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The fourth green revolution: feeding the world in the XXI century and improving the 
environment with transgenic crops resistant to abiotic stresses 

Ramón Serrano* and Consuelo Montesinos 
 

Instituto de Biología Molecular y Celular de Plantas, Universidad Politécnica de Valencia-
Consejo Superior de Investigaciones Científicas, Camino de Vera s/n, 46022 Valencia, Spain 

(*rserrano@ibmcp.upv.es) 
 

The increase in human population during the XXI century poses an urgent problem for 
agricultural production and the conservation of natural environments. The expected 
duplication in human feeding needs during this century will create a dilemma between food 
scarcity and conversion of most wild areas into agricultural land. As in previous Malthusian 
crisis faced by humanity, the solution must be technological innovation. Fortunately, the 
technology to generate transgenic plants tolerant to abiotic stresses is already available and 
can be implemented to construct crops that can be grown in marginal lands with water, salt 
and temperature stresses. This will permit to increase food production without destroying the 
remaining wild regions of the planet. There is, however, an important problem in one part of 
the world: Europe does not accept the transgenic technology because of ideological bias based 
on fanatical and non-scientific arguments; in USA, however, transgenic crops are well 
established since more than 20 years without negative effects on either human health or the 
environment. Europe has rejected in the past food products brought from America by Spain 
(potato, tomato) on similar irrational grounds and this rejection disappeared after 1-2 
centuries. We hope the same will occur with transgenic crops, but requiring less time to listen 
to reason. Two types of physiological responses are crucial for tolerance to abiotic stress: a) 
osmolytes and proteins protecting cellular membrane and proteins; b) ion homeostasis 
creating the cellular conditions for growth and development despite the stress. We know some 
of the crucial genes for both phenomena and we have the technology to transform plants with 
multiple genes covering different aspects of stress tolerance and with expression controlled by 
stress-regulated promoters. The XXI century is the time of the Fourth Green Revolution. The 
First Green Revolution occurred in the Neolithic and consisted on the invention of the 
agriculture by domestication of a few wild plant and animal species. The Second Green 
Revolution happened in the middle of the XX century by the application of Mendel genetics 
to breeding. The Third Green Revolution was made at the end of the XX century by the 
introduction of a few transgenic crops (corn, soybean, cotton) tolerant to insects and 
herbicides. Now the challenge is to transform most crop plants with the right combination of 
genes to improve tolerance to water and temperature stresses, a big technological leap. The 
major problem anticipated in this attempt is the expected negative effect of transgenes on 
plant growth and development. However, selection of regulated promoters and use of the right 
genes will overcome this problem. In our world we have the impression that energy and 
health are the most important needs but it is forgotten that food has conditioned human 
development in the past and it will do in the future. 
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Microscopic algae as bioreactors 
 

Juraj Krajčovič 
 

Department of Genetics, Faculty of Natural Sciences, Comenius University, Bratislava, 
842 15 Slovakia (krajcovic@fns.uniba.sk) 

 
The term “Algae“ is used for some lower plants which represent an informal 

assemblage of unrelated groups of predominantly aquatic organisms that carry out oxygen-
evolving photosynthesis but lack specialized water-conducting and food-conducting tissues. 
Algae are also defined as thallophytes (plants lacking roots, embryos, vascular system, stems 
and leaves). Microscopic algae “Microalgae „ are microscopic (2–200 μm) unicellular 
organisms; some are forming filaments (e.g. Spirogyra) or colonies (e.g. Pediastrum, Volvox). 
Microalgae may be either prokaryotic (lacking an organized nucleus) (cyanobacteria), or 
eukaryotic (with an organized nucleus) (protists).  

Microscopic algae are thus polyphyletic, noncohesive, artificial assemblage of CO2 
evolving, autotrophic organisms which grow by photosynthesis. Photosynthesis (converting 
light energy into chemical energy) in eukaryotes is performed in parts of the cell called 
chloroplasts. They can be found in different shapes and colours and in many different 
organisms. Not all these organisms are green. Primary plastids of green algae (including land 
plants), red algae and glaucophytes are bounded by two membranes and are thought to be 
derived from a single primary endosymbiosis of a cyanobacterium in a eukaryotic host. 
Complex plastids of euglenids and chlorarachneans bounded by three and four membranes, 
respectively, most likely arose via two separate secondary endosymbioses of a green alga in a 
eukaryotic host. Secondary plastids of cryptophyta, haptophyta, heterokontophyta and 
apicomplexan parasites bounded by four membranes, and plastids of dinoflagellates bounded 
by three membranes could have arisen via a single secondary endosymbiosis of a red alga in a 
eukaryotic host (chromalveolate hypothesis) (for review see Vesteg et al., 2009). The 
evolutionary history and taxonomy of microalgae is complex due to constant revisions as a 
result of new genetic, molecular and ultrastructural evidence. The main criteria for 
categorising microalgae are pigmentation, life cycle, basic cellular structure, genetics, and 
molecular phylogeny.  

The most important group of algae in terms of abundance are Stramenopiles 
(Heterokontophyta) and within them Diatoms (Diatomeae) – Bacillariophyceae (up to 
100,000 known species) (Khan et al., 2009). In respect of an estimate the total number of 
species within three the most important algal classes: Stramenopiles 110,000-10,000,000; 
green algae (Chlorophyta) 34,000-124,000, and for red algae (Rhodophyta) 5,500-20,000 
(Wilkie et al., 2011). 

Ecological significance of microalgae lies in their abundance, extreme biodiversity 
and ability to live in a variety of aqueous environments. Algae structures are primarily for 
energy conversion without any development beyond cells, and their simple development 
allows them to adapt to prevailing environmental conditions and prosper in the long term.  

As the biodiversity of microalgae is enormous they offer great potential for 
exploitation in energy, environmental, pharmaceutical, food and agricultural industries. 
Applications range from simple biomass production for food and feed to valuable products 
and ecology. There are already several conceptual models for integrated microalgal biomass 
and biofuel production (Parmar et al., 2011). Well defined are opportunities of cyanobacteria 
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and microalgae for production of various biofuels and co-products (reviewed in Singh et al., 
2011).  

