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Abstract

Genetically modified (GM) foods are the product of one of the most progressive fields of science—biotechnology. There are major concerns
about GM foods in the public; some of them are reasonable, some of them are not. Biomedical risks of GM foods include problems regarding the
potential allergenicity, horizontal gene transfer, but environmental side effects on biodiversity must also be recognized. Numerous methods have
been developed to assess the potential risk of every GM food type. Benefits of the first generation of GM foods were oriented towards the
production process and companies, the second generation of GM foods offers, on contrary, various advantages and added value for the consumer.
This includes improved nutritional composition or even therapeutic effects. Recombinant probiotics and the principle of alternative gene therapy
represent the latest approach of using GM organisms for biomedical applications. This article tries to summarize and to explain the problematic

topic of GM food.
© 2005 Elsevier SAS. All rights reserved.
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1. What are genetically modified organisms?

Along with introducing of genetically modified organisms
(GMO) into daily life the GMO give rise to safety concerns.
Have we really any reason to be afraid? Firstly, we must pre-
cisely know what do GMO represent. GMO are organisms that
are generated by combining genes of different species using re-
combinant DNA (rDNA) technology. Resulting organisms are
then said to be transgenic, genetically engineered or genetically
modified (GM). This group of organisms includes microorgan-
isms, plants and animals. We can meet GMO in different spheres
of our life such as medicine, agriculture and, of course foods.
This issue is interesting and much discussed. GMO can resolve
problem of nutrition in the third world, reduce vitamin and nu-
trition deficiency. For example by using GM technology it is
possible to create rice with an increased synthesis of vitamin A
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precursor [1], plants resistant to herbicide and insecticide or
plants able to grow in extreme weather conditions. Recently,
GM crops are being used in agricultural production in 18 coun-
tries around the world [2]. Although there is no direct evidence
that GMO have any harmful effect on human’s health many peo-
ple are sceptical about. Reason for this sceptical attitude is lack-
ing knowledge and negative propagation of GMO in the media.
It is often being told only about risks associated with GMO but
not about benefits. Nevertheless, some authors predict that 21st
will be the century of biotechnology. Genetic modifications are
often compared to traditional plant breeding (TPB). TPB can be
defined as “applied plants genetics” [3]. Principal mechanism of
TPB is chromosomal recombination. In comparison to TPB the
GM technology enables transfer of single genes, while TPB ma-
nipulates with hundreds of genes. In other words we are not able
to predict how much genetic information will be transferred by
TPB. In addition, GM technology allows transfer between spe-
cies, while TPB does not allow overcoming of interspecies bar-
riers. Finally, GM technology results in small proteome changes
in comparison to TPB.
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2. What is the history of GMO?

In prehistoric times man used to find food in nature and
after that he went for domestification of the plants for further
cultivation. With the help of scientists and naturalists he began
to utilize the techniques such as hybridization and produced
plants through natural breeding between related varieties. After
1900 by using Gregor Mendel’s genetic theory of crop species
improvement developed through classic selection, a plant of
one variety is crossed with a related plant to produce desired
characteristics. With the discovery of three-dimensional double
helix structure of DNA by James Watson and Francis Crick in
1953, scientists gained the possibility to identify and “splice”
genes from one kind of organism and transfer them into an-
other. In 1973, Herbert Boyer and Stanley Cohen combined
their research to create the first successful TDNA organism
[4]. In 1980, the US Supreme Court in Diamond puts geneti-
cally patenting law into force. This decision allowed the Exxon
Oil Company to patent an oil-eating microorganism. In 1982,
US Food and Drug Administration (FDA) approved the first
genetically engineered drug, Genentech’s Humulin, a form of
human insulin produced by bacteria. This was the first consu-
mer product developed through modern bioengineering. In
1992, the first GM food crop was tomato produced by Cala-
gene, named Flavr Savr. Calagene submitted this to US FDA
for its safety evaluation, and FDA declared the tomato as safe
for human use. Finally, it was released for the market in 1994.
The antisense gene in Flavr Savr tomatoes delays its ripening
and allows better storage. The first test of transgenic potato
was conducted in 1986 in Belgium and it was conducted in
United States the next year. Subsequent GM food crops in-
volve virus-resistant squash, a potato variant that includes an
organic pesticide called Bt, strains of canola, soya-bean, corn
and cotton engineered by Monsanto to be immune against their
popular herbicide Roundup and Bt corn. In 1994, The Eur-
opean Union’s first genetically engineered crop, tobacco, was
approved in France and in 2000 International Biosafety Proto-
col has been approved by 130 countries at the Convention on
Biological Diversity in Montreal, Canada. The protocol agrees
upon labeling of genetically engineered crops, but it still needs
to be ratified by 50 nations prior to gaining validity and effect.

