
ETH Library

Physiological characteristics
of Bt176 corn in poultry, fate of
recombinant DNA and further
estimate of a possible horizontal
transfer of genes from Bt176 corn
to microorganisms

Doctoral Thesis

Author(s):
Aeschbacher, Karin

Publication date:
2003

Permanent link:
https://doi.org/10.3929/ethz-a-004622525

Rights / license:
In Copyright - Non-Commercial Use Permitted

This page was generated automatically upon download from the ETH Zurich Research Collection.
For more information, please consult the Terms of use.

https://doi.org/10.3929/ethz-a-004622525
http://rightsstatements.org/page/InC-NC/1.0/
https://www.research-collection.ethz.ch
https://www.research-collection.ethz.ch/terms-of-use


Diss. ETHNo. 15112

Physiological characteristics of Art76 corn in poultry, fate of

recombinant DNA and further estimate of a possible

horizontal transfer of genes from Btl76 corn to

microorganisms

A dissertation submitted to the

SWISS FEDERAL INSTITUTE OF TECHNOLOGY ZURICH

for the degree of

Doctor of Natural Sciences

presented by

Karin Aeschbacher

Dipl. Lm.-Ing. ETH

born June 23, 1970

citizen of Zurich

accepted on the recommendation of

Prof. Dr. Caspar Wenk, examiner

PD Dr. Leo Meile, co-examiner

Zurich 2003



Herzlichen Dank

Allen Personen, die zum Gelingen dieser Arbeit beigetragen

haben, möchte ich an dieser Stelle ganz herzlich danken.

Insbesondere

Prof. Dr. Caspar Wenk für die Überlassung des Themas, die

gewährten Freiheiten, sein Interesse an meinen Versuchen und

die Übernahme des Referates. Caspar, Deine Persönlichkeit,

Dein Vertrauen und das herzliche Arbeitsumfeld werden mir

immer in bester Erinnerung bleiben!

PD Dr. Leo Meile für die Übernahme des Koreferates, die

fachliche Betreuung und die sorgfältige Durchsicht meiner

Arbeit. Leo, ich habe Deine Unterstützung sehr geschätzt!

Dr. Ruth Messikommer, meiner Miss Marple, für Ihre stete

Hilfsbereitschaft, Ihren wissenschaftlichen Beistand, Ihre

Sorgfalt und auch für die kritische Durchsicht meiner

Manuskripte. Ruth, was hätte ich nur ohne Dich gemacht!

Dr. Christine Zuberbühler für Ihre fachliche und persönliche

Unterstützung, nicht nur bei der Blutentnahme.



Christine, unsere lebhaften Diskussionen und Unterhaltungen,

wie auch unsere Abenteuer im Schnee, am See oder in der Küche

werde ich nie vergessen!

Barbara Eichenberger und Ivana Zajacova für ihre

aufheiternde und unterhaltsame Art und die mehr oder weniger

wissenschaftlichen Diskussionen. Barbara und Ivana, ich werde

Euch vermissen!

Dem Laborteam für die Unterstützung bei diversen

Laborarbeiten und bei allen Kolleginnen und Kollegen für die

ausgesprochen angenehme Atmosphäre. So macht die Arbeit

doppelt Freude!

Meinem Partner Karim und meinen Freunden für Ihre

persönliche Unterstützung und Motivierung, und Cla besonders

für die Nachtübung beim Erstellen des Layouts dieser Arbeit!

Meine Lieben, ich werde es nicht vergessen!

Meinen Eltern für ihre Liebe und die Ermöglichung dieser langen

Ausbildung! Auch Euch zwei mein herzlichstes Dankeschön!



CONTENT

TABLE OF CONTENTS Ill

SUMMARY VII

ZUSAMMENFASSUNG XI

PART I: GENERAL INTRODUCTION 1

PART II: SAFETY CONSIDERATIONS REGARDING THE

USE OF £7176 CORN AS BROILER FEED 31

PART III: £7176 CORN IN POULTRY NUTRITION: PHYSIO¬

LOGICAL CHARACTERISTICS AND FATE OF

RECOMBINANT PLANT DNA IN CHICKENS 47

PART IV: ADDITIONAL INVESTIGATIONS 81

PART V: GENERAL CONCLUSIONS 101

PART VI: REFERENCES 115

I



TABLE OF CONTENTS

1. GENERAL INTRODUCTION 1

1.1 Genetically modified plants 1

1.2 Legal requirements in Switzerland for GMO 3

1.3 Global cultivation of genetically modified plants 6

1.4 Characteristics and construction of 5rl76 corn 9

1.5 Safety of Btand Btcorn 12

1.5.1 Genetic stability of the introduced trait 12

1.5.2 Risk of wildness and out-crossing 13

1.5.3 Effect of the Bt toxin on non target organisms 13

1.5.4 Development of resistance of the corn borer 13

1.5.5 Allergenic potential of genetically modified food 14

1.5.6 Antibiotic resistance as marker genes 15

1.6 Acceptance of genetically modified organisms in

the society 17

1.7 Safety assessment of genetically modified plants 18

1.8 Consumption of foreign DNA by humans and animals 27

1.9 Topics and aim of this study 28

2. SAFETY CONSIDERATIONS REGARDING THE USE

OF £7176 CORN AS BROILER FEED 31

2.1 Abstract 31

2.2 Introduction 32

2.3 Methods 36

2.3.1 Diets and broiler feeding experiments 36

III



Table of contents

2.3.2 Analysis of physiological parameters 37

2.3.3 Statistics 37

2.3.4 Detection of corn DNA in the intestine of broilers

by PCR 37

2.4 Results and Discussion 38

2.4.1 Physiological characteristics of corn 38

2.4.2 Physiological parameters of broilers 39

2.4.3 PCR analysis of corn and poultry DNA in feed and

broilers 41

2.5 Conclusion 44

3. £7176 CORN IN POULTRY NUTRITION: PHYSIOLO¬

GICAL CHARACTERISTICS AND FATE OF RECOMBI¬

NANT PLANT DNA IN CHICKENS 47

3.1 Abstract 47

3.2 Introduction 48

3.3 Material and Methods 52

3.3.1 Experimental Design, Animals and Diets 52

3.3.2 Sampling procedures 53

3.3.3 Analytical Methods 54

3.3.4 Statistical analysis 55

3.3.5 PCR-Analysis 55

3.4 Results 58

3.4.1 Nutrient content of corn and experimental diets 58

3.4.2 Performance Data of Laying Hens and Broilers 63

IV



Table of contents

3.4.3 Metabolism Data of Laying Hens and Broilers 67

3.4.4 Composition of the products egg and meat 68

3.4.5 Fate of corn chloroplast and Bt corn specific DNA 70

3.5 Discussion 74

3.5.1 Nutrient content of corn and experimental diets 74

3.5.2 Performance of Laying Hens and Broilers 75

3.5.3 Metabolism of laying hens and broilers 75

3.5.4 Composition of the products egg and meat 76

3.5.5 Fate of corn chloroplast and Bt corn specific DNA 76

4. ADDITIONAL INVESTIGATIONS 81

4.1 Introduction 81

4.1.1 Investigations on a possible development of an anti¬

biotic resistance in bacteria of chickens and on a

possible transfer of the ampicillin resistance gene 81

4.1.2 Digestive processes in chickens 82

4.2 Material and Methods 83

4.2.1 Microbiological analyses of feces and crop content 83

4.2.2 Colony hybridization with fecal bacteria 84

4.2.3 RT-PCR of chicken samples 85

4.2.4 DNase activity in crop and saliva 87

4.3 Results and Discussion 88

4.3.1 Microbiological analyses of feces and crop content 88

4.3.2 Colony hybridization with fecal bacteria 93

4.3.3 RT-PCR of chicken samples 96

V



Table of contents

4.3.4 DNase activity in crop and in saliva 97

5. GENERAL CONCLUSIONS 101

5.1 The advantages and disadvantages of transgenic

£7176 corn 101

5.1.1 General aspects of GMO's 101

5.1.2 Ecological aspects of genetically modified crops 102

5.1.3 Economical challenges of genetically modified crops. 103

5.1.4 Health aspects 104

5.2 Pending regulations for the genetic engineering in

THE EU 109

5.3 Animal feeding studies with Bt\76 corn 110

5.4 Conclusions and Outlook 112

6. REFERENCES 115

VI



SUMMARY

The safety of genetically modified food or feed or from products which are

produced with genetically modified organisms is of worldwide essential

interest. Genetic engineering poses significant technical and ecological

benefits, as well as some potential risks, which can be divided into two

categories: firstly, the effects on human and on animal health through the

possible transfer and/or creation of toxic or allergenic compounds, or

through a horizontal gene transfer and secondly, the environmental impact

through the possibility of out-crossing with wild species and therefore the

threat to biodiversity.

The objectives of this study were to observe the influence of isogenic feed

and the transgenic variant on animal health and performance, and to follow

the fate of the nucleic acids in the digestive tract of broilers and laying

hens. Thereby, the possibility of a transfer of plant DNA, especially of

transgenic DNA, into bacteria and into broilers or laying hens and their

products meat and egg was investigated.

In the first experiment 36 laying hens were fed for six months either 60 %

transgenic (Bt\76) or 60 % conventional, non modified corn in their diet.

In three further studies 94 broilers were fed two feed varieties with 60 %

corn (genetically modified or unmodified). Half of each feed variety was

furthermore supplemented with a protease to increase the degradation of

dietary protein. In all feeding experiments a transgenic hybrid of corn, the

5/176 corn, and its conventional, non modified counterpart were used. The

Bt\16 corn contains three foreign genes in his genome. The cry gene
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Summary

serves for the production of the insecticidal protein against the European

corn borer, the bar gene for a herbicide tolerance and the ampicillin

resistance gene bla.

Neither the nutrient composition of the corresponding corn or feed (more

than seven parameters were analyzed), nor the metabolism data revealed

significant differences between the feeding treatments in all experiments.

No difference in performance was observed between the corresponding

feeding groups in all experiments.

For the detection of gene fragments in samples from corn, feed and the

chickens the polymerase-chain-reaction (PCR) was applied. It was based

on the one hand on a universal plant-DNA primer-pair (ivr) to detect the in

corn highly abundant plant chloroplast gene and on the other hand on a

poultry-specific mitochondrial (227 bp) and on a 5/176-specific (479 bp)

primer pair. The corn-specific gene ivr (226 bp) was detected in corn and

feed as well as in digesta samples of broilers as far as the small intestine.

In addition, chloroplast fragments were detected in meat samples, whereas

the 5/176-specific gene (479 bp), apart from modified Bt corn and feed,

could only be detected in the crop from the Bt group. No fragments of any

kind were detected in eggs.

From these results it can be concluded that the two investigated corn

varieties are substantially equivalent and they have no detectable

difference in their influence on the performance or metabolism of laying

hens and broilers. The nucleic acids are degraded very early in the

digestive tract, namely in the crop. If there exists a chance of a gene

transfer to bacteria or animal cells it would be only possible in the crop.
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Summary

The supplementation of the broiler feed with protease apparently has no

influence on nutrient composition of the feed or any of the investigated

parameter.
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ZUSAMMENFASSUNG

Die Sicherheit von gentechnisch veränderten oder aus gentechnisch

veränderten Zutaten hergestellten Lebens- oder Futtermitteln ist von

wesentlichem weltweitem Interesse. Die Gentechnologie birgt neben

technischem und ökologischem Nutzen mögliche Risiken, welche in zwei

Kategorien unterteilt werden können: erstens der Einfluss auf die

Gesundheit von Mensch und Tier einerseits durch die Bildung und/oder

Übertragung von toxischen oder allergenen Substanzen, oder andererseits

durch einen horizontalen Gentransfer und zweitens der Einfluss auf die

Umwelt durch die Möglichkeit der Auskreuzung mit wilden Spezies und

infolgedessen die Gefährdung der Biodiversität.

Die Ziele der vorliegenden Studie waren die Evaluierung der

ernährungsphysiologischen Eigenschaften von isogenem Futter und der

transgenen Variante, die Abklärung des Einflusses von transgenem Mais

im Futter auf die Gesundheit und die Leistung von Geflügel, wie auch die

Verfolgung des Abbaus der Nukleinsäuren im Verdauungstrakt des

Geflügels. Damit wurde die Möglichkeit eines Transfers von Pflanzen

DNA, im Besonderen von transgener DNA, in Bakterien und in das

Geflügel und dessen Produkte Fleisch und Eier untersucht.

In einem ersten Versuch wurden 36 Legehennen während sechs Monaten

entweder mit 60 % transgenem (Bt\76) oder mit 60 % Kontrollmais in der

Ration gefüttert. In drei weiteren Versuchen wurden jeweils 94 Broiler mit

je zwei Futtervarianten mit einem Maisanteil von 60 % (gentechnisch

verändert bzw. unverändert) gefüttert. Jeder Futtervariante wurde zur
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Zusammenfassung

Hälfte zusätzlich eine Protease zur Verbesserung des Abbaus der

Nahrungsproteine zugesetzt. Für alle Fütterungsversuche wurde eine trans-

gene Hybride von Mais, der 5/176 Mais, sowie seine Ausgangslinie

(konventionell, nicht modifiziert) verwendet. Der 5/176 Mais enthält als

Fremdgene in seinem Genom ein cry Gen zur Produktion eines

insektiziden Proteins gegen den Maiszünsler, das Herbizidresistenzgen bar

und das Ampicillinresistenzgen bla.

Weder die Nährstoffzusammensetzung der Maiskörner und des Futters

(mehr als sieben Parameter wurden analysiert), noch die Stoffwechseldaten

Hessen signifikante Unterschiede zwischen den Fütterungsvarianten aller

Versuche erkennen. Zwischen den entsprechenden Varianten in allen

Versuchen war kein Leistungsunterschied erkennbar.

Für den Nachweis von Genfragmenten in den Mais, Futter- und

Geflügelproben wurde die Polymerasen-Kettenreaktion (PCR)

angewendet. Diese basierte zum einen auf einem universellen Pflanzen-

DNA Primerpaar (ivr) für ein im Mais reichlich vorhandenes

Chloroplastengen, zum anderen auf einem geflügelspezifischen

mitochondrialen (227 bp) und auf einem 5/176-spezifischen (479 bp)

Primerpaar. Das maisspezifische Gen ivr (226 bp) wurde in den Mais- und

Futterproben entdeckt, wie auch in den Proben des Verdauungstraktes der

Broiler bis zum Dünndarm. Ausserdem wurde das Chloroplastenfragment

in Fleischproben nachgewiesen. Das 5/176-spezifische Gen (479 bp)

dagegen konnte ausser im Bt Mais und Futter nur noch im Kropf der Bt

Variante nachgewiesen werden. In den Eiern wurden gar keine Fragmente

detektiert.
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Zusammenfassung

Aus diesen Ergebnissen kann geschlossen werden, dass die zwei

untersuchten Maisvarianten substantiell äquivalent sind und keinen

nachweisbaren Unterschied in ihrem Einfluss auf die Leistung und den

Stoffwechsel von Geflügel zeigen. Die Nukleinsäuren werden bereits früh

im Verdauungstrakt, nämlich im Kropf, sehr stark zerkleinert. Ein

allfälliger Gentransfer auf Bakterien oder in Tierzellen ist daher höchstens

im Kropf möglich. Die Supplementierung des Broilerfutters mit Protease

hat keinen Einfluss auf die Nährstoffzusammensetzung des Futter noch auf

einen der anderen untersuchten Parameter.
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PARTI

GENERAL INTRODUCTION

1.1 Genetically modified plants

Genetically modified plants are plants in which the genetic material (DNA)

has been altered in a way that does not occur naturally by mating or natural

recombination. The first genetically modified crop foods were introduced

in 1994 (Flavr Savr® tomato: USA) and since then, a multiplicity of

genetically modified (GM) plants have entered the market: first soya,

followed by com, cotton, rapeseed and others. The dominant trait is

herbicide resistance followed by Bacillus thuringiensis insect resistance:

75 % of the GM plants are herbicide resistant, 17 % insect resistant and

8 % combine both traits (BATS, 2003).
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Genetically modified plants

D Herbicide resistant

M Insect resistant

Both traits

Figure 1 Dominant traits in genetically modified plants

Other traits don't play a role so far in the commercial cultivation. In

Europe, requests for release concern crops like com, rapeseed, sugar beet,

potato and wheat but also tomato, tobacco, chicory, cotton and many more

(BBA, 2003).

Genetic engineering is a promising tool for the targeted and time-saving

development of improved crop plants. The first generation of GM crop

plants was the one with improved agronomic characteristics with benefits

to the producer: These new varieties of plants have been modified to

enhance agronomic performance or to facilitate plant breeding. They

contain one or more foreign genes which code for agronomic traits like

pest resistance (insect and viral resistance), resistance to diseases caused

by bacteria, fungi and viruses and herbicide tolerance. These plants are

considered to have a substantial equivalence to the original plant in

contrast to the GM plants of the second generation. Such plants provide

improved quality characteristics and thus address the wishes of the

e
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General introduction

consumers. The aim is to produce healthier, tastier or even medically

effective plants. Some plants of the second generation are already on the

(US) market (examples):

- Soybean and rapeseed with modified fatty acid composition

- Tomatoes and melons with fruit ripening delay

- Tobacco without nicotine

Other plants are still in the development (examples):

- Potatoes with more dietary fiber

- Coffee without caffeine

- Rice and wheat free of allergens

- Feed (com, soybean, rapeseed) enriched with desired amino acids

The spectrum of plants modified by means of genetic engineering is

continuously expanding. Transgenic crops are not only gaining in

importance as raw material for food and food ingredients but they also gain

in importance in the feed market (James, 2002).

1.2 Legal requirements in Switzerland for GMO

In Switzerland, genetically modified organisms (GMO) need a concession

by government. This includes different requirements: The GMO mustn't

harm the health of humans and animals nor threaten the environment.

