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Abstract

The biotechnological application of genetically modified organisms (GMOs) in agriculture has increased to help
improve the production of vegetable protein and to prevent a myriad of possible viruses resulting from genetic
mutation. Among other products of GMO biotechnology are materials for medical treatment and pharmaceuticals.
The movement has increased concern and discussion about the risk and profitability of reprogramming genetic
pathways for the cultivation of plants and vegetables. This paper provides a brief overview of different perspecti-
ves on the topic relating it to aspects of pioneering agro-biotechnology and human function viewed from the
standpoint of an outsider to the world of GMO agriculture.
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Introduction

Scientific advances, particularly in molecular biology-
have undeniably had a great impact on increasing the
production of food, energy, and textiles and have gene-
rally changed human life styles.

Despite the obvious advantages, in situations where
questions may arise of, for example, how far can bene-
ficial advances be maintained and what can go wrong
when unanticipated developments occur, scientists are
often challenged, and frequently risk being severely cri-
ticised. Luckily, various uncertainties and doubts and
their particular causes can usually be explained and dis-
sipated with the help of expert knowledge from different
fields of science.

Being able to predict certain research avenues that
later on, directly or indirectly, prove to be right or use-
ful, is always a rewarding and fascinating part of a resear-
cher's work. One of many such examples worth men-
tioning is the important work conducted by a team led by
Kazimierz Wierzchowski, Andrzej Legocki and others
that prepared the ground for genetic engineering and
GMO biotechnology. That early project is of much signi-
ficance, especially in the light of recent important re-
search in agriculture that provides opportunities for in-
creasing crop yields (Wierzchowski et al., 1989).

The main issue is the question of how to stimulate
the economy controlling, at the same time, its expansion
so that it will satisfy human needs but without an ex-
cessive distortion of established natural patterns.

Koji Nakanishi in his autobiography (Nakanishi,
1991) recalls a conversation with a colleague concerning
an interesting question: what do you think about science,
does chemistry help the human race or harm it? His
response was, “I am very optimistic about the future of
organic chemistry. The criticism that chemistry is the
cause of pollution and other evils is a short-sighted
view”. He further continued, that in an interdisciplinary
era, if we want to solve the mode of action of bioactive
compounds for the purpose of uncovering the mysteries
of life, science needs to develop more sophisticated
active compounds and better technologies.

Indeed, the practice of interdisciplinary study that
began at the start of the 20th century with the discovery
of penicillin by Alexander Fleming has enabled resear-
chers today to investigate the inner workings of cells.
One of the greatest recent achievements has been stem
cell experiments that may lead the way to new drug
therapies for people in need.

However, genetic manipulation with plants is more
complex because plants are the foundation of all human
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life on earth. In this field there will always be contro-
versy about how agro-GMOs might jeopardize our health
and environment.

It is not that science is inadequate for the task. It is
because of the way the public see the problem.

A report by the EU-funded GMO research group
(EU-funded GMO research 2001-2010) indicates how
well the program is dedicated to meet challenges still
common in certain countries, especially those linked to
fighting poverty and disease. As a counterbalance, Mi-
chael Antoniou (Antoniou et al., 2012) argue that such
programs are unreliable.

This article is about the current trend for GMO
agriculture where researchers are highly motivated by
the prospect of exciting new discoveries. On the other
hand, successive failures may not only overshadow the
initial successes but may also require years to fix.
Nevertheless, such failures also offer advice as to how to
avoid missteps in the future.

Discussion

Three decades ago scientists responded to ecologi-
cal and energy problems encountered in agriculture due
to the shortage of vegetable protein to meet human con-
sumption needs.

As a result, new GMO techniques have been pursued
in a number of areas: agriculture – to increase crop
yields, in pharmacy – to discover new pharmaceuticals
and elsewhere – to increase biofuel output (Weglenski
and Twardowski, 2012). In the light of the numerous
discoveries that quickly followed, and whose predomi-
nant objective was to improve both the quality of life,
and the recently developed GMO agriculture, special
attention must now be given to the preservation of the
harmony of agro-biotechnology in ecological terms.

