soil horizon, which is rich in fine grass roots and organic
material. Natural organic matter and in particular humic sub-
stances were identified as commonly interfering substances when
environmental samples were analyzed by ELISA before.”* %
Beyond the finding that there is no significant difference in soil
samples of Finsing undergoing each slurry treatment, further
methodological development is necessary to give final evidence
for the presence or absence of Cryl1Ab protein in this special soil
matrix rich in organic substances. In summary the absence of
detectable CrylAb in the soil samples indicates that, after their
release from the conserving environment in liquid manure,*®
CrylAb in undigested GM plant residues will undergo a fast
degradation in the well-aerated and microbially active soil matrix.
These results are consistent with the rapid biodegradation
reported for CrylAb introduced directly into the soil compart-
ment by Bt maize plant residues after harvest.'®'®

3.3.4. Cry1Ab Contents in Grass. Grass crop was sampled at
four cutting dates keeping a minimum time interval of 28 days to
the preceding manure application as commonly practiced in
grassland management. All grass samples analyzed were below
CCa of 1.4 ng of CrylAb g ' of plant material investigated in
this study (Table ). Thus, no CrylAb was detected in any of the
grass samples collected from grassland lots treated with slurry
from cows fed GM maize or from the control group receiving
non-transgenic feed.

3.3.5. Cry1Ab Contents in Maize. In the field trial, GM maize
Kuratus and the corresponding near-isogenic variety Gavott were
grown and manured twice during the vegetation period using
slurry from feeding with non-transgenic or transgenic feed ration.
Analysis of chopped plant material revealed that all near-isogenic
maize samples were below the CCot of 1.4 ng of CrylAb g ' of
plant material irrespective of the origin of liquid manure applied
to the plants (Figure 3). This implies that no residual traces of the
transgenic protein from undigested GM maize plant material in
liquid manure were dispersed to and persisted during the growth
of the maize plants. According to these findings conventional
maize plants harvested from fields manured with slurry contain-
ing traceable amounts of CrylAb originating from GM maize
feed can be regarded as free of CrylAb toxin. These results are
important regarding concerns about Cryl1Ab protein remains on
crops grown in soils, in which Bt-maize has been cultivated
before. It was demonstrated earlier that CrylAb released to soil
in root exudates of Bt-maize, from the degradation of the biomass
of Bt-maize, or as purified protein, was not taken up from soil or
from hydroponic culture by conventional maize plants.*’

Analysis of the GM maize plants revealed mean CrylAb
concentrations ranging from 6.7 to 8.4 ug of CrylAb g ' of
plant material. This is consistent with data on CrylAb protein
contents of GM maize MONS10 plants reported before.*®

3.4. Degradation of Cry1Ab Protein in Relation to Total
Protein Contents. CrylAb concentrations of PTMR, liquid
manure and maize plants of transgenic origin were also calculated
on the base of the respective total protein contents to investigate
the degradation of CrylAb in comparison to the entirety of other
proteins.

Total protein contents of the chaffed maize plants were found
to be between 16.2 and 18.2 mg of total protein g~ of crop wet
weight without significant differences between field sites, GM
and near-isogenic variety and origin of liquid manure applied to
maize lots (P=0.05). The mean CrylAb concentrations in maize
plants were in the range of 391 to 499 ug of CrylAb g~ " of total
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Figure 2. CrylAb contents in GM maize and near-isogenic maize plants
harvested from experimental field lots under slurry management when
feeding near-isogenic maize (blank bars) and GM maize MON810
(black bars).