The crops registered as feed are listed in Table 1.

3



Legal requirements in Switzerland for GMO

Table 1 Accredited GM crops in Switzerland (www.admin.ch)

Species Traits Company Date of approval

Round-up Soybean Herbicide tolerance Monsanto 31.10.1996

ßf176Corn Insect resistance Novartis 06.01.1998

ßr11 Corn Insect resistance Novartis 14.10.1998

Herbicide tolerance

Mon810Corn Insect resistance Monsanto 27.07.2000

The first transgenic plant permitted in Switzerland was the Roundup Ready

Soybean of Monsanto in December 1996. In the meantime some other

GMO products are permitted, among also the Bt\16 com from Novartis,

which is allowed as food and feed since 1998 (Table 1). Concerning the

byproducts from com and soybean processing all species approved in the

EU, USA or in Canada are accepted.

Genetically modified organisms need to be declared as such when entering

the market. The limit of declaration is 3 % GMO for single animal

feedstuffs and 2 % for mixed animal feedstuffs. Food has to be declared if

containing more than 1 % GMO. This limit is only valid for the accredited

GMO's (Table 1).

However, from the official measurements of the Swiss laboratories with

350 to 400 samples per year in the last years less than 5 samples had to be

objected because of a GMO rate of more than 1 %. It seems that the will

and the logistic are there to separate the GMO and the non-GMO products

in the global flow of goods.
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General introduction

Furthermore, the cultivation of genetically modified plants is not allowed

in Switzerland. In June 2000, the Swiss Government introduced a tolerance

limit of 0.5 % for impurities of seeds with genetically modified organisms.

Such impurities are inevitable, but the eventually resulting genetically

modified plants have to be accredited in Switzerland (Table 1). Otherwise

the zero tolerance is applied.

In our country, the European com borer has become the most important

pest in com cultivation in the last 30 years (Bigler and Bosshart, 1992).

The method to regulate it is the release of Trichogramma brassicae (Häni

et al, 1988). The usage of insecticides is not allowed.

Enzymes, produced by genetically modified microorganisms, reached a

large proportion in the world market. They are also used as feed additives

and are also applied in food production. However, in Switzerland at the

moment only genetically modified chymosine is accredited for the

production of cheese (Table 2). In addition, amino acids, vitamins and

flavors produced with GMO forge ahead: Two vitamins are accredited in

Switzerland (Table 2).
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Global cultivation of genetically modified plants

Table 2 Approved genetically engineered food products

Product GMO Origin Date of approval

Chymosine Kluyveromyces lactis Bovine 1988

Aspergillus niger

E. coli K12

Vitamine B12 Agrobacterium radiobacter 1996

Vitamine B2 Bacillus subtilis B. subtilis 1997

1.3 Global cultivation of genetically modified plants

During the period from 1996 to 2002, the global area of transgenic crops

increased 35-fold. It started with 1.7 Mio. Hectares in 1996 and since

increased every year. Last year (2002) the acreage of GMO increased

again about 12 % and amounted to 58.7 Mio. Hectares worldwide. A

further increase of the worldwide cultivation can be expected (James,

2002).

6



General introduction
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Figure 2 Global area (Mio. Hectares) of transgenic crops from

1996 to 2002 (James, 2002)

Countries considerably participating in this increase are: USA, Argentina,

Canada, China, South Africa and Australia. According to the official

statistics, in the year 2002 99 % of the worldwide GM plant areas were

located in four countries: USA (66 %), Argentina (23 %), Canada (6 %)

and China (4 %).

Whereas the cultivation of genetically modified com decreased globally by

about one and a half a million Hectares from 1999 to 2001 (Figure 3),

transgenic com area rose about 25 % to 12.4 Mio. Hectares in the year
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Global cultivation of genetically modified plants

2002. Most of this increase occurred in the USA.

Figure 3 Global area (Mio. Hectares) of transgenic corn from

1996 to 2002 (James, 2002)

9 % of the world's production of com is GM com, with soya even 51 %

are transgenic (James, 2002). 5/176 com is accredited in many countries,

but only the USA, Spain and Argentina are reported to cultivate it.

Com belongs to the most important feed plants worldwide. Especially in

North America and in Europe com is used to 80 % as a feedstuff in
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General introduction

livestock husbandry and not directly for human nutrition

(www.transgen.de). Switzerland imports com mainly from France,

Hungary and Argentina and soya from USA and Brazil (Schmid, March

2003; Swiss farmer Union: personal communication), where a significant

part of the com products are transgenic. As a consequence of this

development, more and more genetically engineered products may enter

the food and feed market.

1.4 Characteristics and construction of Sf176 corn

The European com borer (Ostrinia nubilialis) is a common devastating

pest of com. It has been estimated that damage and control measures for

the European com borer cost more than $ 1 billion annually for producers

in the United States and Canada (Ostlie et al, 1997). For combating of this

pest different methods are available: firstly, the biological approach with

Trichogramma evanescens, secondly, the chemical treatment with

insecticides (Bt toxin from Bacillus thuringiensis) and finally, the

genetically engineered Bt (Bacillus thuringiensis) com. Each method has

its advantages and disadvantages.

Different GM corns were developed for control of the European com

borer, for example Mon810, Bt\ 1 or 5/176.

Com hybrids derived from Event 176 express a gene that enables the

plants to produce an insecticidal protein. This toxin originates from

9



Characteristics and construction of Bt176 corn

Bacillus thuringiensis subsp. kurstaki strain HD-1 (Bt), which is a

naturally-occurring soilborne bacterium. A unique feature of this

bacterium is its production of proteins that selectively kill specific groups

of insects. The mechanism of the toxin is described in Chapter 2.2.

Transgenic crops allow increasing crop yields with fewer chemical

treatments compared to conventional crops or allow achieving the same

yield without clearing additional land. In addition, herbicide tolerant crops

decrease soil erosion. The Bt hybrids were commercially available since

1996 but only in the last three years studies on their safety and benefit have

been reported (reviewed in Aulrich et al, 2002; Faust, 2002).

Event 176 was produced by biolistic transformation with two plasmids.

One plasmid contained two copies of a 3' truncated (648 amino acids)

crylA(b) gene, each regulated by different promoter sequences: a green

tissue and a pollen specific promoter (Koziel et al, 1993). Furthermore,

the plasmid contained a copy of the beta-lactamase encoding bla gene

which was used as a selectable trait for screening bacterial colonies for the

presence of the plasmid vector. The second plasmid contained a copy of

the bar gene from the soil bacterium Streptomyces hygroscopicus which

encodes the phosphinothricin N-acetyl transferase (PAT) enzyme. This

enzyme was used as a selectable marker for plant cells and confers

resistance to glufosinate ammonium herbicide. The bar gene is under the

control of the CaMV 35S promoter which guarantees transcription in

eukaryotes (BATS, 2003).

10



General introduction

Table 3 Summary of introduced genetic elements in Bt176 corn

(BATS, 2003)

Gene Trait Origin Promoter Terminator

c/y1A(b) Insect B. thuringiensis P-PEPC CaMV 35S

delta-endotoxin resistance subsp. kurstaki

HD-1

bar Herbicide Streptomyces CaMV CaMV 35S

phosphinothricin resistance hygroscopicus 35S

acetyltransferase

bla Antibiotic Salmonella bacterial

beta-lactamase resistance paratyphi

A truncated version (648 amino acids) of the crylA(b) gene had to be

utilized due to failure of expression of the native gene (1155 amino acids)

in the corn. Plants have higher contents of G-C nucleotides in their

genomes than bacteria. Therefore the G-C content in the truncated

cry\A(b) gene was increased to adjust to the com level. The synthetic gene

has approximately 65 % homology at the nucleotide level with the native

gene. The tmncated protein contains the insecticidal region of the native

CrylA(b) protein and weights approximately 65 kDa.

This insect-resistant 5/176 com contains therefore three bacterial genes:

the lepidopteran-specific cry\A(b) gene, the bar gene conferring tolerance

to glufosinate and a bla gene encoding TEM-1 ß-lactamase (Koziel et al,

1993).

Based on southern transfer and hybridization it is suggested by Duggan et

11



Safety of Bt and Bt corn

al. (2000) that there are at least two copies of the crylA(b) and bla genes

integrated into the DNA of 5/176 com.

1.5 Safety of Bt and Bt corn

With the introduction of genetically modified plants into the feed and food

market, the consumers and environmentalists uttered concerns about the

safety of such products. These concerns regard

- the genetic stability of the introduced trait

- the risk of wildness and out-crossing

- the effect of the Bt toxin on non target organisms

- the development of resistance of the corn borer

- the allergenic potential

- the spread of antibiotic resistance genes and the transfer of DNA

sequences from the plant to microorganisms.

1.5.1 Genetic stability of the introduced trait

Segregation and stability data demonstrated that the crylA(b) as well as

the bar gene were tightly linked and stably inherited into the genome of

Event 176 com. The production of CrylA(b) and PAT proteins, in leaves

and pollen was determined to be stable over four successive backcross

generations (Betz et al, 2000).

12



General introduction

1.5.2 Risk of wildness and out-crossing

In countries where only a few plant species are closely-related to com, the

risk of gene flow to other species appears remote. Cultivated com is

sexually compatible with other members of the genus Zea, and to a much

lesser degree with members of the genus Tripsacum (Betz et al, 2000).

1.5.3 Effect of the Bt toxin on non target organisms

The history of use of Bt insecticides and different studies with nontarget

organisms like honeybees or different worms suggest that the bacterial Bt

protein is not toxic to humans, other vertebrates, and beneficial insects.

This protein is active only against specific lepidopteran insects (Pilcher,

1997; Betz et al, 2000; Saxena and Stotzky, 2001). The effect of the toxin

is therefore highly specific and ecologically advantageous (Betz et al,

2000).

To date, these insecticidal Bt proteins have been shown as lethal for certain

species of Lepidoptera only; these proteins elicit no effects when ingested

by beneficial insects and other non-lepidopteran pests and are non-toxic for

mammals, birds and other animals (Pilcher et al. 1997; U.S. EPA, 1996).

1.5.4 Development of resistance of the corn borer

In order to prevent the development of Bt resistance of the European com

borer, specific Insect Resistant Management (IRM) Programs were

developed (U.S. EPA, 2000). This management is based on two

complementary principles: high dose and refuge. With high levels of Bt
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protein also those borers which acquired one copy of a resistance gene get

killed. The purpose of the refuge is to provide a source of European com

borers, not exposed to Bt com or Bt insecticides and therefore not

containing a resistance gene (Hyde et al, 2001). Like that an adulteration

can take place.

5/176 plants clearly affect survival rates of European com borer larvae due

to insufficient amount of toxin (Zoerb et al, 2003). In this study the effect

of 5/176 com on the European com borer larvae was studied by comparing

growth rates, survival and distribution of the second generation. Exposure

to a potentially sublethal dose results in increased selection for resistance

because the amount of Bt within the plant is below a level necessary to kill

heterozygous individuals that carry resistance alleles. Therefore, 5/176

com does not appear to satisfy the high dose requirements for second

generation larvae (Zoerb et al, 2003).

1.5.5 Allergenic potential of genetically modified food

Generally, ingested proteins are broken down to increasingly smaller

fragments through the combined action of acid and enzymatic hydrolysis

in the digestive tract. Food proteins are not absorbed across the gut wall.

This barrier function derives from enzymes and from the impermeability of

the membrane (Tsume et al, 1996). Exceptions are physiologically

important proteins designed to be absorbed or some proteins taken up by

the leukocytes of the immune system. Nutritionally, dietary proteins are

either non-digestible, being excreted in the feces, or are absorbed as small

peptides and amino acids. The mechanisms of absorption include
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paracellular permeation, receptor mediated transport and endocytosis-

exocytosis (Heyman et al, 1982; Marcon-Genty et al, 1989; Bohner,

1996; Lee, 1996; Marsh, 2001; Zaro and Shen, 2003).

The CrylA(b) protein and the PAT enzyme expressed in Bt com do not

possess characteristics typical of known protein allergens (Clark, 2000).

There were no regions of homology when the sequences of these

introduced proteins were compared to the amino acid sequences of known

allergens. Both are rapidly degraded when exposed to simulated gastric

fluids. The CrylA(b) protein is substantially degraded via digestion under

simulated gastrointestinal (GI) conditions (Notebom et al, 1994). The

proteins introduced into the genetically modified corn should pose no risk

to human or animal health in processed corn feed or food products due to:

- the relatively low expression level in the kernel

- the protein denaturation during processing

- the digestibility of the proteins in the gastrointestinal tract

- the lack of mammalian toxicity of the CrylA(b) protein.

1.5.6 Antibiotic resistance as marker genes

Antibiotic resistance genes are used as markers at the beginning of the

development of genetically modified plants. This antibiotic resistance

allows the bacteria harboring the desired plasmid to grow on antibiotic-

containing media. This facilitates the selection of successfully transformed

bacteria. Later in the developing process the plant cells that have been

successfully transformed with DNA containing both the gene of interest

and an antibiotic resistance gene are able to survive on antibiotic-
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containing media. The antibiotic genes in the complete plants are useless

relicts and have no purpose in the GM crop. However, the concerns regard

the risk of transfer of such genes to microorganisms of the gastrointestinal

tract of humans or animals consuming such GM crops. The bla gene in the

Bt com originates from the cloning vector pUC 18 and is not expressed in

the plant, but has bacterial regulatory sequences that would allow it to

become functional as soon as it would be transferred back into bacteria

(Duggan et al, 2000).

Among bacteria three mechanisms for gene transfer are known: One is the

conjugation, another mechanism is the bacteriophage mediated

transduction. While the conjugation requires an active donor and recipient

cell, the transduction depends only on the survival of the transducing

bacteriophages (Nielsen et al, 1998). The most likely way by which

bacteria may acquire plant DNA is the third mechanism, transformation.

This mechanism requires DNA and a live recipient in a competent state to

take up DNA. Although the probability for such a transfer is very low, to

date no data have been published on transfection rates in vivo.

Nevertheless, the use of antibiotic resistance for motions of release for new

GM products is prohibited by the EU legislation. The large-scale

introduction of genetically modified plants into the environment will

generate a continuous exposure of bacteria to high numbers of engineered

genes and may thereby enhance the probability of the amplification of

these genes after integration in bacterial hosts (Nielsen et al, 1998). There

exist some naturally competent bacteria like Streptococcus gordonii (a

typical bacterium of the saliva) (Correira et al, 1996), Legionella
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pneumaphila (Stone and Kwaik, 1999) or Pseudomonas stutzeri and

Acinetobacter (de Vries et al, 2001). Evolutionary successful horizontal

gene transfer events from plants to soil or plant-associated bacteria are rare

and horizontal gene transfer is more likely to occur between organisms that

are more related in DNA sequence (Smith et al, 1992).

In vitro the bacterial transformation by plant-derived DNA has been

demonstrated (de Vries and Wackemagel, 1998; Gebhart and Smalla,

1998, de Vries et al, 2001). This might be theoretically also possible in the

animal gut, but still remains very unprobable.

1.6 Acceptance of genetically modified organisms in

the society

Questions about the safety and ethics of Bt com production have been

raised not only by individuals but also by organizations like Greenpeace

and WWF. Genetic engineering is rather accepted in the society if

solutions to existing human health problems are expected or if such

expectations are proved. This is visible if it concerns medical problems

like AIDS or cancer. Agronomical properties such as resistance against

pests and herbicides are not attractive to consumers. The benefit of genetic

engineering is not obvious in countries where food is abundant and

starvation or famine is rare. The only countering argument in such

environments could be the diminishing usage of pesticides and insecticides

in the agronomy. It may be different if the genetical modifications refer to
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improvement of product quality. This includes quality characteristics such

as nutrient composition, color, or elimination of undesired components like

antinutritive factors or allergens.

In Switzerland, the subject of GM food is still controversial. Incidents like

the one in the United States in the year 2000 with the StarLink com

increased public uncertainty as it contained a Bt gene (cry9C) which had

not been introduced in any plants before and had not existed as such in

nature. This new form had been developed to withstand even longer in the

intestinal tract of the insects. Due to this characteristic this Bt protein is

believed to remain also longer in the human gastrointestinal (GI) tract. But

this trait is also typical for allergens. Proteins, surviving the small intestine

are recognized by the immune system and thus can provoke an allergic

reaction. Therefore, the StarLink com had only been approved for animal

consumption. Nevertheless, this com was found in tacos for human

consumption. This example shows clearly that it is very difficult to ensure

an avoidance of commingling of seeds.

Thus, the consumers want to have the choice in their food selection and

expect a duty of declaration (Chapter 5.2).

1.7 Safety assessment of genetically modified plants

We do not know what happens when animals eat GM feed and if it does

affect consumption and performance of productive livestock compared to

conventional feed. We have to answer questions like how genetically
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modified feed or feed additives should be nutritionally and physiologically

assessed and if these modified feeds have an impact on animal health or on

product quality. From a scientific point of view, feeding experiments that

determine the physiological value of an isogenic and transgenic feed with

no changes in their compositions, are not very challenging, but it is

important to prove the substantial equivalence of these feed varieties.

Furthermore, it is important to prove their safety with regard to the

performance and health of farm animals and the quality of their products.

For the nutritional assessment of the safety of feeds from transgenic plants

a decision tree can be drawn (Figure 4):
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Significant differences in

components of transgenic and

non-transgenic feed plants'

Substantial equivalence'

Yes

No further studies
Negative effects in animal

feeding studies (metabolism)''

No further studies

Negative effects in long-run

feeding studies (health,

performance, product quality)'

No further studies

Negative effects in

further studies'

Yes

No further studies

No license for

GMO

Figure 4 Safety assessment of transgenic plants (first generation)

in animal nutrition

One part of the safety assessment is the determination of the substantial

equivalence in the first generation of transgenic plants. The principle of

substantial equivalence contains the comparison of the genetically
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modified plant with its conventional counterpart. This can involve the

phenotypic and the compositional characteristics of the modified crop.