3. Which generations of transgenic plants are known?

The application of modern genomic research techniques to
plant species promises an explosion of new knowledge and in-
formation that may lead to important new advances in agricul-
tural production and the quantity, quality and variety of food
products. Although various classifications can be found in the
literature, two principal classes of GM foods exist (Fig. 1).

Roundup Ready soybeans are parts of the “first generation”
of biotechnologically derived seeds, which offer farmer bene-
fits such as lower chemical input and reduced farming costs.
Other seeds, which are part of this “first generation”, include
those with specific pest, disease or virus resistance. For exam-
ple, papaya-ringspot-virus-resistant papaya has been grown and

First generation Second generation

Producer Consumer

oriented oriented

Fig. 1. GM food can be divided into two groups.

The first generation brings various improvements in the production. GM food
from the second generation is oriented towards the consumer and brings better
nutritional value or even therapeutic effects.

commercialized in Hawaii since 1996 [5]. There may also be a
benefit for the environment, if the use of pesticides will be
reduced. For instance, transgenic crop containing insect-resis-
tant genes from Bacillus thuringiensis have made it possible to
reduce significantly the amount of insecticide applied on cotton
in the United States.

The “second generation” of seeds now being introduced of-
fer processor, end-user and consumer specific benefits such as
increased levels of protein, modified and healthier fats, modi-
fied carbohydrates, improved flavor characteristics and in-
creased levels of desired phytochemicals. Modification of qua-
litative and quantitative characteristics, such as the composition
of proteins, starch, fats or vitamins by modifications of meta-
bolic pathway could increase the nutritional status of the foods
and might help to improve human health by addressing malnu-
trition and under-nutrition. For example, iron deficiency causes
anemia in pregnant woman and young children. Anemia has
been identified as a contributing factor in over 20% of maternal
deaths (after giving birth) in Asia and Africa [6]. Transgenic
rice with elevated levels of iron has been produced using genes
involved in the production of an iron-binding protein and in the
production of an enzyme that facilitates iron availability in the
human diet [7,8].

The next vital step toward realizing the full potential of
genomic advances to neutralize bio-threats is to translate
GMO’s genetic codes into a deeper understanding of how these
organisms infect and survive in the host and how they cause
toxic effects. This information is needed to fully understand
what makes a biological agent a threat and how it can best be
found and counteracted. In cases of bioterrorist attack such as
the recent anthrax outbreaks, decision makers and law enforce-
ment officials need to understand the situation quickly. Early
detection and identification of the biological organism and its
source are crucial for minimizing the potentially catastrophic
human and economic costs of such an attack.

4. How are GMO made?

The rDNA techniques and genetic “engineering” is expected
to bring about great progress in the improvement of breeding
technology and development of new plant varieties showing
high quality or producing higher yields. This will improve nu-
tritional, flavor or storage properties, such as those with excel-
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lent pest and disease resistance or stress tolerance. So how can
you prepare GM plants? If you can identify and isolate an ap-
propriate gene, that has the trait you need, you can transfer this
gene from one organism to another using the rDNA technology
bypassing biological species. The introduced gene usually
serves two distinct purposes. One of the transgenes is a select-
able marker, meaning that it confers the transformed cells a
distinctive phenotype that can be used to select few GM among
a sea of unmodified cells. These marker genes typically confer
resistance to a selective agent, often an antibiotic. The other
transgene is meant to confer a desirable phenotype, which is
often agronomic (herbicide, pest, stress resistance) or related
to food quality (shelf-life, taste, nutritional value).

There are four main approaches in which plants can be ma-
nipulated by genetic “engineering” (Fig. 2). These are:

e Gene insertion using a bacterial vector—Agrobacterium tu-
mefaciens. To achieve a genetic modification using this
technique, a restriction enzyme is used to cut non-virulent
plasmid DNA derived from A4. tumefaciens and thus create
an insertion point, into which the gene can be ligated. The
engineered plasmid is then put into a strain of
A. tumefaciens, which contains a “helper” plasmid and plant
cells are treated with the recombinant bacterium [9]. The
helper plasmid assists the expression of the new gene in
plant as these grow in culture. The utility of
A. tumefaciens-mediated gene transfer is illustrated by its
use to develop potato plants that are resistant to Colorado
beetle [10]. The inserted cryllla gene encodes for an insec-
ticidal protein from soil bacterium B. thuringiensis. When
expressed in potato plants this protein is toxic to Colorado
beetles by combining with a protein found within their di-
gestive epithelium to form a membrane channel that results
in cell lysis.

e In microballistic impregnation or gene gun the target gene is
applied to minute particles of gold or tungsten, which are
fired into plants tissue at high velocity. Cells that incorpo-
rate the target and marker genes can then be selected in cul-
ture and grown [11,12].