protein with a mean level of 458 ug of CrylAb g~ " of total
protein (Table S). The corresponding concentration in the
transgenic feed ration was 10.6 ug of CrylAb g~ ' of total protein
in the PTMR. Thus, in relation to the initial concentrations of the
transgenic protein in GM maize MON810 plants, only 2.3% of
CrylAb g~ of protein was present in transgenic PTMR. This
decline can be explained both by the addition of up to 40% of
conventional feed components to the mixed feed ration>* and by
the ensiling and processing of maize plants to feed leading to heat
denaturation and disintegration of the Cryl1Ab protein.>>***°
In liquid manure, mean levels of 2.0 ug of Cry1Ab g~ " of total
protein were observed at the time point of filling the slurry stores
(Figure 3). Accordingly, the CrylAb concentration in liquid
manure is decreased to 18% of the initial value of 10.6 ug of
CrylAb g~ of total protein reported in the transgenic PTMR. A
previous study”® reported consistent findings with a CrylAb
concentration decline of 44% when feed containing GM maize
MONS810 and freshly collected feces were analyzed. The decline
observed in both studies can be explained by two reasons: First,
additional protein of animal and microbial origin is added to the
feed protein during the passage through the bovine gastrointest-
inal tract (GIT). Second, the marked reduction of CrylAb
protein in relation to total protein points to a faster degradation
of CrylADb in the GIT compared to the rest of the total protein,
suggesting that CrylAb exhibits no greater stability compared to
the entirety of other proteins in feed. Analysis of the CrylAb
concentrations in liquid manure samples with increasing time of
storage showed a further decline of Cryl1Ab g~ " of total protein
(Figure 3). Within 23 weeks of storage decreasing concentrations
of 2.20, 2.19, 1.57, 1.36, 1.18, and 1.05 were reported in slurry
store 3 and a decline over 1.51, 1.28, 1.02, 0.91, and 0.79 ug of
CrylAb g ' of total protein within 24 weeks in slurry store 4. On
average, the CrylAb concentrations were 50% of the initial levels
of CrylAb g~ of total protein after 23 or 24 weeks of storage.
Compared to this, total protein levels, averaged over the four
slurry tanks, declined from 12.4 &= 1.3 to 9.3 & 1.1 mg of protein
g~ wet slurry corresponding to a mean loss of 25% of the
total protein during storage. These findings point out that, in
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Figure 3. Concentration of CrylAb protein in feed (PTMR) and liquid
manure of dairy cows fed either GM maize MONS810 (black bars) or
near-isogenic maize (blank bars). Data represent mean + SD values
(n=4) in ug of Cry1Ab protein g ' of total protein in PTMR and liquid
manure after successive time of storage.

comparison to total protein in liquid manure, CrylAb protein
undergoes an even faster degradation process and can be
assigned to the less stable group of proteins in liquid manure.

3.5. Quantitative Balance of Cry1Ab Protein Turnover in
Feeding and Liquid Manure Management. The data collected
in the study allow for balancing of CrylAb contents over the
whole pathway from GM maize MON810 crop over feed and
liquid manure into soil and the following crop. The quantitative
turnover of the recombinant CrylAb protein and its immunor-
eactive fragments is summarized in Table S. The major fraction of
CrylAD is degraded by the processing of the GM maize plants to
feed, as only 2.6% of the novel protein determined in plant
material was recovered in the transgenic feed ration. Digestive
processes during the GIT passage led to a further reduction of
CrylAb levels in a way that 0.9% of the CrylAb content in the
GM maize plant was detected in liquid manure. Half of this
residual immunoactive CrylAb in slurry persisted during slurry
storage for 25 weeks. When applied to agricultural soil, final
degradation of CrylAb protein to below detectable levels in soil
was reported. CrylAb concentrations in relation to total protein
give further information about the degradation process and
elucidate the proteolytic stability of the novel protein and its
immunoactive fragments compared to other proteins. The over-
all decline of the CrylAb concentrations related to total protein
(Table S, column 6) suggests that CrylAb protein exhibits a
lower stability compared to the entirety of other proteins in the
GM maize plant and the feed components.

3.6. Western Blot Analysis. By Western blot analysis, no
CrylAb protein specific protein bands could be detected in maize
plants of the near-isogenic variety. The investigation of GM
maize plant material, transgenic feed and liquid manure by
immunoblot analyses revealed a fragmentation of the full-sized
(65 kDa) CrylAb protein into smaller immunoreactive frag-
ments in each of the analyzed materials.