This means the analyses of macro- and micronutrients, possibly also

antinutrients and toxins.

The WHO established an approach to safety assessment based on

substantial equivalence.
" Substantial equivalence embodies the concept

that if a new food or food component is found to be substantially

equivalent to an existing food or food component, it can be treated in the

same manner with respect to safety as its traditional counterpart" (OECD,

1993).

So far, for the novel crops of the first generation, with no changes in the

composition, this approach works well. However, for future GM crops

with profound alterations of nutrient distribution which may cause

unintended effects, a refinement of the comparative approach will be

mandatory.

On the development of this thesis only a few studies on genetically

modified crops had been published. The last few years the interest on this

topic rose considerably. Studies showed that transgenic Bt hybrids are

equivalent to their conventional counterparts, in terms of substantial

equivalence (Daenicke et al, 1999; Faust, 1999; Folmer et al, 2000a+b;

Hendrix et al, 2000; Weber et al, 2000; Barriere et al, 2001; Gaines et

al, 2001b; Piva et al, 2001a+b; Reuter et al, 2001, 2002; Russell et al,

2001) and nutritional value in poultry (Aulrich et al, 1998, 2001a; Brake

and Vlachos, 1998; Halle et al, 1999; Mireles et al, 2000; Gaines et al,
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2001a; Piva et al, 2001a; Taylor et al, 2001). Furthermore, a recent

nutritional evaluation of Roundup Ready com with rats revealed

equivalence in chemical composition and nutritional value between the

conventional and the transgenic com varieties (Chrenkovâ et al, 2002).

The evaluation of diverse GM plants (soya, com, sugar beet, cotton and

rapeseed) and feeding studies with chickens, pigs, cattle, sheep or rodents

have been undertaken during the last three years. These studies reported no

differences in survival or body weight when insect protected and

conventional, non modified com were fed to cattle (Russell et al, 2001) or

pigs (Gaines et al, 2001b, Reuter et al, 2001, 2002, 2003). Results from

other studies showed no differences in feed intake, milk yield, milk

composition and other parameters for cows fed diets containing chopped

fresh whole plant com from Event 176 and an isogenic non-5/ hybrid

(Faust and Miller, 1997).

Most of the feeding experiments done so far revealed no deleterious effects

of the transgenic crop plant on animal nutrition or product quality.

However, the feeding studies with pigs of Weber et al. (2000) showed that

the com variety can have an impact on the carcass composition and quality

and on feed intake. It was assumed that these differences may be due to

differences in the bioavailability of the nutrients in com. Furthermore, in

the experiments of Brake and Vlachos, 1998, the broilers fed Bt com

revealed a significant better performance and improved breast muscle

yields compared to the birds of the nontransgenic control group. However,

the transgenic com had no deleterious effects in this study. In addition, in

two studies feed efficiency for weaned piglets (Piva et al, 2001a) and live
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weight for broilers (Piva et al, 2001b) were more favorable when fed the

MON810 Bt com compared to the non-5/ control hybrid and this

advantage was attributed to lower mycotoxin levels for the genetically

modified com (MON810).

Furthermore, lower concentrations of mycotoxins like fumonisins are

reported for com grains harvested from Bt hybrids expressing the

insecticidal protein CrylA(b) in kernels than for near-isogenic,

nontransgenic control hybrids (Munkvold et al, 1997a, 1999).

Another part of the safety assessment is the ascertainment of how proteins

are modified, resulting in activation or inactivation during the passage

through the gut.

Furthermore, the consequences of a possible transfer of the introduced

gene to bacteria of the gut or into the body cells of the animals or humans

must be taken into consideration. The epithelial lining of the GI tract

presents a huge surface for contacts with foreign DNA and DNA-protein

complexes. After each meal, this surface is exposed for hours to DNA

fragments of very different sources. During gastric passage, >95 % of the

DNA fed in different forms to humans and animals degraded (Schubbert et

al, 1997). Fragments of DNA were recovered from feces or from the

contents of different intestinal segments. In mice, about 1-2 % of orally

ingested phage Ml3 DNA persisted transiently as fragments between 1 and

7 hours after feeding in the gut and feces (Schubbert et al, 1997). A very

small proportion of the orally administered Ml3 DNA has been detected
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by fluorescent in situ hybridization (FISH) between 2 and 8 hours after

feeding in the animals' blood stream. Foreign DNA in peripheral blood

and spleen was predominantly present in leukocytes, perhaps due to their

defense functions. The authors assumed that leukocytes carrying the

foreign DNA had possibly migrated from the Peyer's patches in the gut

wall to the bloodstream and spleen. Foreign DNA persisted in spleen and

liver up to 18 hours after feeding (Schubbert et al, 1997). These

experiments showed that foreign DNA can be taken up by the intestinal

wall epithelia, reach the leukocytes in the Peyer's patches, and then be

transported into the organism via peripheral blood leukocytes. Whereas the

mechanism of foreign DNA uptake by the intestinal wall epithelia is

unknown.

Mammalian and other eukaryotic cells are capable of transporting foreign

DNA to their nucleus and integrating it into their own genome (Doerfler et

al, 1997). This concerns DNA from adenovirus type 12 (Ad12) or

bacteriophage X DNA. It is therefore by all means imaginable that

modified genes acquired by elements of the gut flora might become

incorporated into cells lining the gut wall.

Some studies have shown that native plant DNA fragments of different

length were detectable in chicken tissue (Einspanier et al, 2001 (199 bp:

chloroplast DNA)) and mice tissue like liver and spleen (Hohlweg and

Doerfler, 2001 (337 bp: Rubisco gene)). Therefore it would be

theoretically possible that also foreign genes from the plant genome could

be transferred to animal products. However, it is unclear how these

fragments did enter these tissues. Plant DNA fragments from soy beans
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were found in leukocytes of dairy cows, but in milk no fragments could be

detected. All the milk samples in the experiments of Phipps et al. (2002)

could not be assigned as positive regarding the transgenic DNA from soya.

In their publication, Einspanier et al. (2001) detected plant DNA fragments

from Bt com in tissue samples like muscle, liver, spleen and kidney from

broilers, but couldn't detect any fragments in eggs or excreta of laying

hens. Moreover, in experiments with cattle or pigs no transgenic DNA

fragments could be detected (Einspanier et al, 2001; Phipps et al, 2001,

2002; Reuter et al, 2001). Chambers et al. (2002) carried out corn feeding

studies with broilers and detected plant-specific DNA only in samples

from the crop and stomach. The com-derived Wa-specific DNA fragment

(ampicillin resistance gene) was detected as far as the stomach of birds fed

transgenic material and could not be found in the gut or excreta.

DNA uptake in vitro is known to occur rapidly (Méjean and Claverys.

1993). It could be argued therefore that the persistence of functional

plasmid DNA for up to one minute in rumen fluid or silage effluent may be

sufficient to enable competent bacteria to be transformed (Mercer et al.

1999a). DNA incubated in silage effluent was unable to transform

competent E. coli cells after one minute of incubation. The apparent

efficiency of transformation in which ampicillin resistant transformants

were recovered after 4.5 hours, probably reflects the survival of

transformed cells in that environment rather than survival of biologically

active DNA (Duggan et al, 2000). The persistence of DNA in

environments such as silage effluent and rumen fluid suggests the

possibility of natural transformation to antibiotic resistance of bacteria
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within the microflora. Mercer et al. (1999b) showed that a resident rumen

bacterial species (Streptococcus bovis JB1) is naturally transformable,

although transformation in the mminant digestive tract is a rare event.

However, for the persistence of exogenous DNA to be of any real

significance, it must either disrupt normal host gene function or the entire

gene must be inserted into the host genome in such a way as to allow

transcription and then expression of the resulting protein. Even if all

ingested plant DNA could be absorbed and stably inserted into the

chromosomes of some animal cells, the protein would only be expressed, if

among other conditions the novel DNA was inserted in a transcriptionally

active region of the chromosome, with an appropriate promoter, and other

regulatory sequences of transcription and translation. Since the portion of

transgenes is very small compared to the whole plant genome, it is much

more likely, that one of the native plant genes would be inserted and

expressed. Currently there is no evidence that any plant proteins are

expressed in tissues of any animals that have eaten plant material. No plant

gene or gene fragment has ever been detected in the human genome or that

of any other animal. After millions of years of constant exposure to food

and feed DNA, an integration of a GM plant gene is highly unlikely. The

cells that are most likely to take up plant DNA are non-reproducing and

terminally differentiated like e.g. leukocytes. Therefore, the expression of

a protein would be restricted to this specific cell.
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1.8 Consumption of foreign DNA by humans and

animals

DNA from a wide variety of sources like plants, animals or microbes has a

long history of safe consumption by animals and humans. Nevertheless, it

was our aim to follow up the degradation of these nucleic acids in the

digestive tract.

DNA encodes the fundamental genetic information and is therefore an

essential component of most living organisms. Consequently DNA is

present in nearly all grown and non purified food and feedstuffs. In crops,

the introduced transgenic DNA molecules are made of exactly the same

basic chemical components as the endogenous DNA. The amount of

transgenic DNA in plants represents an extremely small proportion of the

total amount of DNA in a genetically engineered plant. Food derived from

transgenic crops contains only outmost little more DNA than traditional

food. By combining consumption and intake data it is possible to obtain an

estimate of the potential dietary intake of recombinant DNA. Herbei and

Montag (1987) and Lassek and Montag (1990) presented nucleic acid

contents of selected foods.

It is assumed that the com genome contains a 4000 bp transgene insert; the

fraction of genetically modified DNA in the diet represents therefore

0.00042 % of the total dietary DNA intake (Beever and Kemp, 2000). It

has been estimated by Beever and Kemp (2000), that a cow may consume

up to 600 mg of com DNA per day and the relative amount of transgenic

DNA is 0.48 ug. A hen, eating 72 g com per day, would therefore consume

daily 7.2 ug of DNA respectively 0.01 (ig of transgenic DNA. However,
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there exist other calculations on the intake of recombinant DNA (Phipps

and Beever, 2000; Jonas et al, 2001). But still, there is a negligible

exposure to introduced DNA of GM crop material compared to the normal

exposure to non-GM DNA.

1.9 Topics and aim of this study

Although the comparison of the nutrient composition confirmed the

equivalence of 5/176 com to the conventional, non modified com variety

animal feeding trials were undertaken to provide further support for the

acceptance of this genetically engineered com variety.

Uncertainties to be clarified in this work on hand were the following:

- Substantial equivalence of the two com varieties

- Influence of the genetically modified com on performance and

metabolism of the animals

- Influence of the 5/176 com on the composition of eggs and meat of

chickens (nutritional value and occurrence of fragments of genes

from transgenic genes)

- Degree of degradation in the individual compartments of the

digestive tract of broilers

- Transfer of foreign DNA from transgenic com to other natural

biological systems like bacteria or cells from chickens

- Influence of the ampicillin-resistance gene in the com on frequency
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of ampicillin-resistances of bacteria in feces of chickens

- Activity of the DNase in the crop of broilers

Therefore, the aim of this study was to evaluate the influence of

genetically modified com, in this case 5/176 com, on performance,

metabolism and product quality of chickens in terms of nutrient

composition. In addition, the development of a resistance against

ampicillin of microorganisms in feces and in crop was estimated.

Furthermore, the objective of our study was to document the inactivation

of nucleic acids in the digestive tract and a possible transfer of foreign

genes into the products meat or eggs. In doing so, the relevance of dietetic

proteases on the degradation was tested and the activity of degrading

enzymes (DNase) in the crop was analyzed.

There were different reasons for choosing chickens as experimental

animals: these were the higher number of animals possible for one trial, the

need of less space, the easy handling, the short experimental periods and

few data available. In addition, com is a significant part of a practical

chicken diet. Furthermore the high growth rate of broilers results in an

increased sensitivity to any nutritional problems.

The conventional, unmodified parental line (Prélude) of com was

compared with the genetically modified 5/176 line by feeding experiments

with chickens. The experimental animals (3 x 94 male broiler chickens and

32 laying hens) received diets containing 60 % com from a transgenic
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hybrid (5/176) or diets containing 60 % of the corresponding

nontransgenic variety of the same hybrid. In addition, a protease was

added to some diets for broilers in order to improve the degradation of

nucleic acids in the gut (Chapter 3), since proteases have often enzymatic

side activities to digest also nucleic acids. The performance measured in

this study included mortality, body weight, feed intake, feed efficiency,

egg mass and carcass yield or laying performance respectively. The

metabolism data included metabolizability of energy and nitrogen.
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PART II

SAFETY CONSIDERATIONS REGARDING

THE USE OF 87176 CORN AS BROILER

FEED

Based on: K. Aeschbacher, R. Messikommer, L. Meile and C. Wenk.

2002.

Trop. Agric. Res. 14: 31-39

2.1 Abstract

The use of genetically modified (GM) feed for animal production is

expected to increase in the future. But such feeds are controversially in the

society. The question whether the process of genetic modification could

have unintended effects on feed quality or nutrient composition of the

grain is of great practical relevance. In addition, recent studies showed,

that native plant-DNA-fragments of different size could be associated with

animal tissues. It was therefore of interest to study the way of inactivation
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of nucleic acids from feedstuffs in the digestive tract of chickens. For this

purpose, feeding experiments with 5/176 com and its isogenic control

were performed. 5/176 com hybrids express a gene that enables the plants

to produce an insecticidal protein, which is similar to that produced in

nature by Bacillus thuringiensis. Two kinds of feed with a portion of either

60 % conventional or 60 % 5/176 com were fed to broilers. Neither the

nutrient composition of the com grain and feed, nor the feed intake, the

bodyweight or the feed conversion ratio showed significant differences

between the two treatments. The performance did not differ between the

groups. The com-specific gene ivr (226 bp) could be detected in com, feed

and in digesta samples as far as the small intestine. The 5/-specific gene

bla (479 bp) could only be detected as far as the crop. From this study it

can be concluded that the two com types can be considered as

"substantially" equivalent as originally defined by the OECD (OECD,

1993). The transgenic com and his isogenic control com had no detectable

differences in effect on performance and metabolism of the chickens in

this study.

2.2 Introduction

In recent years, agricultural biotechnology has produced several new

varieties of crop plants with enhanced features such as protection against

pests, diseases and herbicides or improved quality.

Therefore, the use of genetically modified (GM) feed for animal
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production is expected to increase in the future. To date, 46 % of the soy-

products on the world-market, and 7 % of the com-products today are

transgenic (www.transgen.ch). In the year 2001 the area under crops for

genetically modified plants increased at least 19 % to 52.6 Mio. Hectares

(www.transgen.ch). Therefore more and more such products are becoming

available for livestock feeding. But genetically modified plants are

controversially in the society. The concerns regard the substantial equality

of the plants, the risk of allergens or of antibiotic resistance transfers, the

threat for the biodiversity and of non target organisms.

DNA is universal. All living organisms contain the same nucleotides. All

DNA, including DNA from GMO's, is composed of the same four

nucleotides. Genetic modification results in the re-assortment of sequences

of nucleotides, but the chemical structures stay unchanged. Therefore,

DNA from GMO's is chemically equivalent to any other DNA. The only

difference concerns the DNA sequence. With his food the human being

consumes daily between 0.1 and 1 gram of DNA (Doerfler, 2000). This

includes different more or less degraded fragments of genes of plants,

animals and microorganisms. Humans and animals have been confronted

with foreign DNA since millions of years. This is not a specific risk of

genetic engineering. Genetic modification will not increase the dietary

intake ofDNA.

So far no relevant differences in performance or nutrient utilization of farm

animals have been observed when genetically modified feedstuffs (plants

with input traits: 1st generation) were compared with the isogenic original

crops. However, subject to strict scientific-analytical criteria there are
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minimal differences, if foreign genes are integrated (Clark and

Ipharraguerre, 2001; Flachowsky and Aulrich, 2001).

Recent studies have shown that native plant-DNA-fragments of different

length could be associated with animal tissues like spleen and muscles in

cattle, pigs and poultry (Einspanier et al, 2001; Reuter et al, 2002). It was

therefore of interest, to study the way of inactivation of nucleic acids in the

digestive tract of chickens.

A new type of corn was developed for the control of the com borer, in

particular the European com borer. This is a major lepidopteran pest in the

USA, Canada and Europe. The annual cost of European com borer damage

is very high (Mason et al, 1996). Com hybrids derived from Event 176

express a gene that enables the plants to produce an insecticidal protein,

the CrylA(b) protein. It is similar to that produced in nature by certain

subspecies of the common soil bacterium Bacillus thuringiensis (Bt). Upon

ingestion, the CrylA(b) protein is selectively toxic to the larvae of the

European com borer and certain other lepidopteran pests, whereas other

species are unaffected (Brake and Vlachos, 1998). This selectivity is due to

the presence of receptor-like sites, with affinity for the CrylA(b) protein,

in midgut membranes of the larvae. After the ingestion of the protein, the

midgut membrane is disrupted and the larvae desist from feeding and die.

The commercial insecticides (5/-microbial preparations) are safe and lack

toxicity to nontarget organisms like mammals, birds or beneficial insects

(U.S. EPA, 1996). 5/176 com produces the protein mainly in green plant

tissues and pollen. Other plant tissues produce only trace quantities of the

insecticidal protein. The 5/176 com was genetically modified by the
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introduction of three genes. Firstly, the Bt toxin gene crylA(b) (from

Bacillus thuringiensis), secondly the ampicillin resistance gene bla (ß-

Lactamase) and thirdly the herbicide resistance gene bar (from

Streptomyces hygroscopicus). The latter two genes serve as markers during

the development of the genetically modified plant. The bla gene is

necessary for selection in bacterial transformations and the bar gene allows

to distinguish between the transformed and the non-transformed plants.