Why cyanobacteria and microalgae? (i) They are able to perform oxygenic 
photosynthesis using water as an electron donor, (ii) They grow to high densities and have 
high per-acre productivity compared to typical terrestrial oil-seed crops, (iii) They are 
nonfood based feedstock resources, (iv) They use otherwise non-productive, non-arable land, 
(v) They utilize wide variety of water sources (fresh, brackish, seawater and wastewater). 

Combined with their fast growth rate, microalgae are considered one of the few 
realistic sources for the sustainable production of biofuels.  

The utilization of microalgae for biofuels production can also serve other purposes. 
Some possibilities currently being considered are listed below; 

* Removal of CO2 from industrial flue gases by algae bio-fixation, reducing 
the greenhouse gas (GHG) emissions of a company or process while producing 
biodiesel; 

* Wastewater treatment by removal of NH4
+, NO3

–, PO4
3–, making algae to 

grow using these water contaminants as nutrients; 
* After oil extraction the resulting algae biomass can be processed into ethanol, 

methane, livestock feed, used as organic fertilizer due to its high N:P ratio, or simply 
burned for energy cogeneration (electricity and heat); 

* Combined with their ability to grow under harsher conditions, and their 
reduced needs for nutrients, they can be grown in areas unsuitable for agricultural 
purposes independently of the seasonal weather changes, thus not competing for arable 
land use and can use wastewaters as the culture medium, not requiring the use of 
freshwater; 

* Depending on the microalgae species other compounds may also be 
extracted, with valuable applications in different industrial sectors, including a large 
range of fine chemicals and bulk products, such as fats, polyunsaturated fatty acids, 
oil, natural dyes, sugars, pigments, antioxidants, high-value bioactive compounds, and 
other fine chemicals and biomass; 

* Because of this variety of high-value biological derivatives, with many 
possible commercial applications, microalgae can potentially revolutionize a large 
number of biotechnology areas including biofuels, cosmetics, pharmaceuticals, 
nutrition and food additives, aquaculture, and pollution prevention (for review see 
Brennan and Owende 2010; Mata et al., 2010; Parmar et al., 2011; Singh and Dhar 
2011). 
An integration of microalgae-based biofuel and bioproducts production with 

wastewater treatment and CO2 from fossil fuel combustion has several advantages.  
Wastewater resources could be utilised for sustainable algal-based biofuel. There are already 
some studies comparing biomass and lipid productivities in microalgae grown in various 
wastewater conditions (Pittman et al., 2011). The integration of microalgae-based biofuel and 
bioproducts production with wastewater treatment has major advantages for both industries. 
However, major challenges to the implementation of an integrated system include the large-
scale production of algae and the harvesting of microalgae in a way that allows for 
downstream processing to produce biofuels and other bioproducts of value (Christenson and 
Sims, 2011). 

Methods to screen for indigenous species of algae have improved and can allow 
communities to prospect for algae suited to regional needs. When cultured locally, indigenous 
algae are adapted to the prevailing regional abiotic and biotic factors. Native algae commonly 
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inhabit local waste resources and pose no risk of becoming noxious invasives. Selecting 
indigenous algae with intrinsic characteristics amenable to bioresource production and waste 
mitigation – phycoprospecting – is the most sustainable path forward for widespread algae-
based bioresource development (Wilkie et al., 2011). 

Bioprospecting of microalgae is showing them as potential sources of “green energy” 
as well as many high-value bio-products (Mutanda et al, 2011; Ratha and Prasanna, 2012). 

Commercial large-scale production of microalgae started in the early 1960s in Japan 
with the culture of Chlorella as a food additive, which was followed in the 1970s and 1980s 
by expanded world production in countries such as USA, India, Israel, and Australia. In 2004, 
the microalgae industry had grown to produce 7000 tonnes of dry matter per annum (reviewed 
in Brennan and Owende 2010). The human consumption of microalgae biomass is restricted 
to very few species due to the strict food safety regulations, commercial factors, market 
demand and specific preparation. Chlorella, Spirulina and Dunaliella dominate the market.  

Among the algae as aquatic biomass producers for biofuels, the following genera look 
the most important: Scenedesmus, Dunaliella, Phaeodactylum, Nannochloropsis, 
Haemotococcus, Porphyridium, Isochrysis, Pavlova, Chaetoceros, Neochloris, Odontella, 
Botryococcus, Ulva and Schizochytrium (Ratha and Prasanna, 2012).  

There is a great potential of microalgae to serve as solar-powered expression factories 
and reveal great advantages compared to other production systems. Algae with favorable 
characteristics are sourced and cultivated from the regional flora, resulting in algal biomass 
which can then be processed in an algae-based biorefinery into consumable products. Sunlight 
drives the synthesis of algal cells using carbon dioxide and nutrients from local sources. 
Carbonaceous residuals from processing and consumption can be recycled through anaerobic 
digestion, producing energy and remineralizing elements required for algal culture operations 
(Wilkie et al., 2011).  

Microalgae are thought to have great potential as novel low-cost expression systems 
especially if aiming at the biosynthesis of recombinant proteins needed in numerous 
industrial, therapeutic or diagnostic applications. The potential of using microalgae as 
bioreactors has already resulted in the formation of several biotech companies (reviewed in 
Walker et al., 2005). One outcome of the current algal genomics projects should be 
acceleration in the development of transformation methodology for microalgae and their 
subsequent exploitation. Advances in genetic manipulation of crucial metabolic networks will 
form an attractive platform for production of numerous high-value compounds.  

Comparison of different recombinant protein expression systems demonstrates that 
microalgae represent the ‘best of both worlds’, combining the high growth rate and ease of 
cultivation of microorganisms with the ability to perform post-transcriptional and post-
translational modifications of plants. 