In all of the GM maize MONBS810 plant material, CrylAb
protein fragments of 42 kDa, 34 kDa and 17 kDa are present in
addition to the full-sized 65 kDa protein (Figure 4). However,
the smallest 17 kDa fragment was not detected in leaves of
BBCH14 plants, and signals for this fragment detected in leaves
of BBCH69 and mature BBCHS8S plants were weak compared to
the more prominent bands of higher molecular weight CrylAb

dx.doi.org/10.1021/jf200854n |J. Agric. Food Chem. XXXX, XXX, 000-000
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Figure 4. Western blot analysis of CrylAb protein in maize plants.
Immunoreactive CrylAb protein fragments of genetically modified
(GM) and near-isogenic (NI) maize plants in successive developmental
stages of BBCH14, BBCH69 (plant leaves) and BBCHSS (chaffed maize
crop) are presented. SO0 pg of trypsin activated HPLC purified CrylAb
protein served as positive control (C).

fragments. The fragmentation pattern looks similar in the devel-
opmental stages of BBCH14, BBCH69 and BBCHS86 suggesting
a continuous synthesis and degradation of CrylAb in the GM
plant. These findings are in accordance with studies using
CrylAD purified from GM maize plants for in vitro degradation
experiments. There, a fragmentation of the recombinant Cryl1Ab
plant protein into fragments of molecular size between 20 and
70 kDa was reported before addition of pepsin as the proteolytic
agent.*® The observation that Cry1Ab produced by the GM plant
is partially degraded in any stage of development indicates a
continuous breakdown of the recombinant CrylAb protein by
endogenous plant proteases.

In transgenic feed, the full sized CrylAb protein and immu-
noactive fragments of 42 kDa, 34 kDa and 17 kDa were detected
by immunoblot analyses (Figure S), whereas none of these
fragments were recorded in non-transgenic feed. The closely
related pattern of CrylAb protein fragmentation in mature
transgenic maize plants and processed feed indicates that the
degradation of the recombinant CrylAb during feed processing
affects immunoactive fragments of any size. Accordingly, the
65 kDa protein and the 42 kDa, 34 kDa and 17 kDa immunoac-
tive fragments were detected by blot analyses in transgenic maize
kernels and transgenic maize cobs,”® which were components of
the total mixed ration fed to the cows in the long-term feeding
study using GM maize MON810. However, in this study, no
17 kDa could be detected in PTMR as the concentrations of this
fragment in the PTMR were too low to be detected by Western
blot analyses.

Immunoblot analysis of liquid manure obtained from cows fed
GM maize MONS810 revealed CrylAb protein fragments in the
size of 65 kDa and 34 kDa (Figure 6), whereas the 42 kDa
fragment detected in GM plant and feed samples was not
recorded in liquid manure. These findings indicate a progressive
microbial and enzymatic proteolysis of the CrylAb protein
fragments in the bovine digestive tract. Previous reports of
CrylAb degradation in the bovine digestive tract are in accor-
dance with the CrylAb fragmentation patterns shown in the
present study.”®*”*' During slurry storage further degradation of
the 65 kDa and 34 kDa immunoactive CrylAb protein fragments
takes place as can be deduced from decreasing band intensities
with proceeding time of storage. After 24 weeks of storage the

pTMR
M C T NT
- "
-
-
-
65 kDa -- -" 3
42 kDa v
34 kDa T —
-
17 kDa

Figure S. Western blot showing immunoactive CrylAb protein frag-
ments in feed. Protein extracts of partial total mixed ration of transgenic
(T) and non-transgenic (NT) origin were analyzed. Trypsin treated and
HPLC purified CrylAb protein (100 pg) was included as a positive
control (C).

slurry store 3 slurry store 1.
transgenic non-transgenic

4 week of
storage

M C 1 2 7 11 18 24 1

65 kDa

34 kDa

Figure 6. Western blot showing immunoreactive CrylAb protein
fragments in liquid manure from GM maize MON810 fed cows with
proceeding time of storage. Samples from slurry store 3 show a
degradation of CrylAb protein in liquid manure of the GM maize fed
animals from week 1 to 24. Liquid manure samples from the control
group fed non-transgenic ration (store 1) was analyzed at weeks 1 and 4.
As a positive control (C), S00 pg of trypsin treated and HPLC purified
CrylAD protein was used.