Fortunately, the scientific community is more cau-
tious nowadays, and is aware of the need to protect the
environment, which includes elimination of all undesi-
rable side effects. Therefore, introducing reprogramed
genetic biomechanistics using GMO techniques is per-
formed with greater care to avoid negative impacts on
the environment. It is important that in the race for new
discoveries we must not ignore what nature is some-
times trying to tell us.

This presentation is a compilation of a collection of
seven relevant research projects in one format issue to

indicate the importance of agricultural research. It is, at
the same time, a material for a discussion of the nece-
ssity of balancing the established patterns of mother-
nature with human desires for GMO agriculture.

The following bullet points are the main topics.

GMO agriculture complexity

With the innovation of all kinds of genetically engi-
neered organisms, a concern is that, when we are consu-
ming genetically fabricated agricultural products, what,
if any, might the effects of this activity be on people and
livestock.

On the positive side, GMO components have been
found in a variety of applications, especially in the phar-
maceutical industry for medical needs. Medicine treats
people on an individual basis (hundreds of thousands),
as opposed to the mass scale (hundreds of millions) who
will be affected by the consumption of GMO agriculture
products.

As with the advent of the cellular phone and its pos-
sible effects on the brain, more basic research on the ap-
plication of GMOs in agriculture and the possible conse-
quences would benefit us all. What is frightening,
though, is that we do not yet know the future conse-
quences of our present day actions, and yet we continue
to produce and use some of the products in question.

GMO techniques in agriculture have been developed
by a group of enthusiastic people who have been wor-
king zealously to boost agricultural crop yields and who
were subsequently overwhelmed with some results, so
the optimism has been high. However, being cautious is
always a good thing and the GMO project should not be
pushed but rather studied more carefully and viewed
from various angles.

Science is at the nascent stages of understanding
how plants and vegetables grow and develop, and how
they detect and react to changes in an environment of
molecular genetic modification. How they respond to
sunlight and what wavelength is most important for spe-
cific metabolism. What components make seeds stronger
and better for producing higher yields of crops?

Such projects and a number of related ones are cur-
rently being conducted in the laboratories of several
research institutions around the world.

GMO agriculture is a huge task that certainly faces
a number challenges, such as establishment of govern-
ment regulations, allocation of a great amount of money



Agriculture and GMOs: challenges past and present 287

required to build up an administration system, labora-
tories and controlling agencies. It is also essential that
conditions surrounding the terms of legality and ethics
of GMO systems need to be worked out (Twardowski,
2012; Twardowski and Małyska, 2012).

However, despite the best regulations, there is al-
ways the chance that such programs may turn out to be
about commercial competitiveness and money. It could
also be that one subsidy program would only lead to
a new one to replace the first one. Wrongly managed or
unnecessary spending may create organizational mad-
ness including a possible conflict of interest because of
the unthought-of consequences of seemingly good ideas.

For such reasons perhaps, GMO agriculture pro-
grams in small-size countries should be executed tenta-
tively and on a limited basis with the mutual under-
standing of the parties involved. Then, any long range
possible negative effects on future generations will su-
rely be avoidable and, in any case, going slowly would do
it good.

The history of agricultural science and farming as
well the trends of the last 60 years is an interesting story
of changes. In the 1950s an increase in agricultural
productivity was achieved mainly by using chemicals and
later in combination with botany and engineering. Note-
worthy is an agricultural research project on recognizing
the phenomena of airborne nitrogen fixation of lupine
plants.

Not directly linked to agriculture, there is the story
of successful human insulin production, one of the high-
lights of biochemical sciences, and the story of the re-
storation of Ciconia Boyciana.

Public opinion on GMO agriculture

Cautioned by the impact of DDT and other agricultu-
ral chemicals used in the past, the public is more aware
of the possible negative consequences from the con-
sumption of GMO agricultural products.

In England and in the United States, people in in-
creasing numbers are concerned about GMO products
and even turn away from conventionally grown fruits and
vegetables. Their motto is a return to organically grown
produce because the use of pesticides and phosphate/
nitrogen fertilizers contaminate drinking water as well
agricultural products. Production of organic and environ-
mentally-friendly food is always vital even if there may
still be some limits to production.

Lupinus and sugarcane

Attempts have aimed to develop sustainable agri-
cultural production, which could be adapted from the
biological mechanism of nitrogen fixation in lupines to
such a symbiosis in edible plants and vegetables.