Preparation of GM foods
Other methods

-

Agrobacterium

-

Gene gun Electroporation

.

Fig. 2. Genetic modifications of plant cells can be achieved by various
mechanisms like electroporation, gene gun, homologous recombination etc.,
but the mostly used method is the use of Agrobacterium sp. for the delivery of
the transgene into the host plant cells.

e Electroporation is the application of a pulsed electric field
that allows the transient formation of small pores in plant
cells, through which genes can be taken up and in the form
of naked DNA incorporated into the plant genome [13,14].

e Gene neutralization by means of antisense technology,
homologous recombination (gene knock out) and gene re-
placement. Antisense technology involves introduction of
the non-coding strand sequence of a particular gene to inhi-
bit the expression of the desired gene. The application of
antisense technology has resulted in a consumer food pro-
duct, the FlavrSvr™ tomato, in which shelf-life is enhanced
by suppression of the enzyme polygalacturonase [15]. A si-
milar increase in the shelf-life of tomatoes can also be
achieved using antisense technology against the enzyme 1-
amino-1-cyclopropanecarboxylic acid synthase [16]. In tra-
ditional breeding technology, the development of a new
variety was only possible using particular species and cross-
ing its known types. Thus, researchers have prepared tech-
nologies such as antisense technology to develop new vari-
eties. And the results are insect-resistant, herbicide tolerant,
virus-resistant crops.

5. How are GMO detected in food?

EU legislation for GM crops marking from year 1998 and
2000 (EU Regul. 1139/98 and 49/2000) determines, that crops
containing more than 0.9% GMO have to be marked to ensure
the deducibility from “farm to fork”. Nevertheless, it is still not
clear, whether this number means DNA/DNA or weight/weight
ratio. Though, if the introduced DNA and its product have
been degraded during the production process, there was no
need to mark the final product. However, new legislation ex-
tends the “marking law” to all foodstuffs for better monitoring
of the fate of food during its processing (EU Regul. 1829/2003
and 1830/2003). There are some current projects that focus on:

e development of novel detecting methods for determining
GM crop derived foods (RTD-project),

e development of quantitative methods (QPCRGMOFOOQOD),
e detection using microarray technology (GMOCHIPS).

QPCRGMOFOOD project is also focused on real-time
methods development and determination of suitable reference
genes in polymerase chain reaction (PCR) techniques for the
cardinal GM crops food [17]. For detection of GMO content
in foodstuffs, there are two approaches used:

e Those based on correlation of GMO content with GM DNA
content in food.

e Methods based on correlation of GMO content in food with
GM protein (or GM mRNA) content in product. However,
the interrelation GMO/GM protein has a lower information
value [18].
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The most frequently used quantitative methods for deter-
mination of GMO content in product are Southern blot, quan-
titative end-point PCR and quantitative real-time PCR [19].

One of the most fundamental procedures of GM DNA iden-
tification is sample preparation, which can be divided into sev-
eral steps: 1.) determination of appropriate sample amount and
sample size, 2.) selection of representative samples, 3.) re-
moval of additional ingredients (salt, sugar, spice etc.), 4.)
homogenization, 5.) pretreatment (neutralization, removal of
fat and starch), 6.) lysis (buffers, SDS, EDTA, guanidium-—
HCIl, CTAB, magnetic beads), 7.) separation/purification (en-
zymes, CTAB, phenol/chloroform, DAEA, silica, isopropanol),
8.) DNA analysis (PCR). The sample preparation protocol for
work with protein is being changed from step 5.) extraction
(special buffers binding agents) 6.) centrifugation (removal of
other substances), 7.) protein analysis [20].

Methods for GM DNA identification can be divided accord-
ing to their specificity into these groups:

e screening methods (analyzing promoters and terminators
specific for GMO);

e gene specific methods (analyzing the specific gene);

e construct-specific methods (that focus on analysis of natu-
rally not existing junctions, for example connection between
promoter and gene);

e cvent-specific methods (focusing on unique junction be-
tween inserted DNA and recipient genome) [18].

These methods are usually based on PCR. This involves
PCR as well as ligase chain reaction (LCR), nucleic acid se-
quence-based amplification (NASBA), but also fingerprinting
techniques such as restriction fragment length polymorphism
(RFLP), amplified fragment length polymorphism (AFLP),
random amplified polymorphic DNA (RAPD). Further techni-
ques include probe hybridization, electrochemiluminescence
polymerase chain reaction (ECL-PCR) [21], multiplex PCR/
membrane hybridization assay (MPCR-MHA) [22] and liquid
phase hybridization (LPH) PCR enzyme-linked immunosor-
bent assay (ELISA) technique for specific detection of PCR
products [23]. The microarray technology, matrix-assisted laser
desorption/ionization-time of flight mass spectroscopy
(MALDI-TOF MS) and surface plasmon resonance (SPR) are
also alternative methods for DNA-based methods. Protein-
based methods can be divided into two groups: 1.) protein de-
tection methods such as one-dimensional SDS gel electrophor-
esis (SDS-ELPO), two-dimensional SDS gel electrophoresis
(2D-SDS-ELPO), 2D-SDS-ELPO combined with immunologi-
cal methods, Western blot analysis, ELISA and a variation on
ELISA lateral flow strip method, and 2.) methods based on the
detection of enzymatic activities.