65 kDa CrylAb protein was not detected any more, suggesting a
gradual degradation into the smaller 34 kDa fragment. This
34 kDa fragment was reported to be the most prominent
immunoactive fragment in transgenic feed, digesta and feces
before,*® which could be a sign of a higher proteolytic stability of
this degradation product. The fragmentation pattern of the
CrylAb protein in addition to CrylAb quantity is an important
criterion regarding effects of CrylAb introduced into the envir-
onment by agricultural processes. It should be considered that
the insecticidal pathway of the recombinant CrylAb is closely
related to the presence of all functional domains of the whole
trypsin resistant 65 kDa protein.>>' >* To our knowledge toxic
activity of CrylAb fragments smaller than 65 kDa has not been
reported so far. Finally, the presence of CrylAb or CrylAb
fragments exhibiting insecticidal activity can only be determined
using sensitive organism species in biotoxicity assays at present.
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In conclusion, the field trial keeps record about the extensive
and, compared to other proteins, rapid degradation of recombi-
nant CrylAb protein during processes in the liquid manure
management of a dairy farm feeding GM maize (event MON810),
leading to nondetectable levels in soil and the following crop.
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Abstract

The potential entry of crylAb DNA fragments into soil by liquid manure from cows fed transgenic maize
MONS810 was addressed in the present study. Five cows each were fed a partial total mixed ration containing
maize MONS810 or nearly isogenic non-genetically modified maize. Slurry produced was collected, stored and
analysed for the presence of plant derived rubisco and maize specific opaque-2 DNA fragments, as well as a 206
bp crylAb gene fragment by qualitative endpoint PCR. The limit of detection (LOD) for the single copy genes
opaque-2 and crylAb was determined by spiking experiments. Analysis of 22 liquid manure samples revealed
the presence of a 173 bp fragment of the multicopy gene rubisco, but absence of opaque-2 at the LOD in all
samples. The 206 bp crylAb fragment was present in transgenic feed but not detectable in any of the slurry
samples at the LOD of 1,000 copies of crylAb DNA g ' liquid manure.

Introduction

One of the most common genetically modified (GM) plants grown worldwide is Bt-maize, engineered to express
insecticidal crystal (Cry) proteins by insertion of cry genes from Bacillus thuringiensis (Whiteley and Schnepf
1986) into the plants’ genome. Bt-maize (MONS810) cultivars exhibit specific insect resistance to the European
corn borer (Ostrinia nubilalis, Hiibner) whose larvae are affected by the CrylAb protein when feeding on Bt-
maize plants (Koziel et al. 1993). Since the commercial release of those GM plants into the feed market in 1996,
public concerns are expressed about the fate of the recombinant DNA and the insecticidal Cryl Ab protein, when
Bt maize is fed to livestock for human consumption. Furthermore the release of recombinant DNA and protein
from GM plants into the environment, leading to the exposition of target and non-target organisms to these novel
molecules and potential impacts onto these organisms are discussed controversially (Marvier et al. 2007;

Mendelsohn et al. 2003; Rauschen 2010; Schmidt et al. 2009).

Regarding the entry of GM plant DNA into the soil compartment, a potential horizontal gene transfer of
transgenic plant DNA to soil borne bacteria is widely discussed (Nielsen et al. 2001). So far, no evidence for
such a putative transfer exists from field investigations using marker genes from transgenic plants and
indigenous soil and plant-associated bacteria (Becker et al. 1994; Gebhard and Smalla 1998; Paget et al. 1998).
However, horizontal gene transfer of transgenes is basically possible, as shown in laboratory studies exposing
naturally transformable Acinetobacter sp. as recipient bacteria to purified DNA of transgenic plants such as
sugar-beet, tomato, potato or oilseed rape. In these studies, bacterial capture of plant DNA fragments was
reported, though under artificial conditions and at very low frequencies (de Vries and Wackernagel 1998;

Gebhard and Smalla 1998; Nielsen et al. 2000).