Although there are still many obstacles to overcome before microalgae become 
standard expression systems, considerable progress has been made in recent years in regards 
to elucidating the causes for these low yields and in the development of strategies to improve 
them (for review see Brennan and Owende, 2010; Potvin and Zhang, 2010; Hempel et al., 
2011a; Ratha and Prasanna, 2012).  

Diatoms like Phaeodactylum tricornutum are a group of algae with great ecological 
relevance as they are responsible for up to 20% of global CO2-fixation and are one of the 
most important sources of biomass in the oceans contributing to about 40% of marine primary 
production. In addition, diatoms represent an important source of lipids and silicate making 
them interesting for various biotechnological applications e.g. in biofuel industry, food 
industry and nanofabrication. Moreover, a recent publication showed that a genetically 
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manipulated diatom can produce the bioplastic Poly-3-hydroxybutyrate (PHB) very 
efficiently. PHB is a biodegradable polyester with thermoplastic properties that is naturally 
occurring and produced by some bacteria (Hempel et al., 2011b). 

Our experimental model the flagellate Euglena gracilis can be grown over the pH 
range 3.0-9.0 mixotrophically with an organic carbon source in the light, heterotrophically 
with an organic carbon source in the dark or autotrophically with CO2 and light as the sole 
source of carbon and energy. Because of large range of permissible growth conditions, 
Kempner (1982) reviewing stimulation and inhibition of metabolism and growth of E. gracilis 
called this flagellate a protozoan chameleon. E. gracilis with its wide latitude of growth 
conditions, well established composition, structure, biochemistry and chloroplast genome 
sequence is a very attractive organism to study biological effects of various chemical and 
physical factors. 

Growth of E. gracilis in the presence of compounds that inhibit the prokaryotic 
transcription and translational machinery leads to the permanent loss of the ability to form 
green colonies – a process termed bleaching, while having no effect on cell growth and 
viability (reviewed in Krajčovič et al., 2002). Euglena can survive in extremely stressful 
environments such as the acidic streams or polluted rivers in mining areas that contain high 
amounts of heavy metals. In addition, Euglena synthesizes several compounds of interest for 
industrial production processes such as biotin, vitamin E and for medical purposes such as 
paramylon. Dark-grown E. gracilis is a suitable source for the generation of the 
biotechnologically relevant metabolites tyrosine, α-tocopherol and paramylon (Rodríguez-
Zavala et al, 2010) as well as wax esters (Tucci et al., 2010). 

Can algae feed the world and fuel the planet? Craig Venter turned his attention to the 
genetic manipulation of algae after a two-year cruise to sample DNA in the ocean (Sorcerer II 
– Oceanic Metagenomics, Plos Biology 2007). He found that most of the millions of genes 
collected came from algae. The geneticist and entrepreneur hopes to use synthetic biology to 
transform microscopic algae into cells that eat up carbon dioxide, spit out oil and provide 
meals. "Nothing new has to be invented. We just have to combine [genes] in a way that nature 
has not done before. We are speeding up evolution by billions of years". Craig Venter told an 
energy conference on October 18, 2011 at the New America Foundation in Washington, D.C. 
(Scientific American, November 15, 2011). What was the bigger challenge: the human 
genome or algae? “Absolutely, algae is the bigger challenge”. It also has a lot bigger 
implications for the world if we are successful. Genome design and genetic code synthesis 
play a huge role. There are 500 different parameters in the cells and in the systems. We need 
to control all those parameters. I doubt there is any naturally occurring cell that would 
combine all those in an optimal fashion. It would not have any value in terms of natural 
evolution. We have to make it happen and do it synthetically with our programs“ (ibid).  

Progress on the biology of algae could be achieved by sequencing and annotating 
algae strains of relevance to algae biotechnology, including their relevant metabolic pathways, 
photosynthetic properties or ability to grow with a high growth rate to high biomass densities.  

These strains reflect the parameters needed for an algae to be suitable for 
biotechnology: productivity, robustness, harvestability, an appropriate composition and easy 
accessibility of components, the possibility to valorise co‐products and local origin. 

To increase our understanding of algae and profit from their biotechnological and 
environmental potency, integration of biology (primarily genomics and phycoprospecting), 
biochemistry, genetic engineering and technology will be essential. 
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Enzymes are proteins that have highly evolved to carry out specialised functions in 

cells, tissues and organs. They are very diverse in nature and function some representatives of 
which are the drug metabolising enzymes (DMEs). This lecture will use DMEs to introduce 
the concept of enzymes, their structures and functions, as well as their evolution. A general 
overview regarding the activity, selectivity, stability, substrate specificity of DMEs will be 
highlighted. The application of myriad biotechnological tools to adjust some of the structural 
or functional parameters for a tailored DME property will be addressed. Finally, other 
complementary approaches like in silico and de novo design of DMEs will be highlighted. 
Overall the lecture will present the current strategies and methodologies for enzyme 
engineering. 
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Antibodies are the most successful biologically produced therapeutics in clinical use 
today. The development of new antibodies, the engineering of existing ones and the 
development of new technologies that can be applied to antibody engineering and 
manufacture are very active fields, both in academia and in industry.  

 
Traditional monoclonal antibodies still prevail today, and will likely continue to do so 

for the near future. However, engineered versions of antibodies are emerging, some of which 
are expected to become clinically important. The overall endaveour is targeted towards higher 
efficacy as well as greater safety of the products, as well as towards products with new 
biological activities. These aims can be achieved by a variety of strategies, such as the 
engineering of improved or novel effector functions or longer in vivo half-lives of the 
antibodies. Very often, increased stability comes in hand-in-hand with these traits. Due to 
their small size, antibody fragments can have advantages over full size IgGs such as improved 
tissue penetration. Higher specificity or new biological activities can be achieved for example 
by the engineering of dual-specific antibodies which are hoped to be able to better distinguish 
between healthy and diseased cells in the patient. Antibody-drug conjugates can bring toxic 
payloads to their target cells, leading for example to more efficient eradication of tumors. 