That the process of genetic modification introduces no detectable,

unintended effects on food or feed quality or nutrient composition of the

grain was demonstrated prior to commercialization. Hybrids were shown

to be equivalent to their conventional counterparts in total fat, protein,

fiber, carbohydrate, amino acid composition, fatty acid composition,

carotenoid content, selected minerals and vitamins.

Feeding studies conducted with various animal specie^ confirm the

equivalence of the currently commercially available GM-feedstuffs,

including 5/176 com, to their conventional counterparts (for review, see

Clark and Ipharraguerre, 2001; Flachowsky and Aulrich, 2001 or Reuter et

al, 2002).

In the study described here, we were interested to study, beside the nutrient

composition of the two com varieties and of the feedstuff and potential

effects on broiler performance, the meat composition and the degradation

of the nucleic acids in the digestive tract. 5/176 com had been chosen as

an example for a genetically engineered crop, and the broilers because com

represents a significant part of their diet.
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2.3 Methods

2.3.1 Diets and broiler feeding experiments

Two isogenic varieties of conventional com (Prélude) and transgenic

5/176 com were grown, harvested and stored under the same

environmental conditions (Syngenta facilities, Germany). Precautions were

taken to ensure that no commingling of the grains did occur.

Two kinds of feed containing 60 % of either conventional or 5/176 com

were fed to broilers. The rest of the diet was the same for both treatments

and contained 30 % soya groats, 3.5 % soya oil, 2.2 % potato protein and

minerals, vitamins and trace elements. The nutrient composition

conformed to the standard requirement. The feed was administered in

pelleted form, although the ingredients were exposed to high temperatures

during processing. Therefore the temperature was kept below 60 °C during

pelleting.

Feeding experiments were performed with 5/176 com and its isogenic

control. For three times 94 male broiler chickens (ROSS 208) were fed for

39 days with a standard broiler diet either prepared with transgenic Event

176-derived "5/"-corn or with nontransgenic isogenic control com. The

birds were provided continuous access to feed and water and received the

experimental diet from the first day on. Access to feed ceased

approximately 18 hours before slaughter. The animals were kept in 12

cages, 7 to 8 animals per cage (0.92 m x 0.54 m * 0.83 m). They were

randomly distributed into the cages at one day of age. Average stable

temperature was 22 °C and humidity accounted for circa 42 %rh.
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2.3.2 Analysis of physiological parameters

Samples from the two com varieties and the two kinds of feed were

gathered for nutrient analyses.

The performance of the broilers was measured weekly. Total cage weight

data as well as feed intake data were collected weekly. Water consumption

data were recorded daily.

The right breast muscle of 82 birds was resected, freeze dried and ground

for nutrient composition analysis.

Contents of dry matter, total ash, neutral detergent fiber (NDF) and acid

detergent fiber (ADF) in corn and feedstuffs were determined according to

standard methods (Naumann and Bassler, 1997). Nitrogen contents were

determined with a C/N analyzer by the Dumas method. Crude protein was

calculated as 6.25 * N. The gross energy content was assessed through an

anisothermic calorimeter. Fat content in muscle samples was determined

gravimetrically.

2.3.3 Statistics

The results of the feeding studies were evaluated by t-test analysis using

the statistical program Statgraphics Plus for Windows.

2.3.4 Detection of corn DNA in the intestine of broilers by PCR

To follow up the degradation of the nucleic acids two animals of each

treatment were slaughtered after 14, 28 and 38 days. Samples from

different parts of the digestive tract (crop, stomach, small intestine and
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appendix) were collected and stored at

-20 °C for DNA analysis by polymerase chain reaction (PCR), according

to the method described by Ehlers et al. (1997).

We searched for the com-specific ivr gene (226 bp) (Ehlers at al., 1997)

and a poultry-specific fragment (227 bp) (Matsunaga ei al, 1999), as well

as for the 5/176-specific foreign gene bla (479 bp).

With these control amplifications the purity of the DNA extraction can be

verified and the existence of inhibitors in the PCR solution can be

excluded. For the detection of the transgenic bla gene, two primers were

constructed: one binds within the bla gene

(CGCCCTTTGACGTTGGAGTCCAC), the other with the vector-specific

sequence in front of the bla gene (CTGTTGAGATCCAGTTCGATGTA).

These two primers were designed after sequencing the corresponding

5/176 com DNA in the Food Microbiology Laboratory of ETHZ,

Switzerland.

2.4 Results and Discussion

2.4.1 Physiological characteristics of corn

In order to compare the nutrient content of the two types of com dry

matter, organic matter, crude protein, neutral and acid detergent fiber and

gross energy were analyzed.

The nutrient content of both com varieties is shown in Table 1.
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Table 1 Nutrient content of Bt176 corn kernels and non-

modified isogenic corn (control) kernels

Control corn Sf176corn

DM [g/kg] 875 876

in the DM:

OM [g/kg] 979 985

CP [g/kg] 114 115

NDF [g/kg] 163 164

ADF [g/kg] 34 36

GE [MJ/kg] 18.7 18.9

DM: dry matter; OM: organic matter; CP: crude protein; NDF: neutral detergent

fiber; ADF: acid detergent fiber GE: gross energy

The result of the analyses of the nutrient composition of the transgenic

com kernels did not significantly differ from the ones of the conventional

com kernels. The observed minor differences may have been related to

differences in grain density or moisture content, which are known to occur

across hybrids. This means that the data varied in the range of error in

measurement.

The analyses of the two diets (dry matter, organic matter, crude ash, crude

protein, fiber, gross energy) did not show any substantial differences.

2.4.2 Physiological parameters of broilers

In order to compare the performance of the birds bodyweight, weight gain,

feed conversion ratio, feed intake, losses, slaughter weight and water

consumption were measured or analyzed, respectively.
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There were no statistically significant differences at any time during the

experiment between the broilers that received the transgenic corn diet and

those that received the nontransgenic com diet in terms of bodyweight,

weight gain, feed intake and feed conversion ratio at 14, 28 and 39 days

(p>0.05) (Table 2).

Table 2 Effect of corn diet on performance parameters of broilers

Contro corn ß*176 corn N

m sd m sd

BWd14 [g] 425.7 14.0 425.3 15.5 94

BWd28 [g] 1368.8 76.0 1407.6 55.9 90

BWd39 [g] 2196.3 124.8 2202.9 134.2 86

Weight gain d 1-39 [g/animal/day] 55.2 2.5 55.3 4.2 -

FCRd14 [g/g] 1.329 0.06 1.341 0.05 94

FCR d28 [g/g] 1.608 0.11 1.599 0.066 90

FCR d39 [g/g] 3.254 0.872 3.226 0.823 86

Feed intake d 1-39 [g/animal/day] 90.4 4.1 91.1 4.9 -

Slaughter weight [g/animal] 1581 136.5 1571 142.5 82

Water consumption [ml/g feed] 1.8 0.13 1.83 0.14 —

N: number of animals; m: mean; sd: standard deviation

BW: body weight; FCR: feed conversion ratio; d: day

Thus no deleterious effects associated with the diets made from transgenic

com when compared to diets made from nontransgenic com were detected

in this study. Slaughter weight per bird and water consumption (ml/g of

feed) also did not differ between the two diets (p>0.05) (Table 2).
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The nutrient composition of the product meat in terms of dry matter, crude

protein and fat was compared.

The carcass composition between the birds of the two treatments did not

differ significantly (Table 3).

Table 3 Nutrient analysis of the muscle samples of

broilers fed BH76- and isogenic corn

Control group Sri 76 group

DM [g/100g] 90.7 91.2

CP [g/100g] 23.5 23.5

Fat [g/100g] 2.91 2.46

DM: dry matter; CP: crude protein

2.4.3 PCR analysis of corn and poultry DNA in feed and broilers

Table 4 shows the results of the PCR analysis. Both com varieties, both

kinds of feed, the digesta samples from crop, gizzard, small and large

intestine and the excreta samples acted as test material. A com-specific

fragment (226 bp), a 5/176-specific fragment (479 bp) and a poultry-

specific fragment (227 bp) had been searched for.
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Table 4 DNA-fragments in the feed, digesta and excreta

samples (Control/Bt176)

Primer Corn-specific Bfl76-specific Poultry-specific

(226 bp) (479 bp) (227 bp)

Corn ++/++ --/++ _/_

Feed ++/++ --/++ ../..

Crop ++/++ --/(+) ++/++

Gizzard ++/++ _/__ ++/++

Small Intestine (+)/- _/_ ++/++

Large Intestine _/_ ../.. ++/++

Excreta _/_ _/_ ++/++

-: no signal; (+): slight positive signal; ++: positive signal

A com-specific, a poultry-specific and a 5/176 com-specific primer-pair

were used in the PCR analysis. Initial tests with both the conventional and

the transgenic corn samples served as control for detecting Bt com or com

in general by the invertase gene ivr. All com and feed DNA extracts

resulted in a strong positive signal for the com-specific fragment. In

addition, PCR reactions of those com and feed extract samples with

poultry-specific primers never generated any product. The PCR for the

5/176 com-specific fragment showed only strong positive signals for the

genetically modified com and feed samples. This indicates that a cross

contamination of the conventional com could be excluded. With all DNA

extracts from the broiler samples poultry-specific fragments were detected.

This indicates that there were no inhibitors and PCR could be performed

properly. Additional negative and positive controls verified that each PCR
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reaction was functioning properly.

The com-specific gene ivr (226 bp) could be detected in com, feed and in

digesta samples as far as the small intestine (only weak signals). The 5/176

com-specific gene bla (479 bp) could only be detected as far as the crop.

The poultry-specific fragment with 227 bp was detected in all digesta

samples.

Ingested nucleic acids are normally contained within cells and become

available after cell lysis. They are extensively broken down in the

gastrointestinal tract and the nucleotides are absorbed. Some DNA

fragments, though very unlikely to be complete genes, escape breakdown.

DNA fragments may be taken up by cells of the intestinal wall, including

cells of the immune system. DNA fragments, after passing through the

intestinal wail, may be actively removed by cells of the gut immune

system. UNA from GMO's is equivalent and chemically identical to DNA

from existing food organisms that has always been consumed with human

diets. The body handles all DNA the same way, and the breakdown of

DNA during food or feed processing (e.g. high temperature or pressure)

and passage through the gastrointestinal tract reduces the likelihood that

intact genes will survive. There are no scientific indications that genetic

modification per se has an impact on the digestibility or stability of the

nucleic acids. And further there is no indication that DNA from 5/176 has

allergenic or other immunological properties that would be of relevance for

consumption of food or feeds derived from GMO's.

A few copies of the bla gene are present in the genome of 5/176 com,

whereas the ivr chloroplast gene is present at a much higher frequency.
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This might be an explanation for the positive detection of the ivr gene in

contrast to the detection of the bla gene. Another reason is the sensitivity

of the PCR method. It is clear, that as the sensitivity of the detection

methods improves, the PCR products from recombinant DNA will be more

likely to be detected in meat and other animal products.

Besides the benefits to the farmers as increased yield, lower insecticides

usage and better plant health, the transgenic com may have a benefit to the

animal's health, because mycotoxin contaminations are reduced. There is

some evidence that the content of some mycotoxins can be significantly

reduced in kernels of Bt com compared to kernels from conventional com

if they are grown under unfavorable climatic conditions. (Brake and

Vlachos, 1998; Munkvold et al, 1999; Valenta et al, 2001, and Maag et

al, 2002). This could be an important argument for the use of GMO.

2.5 Conclusion

From this study on hand it can be concluded, that the two different types of

com in the feed (5/176 and conventional com) led to similar performance

(bodyweight, weight gain, feed intake, feed conversion ratio) of the

broilers. It had been demonstrated that broilers receiving diets prepared

with transgenic com 5/176 performed as well as those feeding diets

prepared with the isogenic conventional com. Therefore, the two com

types can be considered as physiologically and substantially equivalent.
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The digestion process of nucleic acids is efficient in chicken. Feed DNA,

be it recDNA or other DNA, is fragmented by nucleases in the

gastrointestinal tract. The fragments of the ivr gene and the 5/176-specific

gene could only be detected as far as the crop (5/176) or the small

intestines. Afterwards the signal disappeared.

The results of this investigations correspond well to those described by

other authors when conducting poultry feeding studies using 5/176 com

(Brake and Vlachos, 1998. Aulrich et al, 1999, Halle et al, 1999, Aulrich

et al, 2001a, and Klotz et al, 2001), or other Bt com (Mireles et al,

2000).
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PART III

S7176 CORN IN POULTRY NUTRITION:

PHYSIOLOGICAL CHARACTERISTICS AND

FATE OF RECOMBINANT PLANT DNA IN

CHICKENS

Based on: K. Aeschbacher, R. Messikommer, L. Meile and C. Wenk.

Poult. Sei. (submitted April 2003)

3.1 Abstract

A genetically modified 5/176 com hybrid, which contains an insecticidal

protein against the European com borer, and its conventional isogenic

counterpart were evaluated in four separate trials to verify substantial

equivalence in feeding value and animal performance. Thirtysix

individually kept laying hens and three times 94 broiler chickens assigned

to 12 cages each were fed two different hen and broiler diets containing

either 60 % conventional or 60 % 5/176 com. The nutrient compositions
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of the two com hybrids and the two corn diets revealed no major

differences. Furthermore, metabolism as well as the performance data

revealed no significant differences between the birds that received the

conventional, non modified com and those that received the modified com

diets. In addition, the detection of the genetic modification, by means of

the polymerase chain reaction (PCR) in feed obtained from insect-resistant

Bt com, in tissues and products from animals fed Bt com is described. In

all evaluated chicken tissues of muscle, liver and spleen, the corn-

chloroplast ivr gene fragment was amplified. It can be deduced from these

findings and from other studies that the transfer of DNA fragments into the

body is a normal process which takes place constantly. Nevertheless, no

recombinant plant DNA fragments such as recombinant bla or crylA(b)

fragments could be found. #/-gene specific constructs from the Bt com

were never detected in any of the poultry samples, neither in organs, meat

nor eggs.

3.2 Introduction

Genetically modified (GM) plants are plants in which one or more new

DNA constructs originating from foreign organisms have been integrated.

The genetic modifications of plants are mainly aimed at herbicide

tolerance, insect resistance, increased product quality (e.g. reduction of the

content of undesirable anti-nutritive substances and increase of valuable

substances like vitamins or fatty acids) or improvement of agronomical
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properties (e.g. low consumption of water and nutrients or drought

tolerance) (reviewed in www.bio.org). With conventional plant breeding

all these goals may be attained in the long term, but with genetic

engineering, this is possible in the short term.

However, the products of crop biotechnology meet rejection in the public,

especially in Europe (Atherton, 2002; McGarry Wolf and Domegan, 2002;

Tait, 2000). These products often initiate emotional discussions. One

concern is the potential translocation of transgenes into animal feed

products. Other questions address antibiotic resistance genes as

unnecessary cloning relicts, the potential allergenity or the substantial

equivalence of the transgenic and the original plants.

The 5/176 com was introduced on the market in 1996. It is resistant

against the European corn borer which causes serious damage each year in

different parts of the world (www.extension.umn.edu/distribution/

cropsystems/DC7055.html). Many of the GM com plants, including 5/176

com, contain the Cry I A(b) protein originating from Bacillus thuringiensis

(Bt). This protein is an endotoxin that is highly specific for certain

Lepidopterans like the European com borer. This specificity is due to a

unique binding site in the midgut epithelium membrane of the insects,

where the protein inserts and causes damage in the wall. In other

organisms, the Bt protein is digested similarly to other proteins and has

therefore no deleterious effects. Furthermore, 5/176 com is also

genetically modified to express the bar gene cloned from the soil

bacterium Streptomyces hygroscopicus, which encodes a phosphinothricin-

N-acetyltransferase (PAT) enzyme. This enzyme is useful as a selection
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marker. Finally, the 5/176 com contains a beta-lactamase encoding a bla

gene used as a selectable marker for screening bacterial colonies for the

presence of the plasmid vector. The bla gene is not expressed in plant cells

(Fearing et al, 1997).

One objective of animal nutrition studies using plants modified with

agronomic traits is to assess whether the modified plants are nutritionally

equivalent to their conventional counterparts. An increasing number of

studies have reported the substantial equivalence of GM crops and their

conventional, non modified counterparts in terms of nutrient composition

and animal performance (Aulrich et al, 1998, 1999, 2001; Mireles et al,

2000; Clark and Ipharraguerre, 2001; Flachowsky and Aulrich, 2001;

Chrenkovâ et al, 2002).

Food-ingested foreign DNA is not completely degraded in the

gastrointestinal tract. Research on the fate of foreign DNA in the

mammalian organism showed PCR products targeting such foreign DNA

could be detected therein. It was concluded that DNA fragments from the

gastrointestinal tract could attain into the bloodstream and be transported

through the epithelium of the gut and the cells of the Peyer's patches to

cells of spleen and liver. Such DNA fragments are retained shortly and will

afterward probably be digested (Schubbert et al, 1994; 1997; 1998). It

seems that the intestinal tract is not an absolute barrier against the uptake

of macromolecules or even of microorganisms, but the mechanism of

foreign DNA uptake by the intestinal wall epithelia is unknown. In

addition, not much is known about the degradation and the integration of
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the DNA. There is only some evidence that fragments of foreign DNA can

survive in the gut and attain into the organism or become incorporated into

cells lining the gut wall (Doerfler, 2000a; Chesson and Flint, 2000; Tony et

al, 2003).

Previous studies with Bt corn showed that native plant DNA fragments of

different lengths could be associated with animal tissues like organs and

muscles in beef, pork and poultry (Einspanier et al, 2001; Reuter et al,

2002).