The digestive fate of crylAb DNA in the cows gastrointestinal tract (GIT) has been addressed in a range of
studies (Chowdhury et al. 2004; Einspanier et al. 2001; Einspanier et al. 2004; Wiedemann et al. 2006). These
studies give report about the progressive and rapid degradation of plant-derived and transgenic DNA throughout
the digestive tract leading to non-detectable levels of recombinant DNA in fecal samples. The findings were
further confirmed after long term feeding of Bt maize (event MONS10), as none of the dairy cows fecal and

urine samples was found positive for the presence of novel DNA (Guertler et al. 2010).

The entry, accumulation and persistence of the recombinant Cry 1Ab protein into soil through maize cultivation

has been analyzed before and it can be stated that even nine year subsequent Bt maize cropping does not lead to

2
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accumulation and persistence of the Bt protein in soil (Gruber et al. 2011a). To further assess the putative entry
of recombinant Cry1Ab protein molecules or recombinant DNA fragments into agricultural soil by way of liquid
manure under field conditions, an associated study was performed investigating liquid manure obtained from the
cows of the above mentioned long term feeding trial. Regarding the recombinant protein, minor levels of the
CrylAb protein were detected in the slurry and were consequently applied to agricultural fields, where its rapid
degradation in the soil compartment could be observed, as no CrylAb protein was detected in the manured soil

(Gruber et al. 2011b submitted).

To complete this work with regard to the recombinant DNA, the present study refers to the analysis of transgenic
and non-transgenic feed and the corresponding liquid manure for the presence of plant derived and transgenic

crylAb DNA.

In Bt maize (MONB810) plants, the crylAb gene sequence is present in one copy per haploid genome (Holck et al.
2002). For assessment of the degradational behaviour of this single copy crylAb gene fragment, the maize plant
derived zein regulatory gene opaque-2 (O2) (Maddaloni et al. 1989) was chosen as a single copy control gene.
Comparatively, fragments of the plant specific multicopy gene rubisco (ribulose-1,5-bisphosphate
carboxylase/Oxygenase) were detected to follow the fate of plant derived multicopy gene DNA when it is
degraded in the digestive tract and in the obtained slurry stored for use as liquid manure. Small DNA gene
fragments in the range of 200 bp were chosen for specific detection of the target genes. By this both potential
full-sized functional genes and their degradation products are captured in the analysis.

The main objective of this study was to eludicate the likelihood of introducing recombinant crylAb DNA gene
fragments to agricultural fields by way of liquid manure from cows fed gm maize. For this purpose qualitative
end-point PCR was applied to feed and liquid manure samples after feeding Bt-maize (MONS810) to dairy cows

in order to amplify fragments of the recombinant crylAb gene and plant derived genes.

Materials and Methods
Animals and feeding

The study was performed under the approval of the Bavarian State Research Center (LfL, Grub, Germany). Ten
dairy cows out of a long-term GM maize feeding experiment were used for the presented experimental liquid
manure trial. The detailed design of the long-term GM maize feeding experiment and of the feed composition in
the daily diet of the dairy cows is outlined in previous studies (Guertler et al. 2009; Steinke et al. 2010). Shortly,
the target group was fed on a partial total mixed ration (PTMR) containing 63 % genetically modified corn
(MONS810, Kuratus, as grain, corn stem pellets and silage), whereas the control group was fed on a substantially
equivalent PTMR based on the non-transgenic variety (Gavott). For the collection of liquid manure, five cows
each of each group were kept in a stable equipped with special slurry sampling facilities for a time period of six
days. The entire stall manure of each group was collected and pooled. Storage was carried out in slurry stores
according to agricultural practice at ambient temperature for further experimentation (store 1 and 2: control

group, near isogenic feed ration; store 3 and 4: target group fed transgenic feed ration).