 
A great number of academic labs are active in the field as well as an impressive 

number of both, big pharma companies as well as small biotech companies. A few examples 
of these research groups and commercial companies, their targets and strategies will be 
reviewed in my presentation. 
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Introduction 
 

Although the first indication of CNAPS in blood was as early as 1948, the quest for 
the structure of DNA, the establishment of the DNA-gene theory and the cellular localization 
of DNA meant that this information was forgotten until twenty years later when the 
demonstration of cancer patients showing increased levels of DNA in their blood had a poor 
prognosis if the DNA levels stayed high.   

The concept of the mobility of DNA dates from 1962 when I showed that there was a 
DNA fraction moving between the cytoplasm and the nucleus and the data of Stroun in 
explaining the movement of genetic material from the host aubergine plants to the graft that 
produced fruits carrying the features of the host. Thus, circulating nucleic acids (CNAs) are 
present in man, animals and plants. The renewed interest in circulating DNA in cancer 
occurred in 1977. 

Amount of CNAPS. Plasma and serum of healthy individuals contain low levels of 
CNAs with 1.8-5.3 ng DNA and 2.5 ng per ml blood. These levels rise in patients with 
various cancers, trauma, myocardial infarction and stroke with values of over 3,000ng DNA 
being recorded in some cases. The levels of nucleases present in the blood will also affect the 
levels of the NAs with healthy individuals having 3.2 – 18.4 ng per ml blood DNAase I in 
plasma and 104 units per ml blood RNAase in serum. 

Possible origins of CNAPS. Essentially there are at least eleven ways in which CNAs 
can enter the bloodstream of which apoptosis, necrosis and the synthesis of new DNA/RNA 
are major sources. 

Isolation and analysis of CNAPS. There are a number of steps in preparing the 
DNA/RNA from the patient to clinical application, namely, isolation from blood, separation of 
CNAs, PCR – various forms, chromatography, mass spectroscopy, massive parallel 
sequencing, nanopore sequencing.  All of these require standardization for clinical 
exploitation. 
 
Applications of CNAPS in diagnosis, prognosis and the monitoring of treatments. 
 

CNAPS in diagnosis, prognosis and the treatment monitoring has been applied in a 
wide variety of clinical disorders and situations from the emergency and accident ward to 
foetal medicine.  It permits the development of minimally invasive diagnostic methods. 
 

Foetal medicine. The ability to separate foetal and maternal DNA/RNA from maternal 
peripheral blood has opened the way for minimally invasive techniques to replace the current 
invasive methods that can harm the foetus. The majority of the fetal DNA fragments are 
primarily < 300 bp whereas the maternal DNA fragments tend to be >300 bp. Thus, it is 
possible to determine the Rh-D status, foetal sex, ß-thalassemia and trisomy 21 from foetal 
CNAPS. In addition, it has been possible to sequence the whole of the foetal genome so being 

mailto:peter.gahan@kcl.ac.uk�
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able to detect mutations that are not carried by the parents. Foetal DNA and mRNA have been 
used as an early marker of pre-eclampsia. Increased DNA levels and foetus-specific 
circulating mRNA for corticotrophin-releasing hormone increasing ten-fold indicate the onset 
of pre-eclampsia, the levels relating to its severity. 

Acute Medicine. Trauma Circulating DNA levels were increased in patients 
presenting with injury, the concentration relating to the severity of the injury with up to a 100-
fold increase occuring in circulating DNA levels in patients developing organ failure, multiple 
organ disfunction syndrome, acute lung injury and those who will die when compared to 
patients with uncomplicated injury. Since the DNA normally has a short half-life in 
circulation and given the elevated DNA levels in the first few hours after patient admission 
with potential organ failure, the maintenance of the high DNA levels could be used to 
anticipate that organ failure. Circulating RNA levels have also been shown to correlate with 
the degree of trauma. 

Stroke. Circulating DNA levels are elevated after a stroke the amount being related to 
the extent of brain damage. It may be possible to use the DNA levels as an indicator of short 
and long-term changes as well as post-stroke mortality.  

Acute myocardial infarction (AMI). AMI patients have elevated circulating DNA 
levels when compared to controls. Both AT-rich and GC-rich fragments of DNA released by 
infarct patients have been found to affect myocardiocyte contraction rates in vitro. 

Organ Transplants. Preliminary studies on rejection monitoring have exploited donor-
DNA fractions for liver, kidney and bone-marrow transplants.  A good correlation has been 
obtained in the case of pancreas-kidney rejection and donor-DNA levels. 
 
Diabetes 

Diabetic retinopathy (DR). Comparison of diabetic patients without DR, with DR 
and healthy subjects showed diabetic patients as a whole to have about 2.5 times the 
rhodopsin mRNA than the control subjects. Diabetic control patients levels were about 60 % 
higher than healthy individuals whilst the background retinopathy and pre-proliferative 
retinopathy patients showed increasing rhodopsin mRNA levels with increasing severity of 
the retinopathy. Diabetic patients without clinical features of retinopathy showed significantly 
higher levels of rhodopsin mRNA so indicating that retinal damage could have already 
occurred. In this case, rhodopsin mRNA levels in peripheral blood could offer an early 
detection of DR. In a further confirmation of the validity of mRNA as an early marker of 
retinopathy, retinal specific mRNA, RPE65, was also significantly higher; in contrast, 
retinoschisin mRNA levels were lower. Hence in conjunction with rhodopsin mRNA, the 
mRNAs of RPE 65 and retinoschisin could offer further early markers of retinopathy. 
Neuron-specific enolase mRNA has also been postulated as an early marker 

Diabetic Nephropathy (DN). Diabetic nephropathy patients were shown to have a 
higher mean amount of circulating nephrin mRNA when compared to a control healthy cohort 
possibly due to a loss of nephrin mRNA from glomerular epithelial cells. This correlates well 
with pathological assays and may serve as a useful marker for diabetic nephropathy. 
 
