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Abstract 

Since the introduction of insect-resistant crops in 1996, cultivation of this group of genetically 
modified crops has grown substantially. There are many Bt corn events in field trials, but only one is 
commercialized on the Romanian market. The levels of the protein in plant tissue would be valuable in 
determining the protein concentration to which nontarget organisms may be exposed. The soil fate of 
the Bt protein is a key parameter governing exposure of nontarget organisms in this environment. The 
objectives of our study were: (i) to investigate the impact of the soil type on Bt expression levels in 
transgenic corn tissue (leaves, roots seed); (ii) to monitor the time-dependent degradation of the cry1Ab 
protein in three soil types favorable for corn growing, with different physicochemical characteristics. 

Detection and quantification of Cry1Ab protein in tissue (leaves, roots and seeds) and soil 
extracts was conducted using ELISA method with a commercially available test system for detecting 
Cry1Ab/Cry1Ac proteins (QuantiPlate Kit for Cry1Ab/Cry1Ac; Agdia), following the recommended 
protocol of the manufacturer. To evaluate the potential of Bacillus thuringiensis (Bt) Cry1Ab protein 
accumulation in soil, transgenic corn containing event MON 810 encoding the cry1Ab gene was grown 
in greenhouse conditions in pots containing three types of soil. At the end of growing period, the corn 
plants were incorporated into the soil. During vegetative period and at different time points after 
biomass incorporation, soil samples were collected from pots, and the level of Cry1Ab protein in these 
samples was determined using ELISA assay. Regarding Bt protein content, there is no difference 
between plants grown in different soils types. The lowest Bt protein content was quantified in senescent 
tissue and in seeds. The average chart for test soils shows an initial Bt protein increase after 
incorporating the plant biomass into the greenhouse soil pots, with the Cry1Ab concentration peaking 
at about 6 -9 weeks after incorporation, and declining slowly towards the 12-15 week (3-4 months) 
sampling interval. Overall, our results  supports the conclusion that  the Cry1Ab protein does not 
persist or accumulate in soil after incorporation in the soil of Bt corn plants expressing this protein. 

 
Introduction  
 
 Using modern biotechnology, has developed insect-protected corn that produces the 
naturally occurring Bacillus thuringiensis (Bt) protein, Cry1Ab. YieldGard® hybrids are 
protected from feeding damage by the European corn borer (Ostrinia nubilalis), the 
southwestern corn borer (Diatraea grandiosella) and the pink borer (Sesamia cretica). 
Genetically modified (GM) MON810 corn was authorised for cultivation in the European 
Union in 1998 (EU Commission, 1998 [1]). As EU Member State, Romania can 
commercially grow genetically modified plants approved for market release in EU. Beginning 
with 2007, MON810 was cultivated on about 300 Ha. In 2009, Bt maize was grown on about 
3000 Ha. 

Besides Monsanto the studies, a few papers are published with findings on Bt 
concentrations in leaves from MON 810 plants based on systematic investigations during 
different plant growth stages (MONSANTO, 2002 [2] NGUYEN & JEHLE, 2007 [3]; 
LORCH & THEN, 2007 [4]). However, little commercial or scientific information about how 
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much Bt toxin is actually produced by Bt plants and whether the content is influenced by 
external factors (LORCH & THEN, 2007 [4]). 

The soil fate of Bt protein is a key parameter governing exposure of non-target 
organisms in environmental conditions. In principle,  Bt toxins enter the soil: via root 
exudates and/or leachates following plant injuries;  when Bt protein incorporated in the plant 
matrix degrades with the plant matrix; and  via leachates from degrading plant material 
(ZWAHLEN et al., 2003 [5]). 

The degradation of CryIAb proteins in soil has been determined by immunology and 
bioassays with susceptible insect species (TAPP & STOTZKY, 1998 [6]; HOPKINS & 
GREGORICH, 2003 [7]; ZWAHLEN et al., 2003 [5]). 