6. What are the societal aspects of GMO?

It is essential that we improve food production and distribu-
tion in order to feed and free from hunger a growing popula-
tion, while reducing environmental impacts and providing pro-
ductive employment in low-income areas. This will require a

proper and liable utilization of scientific discoveries and new
technologies. The developers and overseers of GM technology
applied to plants and microorganisms should approve their ef-
forts address such needs. The effects of any new technology
introduced on the scale anticipated for biotechnology extend
beyond the factories and research centers influencing our
everyday lives. Biotechnology has, for example, made it pos-
sible to detect, and in some cases to treat, diseases such as
sickle-cell anemia, Tay-Sachs disease, diabetes, and cystic fi-
brosis. GM organisms currently produce many therapeutic mo-
lecules such as insulin, cytokines, interferons, interleukins etc.

Consumer acceptance of genetic engineering (GE) has been
found to vary between different types of applications of the
technology, but also within the same category of application
[24]. Consumers have been shown to hold more positive atti-
tudes towards the use of GE for medical purposes than for food
production purposes [25,26].

Following initial apprehension that GE could give rise to
infectious organisms—the spread of which would be difficult
to restrict—a stringent set of guidelines was drawn up by gov-
ernments and leading scientists in the mid-1970s to regulate
research in this field. Though it is not possible to eliminate
the risk of a GE accident completely, the experience of the last
10 years of research has indicated that the chances of con-
structing a disease-producing organism by accident are very
low. This is because such pathogens require an extremely com-
plex set of distinct characteristics, and are effective only when
all are present.

7. What are the risks of GMO?

The issue of GMO crops, foods derived from GMO crops
and genetic manipulations generally are very controversial.
Nevertheless, GMO bring many benefits, on other hand many
concerns and risks related to GMO impact on human’s health
in relationship with allergy, toxicity and nutrition value are as-
sociated with GMO. There are concerns that transgene protein
may provoke allergic reaction in sensitive individuals. Many
studies show that GMO crops nutrition value is comparable
with their traditional counterparts. Much discussed is the po-
tential risk of GMO related to environment such as extension
of antibiotics resistance genes [27], horizontal gene transfer
(HGT), spontaneous formation of superweed or GMO adverse
effect on biodiversity. The purpose of many studies is to inves-
tigate the fate of ingested foreign DNA. For production of eco-
nomically viable yields, reliable weed control is essential. The
elimination of weed may potentially result in disruption of es-
sential food sources for depending organisms [28] and subse-
quently in extinction of some food chains. Other risk of GM
crops using is introducing of herbicide tolerance to weed fol-
lowed by formation of superweeds.

On the other hand, farmers could achieve higher yields by
the use of GM crops. Other advantage of GM crops is no need
for tractor hoeing which improves the habit for ground-nesting
of farmland birds. Using of GM crops resistant to herbicide and
insecticide lead to reduced use of externally applied agriculture
chemicals. In other words, GMO crops are environment-



P. Celec et al. / Biomedicine & Pharmacotherapy mm (2005) mum-mum 5

friendly. It is necessary to improve and develop new techniques
for GMO safety assessment related to human health and envir-
onment.

8. How are the risks tested and evaluated?

Current analyses are based on the international principles of
food safety FAO/WHO 1995 and 1997. There are three basic
approaches determining the toxicity, which include: 1.) the test-
ing of interaction between structure and function to assess the
potential toxicity and allergenicity, 2.) in vitro assays using en-
zymes, receptor proteins or cultured cell lines, 3.) in vivo ani-
mal experiments [29]. Most valuable information provides the
analysis 3.), which is based on 1.) and 2.) investigation. Ap-
proach 1.) involves the computer analysis of gene product, for
example testing the relationship and relativity between se-
quence or structure of the gene product and well known aller-
gen. Second 2.) concept elicits the risks resulting from the
function of given molecule, whether the molecule does induce
any toxic processes on the cell level. Test 3.) serves for the
simulation of expected human responses on animal model,
using the monitoring of immunological and endocrinal toxicity,
individual organ-toxicity and toxico-kinetics, which illuminates
the fate of the substance in the body of experimental animal.
Rarely, there are also volunteer-tests performed. The whole
process of risk-testing involves also the post-marketing moni-
toring, which can uncover the formerly undetected toxicity and
allergenicity mainly in the early phase after marketing of the
product. Post-marketing monitoring observes and detects con-
tingent allergic responses, other side effects and also conse-
quences of long-term consumption of the product on the ran-
dom-sampled individuals.