Oncology 

Although the first proposed uses of circulating DNA were (a) as an early marker for 
cancer seen as an increased amount circulating and (b) in monitoring treatment when the 
DNA levels returned to normal levels upon successful treatment. However, no specific 
correlation between the DNA fragments involved and a particular type of cancer have been 
found. The literature is mixed in terms of the success of this approach. Nucleosomes form one 
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source of CNAs but are not suitable for cancer diagnosis due to elevated nucleosome levels in 
patients with benign diseases. Nevertheless, circulating nucleosomes can be informative for 
monitoring cytotoxic therapy with strongly decreasing levels being mainly found in patients 
with remission of disease. Constantly high or increasing values are associated with 
progressive disease during chemo- and radiotherapy. Nucleosomal levels fell during the first 
week of chemo- and radiotherapy in patients with lung, pancreatic, and colorectal cancer as 
well as haematological malignancies correlating well with successful therapy. 
 

Lung, Colorectal, Prostate, Liver, Ovary, Breast, Oesophageal Cancers. A range of 
markers have been proposed for the identification of a particular cancer, though there is 
frequent conflict in the literature as to the effectiveness of particular probes. Recently, 
hypermethylation of CpG in the promotor region of tumour suppressor genes has been 
suggested to trigger local gene silencing. Aberrant methylation of the p26 tumour suppressor 
gene was the first to be detected in liver, breast and lung cancer. Other frequently methylated 
tumour suppressor genes that are used with varying success include GSTP1 (glutathione S-
transferase P1), APC (adenomatous polyposis coli), RASSFIA (RAS association domain 
family protein 1) and DAPK (death-associated protein kinase). 

 
Personalised Treatment 

Although a relatively recent addition to methodologies available for early diagnosis, 
prognosis and treatment monitoring, CNAPS offers a minimally invasive approach to a wide 
range of clinical disorders that will allow the basic information necessary not only for use in 
personalized medicine but also for direct use in acute medicine. 
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Introduction  
 
Chromatin structure  
 This permits single DNA molecules that can be up to 8cm long in man, to be 
compacted and contained within the nucleus.  This is achieved by histone proteins (HP) of 
which there are five types namely H1, H2A, H2B, H3 and H4. Pairs of histones H2A, H2B 
and H3, H4 form a core inside two turns of the DNA strand (148 base pairs) wrapped around 
to form nucleosomes, with H1 closing the nucleosome.  The external loop is G-C rich 
whereas A-T rich DNA forms the inter-nucleosomal DNA. These strings are digested by low 
concentration of DNase (DNase-sensitive sites) that often corresponds to the regulatory 
regions of gene. During DNA replication, less condensed chromatin containing active genes 
replicates earlier, whereas more condensed chromatin replicates later.  
The other proteins present include many enzymes involved in DNA replication and the 
synthesis of mRNA, siRNA, dsRNA and microRNAs.  
  
 
 Minor chromatin components  
 The presence of other components in chromatin was proposed. Thus, HP1 is absent 
from erythrocyte nuclei of birds and zebra fish being replaced by H5 in the former.  
The presence of aldehydes and carbohydrates was proposed on the basis of cytochemical 
analysis of chromosomes and interphase nuclei. This was confirmed by the linking of 
concanavalin A to chromatin. This lectin links specifically to glucose molecules. Moreover, 
labelled glucose is incorporated by purified nucleohistone.   
 Originally, lipids were identified only inthe nuclear membrane. However, subsequent 
cytochemical and biochemical analyses (1957-1975) have confirmed the presence of lipids to 
be associated with chromatin from both plant, human and animal tissues. In addition, TEM 
autoradiography of a combined autoradiographic and biochemical   analysis, it was shown 
that H3 –of the incorporation of 14C-choline into plant nuclei shoed the location to be 
associated with the nucleoli, chromatin and chromosomes. Additional conjoint biochemical 
and TEM autoradiographic studies of 3H-ethalomine incorporation into Vicia  faba root nuclei 
confirmed the localisation at the nucleoli, interphase chromatin and chromosomes. 
Additional TEM studies using the acid haematin test and phospholipase A2-colloidal gold 
method showed that the lipids are present mainly at the border between the condensed and 
dispersed chromatin. The simultaneous treatment with phoplipaseA2 and RNA colloidal gold 
using particles of different sizes revealed that nuclear PLs and RNA having the same 
localisation inside the nucleus. In an ultrastructural cytochemical study of the intranuclear 
localisation of SM using in situ binding assay of neutral sphingomyelinase, coniugated with 
gold particles, revealed preferential localization   of SM within the perichromatin region, a 
functionally important nucleoplasmic domain containing sites of pre-mRNA synthesis and 
processing (Scassellati et al., 2010). Digestion of nuclei with RNase caused a decrease by 
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40% of PLs that was particularly high for PS and SM so confirming the electron  microscopy 
results. 
 Sphingomyelin was further demonstrated biochemically to represent some 7% of 
isolated calf thymus nucleohistone preparations (Chayen and Gahan, 1958), the presence of 
sphingomyelin being confirmed by   X-ray diffraction studies. Although such biochemical 
results were challenged as being due to contamination, this cannot be applied to the 
cytochemical evidence that showed the   presence of chromatin-associated phospholipid 
material in a broad range of tissues (Gahan 1965, Viola- Magni et al., 1985).  
 Hepatocyte nuclei treated with Triton and hypotonic solutions liberate chromatin 
containing 10% of the total nuclear lipids. The composition of fatty acids demonstrated an 
enrichment of palmitic acid and a reduction in arachidonic acid thus supporting the idea that 
these lipids cannot be derived from the nuclear membrane. In addition, the chromatographic 
separation of phospholipids has demonstrated an enrichment of both sphingomyelin and 
phosphatidylserine with respect to the nuclear membrane composition.  
 The data were also confirmed by studying the turnover of phospholipids at the level of 
the microsomes, nuclear membrane and chromatin from hepatocytes. In rats injected with 
radioactive phosphorus, the peak of   incorporation was observed after 6h in microsomes and 
nuclear   membranes, but only after 9h in the chromatin. This confirmed a lack of possible 
chromatin contamination. A clear demonstration was obtained by labelling the fatty acids of 
the nuclear membrane by radio-iodination. Hepatocyte nuclei were separated and radio-
iodinated; the chromatin extracted from them was unlabelled, whereas all the label present in 
the nuclei was recovered from the nuclear membrane fraction. Radio-iodination of isolated 
chromatin showed the presence of label thus confirming the presence of lipids. The presence 
of nuclear phospholipids was also demonstrated in a large variety of tissues including tumour 
cells.  
 