It is assumed that free nucleic acids are digested faster than nucleoproteins

(Doerfler, 2000b). Schubbert et al. (1997) could prove by their

experiments with mice that foreign DNA could be integrated into the

genome of cells, mainly leucocytes. Probably this way of absorption is a

resorption of DNA bound to proteins. Such complexes arrive at the

immune competent cells through specialized gut cells. Therefore, the use

of protease was meant to serve as an aid for the degradation of these

proteins and as a consequence to destroy such DNA-protein complexes

faster.

The aim of our studies was to verify whether the compositions of the two

varieties of com were equivalent. Furthermore, it was of interest to study

whether there were differences in performance and metabolism of laying

hens and broilers fed modified com or conventional, non modified control

com and to study a possible influence of the modification in the Bt com on

the quality of eggs and meat in terms of nutrient composition. In addition,

we wanted to study the way of inactivation of nucleic acids, transgenic or

non-transgenic DNA, in the digestive tract of broilers as well as to verify a
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possible transfer to chicken tissues like spleen, liver, blood, muscles and

eggs. In order to increase the degree of inactivation of the nucleic acids in

the digestive tract the enzyme protease was added to certain experimental

diets.

3.3 Material and Methods

3.3.1 Experimental Design, Animals and Diets

Two isogenic varieties of com, the conventional, non modified com

(Prelude) and the transgenic 5/176 com, were grown, harvested and stored

under the same environmental conditions (Syngenta facilities, Germany).

Grains harvested from 5/176 com and from non modified com were

strictly separated, avoiding any possibility of commingling or

contamination.

Details of the diet production and of the design of the broiler experiment

have been reported previously (Aeschbacher et al. 2002). Three

experiments with 94 one day old male broiler chickens (ROSS 208) each

were performed. The broilers were assigned to four treatment groups with

three cages (0.92 m x 0.54 m x 0.83 m) per treatment, with an equal

distribution of bodyweight. The diets were either prepared with transgenic

5/176 com or with the conventional, non modified com, supplemented

with protease (Allzyme Vegpro, [1 g/kg]) or not and corresponded to the

nutrient requirements of broilers (NRC, 1994).
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In the feeding experiment with laying hens (Isabrown, 17 weeks old at

beginning of the experiment), 36 hens, in two groups of 18, were randomly

assigned to one of the two treatments. They were kept in individual cages

(0.82 m x 0.67 m x 0.79 m) from the age of 17 weeks to the age of 43

weeks under laboratory conditions. The stable temperature amounted to 22

°C and the hens were provided light for 14 hours per day. They were fed a

standard diet containing 60 % com, either conventional or 5/176 com, and

other components as shown in Table 2. Celite 545 was added to all diets as

an inert indicator to estimate the metabolizability of nutrients and energy.

The nutrient composition conformed to the standard requirement for laying

hens (NRC, 1994). The unpelleted feed and water were offered ad libitum.

3.3.2 Sampling procedures

Broilers. The performance of the broilers was measured weekl>.

Total cage weight data as well as total cage feed intake data were

monitored weekly. Total cage water consumption data were recorded

during four days weekly. Feed efficiency was calculated for each pen by

dividing feed consumption by weight gain. Animal losses were recorded

and the apparent cause of death determined. Collection of random excreta

samples was conducted in the third and the fifth week of the experiment to

determine dry matter content, energy and nitrogen utilization. After 39

days, the broiler chickens were slaughtered in a commercial poultry

abattoir. Carcass weight and weights of spleen, liver and heart were

recorded. The right breast muscle was resected, freeze-dried and ground in

a laboratory blender (Moulinette, Switzerland) for nutrient composition
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analysis.

In order to collect the digesta samples from the intestinal tract (crop,

gizzard, small and large intestine), as well as samples from meat and from

organs (spleen, liver), after 14, 28 and 38 days one animal of each group

was killed by decapitation and bleeding. In doing so, blood was collected

in anticoagulant, centrifuged and stored (-25 °C) until PCR analysis.

Laying Hens. Hen weight was recorded once a month, feed intake

once a week. Number and weight of eggs were recorded daily. Eggs were

collected during one week six times throughout the experiment. The

collected eggs of each hen were merged, freeze-dried and ground in a

laboratory blender. Collection of random excreta samples from hens was

conducted three times on three days throughout the study to determine

energy, nitrogen utilization and excreta dry matter. Blood samples were

obtained by main wing venipuncture and collected in anticoagulant. The

samples were centrifuged and then stored (-25 °C) until analysis.

3.3.3 Analytical Methods

Compositions of feeds and excreta were determined. During preparation of

the feed and throughout every collecting period of excreta, samples of feed

were collected and milled through a 0.75 mm screen. The excreta samples

were stored frozen and merged at the completion of the collection period,

dried in an oven at 60 °C for 48 hours and ground (0.5 mm) for proximate

analyses. Contents of dry matter (DM), ash, neutral detergent fiber (NDF)

and acid detergent fiber (ADF) in com and feedstuffs were determined
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according to standard methods (Naumann and Bassler, 1997). Nitrogen

content was determined with a C/N analyzer (FP-2000, Leco Instruments

GmbH, Germany) by the Dumas method. Crude protein was calculated as

6.25 x N. The gross energy content was determined by an anisothermic

bomb calorimeter (IKA-Kalorimeter C 7000, Germany). Fat content in

feed and muscle samples was determined gravimetrically as petroleum

ether extract. Total DM of excreta was computed by both moisture loss

during drying at 60 °C for 48 hours and drying at 104 °C for four hours.

The amino acid composition of the eggs was determined by the method of

Kjeldahl (Lebet et al, 1994). The metabolizability of energy and the N-

balance were determined by means of the indicator method, using 4-N HCl

insoluble ash as the indicator (Prabucki et al, 1975). Mycotoxins were

analyzed by an external laboratory.

3.3.4 Statistical analysis

The experimental data were analyzed statisticallv by using the program

Statgraphics Plus for Windows (1997). Means were compared using

Bonferroni's Test at a significance level of P < 0.05.

3.3.5 PCR-Analysis

DNA Extraction. The DNA was extracted from com samples and

feed samples, eggs, samples from the broilers' muscle, liver, spleen, as

well as digestive contents from the crop, gizzard, small and cecum and

from excreta and blood of both hens and broilers. These different samples

were taken to follow up the partial degradation of the DNA in the digestive
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tract.

Eggs were disinfected with 70 % ethanol before being cracked. The egg

content was homogenized in a Stomacher for 3 minutes. All the tissue part

samples were cut from the middle of the organ with a sterile scalpel blade

to minimize contamination from the surface. Freshly drawn blood was

diluted twice with an anticoagulant and centrifuged at 6000 rpm for 10

minutes. Samples were collected from the plasma (top) and from the pellet

and resuspended in TritonX-100. The extraction of DNA from most

samples was carried out according to two different methods, whereas DNA

from muscle and organs samples was only been extracted with method II.

DNA was isolated from certified com reference material by method I.

Method I: 100 mg of the sample was mixed in a plastic tube with 200 u.1

sterile distilled water and 1 ml CTAB (Cethyl-trimethyl-ammonium-

bromide) containing buffer (55 mM CTAB, 1400 mM NaCl, 100 mM Tris-

HC1, 20 mM EDTA (ethylenediaminetetraacetic acid), pH 8.0) and

incubated at 65 °C for 1 hour. After adding 40 ul proteinase K [20 mg/ml]

it was incubated for another 3 hours at 58 °C and then centrifuged at 20000

g for 10 minutes. The supernatant was transferred into another tube, mixed

with 400 ul chloroform and centrifuged (20000 x g; 10 minutes). This step

was repeated twice. The resulting supernatant was mixed with an aliquot

isopropanol and centrifuged. The extracted DNA was purified according to

the Wizard isolation protocol (Promega, Madison, USA).
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Method II: 300 mg sample was mixed in a plastic tube with 860 ul

extraction buffer (10 mM Tris-HCl, 150 mM NaCl, 2 mM EDTA, 1 %

SDS (sodium dodecyl sulfate), pH 8.0), 100 ul 5 M guanidine

hydrochloride and 40 ul proteinase K [20 mg/ml], incubated at 58 °C for 4

to 15 hours (over night) and centrifuged at 14500 x g for 10 minutes. The

supernatant was purified by using the Wizard Kit (Promega, Madison,

USA).

PCR. All PCR reaction samples were performed on a 96-well cycler

(Techne Genius). Specific primers for the com-specific invertase gene ivr

(226 bp) (Ehlers at al., 1997) and a poultry-specific DNA fragmenl (227

bp) (Matsunaga et al, 1999), as well as for the 5/176-specific foreign gene

bla (479 bp) encoding an ampicillin resistance determinant (Aeschbacher

et al, 2002) were used. Primers were synthesized by Microsynth

(Switzerland), supplied in lyophilized form and stored at -20 °C.

Control amplifications verified the lack of contaminating DNA after

extraction and excluded the existence of inhibitors in the PCR solution.

The PCR was performed according to the following conditions:

The first cycle was initiated by a denaturation step at 95 °C (94 °C for

poultry-specific PCR) for 3 minutes. Each cycle consisted of denaturation

at 95 °C (94 °C for poultry-specific PCR) for 30 seconds, annealing at

hybridization temperature for 30 seconds and extension at 72 °C for 3

minutes and 30 seconds with Poultry-specific primers, respectively.

Hybridization temperature was 64 °C for ivr specific PCR, 65 °C for
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5/176-specific PCR and 60 °C for poultry-specific PCR. After 35 cycles

(42 cycles for /vr-specific PCR) the reaction continued for 10 minutes (7

minutes for 5/176-specific PCR) at 72 °C and then cooled down to 4 °C or

frozen until further use. The PCR-results were fractioned by horizontal

electrophoresis in 1.2 to 1.5% agarose gels and then stained with ethidium-

bromide. A kb ladder, containing linear DNA fragments, served as size

standard reference.

A single reaction mixture of 50 pi contained 5 pi optimized 10><PCR

buffer (Amersham), 2.5 mM MgCl2, 2 ug/ml BSA (bovine serum

albumin), 0.2 mM dNTP (nucleotides), 0.5 uM of both primer (primers for

poultry-specific PCR were added in a ratio of 1 : 2 (Matsunaga et al,

1999)) and 1.0 U Taq-DNA-polymerase (5.0 with 5/176-specific PCR).

The DNA samples were added to i to 5 ul, depending on their

concentration.

3.4 Results

3.4.1 Nutrient content of corn and experimental diets

The nutrient and energy content of both corn varieties (control and 5/176)

is summarized in Table 1.
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Table 1 Nutrient and energy content of non modified control

(Prélude) and Bt176 corn

Control corn Sf176 corn

Dry matter g/kg 875 876

In dry matter:

Crude ash g/kg 13.9 13.6

Crude protein g/kg 89.7 88.2

ADF g/kg 40.4 32.9

NDF g/kg 140.7 135.9

Fat g/kg 35.7 35.2

Gross energy MJ/kg 16.78 16.69

Amino acids

Lysine g/kg 2.40 2.50

Methionine g/kg 2.40 2.40

Cysteine g/kg 2.30 2.15

Tryptophane g/kg 0.66 0.64

Alanine g/kg 7.80 7.90

Arginine g/kg 3.90 3.95

Asparagic acid g/kg 6.50 6.50

Glutamic acid g/kg 21.00 20.20

Glycine g/kg 3.30 3.30

Histidine g/kg 2.70 2.80

Isoleucine g/kg 3.40 3.20

Leucine g/kg 13.70 13.80

Phenylalanine g/kg 5.10 5.10

Proline g/kg 9.50 9.00

Serine g/kg 4.90 4.90

Threonine g/kg 3.70 3.65
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Control corn SM 76 corn

Tyrosine g/kg 4.10 4.10

Valine g/kg 4.90 4.90

Mycotoxin analyses

Desoxynivalenol] ug/kg <200 <200

Zearalenon ug/kg <50 <50

ADF: acid detergent fiber; NDF neutral detergent fiber

In order to compare nutrient fractions of the two com lines, dry matter,

crude ash, cmde protein, acid and neutral detergent fiber, fat and gross

energy were analyzed. It shows that the analyzed nutrients of the Bt com

and the conventional, non modified corn were without significant

differences. In addition, the comparison of the analytical results of both

com varieties with the composition data on com from the literature

revealed no differences. All results were close to the given values or at

least within the range of the standard deviation.

Amino acid analyses showed very similar amino acid patterns for samples

of transgenic and non modified control com. In both com varieties no

mycotoxins such as desoxynivalenol and zearalenon could be detected.

In order to compare the composition and nutrient content of the two diets

(control and 5/176) for hens and of the four broiler diets respectively, dry

matter, crude ash, cmde protein, acid and neutral detergent fiber, fat and

gross energy were analyzed. The nutrient content of both diets for hens and

broilers respectively are shown in Table 2.
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Table 2 Composition and nutrient content of the diets for hens

and broilers

Ingredients/ Hen Hen Broiler Broiler Broiler Broiler

Analyses Control ß/176 Control Control ß/176 Sf176

Corn 60 60 60 60

Soybean meal 17.5

Soya groats 30 30

Dried grass 5

Limestone flour 4.5

Limestone grit 4 0.8 0.8

Potato protein 3 2.2 2.2

Soya oil 2.5 3.5 3.5

Salt 0.15 0.1 0.1

Methionine DL 0.2 0.25 0.25

Lysine HCl 0.15 0.15

DCP 38/40 1.35 1.20 1.20

Sodium carbonate 0.3 0.3 0.3

Celite 1.0 1.0 1.0

Premix1 0.5

Premix2 0.5 0.5

Protease3 0.1 — 0.1

Calculated values

Dry matter (DM) g/kg 888 880

Crude protein g/kg 160 204

Metabolizable energy MJ/kg 11.65 13.08
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Ingredients/ Hen Hen Broiler Broiler Broiler Broiler

Analyses Control BM76 Control Control 6/176 ß/176

Actual analyses

DM g/kg 902 901 890 896 891 894

In % DM (calc.)

Crude ash g/kg 134.9 133.0 58.3 58.4 60.7 59.8

Crude protein g/kg 169.8 173.1 180.9 184.8 197.3 187.5

ADF 50.4 51.0 49.3 49.3 54.2 51.5

NDF g/kg 120.4 122.6 131.3 140.0 136.5 140.3

Fat g/kg 45.9 45.2 61.7 60.3 61.4 62.7

Gross energy MJ/kg 15.26 15.33 17.08 17.12 17.09 16.98

ADF: acid detergent fiber; NDF: neutral detergent fiber

'one kg of feed contains: vit.A, 12500 IU; vit. D3. 2000 1U; vit. E, 30 mg: vit K3, 3

mg; vit. Bl, 2 mg; vit. B2, 5 mg; vit. B6, 4 mg; vit. B12. 0.02 rng; biotin, 0.05 mg;

pantothenic acid, 10 mg; niacin, 40 mg; folic acid, 0.5 mg; choline, 300 mg; Betaine,

300 mg; Cu, 5 mg; Fe, 20 mg; Zn, 50 mg; Mn, 80 mg: Co 0.2 mg; J, 1 mg; Se, 0.25 mg

2Premix one kg of feed contains: vit.A, 12500 IU; vit. D3, 2000 IU; vit. E, 30 mg; vit

K, 1.9 mg; vit. Bl, 2 mg; vit. B2, 5 mg; vit. B6, 3.95 mg; vit. B12, 0.02 mg; biotin,

0.21 mg; choline, 290 mg; pantothenic acid, 20 mg; niacin, 40.5 mg; folic acid, 1.57

mg; Betaine, 300 mg; Cu, 5.5 mg; Fe, 19.5 mg; Zn, 85 mg; Mn, 82.5 mg; Co 0.21 mg;

J, 0.31 mg; Se, 0.25 mg

Protease: Alltech Inc. Nicholasville, KY. USA
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No differences in nutrients and energy content were detected between the

two corresponding diets, what was expected given that the com as main

component in the diet did not differ in nutrients and energy content (Table

1).

Furthermore, the chemical analyses of the diets met the expectations. The

actual data correspond well to those calculated in advance. The higher

content of crude protein in the control feed with protease must be

attributed to a fault in the feed production for one experiment that could

not be elicited anymore.

The supplementation of the broiler feed with protease (0.1 %; Alltech,

USA) had no influence on the nutrient composition of the feed (Table 2).

An influence of the protease can be excluded because this effect only

happened in one experiment and only in that particular feed.

3.4.2 Performance Data of Laying Hens and Broilers

Performance data are average initial body weight and average final body

weight of the hens, as well as the average daily feed intake during the

whole experiment of 6 months. Other performance parameters are laying

rates during the whole experiment, egg mass and feed efficiency (Table 3).
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Table 3 Effect of corn variety in the diet on performance

parameters of 18 hens during 6 months

Control group Sri 76 group

Initial body weight1 [g] 2008 ± 101.87 1931 ± 84.43

Final body weight2 [gJ 2151 ±194.27 2019 ± 98.79

Laying rate LP1 [%] 94.5 ±6.3 97.6 ±5.2

Laying rate LP 2 [%] 89.3 ±11.9 95.4 ±12.5

Laying rate LP 3 [%] 93.1 ±9.06 97.6 ±3.24

Laying rate LP 4 [%] 95.0 ±6.06 93.3 ±6.92

Laying rate LP 5 [%] 93.9 ±6.53 89.7 ±10.9

Laying rate LP 6 [%] 91.2 ±6.7 82.9 ±16.1

Laying rate LP 1 -6 [%] 94.5 ±4.7 95.7 ±2.6

Daily feed intake [g/animal/day] 109.6 ±5.0 117.8 ±8.1

Feed efficiency [g feed/g egg] 1.81 ±0.13 1.89 ±0.12

LP: laying period;1 age:, 17 weeks;2 age: 43 weeks

In laying hens no performance parameters differed significantly (p>0.05)

between the two experimental diets: The Bt corn had no influence on the

weight gain of the hens. The daily feed intake did not differ significantly

between the two feeding groups and accounted for 109.6 ± 5.0 g per

animal per day for the control group and 117.8 ± 8.1 g for the Bt group.