From the studies of lupine symbiosis we learned:
(i) how difficult it is to mimic mother nature when we at-
tempt to copy and transport genetic machinery from lu-
pines to cultivate edible plants acquiring airborne nitro-
gen, (ii) that the complexity of this process may be under-
scored by the action of small micro-organisms and micro-
elements, e.g. such as iron (Strożycki et al., 2007). This
is a steadily progressing project about how to find the
link between nitrogen fixation and formation of side pro-
ducts, e.g. bitter alkaloids. To know the distribution of al-
kaloids in stems and leaves and what chemical compo-
nents are responsible for their formation seems to be an
interesting avenue to pursue if it is not already on its
way.

In Brazil, sugarcane is cultivated on a large scale alt-
hough not as a food supplement, but rather for production
as a fuel. Selection and inoculation with nitrogen fixing
bacteria has yielded sugarcane that takes half the nitrogen
needed for its growth from the air. This breakthrough,
while good, regrettably has created the undesirable side
effect of deforestation (one of mini-factors of climate
change) as a result of profitable biofuel production.

Great famine in Ireland

An example of imperfect human agricultural activity
but excusably unintentional comes from Ireland. At the
peak of farming, most potatoes were aggressively grown
from one end of the country to the other and became the
staple food. As a result, the population of Ireland grew
fantastically fast. But mass production of potatoes yiel-
ded unpredicted and unwanted results. The proximate
cause of the famine was a potato disease commonly
known as potato blight caused from oversized fields of
this vegetable. During the famine, approximately one
million people died and a million more emigrated from
Ireland, causing catastrophic social, political, and eco-
nomic upheaval.

Huntington’s disease: origins and research

One of the mysterious phenomena of a genetic na-
ture is a neurodegenerative genetic disorder, which dis-
ables motor coordination. Symptoms of this disease
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were first noticed over a century ago and reported by
a number of scientists from the observation of several
families living in villages in Venezuela and Norway.

George Huntington was the first to publish his ob-
servations (Huntington, 1872). The first page of his ar-
ticle, these days a curio not easy to find in libraries, can
be retrieved from the internet thanks to the Nature
Publishing Group.

It was not until 1993 when the key results were re-
ported on a gene sequence with an expanded CAG re-
peat called huntingtin located on one of the chromosome
called 4p16.3 in Huntington’s disease patients (Mac-
Donald et al., 1993).

CAG repeats exhibit dramatic instability when trans-
mitted to a subsequent generation by increasing the
number of CAG triplets in offspring. One CAG triplet is
the genetic code for the amino acid L-glutamine. Exce-
eding a normal range of about 25 to 40 and more repeats
causes neurodegenerative disorder, which accumulates
aggregated huntingtin.

We studied the structural function of the CAG repeat
using CG(CAG)4CG/CG(CTG)4CG 16-mer as a model to
find a proper DNA binding drug. The gel electrophoresis
measurements, CD spectra measurements and the x-ray
crystal structure results, although still preliminary
(Grześkowiak et al., 2004), provide us with some infor-
mation on the stretching properties of CAG triplets
leading to structural rearrangements into a possible four
chains tetrad formation, which we thought may also
occur on an expended L-poly glutamine chain.

Experiments conducted by Perutz’s group (Perutz
et al., 1994) using computer modeling and CD spectro-
scopy measurements of synthetic poly(L-glutamine) sho-
wed that instead of quadruplex structures (as we sug-
gested at the Workshop of Hereditary Disease Foun-
dation, Islamorada Key West 1994) the peptide forms
beta-sheets held together by hydrogen bonds between
main chains and side chains of amides. The protein usu-
ally exists in its normal conformation to work the genetic
machinery. However, in proteins with an extended
polyglutamine chain over 40 glutamine residues defor-
mation of the polyglutamine track occurs that flips its
normal conformation into an abnormal one. This is cau-
sed by association of the extended L-polyglutamine chain
into the dimer beta-sheet postulated by Perutz.

In addition, there are numerous data that indicate
tautomerization of polyL-glutamine side chains and for-

mation of multimember rings varying in chain length.
Such conformational rearrangements form later harder
to be solubilized huntingtin protein.

Recently, progress has been made and preliminary
results offer new hope for curing Huntington’s disease
using stem cell procedures.