At present, recovery of Bt toxin from soil ranged from 60% for a low clay content, low 
organic matter soil to 27% for a high clay content, high organic matter soil (PALM et al., 
1994 [8]). Extraction efficiencies for Bt rice of 46.4- 82.3% was reported (WANG et al., 2006 
[9]). Soil recoveries (fortified with cry1Ab protein at concentration levels of 5, 20 and 60 ng 
Cry 1Ab protein/g soil) ranged from 45% to 91%, depending on the origin of soil (GRUBER 
et al., 2009 [10]). As some soils exhibit physicochemical properties interfering with the 
ELISA for Cry1Ab detection, further method development and validation has to be carried 
out independently for various soil types (GRUBER et al., 2009 [10])  

The objectives of our study were: (i) to investigate the impact of soil types on Bt 
expression levels in transgenic corn plants (leaves, roots and seeds); (ii) to monitor the time-
dependent degradation of the cry1Ab protein in three soil types. An experiment was set up  in 
greenhouse of the Institute of Soil Science. It included eight  replicated pots for each soil 
types, four for the Bt maize and four for non-modified maize hybrid. Cry1Ab proteins were 
detected by an enzyme-linked immunosorbent assay (ELISA) using a modified protocol for 
soil extraction.  
 
 
Material And Methods 
 
Preparation of test sample. 

The maize plants used during this study was represented by DKC5784YG GM hybrid 
(event MON810) which expresses the insecticidal Bt-toxin Cry1Ab due to the cry1Ab gene of 
B. thuringiensis var. kurstaki and the conventional maize hybrid (DKC 5783) as control. 
Seeds of the Bt and non-Bt corn hybrids were kindly supplied by Monsanto Co., Romania. 
 

Experimental design. 
In order to see whether there is any correlation between soil types and both the 

Cry1Ab levels in transgenic plants and the rate of degradation of Bt protein in the soil a 
glasshouse experiment was undertaken. Conventional and transgenic corn plants were grown 
in three types of soil.  For this study, the soil was selected from different corn-producing 
regions to provide diversity in soil characteristics: eutric aluviosoil, from Ciorogârla, aluvic 
eutricambosoil,  from Lunguleţu and cernozem cambic soil, from Dascălu. 

For each soil type, 8 pots filled with 18 kg of soil per pot were used, four replicate pots 
for conventional corn (two plants per pot) and four replicate pots for Bt corn (two plants per 
pot). One week after filling the pots with soil, they were sown with two seeds of either 
DKC5784YG or DKC 5783 non-transgenic hybrid. Pots were watered as required with tap 
water. The physicochemical and textural characteristics of all soil used was established. 
Characterization was performed at  Institute of Soil Science laboratories. 
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 To confirm the identity of the test and control plants, event - specific polymerase chain 
reaction (PCR) analyses was conducted on leaf samples from each plant (data not shown). 
 For Cry protein quantification, tissue samples of roots and leaves at V10 (ten leaves) 
development stage and leaves, roots and seeds at technical maturity have been sampled.  To 
quantify  protein concentrations in rhizosphere, soil samples were collected  from two 
individual plants, grown in each soil type, at the time corresponding to the above mentioned 
specific growth stages of the maize plants. The individual samples from each plant were 
mixed. In the laboratory, root residues were removed and after sieving, the samples were 
stored at -20ºC. 
 To monitor the time-dependent degradation of the Cry1Ab protein in three soil types, 
the senescent plant was cut into large pieces and incorporated into the soil, in simulation of 
corn plant residues incorporated into the soil following harvest. The soil samples were 
collected from each pot, before incorporation of plant material and at 3, 6, 9, 12 and 15 weeks 
after incorporation, during plant residues degradation. The amount of soil collected from each 
pot was aproximatelly 30g. Equal amounts of soil from four replicates per soil types were 
bulked. 
 Every time, the Bt protein was detected and quantified in six samples: two for each 
soil types (one for  Bt plants and one for control).  
 