The laying rate during the whole experiment was within the expected

range and accounted for 94.5 % ± 4.7 for the control group and 95.7 % ±

2.6 for the Bt group. In addition, feed efficiency was not affected by the

com variety: feed efficiency accounted for 1.81 ±0.13 g feed per g egg in

the control group and 1.89 ± 0.12 g feed per g egg in the Bt group.
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In Table 4, the performance parameters of the broilers at different points in

time are compiled. These are body weight, feed conversion ratio, feed

intake, water consumption and slaughter weight.

During the broiler experiments, no disturbances in behavior (ingestion,

water intake, feather or leg picking) or animal health issues such as weight

loss, or leg disorders were observed. Two birds of the Bt group died during

the experiments. The reasons were ascites and sudden death syndrome,

probably associated with the rapid weight gain of commercial broilers and

not related to the treatment. A mortality of 2 % is commonly observed in

such feeding studies.

65



Results

Table 4 Effect of corn variety in the diet on performance

parameters of broilers

Control corn Sri 76icorn

Body weight d1 g 42.5 ±2.0 42.7 ±1.5

Body weight d14 g 419.3 ±16.2 422.0 ±14.3

Body weight d28 g 1386.7 ±70.3 1409.6 ±55.1

Body weight d39 g 2227.1 ±114.5 2207.1 ±115,5

Daily body weight gain d1-39 g/day 56.0 ±2.4 55.4 ±3.5

FCRd14 g/g 1.320 ± 0.053 1.319 ± 0.060

FCR d28 g/g 1.561 ±0.114 1.576 ± 0.087

FCR d39 g/g 3.151 ± 0.736 3.263 ± 0.802

FCR d 1-39 g/g 1.632 ± 0.034 1.649 ± 0.058

Daily Feed intake d1-39 g 91.4 ±3.9 91.3 ±4.2

Water consumption d8-39 ml/g feed 1.86 ±0.14 1.96 ±0.17

Slaughter weight g 1580.5 ± 136.5 1571.0 ± 142.5

FCR: feed conversion ratio (g feed per g meat); d: day

Data of three experiments (6 cages per treatment each)

The results of the experiments in terms of body weight, weight gain, daily

feed intake and feed conversion ratio were not significantly influenced by

the variety of com (p>0.05). The use of conventional, non modified com

led to a feed conversion ratio (day 1-39) of 1.632 ± 0.034 g/g and a weight

gain of 56.0 ± 2.4 g/day, the use of the transgenic com to 1.649 ± 0.058

g/g and 55.4 ± 3.5 g/day respectively. Daily feed intake was with 91.4 ±

3.9 g and 91.3 ± 4.2 g nearly the same for both com varieties. Water

consumption (ml/g of feed) and slaughter weight per bird did also not

differ between the two diets.
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3.4.3 Metabolism Data of Laying Hens and Broilers

In Table 5, the metabolism parameters of broilers and laying hens are

displayed.

Table 5 Influence of isogenic and transgenic Bt176 corn on

metabolizability of energy and nitrogen utilization of

broilers and laying hens

Control corn SM 76 corn

Metabolizability of energy 0.781 ±0.013 0.775 ±0.014

C/5

0
AME [MJ/kg feed1] 13.34 13.23

'5

CÛ
Nitrogen utilization 0.66 ± 0.063 0.63 ± 0.057

Excreta dry matter [g/kg] 297 ±54 294 ±46

(A Metabolizability of energy 0.788 ± 0.005 0.786 ± 0.004

CD

X AME [MJ/kg feed1] 12.02 12.05

0/
c Nitrogen utilization 0.48 ±0.015 0.44 ±0.010

TO

Excreta dry matter [g/kg] 234 ±20 239 ±40

AME: apparent metabolizable energy; DM: dry matter;1 88 % DM

The metabolizability of feed energy in the experiments with broiler

chickens was with 0.781 MJ/kg and 0.775 MJ/kg nearly identical for the

conventional and transgenic com diets and approximately as high as in

laying hens with 0.778 and 0.786 MJ/g respectively. The average

Metabolizable energy (AME) content of the feed in the broilers amounted

to 13.34 and 13.23 MJ/kg feed in the Bt group respectively. No difference

in AME content of the feed in hens was detected either (12.02 versus 12.05
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MJ/kg feed). The nitrogen utilization coefficients and excreta dry matter

content were not significantly influenced (p>0.05) by the com variety in

both animal species. Nitrogen utilization in broilers accounted for 0.66 in

the control group and 0.63 in the Bt group as well as in hens to 0.48

(control group) and 0.44 (Bt group) respectively.

3.4.4 Composition of the products egg and meat

The nutrient composition of the product meat in terms of dry matter, crude

protein and fat was comparable (data shown in Aeschbacher et al. 2002).

The results showed that there is no significant difference in composition

between the two com types. The same could be shown with the analysis of

the eggs in terms of dry matter, protein and amino acids (Table 6). Protein

content amounted to 219.74 g/kg DM in the control group eggs and to

225.17 g/kg DM in the Bt group eggs. In addition, the comparison of the

amino acid analyses revealed no differences between the eggs from the

two feeding treatments.
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Table 6 Selected nutrient fractions and amino acids in eggs

from laying hens fed diets containing conventional,

non modified or Bt176 corn

Analyses Control corn eggs Bfl 76 corne

Dry matter g/kg 234.0 230.0

Protein g/kg 219.74 225.17

Amino acids

Lysine g/kg 10.55 9.41

Methionine g/kg 4.54 4.10

Cysteine g/kg 3.35 2.91

Alanine g/kg 8.16 7.98

Arginine g/kg 7.85 8.50

Asparagic acid g/kg 12.14 13.85

Glutamic acid g/kg 15.19 17.06

Glycine g/kg 4.86 5.04

Histidine g/kg 3.67 3.27

isoleucine g/kg 7.32 6.69

Leucine g/kg 12.34 11.22

Phenylalanine g/kg 7.81 6.87

Proline g/kg 5.47 5.11

Serine g/kg 11.80 10.86

Threonine g/kg 6.95 6.38

Tyrosine g/kg 6.07 5.19

Valine g/kg 9.27 8.74
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3.4.5 Fate of corn chloroplast and Bt corn specific DNA

PCR studies were carried out with the objective of finding DNA fragments

from com, on the one hand native fragments like the com chloroplast gene

ivr and on the other hand transgenic fragments from the Bt com. For this

purpose a com-specific, a poultry-specific and a 5/176 com-specific

primer-pair were used in the PCR analysis. Figures 1 (hen data) and 2

(broiler data) show the results of the PCR analysis.
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Figure 1 PCR-Analysis of corn, hen feed and hen samples

C: Control group samples (non modified corn); Bt Bt group samples (modified

Bt176 corn);

++: intense signal; +: faint signal; -: no detection
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Corn Feed Crop Gizzard S Int Cecum Excreta Liver Spleen Muscle Blood

C Bt C Bt C Bt C Bt C Bt C Bt C Bt C Bt C Bt C Bt C Bt

Corn Feed Crop Gizzard S Int Cecum Excreta Liver Spleen Muscle Blood
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Corn Feed Crop Gizzard S Int Cecum Excreta Liver Spleen Muscle Blood

IS C Bt c Bt C Bt C Bt C Bt C Bt C Bt C Bt c Bt C Bt C Bt

+ +

I§ 1 11 I 11 il II
h

+

ir
JUL Il II Il II II II II II

3
o
a. II

Figure 2 PCR-Analysis of corn, broiler feed and broiler samples

C: Control group samples (non modified corn); ßr: Bt group samples (modified

6076 corn);

S Int.: Small intestine

++: intense signal; +: faint signal; -: no detection

Both com varieties, the two kinds of feed, the digesta samples from crop,

gizzard, small and large intestine, the excreta samples as well as the

samples from blood, muscles, eggs and organs were used as PCR target

material. A com-specific fragment ivr (226 bp), a 5/176-specific fragment
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(479 bp) and a poultry-specific fragment (227 bp) had been searched for.

The number of broiler samples was 9 for each feed treatment; eggs, feces

and blood samples from hens were randomly selected within each feeding

group.

Initial tests with both the conventional and the transgenic com samples

served as control for detecting Bt corn or com in general by the invertase

gene ivr. All com and feed DNA extracts resulted in a strong positive

signal for the com-specific fragment. In contrast, PCR reactions of those

com and feed extract samples with poultry-specific primers did not

generate any PCR product. The PCR for the 5/176 com-specific fragment

showed only strong positive signals for the genetically modified com and

feed samples and no signals for the conventional, non modified com

samples. This indicates that a cross contamination of the conventional, non

modified com could be excluded. With all DNA extracts from the broiler

samples, poultry-specific fragments were detected. This indicates that there

were no inhibitors and PCR could be performed properly. Additional

negative and positive controls verified (also with GMO standards) that

each PCR reaction was functioning properly.

PCR results of the poultry samples were positive regarding the poultry

specific analysis with the exception of the eggs. A possible explanation for

this fact is that the eggs contain only a small amount of DNA. Therefore, it

is very difficult to extract DNA from these samples. The com-specific

gene ivr (226 bp) could be detected in corn, feed and in digesta samples as

far as the small intestine (only weak signals). In the organs and in blood, as
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well as in muscle samples (only weak signal) the ivr gene could be

amplified. The 5/176 com-specific gene bla (479 bp) could only be

detected as far as the crop. No transgenic DNA had been detected in meat,

organs, blood or eggs.

3.5 Discussion

3.5.1 Nutrient content of corn and experimental diets

The Bt com was modified to protect itself against a devastating pest. No

modifications on the nutrient composition were made: therefore, the Bt

com should be equal to the original line.

Our findings support other reports that document a substantial equivalence

between a genetically modified crop plant with no changes in its nutrient

composition and its conventional, non modified counterpart. (Aulrich et

al, 1998; Mireles et al, 2000; Böhme et al, 2001; Cromwell et al, 2002).

As a resuit, big variation in nutrient composition of the experimental diets,

which consisted of 60 % of these com varieties, could not be expected.

And in fact, no statistically significant differences were detected when the

Bt feeds and their respective non-5/ controls were compared for their

ingredients. Brake and Vlachos (1998) were the first investigating 5/176

com and the nontransgenic control and they found the variations in

nutrient contents to be within the normal range. Other comparative studies

with 5/176 com found also substantial equivalence between two feeds

made with isogenic or transgenic crop plants, (e.g. Aulrich et al, 1998;

74



Bt176 corn in poultry nutrition

Halle, 1999; Mireles et al, 2000) Similar studies from Gaines et al.

(2001a) and Piva et al. (2001a) with broilers fed GM com from Monsanto

(MON810) came to the same conclusion. In our experiments, the

supplementation of the feed with protease had no influence on the nutrient

composition of the feed.

3.5.2 Performance of Laying Hens and Broilers

The present results suggest strongly that there are no relevant deleterious

effects on performance associated with the diets made from transgenic

com when compared to diets made from non modified com. Findings from

Mireles et al. (2000) or Gaines et al. (2001) confirm our results.

Previous work has shown that in experiments with broilers or laying hens

neither feed intake, feed conversion ratio nor weight gain were influenced

by the genetic modification of the crop. In contrast to this, a study by

Brake and Vlachos (1998) documented that broilers fed transgenic 5/176

com exhibited a significantly better feed conversion ratio than those fed

conventional, non modified com. This effect could be explained by the

occurrence of more mycotoxins (aflatoxins, deoxynivalenol, fumonisin) in

the conventional, non modified com, not protected against the European

com borer. In the com used in this study mycotoxins were below

detectable level (Table 1).

3.5.3 Metabolism of laying hens and broilers

Because of the substantial equivalence of the feed, no differences in

metabolizability of energy or in nitrogen utilization were expected and
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observed. The results from these analyses indicate that the genetic

modification of the com plant has also no influence on the metabolism of

the broilers and layers. These results are in agreement with findings

published by Aulrich et al. (2001) and other research groups. No influence

of the com variety could be observed on energy and nitrogen utilization as

well as AME content.

3.5.4 Composition of the products egg and meat

It can be concluded that plant modifications that increase the resistance of

the com plant towards insects have no significant influence on main

components or on the characteristics of the products from the nutritional

point of view.

3.5.5 Fate of corn chloroplast and Bt corn specific DNA

DNA is the basic building block of all life and is in every cell of all

animals, plants and microbes. Therefore, nearly all food and feedstuffs

contain DNA, and animals and human beings safely ingested DNA over

the course of history. During consumption of food or feed, normal

chemical processes with gastric acid and miscellaneous enzymes break the

macromolecular components like DNA or proteins rapidly into subunits.

This effectiveness of digestive degradation in humans and animals is

evidenced by the long history of safe consumption of DNA by mammals.

All DNA, transgenic or not, consists of the same building blocks and are

sensitive to the same digestive processes. An estimation of the intake of

recDNA from genetically modified com leads to the following result: The
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percentage of recombinant DNA in the genome of Zea mais accounts for

about 0.00022 %. This means that with a content of 1.496 ug DNA per g

com, the per-capita consumption of recDNA is at a maximum 0.00033

ug/g (Lassek and Montag, 1990). In the crop of the birds, the highest

concentrations of intact DNA from the diet can be expected. In the

stomach, the amount of intact DNA is lower due to degradation through

acids and enzymes. Even though the DNA turnover in most gut

environments is rapid, it is imaginable that the DNA is protected against

the degradation by certain dietary compounds or microenvironments

(Chesson et al, 2000). In human saliva for example, the DNA survives

long enough to be capable of transforming a human oral bacterium

(Mercer et al, 1999b).

The possibility that gene fragments could reach the intestinal epithelia and

could then be absorbed into the host organism cannot be eliminated. Model

experiments by Doerfler et al. (1997, 1998) showed that phage DNA-

fragments could still be detected in blood 2-8 hours after feeding and in

leucocytes up to 8 hours or in spleen and liver up to 24 hours. Supposably

this is the normal method of the body to dispose of such contaminants. It

seems possible that foreign DNA-fragments could be integrated into cells

of the immune system of rodents because they were detectable for several

hours within different other organs (Doerfler et al., 1997). They proved the

integration of the foreign DNA into the mouse genome with FISH

(fluorescent in situ hybridization technique) and other hybridization

techniques. However, long term feeding of mice to eight generations did

not indicate a germ line transfer of orally ingested foreign DNA (Hohlweg
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and Doerfler, 2000).

Not every sample examined with PCR generated the same results. This

observation can be attributed to a difference in DNA survival in the

intestinal tract of different birds. This is probably due to the difference in

the length of transit time between the last releases of food from the crop

into the gizzard before the birds were killed.

Thermal treatment of the feed could affect the detectability of a genetic

modification. However, if the chosen target sequence is short enough, the

degradation of the DNA does not have an impact on the detection.

The suitability of the extraction and analysis procedures were verified

through amplification of a chloroplast gene and a poultry specific

fragment. In all chicken tissues like muscle, liver and spleen the short

chloroplast gene fragment (ivr) was successfully amplified. In contrast, no

foreign plant DNA fragments could be found. 5/-gene specific constructs

from the Bt com were never detected in any of the poultry samples, neither

in organs, meat nor eggs. That these 5/-com specific gene fragments could

not be found is probably due to their rare occurrence compared to the

chloroplast genes. In addition, more than 99.9 % of the input DNA was

destroyed or degraded to fragments below 180 bp in the intestinal tract,

making them too small to detect. In the future, it is most likely that these

small fragments can be detected at very low concentrations with improved

methods. So far no research group has found transgenic DNA in milk,

meat or eggs derived from animals receiving GM feed ingredients in their

diets. In all by Einspanier et al. (2001) investigated chicken tissues

(muscle, liver, spleen and kidney), a short chloroplast gene fragment (199
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bp) was amplified. In contrast to this, no transgenic plant DNA fragments

were found in eggs or excreta. Bt gene specific constructs were not

detectable in any of the investigated poultry samples, although Einspanier

et al. (2001) used a shorter amplicon (189 bp). Com specific zein

fragments could be detected in chicken leg muscle which was ascribed to

an incomplete degradation of ingested DNA fragments in the

gastrointestinal tract of birds (Klotz et al, 2001). One reason for the

detection of plant chloroplast genes in chicken samples, in contrast to

samples from other animals like cows, is that the gastrointestinal tract of

chickens is shorter and therefore also the digestion path.

The supplementation of the enzyme protease did not lead to any influence

on the degradation of the DNA because the nucleic acids are degraded very

early in the digestive tract.
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PART IV

ADDITIONAL INVESTIGATIONS

4.1 Introduction

4.1.1 Investigations on a possible development of an antibiotic

resistance in bacteria of chickens and on a possible transfer

of the ampicillin resistance gene

It was our interest to study the frequency and the development of an

antibiotic resistance (ampicillin resistance) in bacteria from the digestive

tract of chickens and the influence of the integrated antibiotic resistance

gene in the Bt com on this development. For this purpose samples of feces

from 1-day old and from 35-day old chickens and crop samples were

collected for microbiological examination.

Furthermore, the possible transfer of foreign DNA (antibiotic resistance)

from transgenic com to bacteria in the digestive tract was investigated by

hybridization.

In order to get a more precise idea of the degradation of the DNA in the GI
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tract, the samples from the broilers were additionally investigated with

Real-time PCR.

4.1.2 Digestive processes in chickens

No investigations had been done on the activity of DNase in the crop of

broilers so far, but such an activity would contribute to the degradation of

the nucleic acids at a very early stage in the digestive process.