Chromatin phospholipid composition  

Ten per cent of the total nuclear phospholipids are present in the chromatin. 
Phosphatidylcholine (PC) and Phosphatidylinositol (PI) are less represented,whereas there is 
an increase of Sphingomyelin (SM) and Phosphatidylserine (PS) in the chromatin.  The 
composition   in fatty acids is different with respect to the phospholipids present in the nuclear 
membrane and microsomes. PC contains many unsaturated forms of the monoenic fraction 
with respect to the microsomal PC. SM is richer in arachidonic acids.  
The composition changes also in relation to cell proliferation and differentiation: during 
hepatocyte regeneration, in relation to the S phase, a decrease of SM is observed when DNA 
synthesis starts whereas an increase is seen at the end of DNA synthesis. An opposite 
behaviour is seen with PS that increases at the start of S phase and it has been proposed that 
PS may stimulate DNA polymerase activity. 
 
Cholesterol 

The presence of cholesterol (CHO) was demonstrated to be present in hepatocyte 
chromatin (Albi and Viola-Magni, 2002). Previous researchers have attributed many   
functions to CHO metabolism and an increase in its concentration has been demonstrated in 
both cancer and proliferating cells.   In liver regeneration, the amount of chromatin CHO 
changes during the first 24 h. Two fractions were demonstrated in the chromatin fraction, one 
of which is free CHO and the other that is only extractable after SMase or proteinase K 
digestion. After partial hepatectomy, the bound CHO increased reaching a peak after 6h 
whereas the free CHO reached a peak only after 18 h. This may be due to an increased SMase 
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activity and to the block of SM synthesis which favours the transformation of the bound CHO 
fraction to the free fraction. At 24 h, SM synthase activity increased and the ratio between 
bound and free CHO returned to normal values seen in the non-dividing hepatocytes.  
 
Plasmalogens  

The presence of plasmalogens (PLgs) was initially demonstrated cytochemically. They 
are glycerophospholipids in which one or both aliphatic chains are linked to the glycerol 
backbone by an alkyl-vinyl ether bond and represent a major subclass of 
glycerophospholipids. Their presence in the chromatin was confirmed by Albi et al., (2004). 
All PLgs were present with the exception of PLg PS. In hepatocytes induced to proliferate by 
treatment with cyprofibrate an increase of PLgPC was observed followed by a decrease 
during apoptosis occurring in the hepatocytes after drug withdrawal. 
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Introduction  
 

The question arose as to whether the phospholipids (PLs) present in the chromatin 
were synthesized in the cytoplasm and transported by some proteins into the nucleus or were 
they synthesized inside the nucleus? The determination of enzymes related to the PL 
metabolism showed the presence of many of them to be involved in lipid metabolism. They 
have different physico- chemical characteristics from those present in either the nuclear 
membrane or the cytoplasm.  

 
Phospholipid related enzymes 
 

The enzymes present in the nucleus are : sphingomyelinase (SMase), sphingomielin-
synthase (SM-synthase), phosphtidylcholine-dependent phospholipase C (PC-PLC), 
phosphatidylcholine-dependent phospholipase D (PC-PLD), CTP: phosphocholine 
cytidyltransferase (CTP), base exchange enzyme complex, reverse sphingomyelin-synthase, 
phosphatidyl inositol-dependent phospholipase C (PI-PLC), phosphoinositide 3-kinase (PI-
kinase). All these enzymes are characterised by pH, Km, and specific activity that 
differentiate them from the others present in the cytoplasm or in nuclear membranes They 
were demonstrated in the chromatin and were linked to specific cell events such, proliferation, 
apoptosis and differentiation. Sphingolmyelinase was first demonstrated in chromatin by Albi 
and Viola Magni. This enzyme is well known as a lysosomal enzyme in the acid form and as 
a cytoplasmic enzyme in the neutral form. It is present in many tissues e.g. hepatocytes, the 
nervous system and various cell cultures. The hydrolysis of SM by SMase results in the 
production of ceramide that has many physiological functions. This reaction is stimulated by 
many factors including interferon, interleukin1, 1-25 OH vitamin D and TNF. Ceramide can 
be further hydrolysed to sphingosine that inhibits protein kinase C present in hepatocyte 
nuclei. The enzyme was evaluated in both the nuclear membrane and chromatin fractions 
isolated from hepatocytes. The ceramide produced by the hydrolysis of SM, may be used by 
SM synthase to produce SM using PC as the donor of phosphorylcholine (PPC). 

The synthesis of sphingomyelin may be obtained through two pathways. The first 
involves the reaction between CDP-choline and N-acylsphingosine whilst the second consists 
of phosphocholine transfer from lecithin - ceramide. This reaction is catalysed by the enzyme 
SM   synthase which was found initially in the microsomes of kidney, lung, liver, spleen and 
hear. Its subcellular localisation is in the Golgi apparatus from which it can be transported to 
the plasma membrane by vesicular flow; it is also present inside the nuclei. This reaction 
results in the formation of dyacilglycerol (DAG). Reverse SM- synthase may use DAG for the 
synthesis of PC. This enzyme utilises SM as a source of PPC and is one of the   mechanisms 
involved in PC synthesis. Other mechanisms for the biosynthesis of PC are the CDP 
phosphocholine cytidyltransferase which is responsible of 85% of the synthesis and base 
exchange from phosphatidylserine. The base exchange was also demonstrated in the nucleus, 
but the reverse SM- synthase may favour a more rapid exchange of PC by using DAG and 
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PPC derived from SM. The presence of this enzyme was demonstrated both in the nuclear 
membrane and in the isolated chromatin So in this way the production of ceramide and DAG 
will be controlled inside the nucleus.  