Sampling procedures
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Representative PTMR feed samples of the transgenic and the non-transgenic diet were collected daily within the
period of liquid manure retrieval from the cows, were subsequently pooled and ground finely in liquid nitrogen

using mortar and pestle.

Liquid manure samples were collected from slurry stores at the beginning of storage and at defined time intervals
of slurry storage (Table 1). Each sample was pooled from six subsamples taken with a 35 mm diameter sampling

tube after exhaustive homogenization of the slurry from the tank.

PTMR feed and liquid manure samples were stored at —20 °C until used for DNA extraction.

Table 1

DNA extraction

The extraction procedure developed by (Guertler et al. 2009) was slightly modified and applied to isolate
genomic DNA from all liquid manure and PTMR feed samples. Liquid manure or ground feed (300 mg fresh
weight) was used for DNA extraction and filled into FastPrep® tubes containing 300 mg matrix beads (Lysing
Matrix D, MP Biomedicals, Eschwege, Germany). After addition of CTAB extraction buffer, the mixture was
homogenized by applying the bead beating FastPrep® technique (FP120, MP Biomedicals, Eschwege, Germany)
at 5.5 ms ' for 30 s twice. 40 uL Proteinase K (20 mg mL™") were added and the samples were incubated on a
shaker over night at 60 °C. Further, a centrifugation step at 3,000xg and 4 °C for 5 min was performed and the
supernatant was transferred into a new tube. After RNA digestion by addition of 5 ul RNase A (10 mg mL™"),
incubation for 15 min at 60°C on a shaker and subsequent centrifugation for 1 min at 16,000xg, the supernatant
was filled into a new tube. Chloroform (600 pL) was added, followed by vigorous shaking and centrifugation for
10 min at 16,000xg and 4 °C. The upper watery phase was applied to 500 pL 2-propanol (80%) and 2 pL
glycogen (20 mg mL™', Sigma, Munich, Germany). The samples were incubated for 1 h at room temperature and
subsequently centrifuged at 16,000xg and 4°C for 10 min. The DNA pellet was washed in 500 pl EtOH (70%)
and loaded on a Wizard® SV Column (Promega, Mannheim, Germany). The column was centrifuged and
washed using 2-propanol (80%). Finally, 50 uL of prewarmed Tris—HCI (10 mM, pH=9.0, 70 °C) was used for
DNA elution.

DNA concentration of all samples was determined by using a Nanodrop 1000 (Thermo Scientific). Additionally,
the DNA purity was assessed by using the UV absorption ratio of 260/280 nm.

PCR analysis

Qualitative end-point PCR was performed using 100 ng genomic DNA to test for the presence of a 206 bp
fragment of crylAb (Accession No. AY326434) in PTMR and liquid manure samples. As a positive DNA
extraction control, a 365 bp fragment of ribosomal 185 RNA was amplified. Additionally a 173 bp fragment of
chloroplast specific rubisco (Accession No. X86563) and a 202 bp fragment of the maize specific single copy
opaque-2 gene (Accession No. X15544) was amplified as a positive control. Primer sequences are given in table
2. Cycling conditions for amplification of the opaque-2 gene fragment were 95°C-5 min; 30 cycles (95°C-30
sec; 55°C-30 sec;72°C-30 sec) 72°C-5 min. The cycling conditions for amplification of the other three gene

fragments are summarized in (Guertler et al. 2008). Isolated DNA from GM maize grain (MON&10) served as a
4
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positive control for crylAb, opaque-2 and rubisco. The PCR products were separated by gelelectrophoresis and

visualized by staining with ethidiumbromide.

Table 2

Spiking procedure for determination of limits of detection

Liquid manure samples from cows fed non-transgenic maize were used in spiking experiments by adding
different concentrations of genomic DNA isolated from Bt maize MONS810 grain to check for PCR inhibition
and to determine the limit of detection (LOD). The added DNA corresponded to a range of 1 copy to 100,000
copies opaque-2 or crylAb DNA per 10 mg of liquid manure. One liquid manure sample was assessed without
adding genomic Bt-maize DNA and used as a non-template control (NTC). The LOD is presented as the lowest

detectable number of copies g ' liquid manure after amplification through qualitative end-point PCR.