Extraction and quantification of Cry1Ab protein.  
 The Cry1Ab protein (Bt toxin) in all materials was determined by ELISA with a 
commercially available test system for detecting Cry1Ab/Cry1Ac proteins (PathoScreen TM 
kit for Cry1Ab/Cry1Ac proteins; Agdia, Elkhart, Indiana). 
Top leaves and roots were collected, stored in a cool box and transported to the lab. From 
each leaf piece, two samples of 30 mg was prepared (from fresh material), introduced in 
Eppendorf tubes and stored at -80°C. When performing analysis, samples were taken out from 
-80°C and ground in a mortar with liquid nitrogen. The crushed plant tissue was then further 
processed. Aliquots of approximately 30 mg of crushed plant tissue samples were placed into 
Eppendorf tubes and mixed for 30 s with 0.5 ml extraction/dilution buffer (supplied with the 
kit) using plastic pestles. The resulting suspensions were centrifuged, and the clarified 
supernatants were analyzed by ELISA, following the recommended protocol of the 
manufacturer. Each sample was analyzed in duplicate. 
 To detect and quantify Cry1Ab protein, samples of soil (1g) were vortexed with 2 ml 
of  10 x extraction/dilution buffer provided with the ELISA kit.. The soil suspension was 
incubated for 20 min. at room temperature, centrifuged for 20 min. at 16 000 x g and 15º C 
and the supernatants analyzed by ELISA. To estabish the efficacy of extraction and detection, 
Cry1Ab protein was added to soil at a known concentrations.   
 
Results and discussions 
 
Levels of Cry1Ab protein in corn plant tissue grown in different soil types 
 

Regarding Bt protein content, there is no differences between plants grown in different 
soils types (table 1). Our results obtained with plants grown in greenhouse conditions show a 
decrease of Bt content in roots and leaves at technical maturity. The lowest quantity of Bt 
protein  were recorded in seeds. The Cry1Ab contents in leaves are comparable to that 
obtained by  Monsanto (2002) [2] with corn plants grown in Europe.  
 
 
Table 1. Cry1Ab protein levels in YieldGard corn plants (μg/g fwt tissue). 
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Plant tissue Parameter Protein quantity µg/ g fresh weight 
  Eutric  aluviosoil 

(19,7% clay) 
 

Aluvic 
eutricambosoil 

(34,0 clay)  

Chernozem 
(39,3% clay) 

 
Leaf* Mean 

Std dev. 
9,56 
0,63 

8,29 
0,29 

8,78 
0,64 

Senescent leaf Mean 
Std dev. 

0,25 
             0,20 

0,23 
0,02 

0,11 
0,01 

Root * Mean 
Std dev. 

2,00 
0,66 

2,20 
0,14 

1,67 
0,45 

Root from 
senescent plant 

Mean 
Std dev. 

0,89 
0,09 

0,73 
0,07 

0,92 
0,07 

Seed Mean 
Std dev. 

0,49 
0,03 

0,44 
0,05 

0,50 
0,03 

*leaf and root samples collected at V10 (30.06) 
 

 NGUYEN & JEHLE 2007 [3]  reported high variability of Bt expression and even 
statistically significant differences between two fields in Germany, contents were about 30-
40% lower then Monsanto’s data (Monsanto, 2002 [2]).  
 
Detection and quantification of Cry1Ab protein in soil. 
 
Table 2. Soil characteristics. 
 

Particle distribution (%) Site Depth Classification* 
 

CEC** pH % 
organic 
matter 

Sand 
coarse 
2- 0,2 

Fine 
sand 
0,2-
0,02 

Dust 
0,02-
0,002 

Clay 
<0,002 

Ciorogârla 
(V2) 

0-20 Eutric  
aluviosoil 

121,00 8,00 1,80 9,7 49,9 20,7 19,7 

Lunguleţu 
(V4) 

0-20 Aluvic 
eutricambosoil  

98,00 5,68 2,52 3,6 35,0 27,4 34,0 

Dascălu III 
(V6) 

0-20 Chernozem 82,00 6,69 3,48 0,2 26,5 34,0 39,3 

* Romanian Soil Taxonomy, 2003    **CEC, cation-exchange capacity (cmolc/kg) 
 