Two enzymes are responsible of PC catabolism PC-PLC and PC-PLD which 
hydrolyses PC to produce PPC that may be used for SM synthesis. PCPLD has been 
determined in hepatocytes and is present  in the nuclear membrane and chromatin fractions in 
two different isoforms.  

The amount and turnover of PI in the chromatin fraction were different with respect to 
those of the nuclear membrane fraction. This could be due to a different enzyme activity such 
as that of PI-PLC since various enzyme isoforms exist that may be activated by different 
stimuli. The presence of two isoforms, beta1 in the chromatin and gamma1 in both the nuclear 
membrane and chromatin fractions, were demonstrated using specific antibodies coupled with 
TEM. However, the delta1 isoform that is present in the cytoplasm was absent from the 
nuclei. The PI-kinase phosphorylates PI producing phosphoinositides which may be the 
substrate together with PI of PC-PLC forming the DAG and inositolpolyphosphate. An 
increase in enzyme activity reducing the presence of phosphoinositides causes an inhibition of 
DNA synthesis since the presence of the phosphoinositides are important for the activation of 
DNA polymerase.  

 
Role of enzymes in various cell processes 
 

Cell proliferation.The behaviour of the PLs during the cell cycle has been clearly   
described in liver regeneration. Six hours after hepatectomy, the fraction of bound cholesterol 
increases, the kinases are activated and PS favours DNA polymerase synthesis. After 12hrs 
the enzyme PI-PLC causes an increase in DAG that favours the translocation of PKC in the 
nucleus. This first peak of DAG is followed by a second, more consistent peak due to the 
activation of the enzyme PC-PLC. As the DNA synthesis starts, SMase is activated producing 
a decrease in SM and an increase in free CHO that stimulates the Cyclin A complex. At the 
end of S-phase, SM-synthase is activated with a consequent increase in SM and a decrease in 
the free CHO fraction and so in the activity of the Cyclin A complex. At the end of S-Phase, 
the a peak of cyclin B is observed together with an increase in PI-kinase and a consequent 
decreases of phosphoinositides and DNA polymerase activity.  

Apoptosis. In hepatocytes in culture showed an increase in SM synthase when they 
were going into apoptosis whereas the CDP-phosphocholine cytidyltransferase was extruded 
from the nucleus and digested by caspase with aconsequent decrease in PC. On the other 
hand, the increase in SM favours a greater condensation of chromatin.   

Differentiation. The induction of the cells to differentiate is accompanied by an 
increase of PLs mainly due to SM and PS. The increase in PI is due to a decrease of PI-PLC 
activity; the decrease of phosphorylation of PIPS   counterbalances the inhibitory effect of 
histone H1 on RNA transcription. It has been shown that the newly synthesized RNA is 
protected against RNase digestion by SM. Activation of SMase will favour RNA digestion. 
On the other hand, the SM may be resynthesized through the enzyme SM-synthase which 
utilises the PPC present in PC. The PC may be restored by the enzyme reverse SM synthase. 
The mutual regulation will be important for RNA protection in the nucleus, a mechanism 
which may be relevant in nuclear RNA maturation.   
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Introduction 
 

Whilst the research emphasis has been on the exploitation of CNAs in clinical studies, 
the presence of circulating nucleic acids in man, animals and plants is well-documented.  It is 
clear that such nucleic acids can not only circulate freely within an organism, but can also 
enter cells when their biology may be changed either epigenetically or genetically. Evidence 
is presented concerning such changes, possible CNA entry mechanisms into cells and the 
influence that these nucleic acid fragments could have on the genetics of the F1 generation of 
man, animals and plants.  The data presented also offer a mechanism by which horizontal 
gene transfer between organisms may be achieved.  The role that circulating nucleic acids 
might play in modifying the F1 generation and possibly the evolutionary process is 
considered. 
 
Released prokaryote DNA enters eukaryote cells 
 

Autoradiographic and biochemical experiments showed Escherichia coli 3H-DNA to 
enter higher plant cells and be expressed. E. coli DNA carrying three marker genes (GUS, 
BAR and NPT II) integrated into the genome of Solanum aviculare and was expressed 
(Gahan et al., 2003). The F1 generation carried all three genes. 
 
Uptake of DNA/RNA by mammalian cells and modifications 
 

Immune response. An allogenic T-B lymphocyte co-operation involving lymphocyte 
subsets from human donors with different allotypes showed that B lymphocytes cultured in 
the presence of the supernatant from the culture medium of T cells, previously exposed to 
inactivated herpes simplex virus, synthesized an anti-herpetic antibody carrying some 
allotypic markers of the T cell donor. DNA purified from the supernatant of the T cell culture 
medium had the same effect on B lymphocytes as did the non-ultra-centrifuged supernatant  
 

Effect on cell division.  Virtosomes (Gahan & Stroun, 2010) released from mouse 
tumour cell lines J774 cells (leukemia), P497 cells (glial tumour) and non-stimulated 
lymphocytes was isolated from the culture medium by agarose gel chromatography. The 
released virtosomes from the non-dividing, non-stimulated lymphocytes blocked DNA 
synthesis in the cancer cells and the virtosomes from the dividing cancer cells stimulated 
DNA synthesis in the non-stimulated lymphocytes.  
 

DNA effects in irradiated cells. On exposure to X-rays (10 cGy), Chinese hamster 
ovarian cells showed a transposition of the chromosomal peri-centromeric loci of homologous 
chromosomes from the13 peri-membrane sites to approach each other and an accompanying 
activation of the chromosomal nucleolar-forming regions. Untreated cells grown in medium 
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containing DNA fragments isolated from the medium of the treated cells showed similar 
changes to those seen in the treated cells.  
 

DNA effects on myocardiocyte contraction rates. AT-rich fragments of the human 
satellite 3 tandem repeat (1q12 region) and GC-rich fragments of the rDNA were isolated 
from the circulating DNA of patients with myocardial infarction. When fed in vitro to 
neonatal rat ventricular myocytes in culture, AT-rich fragments increased the frequency of 
cardiomyocyte contractions and GC-rich fragments decreased the contraction frequency. 
 