Results

Feed analysis

DNA extraction from feed resulted in concentrations of 360 ng DNA uL ™' of isolate for non-transgenic and 382
ng DNA uL™" for transgenic PTMR. The photometrical analysis revealed 260/280 nm ratios between 1.4 and 1.8,
a DNA purity suitable for PCR analysis.

The results of the qualitative endpoint PCR analysis of the PTMR samples are shown in figure 1. Gene
fragments of the multicopy genes rubisco and 18S were amplified in isolates of all PTMR samples both of non-
transgenic and transgenic origin. Similarly, the 202 bp fragment of the maize specific single copy gene opaque-2
was detected in both feed variants. The 206 bp crylAb gene fragment was not detected in PTMR feed samples
based on non-transgenic maize. In the feed ration containing Bt-maize (MONS810) the crylAb DNA fragment

was clearly present as shown by the specific 206 bp amplicon on the gel.

Figure 1

Liquid manure analysis

DNA extraction from liquid manure resulted in concentrations ranging from 21.3 to 86.8 ng DNA puL ™" isolate.
The photometrical analysis revealed a DNA purity suitable for PCR analysis, as 260/280 nm ratios were between
1.4 and 1.8.

For the limit of detection (LOD) of assessed target genes in liquid manure samples, only copy numbers of single
copy genes were determined by means of qualitative endpoint PCR. In the control liquid manure sample assessed
without adding genomic Bt-maize DNA, neither the crylAb gene fragment nor the maize specific gene fragment
of the single copy gene opaque-2 was amplified. In the spiking experiment, a LOD of 1,000 copies of crylAb
DNA g ' liquid manure and 100,000 copies of opaque-2 DNA g liquid manure were determined (data not
shown).

The plant specific multicopy gene rubisco and the eukaryotic multicopy gene 18S were detected in all samples

including the unspiked control.
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Figure 2 depicts the results of PCR-analysis of liquid manure samples collected from dairy cows after long term
feeding of Bt maize MONS810 or non-transgenic maize. The samples were collected and analysed with
proceeding time of storage. Gene fragments of the multicopy genes 18S (365 bp amplicon) and rubisco (173 bp
amplicon) were detected in all liquid manure samples from the first to the 29" week of storage (Fig 2 A + B).
The 202 bp maize specific single copy opaque-2 gene fragment was not detected in any slurry sample at the
LOD of 100,000 copies g (Fig 2 C). No liquid manure sample was found positive for crylAb DNA at the LOD

of 1,000 copies g in the slurry collected from cows fed transgenic or non-transgenic maize (Fig 2 D).

Figure 2

Discussion

The present study was accomplished to test liquid manure derived from GM maize MONS810 fed cows for the
presence of plant-specific and GM maize specific crylAb gene fragments. The trial was performed to eludicate
the possibility of recombinant crylAb DNA being applied to agricultural fields by the liquid manuring practice

of a GM maize feeding dairy farm.

Liquid manure samples were analysed for the presence of a small crylAb gene fragment of 206 bp size using a
sensitive and well-established conventional PCR method. Its suitability for the investigated slurry matrix was
proven by determination of the LOD for the 206 bp crylAb gene fragment, which is in line with its LOD
reported earlier for bovine feces (Guertler et al. 2010).

In our study, the small crylAb gene fragment was present in transgenic maize feed but was not detectable in
liquid manure of the cows fed the transgenic PTMR. The same finding was revealed for the maize specific
opaque-2 gene fragment. Together this confirms earlier studies giving report about extensive time-dependent
degradation of plant specific as well as novel DNA during the passage of feed through the bovine gastrointestinal

tract (Chowdhury et al. 2004; Einspanier et al. 2001; Guertler et al. 2010; Wiedemann et al. 2006).