The crop of birds serves principally for food storage and produces mucus

for lubrication. It is likely that some digestion occurs in the crop as a result

of both enzymic and bacterial action (Sturkie's Avian Physiology, 2000).

Some carbohydrate digestion may occur in the crop due to the presence of

amylase activity (Philips and Fuller, 1983). At this site, amylase activity

comes from either salivary secretions, intestinal reflux, or plant and/or

bacterial sources. 25 % of ingested starch is degraded to sugars in the crop

where it can either be absorbed (minima! amounts), converted or

transported down the GI tract (Bolton, 1965). Pinchasov and Noy (1994)

showed that substantial amylolysis occurs in the crop. The secretion of

mucus is however more important to the digestive process than any

digestion occurring in the crop. Most amylase is produced in the pancreas

and the small intestine, in particularly high concentrations in the jejunum

with 80 % of the activity (Sturkie's Avian Physiology, 2000). Digestive

enzymes found in the pancreas of broiler-type chickens are listed in Table

1. In addition, Dal Borgo et al, 1968, had reported pancreas to secret

ribonuclease and deoxyribonuclease.
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Table 1 Pancreatic digestive enzymes of

chickens (Pubols, 1991)

Enzyme [%]

Trypsinogen 10

Chymotrypsinogen (A, B and C) 20

Trypsin inhibitor 11.3

Amylase 28.9

Procarboxypeptidase (A and B) 29.8

Most absorption of carbohydrates, proteins and lipids takes place in the

small intestine and occurs by diffusion along a concentration gradient or

by some type of active transport. Amino acid absorption in birds is similar

to that of mammals (Levin. 1984). The primary site for amino acid

absorption is the small intestine, but it is also absorbed in the crop, gizzard

and ceca. Peptides appear to be absorbed more rapidlv than amino acids.

The rectum is involved primarily in water and electrolyte reabsoiption

(Sturkie's Avian Physiology, 2000).

4.2 Material and Methods

4.2.1 Microbiological analyses of feces and crop content

For the microbiological analyses, samples from feces and crop had been

analyzed for total bacterial count on plate count agar with and without

ampicillin [25 and 50 ug/ml]. Samples from feces and crop were collected

at the beginning and at the end of the experiment. 10 g of the sample was

83



Material and Methods

dissolved in 90 ml of a diluent (0.8 %NaCl/0.1 % Trypticase Peptone) and

homogenized for 1 minute. Serial dilutions were then performed and each

dilution plated onto four PC-agar plates (two plates with and without

ampicillin). After aerobic incubation at 37 °C for 1 to 2 days, colonies

were counted.

4.2.2 Colony hybridization with fecal bacteria

Colonies of fecal bacteria were hybridized with [a-32P]ATP-labeled bla

specific probe and a [a-32P]ATP-labeled 5/176 specific probe, targeting the

ampicillin resistance gene in the com.

Beforehand, fecal bacteria had been picked from the agar plates containing

ampicillin (Chapter 4.1.1) and transferred to two agar plates (with and

without a membrane for colony hybridization) which had been divided in

segments. These plates were incubated at 37 °C for 2 days. As positive

control served E. co///pUC18 cells (resistant against ampicillin), as

negative control E. coli XL 1-Blue without pUC18. As next steps, the DNA

had to be liberated from the cell envelope, neutralized, washed, and fixed

to a membrane (Hybond-N, nylon membrane; Amersham Life science).

This was achieved by a series of solution-saturated 3MM paper filters

(Whatman). Firstly, lysis of the cells (10 mM Tris-HCl, 250 mM sucrose, 5

mg/ml lysozyme, pH 7.5) was performed by incubating the filter for 60

minutes at 37 °C. The next step was a denaturation step for 4 minutes (0.5

M NaOH, 1 M NaCl), followed by a neutralization step for 4 minutes (1 M

Tris-HCl, pH 8.0) and a washing step for another 4 minutes

(0.1 % SDS (sodium dodecyl sulfate), 0.3 M NaCl, 30 mM NaCitrat, pH
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7.0). After these four steps the nylon membrane was dried at 80 °C for 2

hours. The DNA was fixed to the membrane by UV-cross linking (4

minutes at 302 nm).

Prehybridization and hybridization with a [a-32P]ATP-labeled probe

(multiplied bla sequence; primers are described in Chapter 2.3.4.) were

performed at 63-65 °C in "Church buffer" (0.5 M Na2P04, 7 % SDS, pH

7.2: Church and Gilbert, 1984) for 3 hours or over night respectively. The

membranes were then washed three times at 65 °C for 30 minutes in

"Church buffer". The wet membranes were sealed into plastic bags, and

labeled bands were visualized on X-ray films (Fuji RX) with intensifying

screens at -70 °C for 1 to 2 days.

4.2.3 RT-PCR of chicken samples

In order to increase the sensitivity of the PCR detection method, the Real-

Time PCR technique was applied. The reactions were performed on an

ABI Prism® 7700 sequence-detections-system (Applied Biosystems). A

single reaction mixture of 25 pi contained 12.5 pi master mixture

qPCR2* (Eurogentec, Belgium), 1.25 pi of each primer [18 pmol/pl],

1.25 pi of TaqMan-probe [4 pmol/pl], 3.75 pi water and 5 pi DNA-probe

[40 ng/pl]. The extraction of the DNA is described in Chapter 3.3.5. The

primers and TaqMan-probes used for the reactions are summarized in

Table 2.
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Table 2 Sequences of the oligonucleotide primers and TaqMan

probes used for Real-Time PCR-analyses

System Primer Sequence

~35S 35S-F 5' - GCCTCTGCCGACAGTGGT - 3'

35S-R 5' - AAGACGGTGGTTGGAACGTCTTC - 3'

35S-TMP 5' - FAM CAAAGATGGACCCCCACCCACG TAMRA - 3'

ivr IVR-F 5' - GCTGTATCACAAGGGCTGGTAC - 3'

IVR-R 5' - GTGGCCCCAGGTGATGTT - 3'

IVR-TMP 5' - TET TGGAACCCGGACTCCGCGGTAT TAMRA - 3'

cry Cry-F 5' - GTGGACAGCCTGGACGAGAT - 3'

Cry-R 5' - TGCTGAAGCCACTGCGGAAC - 3'

Cry-TMP 5' - FAM AACAACAACGTGCCACCTCGACAGG TAMRA - 3'

Control amplifications verified the puriry of the DNA extraction and

excluded contaminations and inhibitions (no template control, DNA-

extractions from standard com-probes (Fluka, Switzerland) and no

extraction control). Each probe was analyzed doubly.

For the quantification of the ratio of com in the samples, a standard curve

was generated with a set of dilutions from standard 2 % 5/176 com

(Fluka). With the z'vr-system the presence and quantity of com can be

shown.

The reaction with 45 cycles was performed according to the following

conditions:

The first cycle was initiated by an enzyme (Uracil-N-glycosylase)
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activation step at 50 °C for 2 minutes, followed by the Taq-polymerase

activation at 95 °C for 15 seconds. During the following 45 cycles the

temperature changed from 95 °C for 15 seconds (hybridization step) to 60

°C for 1 minute (amplification step).

The resulting data were analyzed with the software SDS 1.7 (Applied

Biosystems).

Digesta samples from the broilers fed either control or Btl76 com had

been analyzed as well as samples from the organs, the com and both feed

varieties.

4.2.4 DNase activity in crop and saliva

For the measurement of DNase activity in the crop of broilers, a mixture

with 690 pi potassium phosphate buffer (0.1 M; pH 7.0), MgCl2 [25 mM]

and 10 pi bacteriophage X-DNA (0.522 pg/pl) was made and incubated at

37 °C for 30 minutes. Five caps with each 50 ul of this suspension were

mixed with either 10 pi crop (collected during slaughter of broilers) or 10

pi human saliva and incubated at 37 °C for 60, 30, 10, 5 and 0 minutes. To

an additional cap with 50 pi suspension 10 pi Hindlll was added and

incubated for 30 minutes. The reactions were stopped by adding 1.5 pi

EDTA [0.5 M; pH 8.0] and putting the caps on ice. 3 pi of the mixtures

together with 2 pi loading dye were subjected to electrophoresis on a 0.8

% agarose gel at 100 Volt for 1 hour.
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4.3 Results and Discussion

4.3.1 Microbiological analyses of feces and crop content

In order to be able to estimate the influence of the feed or the antibiotic

resistance marker in the Bt com respectively on the ampicillin resistance of

the intestinal bacteria in chickens, samples from feces and crop were

grown on plate count agar with and without an addition of ampicillin [25

and 50 pg/ml]. The chicken samples from feces and crop had been

collected at the beginning (first day, before feeding) and at the end of the

feeding experiments. The crop samples had been taken from the samples

for PCR-analysis (second and fifth week of feeding experiments; Chapter

3.3.5). The results of the counting of the colonies are shown in Figures 1-3.

In Figure 1 the data of the microbiological analysis of broiler feces are

summarized.
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Figure 1 Microbiological counting (total count) on plate

count agar containing ampicillin. Counted were

bacterial colonies from samples of feces from

broilers at the beginning (first day: only one

sample) and at the end (35th day: two samples

(non modified and Bt group)) of three feeding

experiments (1, 2 and 4).

The number of the experiment (1, 2 and 4) refers to

the sequence how the experiments were carried

out. The forth experiment was conducted

additionally. Furthermore, no results of the third

experiment are available because of uncountable

colonies. Beginning means 1-day-old broilers, end

means 35-day old broilers.
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At the beginning of the first broiler experiment, 84 % of the bacteria

showed resistance against ampicillin. The counted segment represents the

aerobic or facultative aerobic microorganisms of the chicken feces

growing on plate count agar. At the end of the experiment the number of

resistant bacteria had declined in both feeding groups: in the control group

15 % showed resistance, in the Bl group still 68 %. In the second

experiment the number of resistant bacteria at the beginning was much

smaller and amounted to 22 %. However, the decrease of resistant colonies

during the experiment was reproducible and accounted for 8 % in the

control and 42 % in the Bt group. In contrary to this, in the fourth

experiment no resistant bacteria (0 %) could be found at the beginning.

However, at the end 75 % in the control group and 55 % in the Bt group

respectively showed the ampicillin resistance pattern.

In addition, the microbiological evaluation (Figure 2) of three additional

external feeding experiments at our Institute each with 72 broilers (feed

without genetically modified ingredients) revealed the same:
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I
[«Beginning
JDEnd

ABC

Results of external experiments

Figure 2 Microbiological counting (total count) on plate

count agar containing ampicillin. Counted were

bacterial colonies from samples of feces from

broilers at the beginning (first day) and at the end

(35th day) of three external feeding experiments

(A, B and C; feed without Bt corn or any

antibiotics).

Initially the ampicillin resistance increased from the beginning to the end

(8 % to71 %, and 3 % to 100 % respectively), in the last experiment

however, the resistance decreased from 74 % to 39 %. Therefore it had to

be concluded, that no statement can be made about the development of an

ampicillin resistance during the growth of broilers whether fed genetically

modified feed or not. Also the analysis of feces from hens generated no

significant results (results not shown).
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The results of the crop analyses are summarized in Figure 3.
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Figure 3 Microbiological counting (total count) on plate

count agar containing ampicillin. Counted were

bacterial colonies from crop samples of broilers

at the beginning (14 days) and at the end (35th

day) of the third (3) and an additional (4)

feeding experiment with Bt176 corn.

In the first experiment the bacteria in the crop showed no resistance against

ampicillin and seemed then to develop a resistance during the experiment.

At the end, 89 % of the bacteria in the crop of the control group and 100 %

of the bacteria in the Bt group were ampicillin resistant. The second

experiment showed a different picture: at the beginning 11 % of the

Beginning

D End Control

EndBt

Experiment
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colonies were ampicillin resistant, at the end 100 % of the control group

and none of the Bt group showed resistance. Therefore, no statement about

the development of an ampicillin resistance in the crop can be made and

how or if the genetical modification of the com has an influence on the

ampicillin resistance development.

Even at the beginning of the experiments a large number of bacteria in the

feces were resistant against ampicillin. This shows that newly hatched

fledglings must have taken up resistant germs in the hatchery. These

bacteria possibly acquired their resistance through contaminations of the

hatchery. Another possibility is the acquisition of an antibiotic resistance

through disinfectants used in the hatchery, provided that a selective

pressure on the bacteria existed. However, the high number of resistant

bacteria in the crop decreased during the growth of the animals. In fact, the

number decreased more in the samples from the control group than in

those of the Bt group. This fact could have been attributed to the feed.

However, one analysis out of three showed a completely different picture,

and therefore the assumption that the ampicillin-resistance marker in the

com could have an influence on the resistance of the intestinal bacteria of

the animals had to be discarded.

4.3.2 Colony hybridization with fecal bacteria

In order to investigate a potential horizontal gene transfer of the ampicillin

resistance gene between the com and the intestinal bacteria, colony

hybridization experiments were performed. When hybridizing to the probe,
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the tested colonies contain an ampicillin resistance. To prove that this

resistance comes from the Bt com, further investigations with a Bt corn

specific probe were necessary.

The bla specific probe hybridized to all tested colonies, therefore all of

them contained a bla gene (an ampicillin resistance). The control

hybridizations showed the expected results.

E. co/;ypUC18

E. coli XL1-Blue without pUC18

Figure 4 Colony hybridization of fecal bacteria with the bla

specific probe.

E. coli/pUC18 served as positive control, E. coli XL1-

Blue without pUCW as negative control
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These results are in accordance with the results from the microbiological

analyses, where at least 50 % of bacteria were already resistant in the

intestinal tract of fledglings (Chapter 4.2.1). Antibiotic resistance genes

like the ampicillin resistance gene are widely disseminated in

environmental bacteria. This is the result of the unrestricted use of

antibiotics in human and animal therapy.

The hybridization of the fecal bacterial colonies with the 5/176 specific

probe however, resulted negatively, including the 5/176 com sample

(positive control). However, the locating of a transferred bacterium is very

unlikely. We estimate that maybe one out of 1 billion bacteria took up a

foreign gene.

The chance of a horizontal gene transfer from genetically engineered

plants to other organisms and especially to human or animal pathogens is a

major concern. Ingested DNA could interact with either the mammalian

cells of the gastrointestinal tract or the gut microflora which could result in

genetic transformation.

The most likely route by which bacteria may acquire plant DNA is

transformation (Nielsen et al, 1998). Preconditions for successful

transformation include the availability of free DNA, the presence of DNA

homology in the recipient genome, the development of natural competence

and the stable integration of the captured DNA into the genome of the

recipient organism (Gebhard and Smalla, 1998). Competence development

is a feature of many bacterial species (Lorenz and Wackemagel, 1994).

5/176 com contains sequences derived from plasmid pUC18, including the

complete bla gene. Should this sequence be transferred to a recipient
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bacterium, it has the potential to confer ampicillin resistance to such a

bacterium (Duggan et al, 2000).

Little is known about gene transfer in the gastrointestinal tract of humans

and animals. This knowledge is important in assessing the potential for

dissemination of antibiotic resistances by marker genes and of genes

derived from genetically modified plants.

Gene transfer can occur between different phylogenetic kingdoms as

demonstrated by Gebhard and Smalla (1998). According to their study, a

kanamycin resistance gene integrated in the DNA of transgenic sugar beet

was capable of transforming^cinetobacter sp. to kanamycin resistance. In

addition, it has been assumed that horizontal gene transfer from plants to

bacteria occurred during evolution (Smith et al, 1992). With the

introduction of bacterial genes, bacterial promoter and terminator

sequences, and bacterial origins of replication into transgenic plants, the

degree of sequence homology between the genomes of competent bacteria

and transgenic plant DNA increases according to assumptions of Gebhard

and Smalla (1998).

4.3.3 RT-PCR of chicken samples

This technique was not successful due to highly increased background

signals which couldn't be avoided according to our experimental setup. At

least it could be shown that the amount of detectable com DNA decreased

further down in the digestive tract of broilers: in the crop most of all com

could be detected, the least in the feces. But no quantitation could be

undertaken.
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However, Müller (2002) showed in his term work at the Laboratory of

food microbiology that in no sample (out of 37) of the digestive tract the

expected value of 60 % com DNA in total feed DNA could be recovered.

The largest amount of com DNA (ivr) accounted for 27 % in the crop of

the control feeding group. The largest percentage of Bt com DNA

accounted for 4 % in the crop of the Bt feeding group. This result may be

due to bad commingling or bad sample drawing. In addition, 5/176 com

could be detected in samples from the control group which points at a

blending of the two com or feed varieties.

In the study from Tony et al (2003). the DNA from conventional com and

its isogenic transgenic variant was found to be comparable in the

concentration during its passage through the digestive tract of broiler

chickens. Short plant chloroplast fragments (199 bp) were detected in

blood, muscle and some organs up to 4 hours after feeding. However, the

authors did not detect com specific or Bt specific constructs in any of the

tissue samples.

4.3.4 DNase activity in crop and in saliva

The survival of >.-DNA in crop content and human saliva was estimated by

incubation of >.-DNA in both media followed by agarose gel

electrophoresis. The result is shown in Figure 5.
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12345678 9 10 11

A-DNA

Figure 5 Survival of À-DNA after digestion with crop content

and human saliva during 0, 5, 10, 30 and 60

minutes and digestion with Hindlll during 30

minutes respectively.

After the times indicated, the DNA was analyzed

on a 0.8 % agarose gel by gel electrophoresis.

Trace 1 is the 1-kb DNA ladder; traces 2-5: Crop

(10, 30, 60, 0); trace 6: Hindlll; traces 7-10: Saliva

(60, 30, 5, 0)
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The degradation of the X-DNA is evident from the rapid disappearance of

the DNA bands compared to pure À-DNA at time zero (picture not shown).