 Physicochemical soil characteristics are shown in Table 2. The clay content of the test  
soils varied from about 20% (Ciorogârla) to about 40 % (Dascălu). The clay and humic acid 
components of soils have been reported to bind Cry1Ab protein and provide protection from 
microbial degradation (CRECCHIO & STOTZKY, 2001 [11]). As can be seen from the soil 
characteristics presented in table 2, all soil types used in this experiment have a high level of 
clay. To estabish the efficacy of extraction and detection, Cry1Ab protein was added to soil. 
The amount of Bt protein that was recovered from amended  soil containing about 19 % clay 
was almost 40% extraction rate. The zero values (soil without Cry1Ab protein) for soils tested 
did not exceed those that were obtained for the negative control provided with the ELISA test. 
GRUBER et al., 2008 [10] reported a recovery rates of Cry 1Ab protein from the soil ranged 
from 45% to 91 % and showed a strong dependence to the origin of soil.w  
 The low extraction efficiency for certain soil types may be attributed to the fact that a 
fraction of the protein in the soils is bound tightly to the soil matrix and remains as 
nonextractable residue. Once the Bt toxin is bound to surface-active particles, it is difficult to 
extract from the soil for quantitative analyses (PAGEL - WIEDER et al., 2007 [12]). The Bt 
toxin from B. thuringiensis, Bt corn and Bt cotton could bind tightly to soil clays and humic 
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acids (reviewed in ICOZ & STOTZKY, 2008 [13])). Using an improved extraction and 
detection protocol based on a commercially available ELISA, it was possible to detect 
Cry1Ab protein extracted from soils to a threshold concentration of 0.07 ng/g soil 
(BAUMGARTE & TEBBE, 2005 [14]).  
 Protein extraction and an enzyme-linked immunosorbent assay (ELISA) allowed a 
threshold detection of 0.01 ng Cry1Ab1 /g soil. The maximum amount found in pots with Bt 
maize residues was about 0,6 ng Cry1Ab /g soil (figure 1, V4). After incorporating plant 
biomass into soil pots, the Cry1Ab protein was detected (above the background level of the 
controls) after 3, 6 and 9 weeks, in the samples with 19,7% clay content (V2),  after 6 and 9 
weeks, in the samples with 34% clay (V4), and only after 15 weeks, in the samples with about 
40% clay (V6). The average chart for test soils (figure 1) shows an initial Cry1Ab increase 
after incorporating the plant biomass into the greenhouse soil pots, with the Cry1Ab 
concentration peaking at about 6 -9 weeks after incorporation, and declining slowly towards 
the 12-15 weeks (3-4 months) sampling interval. This result is largely driven by soil with 34% 
clay content, which shows large Cry1Ab concentrations at 9 weeks (figure 1). During 
degradation process, in bulk soil, the mean values of the detectable immunoreactive Cry1Ab 
ranged for the different samples from 0.09 to 0.6 ng/g soil or they were below the limit of 
detection (figure 1) 
 
Fig. 1. Cry1Ab protein concentration in soil during degradation period of plant debris 
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 A major objective of this study was to follow the fate of the Cry1Ab protein 
synthesized by transgenic maize in soils that are typical for maize-growing regions in 
Romania using ELISA assay developed to detect Cry1Ab or Cry1Ac in plant material 
(AGDIA). The same assay have also been used to estimate Cry1Ab protein in soils from 
fields cropped with Bt plants (HOPKINS & GREGORICH, 2003 [7]; ZWAHLEN et al., 2003 
[5]; BAUMGARTE & TEBBE, 2005 [14]; WANG, 2006 [9]; GRUBER et al., 2008 [10]). 
 No Cry1Ab was detected by ELISA technique in the rhizosphere soil of the Bt maize. 
No Cry1Ab was detected in rhizospheres of the nonengineered hibrid growing in the same 
soil types, which demonstrated the specificity of the applied ELISA assay for soil analyses. 
This result could be explained by the composition of the soils studied (pH, clay content).   