The crylAb and opaque-2 gene fragments could not be amplified from slurry, whereas a 173 bp amplicon of the
multicopy gene rubisco was detectable in all liquid manure samples. This result is in line with Guertler et al.
2010 giving report about the presence of small rubisco gene fragments in bovine feces samples, but absence of

the 206 bp crylAb fragment.

Basically, the ability to detect fragments of plant genes in matrices of the gastrointestinal tract mainly depends
on their copy number, provided that other detection parameters, e.g. primer quality, are comparable. According
to Artim et al. (2001) the copy number of a multicopy gene may add up to the 10,000 fold of the single-copy of
e.g. the opaque-2 gene or the crylAb transgene present per cell (Artim et al. 2001; Phipps et al. 2003). As
rubisco is a gene abundant in a high copy number in the plant genome (Gutteridge and Gatenby 1995), there is a
higher probability that small fragments of the rubisco DNA gene copies are detected by PCR in liquid manure
than for the single copy crylAb gene. Our study confirms this suggestion, as the maize specific single copy gene
opaque-2 was also not detectable by qualitative endpoint PCR in the slurry samples. Generally, it can be
assumed, that during passage through the GIT, biomolecules like protein or DNA may be protected from

enzymatic degradation in heavy digestible plant material, leading to the presence of plant feed born protein or
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DNA fragments in feces or liquid manure. Regarding the insecticidal CrylAb protein from maize (MON810)
feed, it was shown that the protein is detectable at low levels in feces and liquid manure (Gruber et al. 2011b
submitted; Paul et al. 2010). In contrast to this, there was no accordant evidence for the presence of recombinant
crylAb DNA fragments in bovine feces (Guertler et al. 2010) or liquid manure (this study) after feeding maize
(MON&10).

In conclusion, the results of the present study indicate that crylAb DNA from maize MON810 is efficiently
degraded during dairy cow digestion leading to non-detectable levels in liquid manure applied to agricultural

fields.
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Table 1: Slurry samples collected with proceeding storage time in course of the experimental liquid manure field

trial
origin of feed non-transgenic maize ration transgenic maize ration
store 1 2 3 4
sample nr. 1234 [5 6 [7][8]9 Jwo]J1t]|12]13]14]15]16]17]18]19]20]21]22
storageweek | 1[4 ]9 142026 1|7 1115291 [2 [7 [11[18]24]1 [5 [9 [13]25

Table 2. Primer sequences as used for the DNA analysis and fragment size of the amplicons

target gene fragment primer sequences reference
size (bp)

crylAb 206 For: 5'-CCT GGA GAA CTT CGA CGG TA-3' (Guertler et al.
Rev: 5'-TCG TGC CGT AGA GAG GAA AG-3' 2008)

rubisco 173 For: 5-AGC TAA TCG TGT GGC TTT AGA AGC C-3’ (Wiedemann et al.
Rev: 5'-TGG TAT CCA TCG CTT TGA AAC CA-3’ 20006)

opaque-2 202 For: 5’-CTGGAGAAAGAGTGCCCTTG -3’ this study
Rev: 5>-TGGCTAACCGGTTTACGTTC-3’

18S 365 For: 5'-AAG TCT TTG GGT TCC GGG-3’ (Guertler et al.
Rev: 5'-GGA CAT CTA AGG GCA TCA CA-3’ 2008)

10
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Figure 2: PCR amplification products of 18S (A), rubisco (B), opaque-2 (C) and crylAb MON810 (D) DNA in
liquid manure obtained from dairy cows fed either non-transgenic or transgenic maize. In the upper part of each
gel: Slurry store 1 and 2, liquid manure from control group fed non-transgenic PTMR. In the lower part of each
gel: Slurry store 3 and 4, liquid manure from cows fed transgenic PTMR. Numbers indicate weeks of slurry
storage before analysis. M: 50 - 1,500 bp PeqLab-Low Range Marker, NTC: non-template control (H,O or DNA
from near isogenic maize grain in D); PC: positive control (DNA from Bt maize MONS810 grain), M1: 25 - 700
bp PeqLab-Ultra Low Range Marker.
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