To evaluate the safety of GMO crops-containing food, there
are test methods developed that represent these steps: 1.) Char-
acterization of primal original plant. The detailed description of
primal plant had to be performed via determination of: identity,
phenotype, agronomic performance, geographical distribution,
history of use and compositional analysis of nutrients, anti-nu-
trients, toxins, allergens. 2.) Characterization of donor organ-
ism and delivery process. Description of donor involves its
classification, taxonomy studies and definition of possible toxi-
city, allergenicity or pathogenicity. Particularly vector, trans-
gene delivery, inserted DNA sequence and also insertion site
had to be characterized. 3.) Testing the safety of gene product.
Nature and properties of gene product such as structure identity
and characterization, mode of action, specificity, toxicity and
allergenicity are being defined. 4.) Direct testing of the GMO
crops-derived food. This step includes determination of iden-
tity, phenotypic and agronomic analysis of GMO crops, com-
positional analysis, nutrient analysis and safety analysis of food
based on animal studies [29].

There are also in-process methods aimed at comparing the
primal and GM plant. These techniques can be divided into
targeted and non-targeted approaches. Targeted approaches
monitor directly the consequence of novel gene product pre-
sence on the GM plant phenotype. Also changes in chemical
composition are being detected. Non-targeted approaches con-

sist of three basic levels: functional genomics, proteomics, me-
tabolomics. Functional genomics contain methods like mRNA
fingerprinting and DNA microarray. On the level of proteo-
mics, the protein composition of original and GM plant is
being compared using methods such as two-dimensional elec-
trophoresis (2-D ELPO) [30] and its modification or 2-D ELPO
in connection with MALDI-TOF MS analysis [31]. For testing
two samples on the same gel, a method called difference gel
electrophoresis (DIGE) [32] is being used. The metabolomics
level of analysis tries to identify and quantify the maximum
amount of particular components. This involves separating
methods like gas chromatography (GC), liquid chromatogra-
phy (LC), high performance liquid chromatography (HPLC)
combined with various detection methods such as nuclear mag-
netic resonance (NMR), Fourier transform impaired spectro-
scopy (FTIR), mass spectroscopy (MS), flame ionization detec-
tor (FID).

9. What is the HGT?

HGT refers to the exchange of the genes between two dif-
ferent organisms without reproduction, which is the opposite to
the vertical gene transfer that occurs between related organisms
by sexual reproduction. By HGT the organisms acquire a for-
eign gene. Allowing the transfer of genes between unrelated
species, HGT increases genetic diversity and thereby the newly
introduced genes into the genome speed up the genome inno-
vation and evolution, though not necessarily gene evolution
[33]. Three mechanisms of gene transfer are known in bacteria
(Fig. 3). They include 1.) transformation, involving the uptake
and incorporation of naked DNA, 2.) conjugation, a cell con-
tact-dependent DNA transfer mechanism found to occur in
most bacterial genera and 3.) transduction, whereby host
DNA is encapsulated into a bacteriophage which acts as a vec-
tor for its injection into a recipient cell. These mechanisms
serve as an important tool for the development of GE technol-
ogy. The general concern was the hypothetical danger of the
release of genetically manipulated bacteria and the possible

Transformation
(naked DNA)

{ Transduction
acteriophage)

\ Horizontal gene transfer

\;i bacteria

Fig. 3. HGT in bacteria occurs principally though three different mechanism:
conjugation between bacteria, transduction during the infection with a
bacteriophage and transformation after the intake of naked foreign DNA.
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gene transfer to other microorganisms. For the detection of the
genetic transfer numerous methods are available. Almost all
the methods involve the selection for specific genetic charac-
teristics or phenotypes and this selection imposes a bias on the
kind of genes that can be demonstrated to be transferred in situ.
More recent work, using green fluorescent protein by Dahlberg
et al. [34] has removed some of the constraints imposed by the
need to select the particular genes. In addition, microcosm sys-
tems may permit the manipulation of physicochemical vari-
ables (temperature, pH, humidity, carbon, nitrogen, and phos-
phorus sources). The ability to detect gene transfer is
dependent on the fate of the transferred DNA after entering
the recipient cell. Many bacteria possess DNA restriction sys-
tems, which destroy foreign DNA, but bacteriophage and wide
host range plasmids have developed their system to overcome
the restriction system barrier by reducing the number of restric-
tion cleavage sites they contain or by the production of restric-
tion protection systems. Even though bacteria escape the re-
striction system barrier, they must possess the capability to
replicate and maintain in the host cell for its survival. In case
of transposons, the gene should be successfully integrated into
the host genome and replicated. The efficiency of integration
by homologous recombination depends upon the degree of
homology of the donor and recipient DNA regions and this is
monitored by the mismatch repair system (mutS and mutL in
Escherichia coli). For example, recombination between E. coli
and Salmonella typhimurium is enhanced 1000-fold when the
mismatch repair system is inactivated [35].