Nevertheless, the cause of such isolated phenomena
as abnormalities in the genetic pathway of CAG triplet
extensions is still not known. It could be a virus or ge-
netic material such as foreign proteins, which happen to
be the motor for the expansion of CAG over regular
length. The origins of the disease may also come from
sources such as agricultural products or external forces
that have entered the human body, misleading the ge-
netic scheme established by nature.

Nancy Wexler at Columbia University is credited for
the discovery of the location of the gene that causes
Huntington’s disease. She advocates a research project
on how to cure Huntington’s disease through the Here-
ditary Disease Foundation, which has made tremendous
efforts to help those who suffer from this neurological
disorder. Her studies and the work of others are ex-
amples of how difficult it is to repair something that has
been going wrong for generations.

The huntingtin story is addressed here in an effort
to search for ideas and tools that could be used to bring
expansion of CAG repeats under control and stop insta-
bility of the CAG repeat in offspring. Also, it gives us
a moment to think about the mysteriously initiated and
wrongly processed CAG expansion in the human genetic
machinery of inhabitants of just two villages of Vene-
zuela and Norway over a century ago.

So we should be aware that despite numerous posi-
tive results indicating the harmless nature of GMO agri-
cultural products for humans, biological manipulation in
food production may still carry risk, complications and
unknown consequences for generations to come.

Insulin project

We can consider aspects of GMO matters with
a rhetorical phrase “what scientists in a big country do
for good, may not necessary work well in the hands of
a small group of scientists in medium-sized countries.”
An example is the insulin project for in vitro production
of this hormone. The project was successful in the Uni-
ted States where circumstances and the timing were
crucial to implement the insulin system to work effi-
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ciently. For instance, the chemical synthesis of the DNA
key components was just well enough established to
make DNA oligomers of good purity and desired se-
quences.

The insulin project is worth mentioning as it was an
international effort starting with the work of the Polish-
German physician Oscar Minkowski who, in collabora-
tion with Joseph von Mering back in 1889, established
for the first time a relationship between the pancreas
and diabetes. It took many years to isolate insulin from
pig pancreas and decades to successfully produce the
first genetically-engineered, synthetic “human” insulin in
a laboratory. This was achieved by Herbert Boyer using
E. coli. (Boyer, 1978). This great project was also pos-
sible thanks to Keichi Itakura’s laboratory at the City of
Hope, where Polish scientists – then postdoctoral fel-
lows – Adam Kraszewski (Kraszewski, 2009), Piotr Dem-
bek and Ryszard Kierzek were members of a team that
synthesized DNA oligomers for recombination tech-
niques in somastatin, insulin and interferon projects.

For nearly a decade Bioton. S.A. have produced the
insulin in Poland.

Remarks and Ciconia boyciana

In the case of fast growing new farming systems the
big question remains: “to copy or not to copy” the indu-
strialization of agriculture from the pioneering countries.
Perhaps for medium-sized countries it would be reaso-
nable rather to do more basic research into these mat-
ters and save success for later. Also, considering other
alternatives from our own agricultural capacity as well as
from other countries is always a good approach. For in-
stance, it would be worthwhile taking a closer look at the
farming methods and food processing practiced in En-
gland and Japan.

Examples of today’s Japanese agricultural system
can be related to the restoration of the Oriental White
Stork (Ciconia boyciana). These birds began to decrease
in number to nearly extinction mainly due to agricultural
chemicals, habitat-loss and deterioration. The last living
storks were captured and kept in captivity to prevent total
extinction until the reintroduction project took place at
non-pesticide farming sites, focused on the restoration of
the rural environment. The storks were released from
captivity into the wild in 2005 and the population since
then has been growing.

Interestingly, the stork extinction prevention pro-
gram in Poland is well executed and it is a fine subject of
environmental education on ecological harmony.

Conclusions

In the past decades we have witnessed how science
has revolutionized agriculture by doubling or even tri-
pling crop yields. However, the question still remains,
can it feed the world’s growing population without cau-
sing serious damage, and if no, what would be the extent
of such damage?

It sounds like an unending adventure at the edge of
uncertainty because it carries a risk that research for
new disease-resistant and high-yielding varieties can ne-
ver rest since genetic mutations forever produce new
pests and diseases.
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