The lack of Cry1Ab protein in the rhizosphere and its detection in bulk soil after 
incorporating plant material clearly indicate that the plant residues represent the major 
reservoir of the transgenic product after harvesting. Nevertheless, the persistence of Bt toxins 
in soil, as well as their microbial degradation, is also a function of soil type, environmental 
conditions, source of the proteins (plant produced versus purified), and the particular Cry 
protein studied studied (CLARK et al., 2005 [16]). 
 Toxin released in soil adsorbs and binds rapidly on the surface as active particles (e.g. 
clay and humic substances) in soil. In this study, extraction was done with 10x PBST buffer,  
which is more efficient than other methods used (data not shown). However, the fact that an 
initial Cry1Ab increase after incorporating the plant biomass into the greenhouse soil pots 
was detected, with the Cry1Ab concentration peaking at about 6 -9 weeks after incorporation, 
and declining slowly towards the 12-15 weeks (3-4 months) sampling interval supports the 
conclusion that there is no accumulation of this protein in soil, irrespective of its capacity to 
adsorb. 
 The soil fate of the Bt protein is a key parameter governing exposure of nontarget 
organisms in the environment. Laboratory and field studies have shown differences in the 
persistence of Cry proteins in soil. The Cry1Ab protein released in root exudates of Bt corn 
persisted in soil for at least 180 days and from biomass for at least 3 years, the longest times 
studied (SAXENA & STOTZKY, 2000 [17]; STOTZKY, 2004 [18]). Purified Cry1Ab 
protein remained larvicidal in nonsterile soil for at least 234 days (TAPP & STOTZKY, 1998 
[6]), and the protein was detected in residues of Bt corn in soil in the field, with little or no 
degradation in residues in litter bags at least 8 months (ZWAHLEN et al., 2003 [5]). Protein 
in Bt maize persisted through winter but without accumulation (BAUMGARTE & TEBBE, 
2005 [14]). In case of Bt maize cultivation no persistence for 3 years (DUBELMAN et al., 
2005 [15]), 4 years (HOPKINS & GREGORICH, 2003 [7] or 7 years before sampling 
(GRUBER et al.,2008 [9]) were reported. ICOZ et al., 2007 [13] detected Bt protein in soils 
during 4 consecutive years.  

The reason for this variation 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 Cry1Ab protein. The degradation and persistence of Cry proteins in soil depend largely on 
microbial activity, which is affected by soil type, pH, temperature, and other physicochemical 
and biological characteristics of soil (ICOZ & STOTZKY, 2008 [13]). As some soils exhibit 
physicochemical properties interfering with the ELISA for Cry1Ab protein detection further 
method development and validation has to be carried out independently for various soil types 
(GRUBER et al., 2008 [10])  
 One major source of differences in the results described in the previous paragraphs 
was the lack of reliable, accurate, and universal analytical methods. Because of the different 
results obtained with different commercial Western blot (i.e., from Envirologix and Agdia) 
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and ELISA kits (i.e., from Envirologix, Agdia,  Abraxis or Fitzgerald), it is not clear whether 
the presence of the Cry1Ab protein in the soil under field condition was the result of the 
acumulation of the protein relesed by Bt plants or of the accuracy and sensitivity of the 
different commercial kits used. A sandwich ELISA based on an immunoaffinity purified 
polyclonal antibody has been developed for the Cry1Ab protein determination in soil. It was 
validated for a selected set of four soil types corresponding to four experimental Bt-maize 
field sites (GRUBER et al., 2008 [10]).  The results emphasizes that  method development 
and validation has to be carried out independently for various soil types. 
 
Conclusions 
 Under the experimental conditions used in this study, the level of proteins 
expressed in leaves and  roots of MON810 hybrid varied during growing season. 
Investigations conducted with an insect-resistant transgenic corn hybrid showed no detectable 
levels of Cry1Ab protein in rhizosphere soil during growing season. Using a modified 
extraction method, the recovery of Bt toxin from soil with 19% clay content was 40%. 
Overall, our results  supports the conclusion that  the Cry1Ab protein does not persist or 
accumulate in different soil type,  after incorporation of Bt corn plants expressing the Cry1Ab 
protein.  
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