10. How to get GMO allergy?

In the past few decades the amount of allergic diseases, like
allergic rhinitis, asthma and eczema significantly increased
[36]. Very high portion from this number represents cases in-
duced by allergenic foods [37]. Since every kind of foods can
be allergenic, the GM foods, can be too. There are risks not
only from the parent crop, but in addition the new transgenic
product can be an allergen. In most cases allergic reactions
occur when allergens cross-link IgE antibodies and cause mast
cell degranulation. These allergenic substances from foods can
act through ingestion, cutaneous contact, inhalation or injec-
tion. The problem of food allergens involves not only the con-
sumers, but also individuals who are exposed to these food-
stuffs, e.g. farmers, packers. Therefore these products are
strictly controlled. There are some possible situations in terms
of allergenic potential of GM crops:

e unmodified plant gene from non-allergenic crop inserted
into target crop;

e unmodified plant gene from crop known to cause allergy
inserted into target crop;

e unmodified gene from non-plant source inserted into target
crop;

e modified gene from non-plant source inserted into target
crop;

e cxisting gene from target crop modified and reinserted;

e gene expression up- or down-regulated in non-allergenic or
known allergenic crop [38].

Food allergies tend to increase their prevalence. Between 1
and 2% of adult population suffers from food allergies and
within children this number increases to 2-8% [39]. This issue
in relationship with GM food is very interesting and actual.
Food allergy may be defined as hypersensitivity and implies
immunological reaction to food or breakdown intolerance
[40]. It is important to differ between allergic reaction and al-
lergic sensitization. Sensibilisation is the process whereby im-
mune system becomes reactive to an allergen. Clinical cross-
reactivity exists between aeroallergens and food allergens. For
example people with grass pollen allergies are often allergic to
peach, celery and tomato. Many people are allergic to eggs,
peanut, cow’s milk, soy, wheat in children, shellfish, fish, nuts,
peanuts in adult. These results lead to conclusion that many
foods contain proteins, which may provoke allergic reaction
in sensitive individuals. Food allergies do not need to be life-
long diseases. Studies have demonstrated the loss of food al-
lergy in up to one third of children in 1-3 years of age.

There are attempts to compare GM crop to its traditional
counterparts and significant differences are investigated with
regard to allergenicity. Although GM food brings benefits,
there are concerns that transgene proteins may induce sensiti-
zation, cross-reactive with allergen and thus provoke allergic
reaction or change expression of allergen already expressed in
the host plant. Probability of introduction of allergen by genet-
ic modification is not greater than by conventional breeding.
Many studies show different causes and factors resulting in
food allergies such as industrialized lifestyle [41], cigarette
smoke, exposure to viral and bacterial infections [42], changes
in feeding practices. GM soy bean with transferred 2S albumen
protein from Brazil nut [43] gives evidence that allergenicity
assessment of transgene product is very important. The purpose
of this modification was to improve the content of soybean
with cysteine and methionine. But a side effect was that pa-
tients allergic to Brazil nut were allergic to GM soy. What is
allergen in one country needs not be an allergen in other. For
example rice in Europe and North America does not provoke
allergic reaction, but in Japan it poses a problem. Simulta-
neously with extension of knowledge about food allergy it is
possible to achieve enhancement techniques for GMO safety
assessment in relationship with allergenicity.

11. What are the environmental effects of the GMO?

The environmental risks include plant invasiveness or dis-
persal of the plant itself into the native ecosystem causing in-
direct impacts on the diversity of crops, gene flow through
pollen transfer or through HGT with associated microorgan-
isms, development of resistance in target organisms and non-
target effects on native flora and fauna including effects on the
biodiversity of beneficial and antagonistic microorganisms
[44]. The interaction between transgenic plants and their root-
associated bacteria is highly specific. The introduction of the
new varieties may affect some important microorganisms, for
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example glyphosate applied to Roundup Ready soybean culti-
vars enhances colonization by several bacteria. This interaction
could reduce the benefit of cultivars in crop rotation. Many
researches have which been conducted to study the effect of
transgenic plants on the whole microbial community showed
that its effect was smaller in comparison with environmental
factors such as sampling date and field site. The minor affect
in the diversity of the microbial community, such as the re-
moval or appearance of specific functional groups of bacteria
like plant growth promoting rhizobacteria, phytopathogenic or-
ganisms or key organisms responsible for nutrient cycling pro-
cesses, could affect the soil health and ecosystem functioning.
The impact that plant variety may have on the dynamics of
rhizosphere microbial population might also affect plant
growth and health. The main interaction zone between the
plant and soil is the rhizosphere. Root exudates can promote
or retard the growth of rhizosphere microorganisms, An exam-
ple can be transgenic bird foot trefoil (Lotus corniculatus) plant
which produces root exudates that favors opine degrading rhi-
zobacteria [45].