The results indicate that DNA is completely degraded after 30 minutes

after addition to crop (trace 3). Similarly DNA was rapidly degraded

within 5 minutes of incubation in human saliva (trace 9). These findings

support the suggestion that naked DNA is unlikely to survive the activity

of DNase and therefore a transformation in the crop (or in human saliva)

and further down the intestinal tract is likely to be a rare event.

Ingested DNA is rapidly split into small fragments by the mechanical

processes of chewing along with enzymatic digestion and acid hydrolysis.

Most of the DNA is enzymatically degraded in the alimentary tract,

beginning in the mouth, usually prior to the small intestine. The enzymes

involved in DNA hydrolysis include high concentrations of DNase I. an

endonuclease that disrupts the double stranded DNA and is produced and

secreted by the salivary glands, as well as the pancreas, the liver and the

Paneth cells of the small intestine (Baker et al, 1998; Kishi et al, 2001).

DNase I has optimal activity at neutral pH. DNase II has a pH optimum of

between 4.6 and 5.5. This enzyme is also secreted but its primary function

is in lysosomes within phagocytes, involved in the catabolism of DNA as

well as the fragmentation of genomic DNA during apoptosis. DNase I and

II cause splitting both single and double stranded DNA (Baker et al, 1998;

Kishi et al, 2001). In addition to the enzymatic digestion, low pH

conditions in the stomach contribute to the degradation of the DNA. After

the fragmentation, the functionality of the DNA is lost.

DNA turnover in most gut environments is certainly rapid (McAllan and
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Smith, 1973), but it is still imaginable that microenvironments exist where

it is not degraded, or that certain dietary components provide protection

against degradation (Chesson et al, 2000). Plasmid DNA survives in a

biologically functional state in ovine saliva for a considerable time,

implying that DNA released from food is a potential source of

transformation for naturally competent oral bacteria (Duggan et al, 2000).

In addition, a recombinant plasmid was able to transform a naturally

competent oral bacterium after incubation in fresh human saliva for 9

minutes (Mercer et al, 1999a). There is evidence that human saliva may

contain factors that promote competence development in bacteria of the

oral flora. Whether chicken saliva contains similar competence-promoting

factors remains to be determined (Chesson and Flint. 2000).
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PARTV

GENERAL CONCLUSIONS

5.1 The advantages and disadvantages of transgenic
BM76 corn

5.1.1 General aspects of GMO's

In Europe, many consumers consider technology that changes Nature as

very dangerous, whereas scientists see such developments as offering real

promise. Due to the level of scientific sophistication associated with the

production of GMO's, it is understandably difficult for consumers to have

a clear idea of what it is all about and what impact of the consumption of

these products on human health and safety will be. Genetic transfer may

result in unforeseen consequences of devastating measures. To enable

freedom of choice and ensure environmental safety, the European

Commission has set laws on GMO labeling and tracing (Chapter 5.2).

Despite of this current public guardedness against GMO's, most scientists

and industries have considered the use of biotechnological processes,
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particularly genetic modification, as extremely important in devising new

ways to increase food production (starvation in developing countries),

improve nutrient content, eliminate allergens and provide better processing

or storage characteristics for foodstuffs.

5.1.2 Ecological aspects of genetically modified crops

The possibility of unintentionally transferring traits of ecological relevance

onto landraces and wild relatives is a major concern in the debate about

genetically modified organisms and outside of our considerations. Gene

flow from com can occur by pollen transfer and eventually seed dispersal.

The genetic diversity of crop which is considered essential for global food

security might be threatened. In their publication, Quist and Chapela

(2001) reported the presence of introgressed transgenic DNA constructs in

native com landraces grown in Oaxaca, Mexico. However, other scientists

have raised questions about the methodology and conclusions. In addition,

studies from an international research institute in Mexico (International

Maize and Wheat Improvement Center: CIMMYT: www.cimmyt.org/

whatiscimmyt/recent_ar/D_Sustain/transgenic.htm) could not confirm the

transmission of DNA. There is no scientific evidence that outcrossing from

engineered crops could endanger com biodiversity. Another concern is the

possibility of introgression leading to an increase in the fitness of wild

relatives. If the genetic modification leads to an evolutionary advantage of

the species, then an increase could be expected. In the absence of a

selective pressure this advantage would disappear. Evaluations consisting
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of plant vigor, growth habit characteristics, yield, crop quality, and insect

and disease susceptibility have shown 5/-protected crops to be

morphologically and ergonomically equivalent to their parental plants

(Betz et al, 2000).

The toxin released into soil from the roots and biomass of Bt com may

affect organisms in the soil. In their study, Saxena and Stotzky (2001)

showed that released toxin appeared to have no deleterious effect on

earthworms, nematodes, and microorganisms. However, larvae of the

monarch butterfly are sensitive to CrylA(b) proteins. But only pollen from

5/176 hybrid affects monarch larvae because its pollen expresses more

than 78 times more Bt protein than other transgenic hybrids. This is due to

a pollen specific promoter.

Based on these studies, the genetic modification in Bt com does not pose a

significant risk to the environment. Participants of the 7th European

Congress of Entomology (www.helexpo.gr/ece/7th_cong _p3rticipants.htm)

concluded that the Bt com is clearly less cumbering for the environment

than conventional com. The main reason for that is the diminished usage

of insecticides.

5.1.3 Economical challenges of genetically modified crops

The international feed market for vegetable protein enfolds by-products

from the oil extraction and the starch manufacturing. Our dependence on

the international market is >90 %. Switzerland imports feed from the

countries Argentina, USA, and Brazil, where the products are mainly

genetically modified (James, 2002). GMO-free feed are becoming a
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purchase and cost problem. So far the producers of GM crops and the

farmers could profit from this new technology due to higher prices,

decreased pest costs, and increased yields (Betz et al, 2000). In the future,

the genetically modified plants will also offer advantages to the consumer.

However, to provide the food choice in the future it is essential to maintain

the traceability of genetically modified plants (Chapter 5.2).

In addition, it has to be considered that also other fields of live are

concerned by genetic engineering. For example 10 % of the com harvested

in the United States is utilized for the production of ethanol. Ethanol is

applied for the production of gas. This means that also driving is

dependent on the genetic engineering in a certain way. The same can be

said about the soya oil which is used as fuel for diesel engines.

5.1.4 Health aspects

One aspect is the risk of a transfer of the antibiotic resistance gene from

plants to microorganisms in the gut. Horizontal gene transfer across related

species and even unrelated organisms is a well-documented phenomenon.

It is not clear whether the transfer of such genes from transgenic plants to

microbes can be completely excluded (Chiter et al, 2000).

Processing of the feed can disrupt or inactivate the DNA and therefore

eliminate the risk of a genetic transfer. Heat and other processing of the

plants can inactivate the DNA which results in fragmentation and therefore

decreased risk of a gene transfer. Studies from Chiter et al. (2000) showed

that treatment of plant tissues at temperatures of 95 °C or above for more

than a few minutes is sufficient for degradation of DNA to take place to
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the extent that it should be incapable of transmitting genetic information.

The process of oil extraction results in a complete inactivation of nucleic

acids (Chiter et al, 2000). Ensiling of forage and mechanical processing

can result in an at least partly degradation of the plant DNA. After certain

duration of ensilage no more functional and intact genes are present in the

feed (Hupfer et al, 2000). However, Chiter et al. (2000) showed clearly

that DNA remains stable in silage and therefore suggested avoiding ensiled

GM crops as animal feed if a significant risk of transmission was

identified.

That the event of a transformation can occur, the DNA must first survive

the passage through the GI tract in a form in which it can be incorporated

into the genome of a recipient bacterium. In addition, the gastrointestinal

bacteria have to be competent for transformation. After the incorporation,

the gene is only active in the bacterial eel' if bacterial control elements

(promoter, terminator) are present.

The DNA is released during the digestive process which starts in the

mouth. There, the DNA has contact with the microflora. The most obvious

route for entry of foreign DNA is the GI tract. The integration of foreign

DNA seems to obey similar rules in many different eukaryotic systems.

The postulated mechanisms of foreign DNA integration seem to be very

flexible and are presumed to be able to cope with many different loci of

integration in integrative recombination (Doerfler et al, 1997).
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Most of the DNA seems to be inactivated and degraded by the low pH in

the stomach or nucleases produced in the saliva and the small intestines.

Nevertheless in some cases small DNA fragments may pass through the

gastrointestinal tract due to binding onto soil minerals or proteins which

could act as a protection against degradation (Stewart and Carlson, 1986)

and be distributed in the organism via the blood and/or lymph circulation.

A very small amount of plant DNA fragments remaining in intestinal

digesta can potentially be absorbed through the intestinal mucosa. This

could happen either directly by epithelial cells or by antigen presenting

cells of the immune system (Beever et al, 2000). If the intestinal epithelial

surface has been damaged, DNA and other macromolecules may also

diffuse into the lamina propria. Most of this DNA would however be

phagocytised by the immune system.

But there is evidence that Ihe (marker) genes are digested before the event

of a transfer can take place (Chambers et al, 2002). They showed that after

feeding chickens with transgenic com, the plant derived marker gene could

only be found in the crop of broilers and in some stomach contents and not

in the intestines. This showed that marker genes survive not better than

other DNA derived from animal feed. Furthermore, this study from

Chambers et al. (2002) illustrated the widespread distribution of ampicillin

resistance genes in bacteria: In their study a method was applied which is

able to distinguish between the bla gene from transgenic plant material and

the wild-type bla gene found in the microflora of the avian alimentary

tract. DNA is known to survive for centuries, at least in fragmented form,
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in the remains of even extinct organisms. It is likely that peripheral white

blood cells serve as vectors for such a postulated transport (Schubbert et

al, 1997, 1998). It is not known which role the immune system plays in

the defense against foreign DNA. Food-ingested and intramuscular

injected foreign DNA is excreted via the gastrointestinal route (Hohlweg

and Doerfler, 2001).

Consequently, the antibiotic gene from transgenic corn is very unlikely to

transform bacteria found in the lower gut flora of birds to resistance. And

even if a transfer of a functional bla gene would take place, it would not

have any clinical significance regarding human and veterinary medicine.

Chickens fed such transgenic corn are very unlikely to be vectors for gene

flow from transgenic plant material to the gut microflora. Even if such a

transfer would happen it would be no threat for human and animal health.

The number of such resistant bacteria in the gut would be negligibly small

compared to the total number of resistant bacteria

(www.bag.admin.ch/dienste/ medien/1999/kurzfassung%20Deut.pdf).

Alternatives to antibiotic resistance genes are genes that encode

antimicrobial compounds that have no therapeutic value, e.g. heavy metal

resistance genes or genes for the utilization of certain nutrients (sugar

mannose).

Not only is the possible transfer of marker genes like the antibiotic

resistance gene of scientific interest, but also the transfer of other

transgenic genes. However, even if transgenic DNA is detected by a future
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analysis, scientific evidence concludes that ingested transgenic DNA

would not be any different from ingestion of DNA already in food, which

is known to be safe. This safety derives not only from the long natural

history of animal and human consumption of DNA, but also because no

intact genes, only relatively small fragments (Doerfler et al. (1997)

detected Ml3 DNA fragments of 976 bp in mice blood), have been

detected in animal tissues. Only small portions of the entire coding region

of genes were found. Therefore, the likelihood that a transgenic gene or

fragment is absorbed to any significant degree following digestion remains

extremely low. The ingested DNA is degraded to levels below the most

sensitive PCR detection limits.

Another aspect of risk analysis is the influence of the Bl technology on

mycotoxin-producing fungi in com. Some mycotoxins like fumonisins can

be fatal to horses and pigs, and are probable human carcinogens

(Munkvold and Desjardins, 1997b). Fungi that produce mycotoxins in com

are frequently associated with insect damage to the plants. Insect control

has therefore the potential to reduce mycotoxin concentrations in grain. Bt

transformation of com hybrids enhances the safety of grain for livestock

and human food products by reducing the infestation of the com with

pests. Transgenic control of insects offers an interesting alternative much

more effective, consistent, and economically and environmentally more

sound than insecticides (Munkvold and Hellmich, 2000; Maag et al,

2002).
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5.2 Pending regulations for the genetic engineering in

the EU

Genetically modified food, feed or additives are available in increasing

amounts, whereas the usage of them in Europe is prevented by political

guidelines. The regulation 2003 of the EU includes more severe provisions

of approval, traceability, labeling and transparency. Ingredients like for

example oil from genetically modified soya or glucose syrup from

genetically modified corn have to be labeled, whereas enzymes produced

by genetic engineering have not to be labeled as such. In addition, products

like meat, milk or eggs from animals fed with genetically modified feed or

treated with genetically modified dmgs, have not to be labeled. Excluded

from labeling are also products with a GMO rate (for approved GMO's)

lower than 0.9 %. Such a threshold level is necessary because no absolute

absence of genetic engineering in the products can be guaranteed.

Cultivation, harvest, storage and transport pose a risk of minimal

accidental and not intended admixture. For not approved GMO's the

threshold level is even lower. For the duty of labeling not the detection of a

GMO is necessary anymore, but the utilization of genetic engineering

during the process of making a product. Therefore, a labeling is only

possible if the traceability is complete and documented. In Switzerland

these regulations will be adopted.
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5.3 Animal feeding studies with 8M76 corn

The objectives of the present experiments were to determine at the one

hand the composition and the nutritional value of original and transgenic

corn in chicken feed and on the other hand the fate ofDNA in the digestive

tract. In addition, we were interested in studying a possible horizontal gene

transfer from plant to microorganism.

In general, our findings indicate that Bt hybrids are similar to their non-5/

counterparts for important feeding-reiated characteristics. The introduction

of new genes into the com did not significantly affect the chemical

composition of the com. In addition, the introduction did not affect the

digestibility of nutrients either. We were able to demonstrate that there are

no deleterious factors present in the diets made with the transgenic corn. In

the contrary, by elimination of insect damage, significanth reduced

mycotoxin contamination can be observed.

Notebom et al. (2000) used chemical fingerprinîing (H-NMR.

spectroscopy) to analyze changes in nutrient composition in transgenic

food crops. They propose their method as a powerful tool for establishing

substantial equivalence if there is an indication from other traits that there

might be an unintended effect of the genetic modification.

We were able to detect a small fragment of a highly abundant com

chloroplast gene (ivr) in samples of muscle cells of broilers and in samples

of other tissues like liver, spleen and blood, but not the transgenic gene

fragment. The copy number of plastid genes is higher than a transgene in a
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genetically engineered product, which has usually only one copy per

haploid genome. In addition, plastid gene sequences are also present in

high numbers in the nuclear genome, which represents an additional source

of positive PCR signals. As a consequence, this might explain the

detection of these genes while transgenic DNA fragments stay undetected.

Although Real Time PCR shows advantages for detecting 5/176 com in

feed, this technique did not provide additional sensitivity beyond standard

PCR methods for animal tissue samples. The presence of transgenic DNA

was not detectable by either standard PCR or Real Time PCR in any

samples from the chickens fed 5/176 com.

It was shown that both native and transgenic DNA was rapidly degraded in

the stomach and small intestine due to stomach acids and nucleases. The

bla gene was demonstrated to be completely broken down into nucleotides

in digestive fluids from the crop within a very short time. Animals ire

degrading ingested DNA to levels below the most sensitive PCR detection

limits (not real time). Hybridization analyses for 479 bp bla fragmenis

were uniformly negative in animal product samples like eggs or meat.

In the studies from Reuter and Aulrich (2003), a new approach to

investigate the effect of genetically modified feed had been chosen. They

fed pigs with diets containing 70 % parental or transgenic 5/176 com. 1, 2

or 3 days before slaughtering, in the Bt group the feed was replaced by

feed without com. The aim of the study was to explore the passage of

specific DNA fragments in the GI tract. Recombinant DNA was detectable

in the intestinal contents up to 48 hours after the last feeding of the

transgenic com diet. Though, in most of the samples the signals could only
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be detected until 12 hours after the last com feeding. In addition, in tissue

samples recombinant DNA was not detectable, neither was the com-

specific ivr fragment nor the 5/-specific cry fragment. However, a plant

specific gene fragment from the chloroplast gene encoding a ribulose

biphosphate carboxylase (140 bp) was found, mostly in liver, muscle and

ovary samples.

These results indicate as well that very small fragments can pass the gut

wall and enter tissues, both in chickens and pigs.

5.4 Conclusions and Outlook

The present generation of GM crops poses no risks to animals consuming

them or to humans thereupon consuming their products. Ingestion of

transgenic DNA is not different from ingestion of DNA already in food.

Furthermore, no intact genes, only relatively small fragments have yet

been detected in animal tissues, regardless of the gene's abundance.

However, since other genetically modified feed and feed additives will

become available for livestock nutrition in the future (Chapter 1.1), it will

be necessary to evaluate their safety afresh: There is a need for additional

investigations of genetically modified crops with new output traits like

altered nutrient composition. Further studies on this topic must include

quantitative RT-PCR analyses. An adequate method should be developed

for the detection of chloroplast or especially transgenic fragments. The fate

of transgenic DNA is a very important field of research. In addition,
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investigations on the exact localization of fragments in poultry products

would lead to a better understanding of the fate of the nucleic acids after

digestion. A possibility to achieve this aim would be the FISH technique

(fluorescent in situ hybridization). The investigation of tissue preparations

might provide further information about the fate of the DNA in the animal.

Moreover, it should be taken into consideration that fragments found in

tissues by PCR might disappear after stopping to feed transgenic plants.

This would suggest that no integration of fragments into animal cells

occurred. Therefore feeding studies with diet change after a certain time

might provide more information.

There is still a need for more precise research to clarify some contradictory

matters regarding GM-foods. Results from objective scientific studies are

important for strengthening the confidence of consumers in genetic

engineering.
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