The impacts of GMO on biodiversity has been focused on
possible gene escape and gene flow to wild relatives and the
replacement of traditional crop varieties with GM crops and
possible effects on non-target eukaryotic organisms such as ef-
fects of Bt corn pollen on the monarch butterfly. The selectable
marker gene, present in the transgenic plants could inactivate
oral doses of the antibiotic and another concern is that the anti-
biotic resistance gene could be transferred to the pathogen mi-
crobes in the gastrointestinal tract or soil, rendering them resis-
tant to treatment with such antibiotics [46].

A major problem in evaluating the environmental effects of
transgenic crops is the lack of sufficient long-term baseline in-
formation on the variation in soil nutrient cycling in diverse
agroecosystems to compare with agroecosystems, in which
transgenic crops have been introduced. In addition, knowledge
of the complex diversity of soil microorganisms is limited
since only a small portion of soil microbial populations can
be cultured and identified using standard analytical methods,
although some new methodological approaches, including the
use of molecular biology techniques, show some promise in
helping to understand the impact of transgenic crops on soil
microbial ecology. The effects of transgenic plants on phyto-
pathogens are obviously intentional because the very purpose
of the introduced genes is to protect the plant by reducing the
effect of the pathogens on their hosts. There have been no re-
ports as yet of disturbances in pathogen communities or of an
emergence of new pathogens in transgenic plants.

12. What are the benefits of GMO?

Much attention in the public debate is paid to the risk of
GMO use. This attention is, of course, needed; however, we
shall not forget the primary reasons for developing transgenic
organisms. Except easier, higher and more effective produc-
tion, the second and third generations concentrate on the con-
sumer benefits. The use of GMO was restricted to the improve-
ment of production like adding flavors, conservative additives,

amino acids and similar [47]. But the modern biotechnology
has focused on new techniques developed to use viable GM
organisms for direct consumption. Recombinant probiotics, in-
creased nutritional value of meat and plants and even the use of
GMO for vaccination will definitely change the future of man-
kind. We, however, also should not forget the possibilities of
GMO for partly solving the hunger problem in the third world.
Crops resistant to drought, GM potatoes resistant to nematodes
and GM soybeans resistant to herbicides are now improving
the quality of life of millions of people in many countries
around the world [48].

13. How can GMO be a functional food?

The term functional food is widely used but its meaning
lacks precise definition. Mostly, functional food includes pro-
biotics, plants and meat that act preventively against various
diseases, but some authors include also food with improved
nutritional value, or even GMO from the first generation.

Nevertheless, the most popular functional foods are probio-
tics. Firstly described as “good microbes” that help to restore
local normal microbial flora, they have developed to highly
sophisticated therapeutics. Especially Lactobacilli and Bifido-
bacteria are often used in the milk industry and added to the
final products. Accepted indications of these naturally occur-
ring bacteria include lactose intolerance, diarrhea and even he-
licobacter-induced gastritis. The induction of immune system
explains the preventive effect of probiotics against various in-
fections. Direct ecological competition with local pathogens is
the cause of antimicrobial effects during gastrointestinal infec-
tions [49]. Still questionable is, on the contrary, the anticarci-
nogenic effect of naturally occurring probiotics. GM probiotics
will be discussed in section about alternative gene therapy
(AGT).

Although reports about GM fish are rare, this group of ver-
tebrates is used in GE for more than a decade. The possibilities
and targets of genome tailoring in fishes have been reviewed
recently [50]. The simplest approach came out to enhance the
growth by increasing growth hormone production using var-
ious methods with very good results (increase in weight up to
200%). The same methods were applied when genes from Ant-
arctic fishes that are resistant to freezing were transferred to
industrially used species like the Atlantic salmon. The cold re-
sistance is caused by an anti-freeze protein that influences
membrane fluidity. However, the expression of this protein is
still too low to improve the quality of consumed meat. In con-
trast, successful experiments focused on affecting the fertility
of fishes were completed. Sterile individuals produce quantita-
tively and qualitatively improved meat. The sterility is induced
by the production of triploid zygotes or by influencing the go-
nadotropin axis. Further advances were achieved in DNA vac-
cination of fishes against various diseases. Although this might
improve the biological safety, the method must be tested and
controlled prior to industrial application.

Livestock and poultry have been modified with similar
methods like fishes; especially successful were experimental
modifications to growth hormone axis and myostatin. In live-
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stock specifically milk production was the target of interest.
Transgenic lactase in milk digested lactose and, thus, improved
the symptoms of lactose intolerance, which is very frequent in
Western population [51,52].

Human vaccination—one of the greatest invention in the
history of medicine—will probably be changed in the near fu-
ture. Biotechnologists have prepared tobacco and lettuce plants
that express HBs antigen [53]. Volunteers consuming 150—
200 g of HBs antigenic lettuce three times during 2 months
produced corresponding antibodies. However, the interindivi-
dual variability in response to this kind of vaccination requires
further research.

Transgenic plants belonging to the second and third genera-
tion of GMO have various potentially positive effects for the
health of the consumer. One of the most interesting approaches
is the production of direct therapeutic proteins by transgenic
plants. Soybean proteins were mutated to produce an ovokinin
analogue after digestion. Ovokinin as a hexapeptide is a potent
but due to methodological problems rarely studied antihyper-
tensive drug [54]. Similarly, other oligopeptides with known
endocrine or paracrine functions could be transferred into plant
proteins. Of course, the consumption of these GM plants must
be restricted to therapeutic use under tight medical control.

Other approaches are concentrating on the micronutritional
value of the plants. And the results are supporting this ap-
proach as very successful. One of the striking successful exam-
ple is a transgenic rice with increased beta-carotene production
and iron accumulation. The so-called golden rice is very useful
in Southern Asia where a big part of the population suffers
from iron and vitamin A deficiency [55].

14. What is AGT?

GE based on the knowledge of molecular biology begun in
Petri dishes using E. coli and other bacteria. It is obvious, that
the most astonishing progress in this field has been also made
in bacteria. Lactic acid bacteria used for centuries in fermenta-
tion processes are useful organisms for genetic modifications.
A number of strains are widely used as probiotics, but their
effects were improved by the preparation of so-called recombi-
nant probiotics [56]. Although still the major application of
lactic acid bacteria is their use in the food industrial processes
of fermentation [57], in a well-designed experiment Steidler
have proved the use of transgenic bacterial expression system
for the production of interleukin-10 inside the gastrointestinal
tract in an experimental model of chronic inflammatory bowel
disease [58].

Other bacteria like Listeria, Salmonella and Escherichia are
used for the so-called bactofection—the bacteria-mediated de-
livery of genes into human cells. The bacterial vectors are de-
stroyed in the target cells and the DNA can be either integrated
into the human genome or remain as episomes outside of the
chromosomal DNA [59]. However, the detailed mechanism of
DNA transfer from the bacteria to the target cell is not known
[60]. The applications are wide, including infection therapy
[61], therapy of cystic fibrosis [62] or even cancer chemother-
apy [63]. Another specific application is the use of transformed

bacteria for vaccination [64,65]. This method has made the
biggest progress in GMO use in biomedicine [66]. One of the
reasons is the simple vaccination, since some of them can be
applied orally [67].

Gene therapy has changed the perspectives in various dis-
ease entities [68]. The process of gene transfer can be divided
into in vitro and in vivo. In its classical forms the vectors used
are usually viruses, cationic liposomes or the DNA is applied
as naked [69]. However, these vectors mostly lack the possibi-
lity of any gene expression regulation. This can be in part
solved by the use of bacteria as vectors [59]. Unfortunately
the type of regulation can be only positive. AGT is an approach
to improve the gene expression regulation. The main difference
lies in the producing cells. In the classic gene therapy the pro-
ducing cells are the cells of the patient—these eukaryotic cells
are, however, difficult to regulate. In AGT, the producing cells
are the transformed bacteria, while the therapeutic protein is
produced in situ. This method has been proved for experimen-
tal angiogenesis using bacteria producing vascular endothelial
growth factor [70]. The main advantage lies in the improved
regulation, while the expression can be up-regulated using low
molecular weight inducers and stopped using antibiotics, as the
used bacteria have a defined resistance spectrum against anti-
obiotics.

15. What is the conclusion?

The introduction of GM food in the market is controlled and
especially in the EU strictly regulated. The process of tolerance
and toxicity testing implies in vitro and in vivo experiments as
well as post-market monitoring. The future will bring improve-
ments in molecular techniques for preparing GM organisms.
Gene delivery into the parental organism will be much better
controlled and monitored, selection markers will be eliminated
in the final product. The wide debate about GM food is needed
and should involve all participating societal groups, including
the consumers. Nevertheless, the decision must be based on
objective facts, information from experts and not on subjective
emotionally affected opinions, which is often currently the
case. The risks but also the possible benefits of GM foods
should be assessed and evaluated individually for every GM
organism. Future will show how quickly and how much will
biotechnology change our lives... actually, it has already begun
to do so.
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