Tumour induction The SW 480 cell line, originating from a human colon carcinoma, 
contains a point mutation of the K-ras gene on both alleles. These cells released virtosomes 
containing the mutated K-ras gene. NIH/3T3 cells cultured in their presence showed 
transformed foci. NIH-3T3 cells cultured in plasma with human K-ras-mutated colon cancer 
were transformed. Furthermore, when these oncogenically transformed NIH-3T3 cells were 
injected into NOD-SCID mice carcinomas developed. 
 

RNA. Little work has occurred on the entry of CNAPS RNA into other cells.However, 
double-stranded RNA polyriboinosinic polyribocytidylic acid (polyI:C) has been found to 
activate murine glomerular endothelial cells via RIG-1 in the cytosol to produce inflammatory 
cytokines, chemokines and type I interferons. The experimental delivery of siRNA causes 
many difficulties and so it may be considered that the natural uptake of siRNA from CNAPS 
will be minimal. The entry of siRNA has been shown to produce an apparent dose-dependent 
siRNA-mediated suppression of lamin15 A/C in primary human umbilical vein endothelial 
cells. Perhaps more importantly, mRNA and miRNacan be taken up by normal host cells 
including brain, and microvascular endothelial cells. In addition, glioblastoma derived 
vesicles were shown to stimulate proliferation of a human glioblastoma cell line. 
 

Mechanisms of CNAPS entry into cells. CNAPS can enter cells by and, in some 
cases, change the biology of the recipient cells. The mechanisms of entry need to involve 
avoidance of the lysosomal digestion of the nucleic acids. Such entry mechanisms for DNA 
include entry via T-tubules, caveoli, macro-pinocytosis and endocytosis. RNA has been 
shown to enter via caveoli or macroendocytosis. 
Alternatively, histones H1, H2A, H3 and H4 are effective mediators of transfection. Histone 
H1 increases gene transfection are through DNA condensation, DNase protection, and the 
mediation of nuclear import. DNA-delivery activity can be mediated by two mechanisms, 
namely, electrostatically driven DNA binding and condensation by histone and nuclear import 
of these histone H2A⊕DNA polyplexes via nuclear localization signals in the protein. 
Histones can also increase membrane permeability by ionic interaction.  
 
Modifying the F1 generation  
 

For modification of the F1 generation and an evolutionary implication, DNA must be 
able to (i) access the gonads (ii) directly enter either sperm and eggs or their precursor cells 
and (iii) integrate into (a) chromosome(s) so affecting the offspring. There are major 
differences between the plant and animal reproductive systems. The majority of animals have 
a distinct germ cell line separate from the soma whilst plants develop floral reproductive 
systems from vegetative apices on each reproductive occasion. 
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Entry of DNA into man/animal ova and sperm. Follicles housing the primary oocytes 
are supplied by peripheral blood capillaries. The CNAPS must traverse the various follicular 
layers between the blood supply and the primary oocyte. Any transformation of the primary 
oocytes by CNAPS must occur during the production of oogonia that, through successive 
mitoses, result in primary oocytes. DNA uptake by sperm from the blood supply to the testes 
is possible with direct DNA uptake leading to entry into the nucleus and the mitochondria. 

 
F1 modification in man/animals? There is a very low probability that a transformed 

primary oocyte will be fertilized by a transformed sperm. There is a greater probability that a 
transformed primary oocyte could be fertilised by a non-transformed sperm, or vice versa, 
especially for invertebrates or vertebrates laying eggs in large numbers as opposed to singly 
laid eggs. Currently, there are no reports of modified F1 generations. 

 
Circulating nucleic acid (CNA) entry into plant gametes. Transmission of characters 

via grafting in plants has resulted in the appearance of characters from the stock plants 
appearing on the scions as shown for grafts between Solanum melanogena and S. nigra 
(Stroun, 1962), Capsicum baccatum and C. annuum (Yagishita et al., 1961ab). In addition, 
feeding DNA to plants can result in the transformation of the F1 generation eg. S. aviculare 
transformation of the F1 generation by direct DNA feeding (see above). 

 
Horizontal gene transfer. Genes readily pass by horizontal transfer between 

prokaryotes, between prokaryotes and eukaryotes and between eukaryotes. Given the 
evidence above concerning the movement of CNAs around plants and man/animals and the 
ready entry of such CNAs into recipient cells, this offers an explanation as to how 
horizontally transferred genes might establish themselves in the host. 
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Introduction.  
 

Food-borne bacterial pathogens are responsible for many infections and deaths 
worldwide. Cronobacter species, Gram-negative rod-shaped, motile pathogenic bacteria of 
the family Enterobacteriaceae, are opportunistic pathogens implicated in particularly severe 
food-borne diseases in neonates and infants (Healy et al., 2010). Symptoms include 
bacteraemia, necrotizing enterocolitis and meningitis, with fatality rates as high as 80% (Lai, 
2001; Yan et al., 2012). Recently, infections in adults have been reported, in particular among 
the elderly and immunocompromised patients. For persons with a decreased immunity, in 
particular neonates, elderly and persons with severe underlying diseases, the occurrence of 
Cronobacter in food and environment may represent a hazard to health. The genus 
Cronobacter was established by a polyphasic taxonomic approach as a reclassification of 
Enterobacter sakazakii. Currently, seven species and three subspecies are described in the 
genus Cronobacter (Iversen et al., 2008; Joseph et al., 2012). Only three species, C. 
sakazakii, C. malonaticus and C. turicensis, have been linked with neonatal infections (Healy 
et al., 2010; Kucerova et al., 2010). Although Cronobacter strains are widely distributed in 
the environment and in various foods, dried infant milk formula has been implicated as the 
vehicle of transmission in many clinical manifestations.  
 
Aims 
 

Cronobacter has been recognized as a serious human pathogen relatively recently. 
Therefore comprehensive study of its biology is essential for proper treatment and prevention 
measurements. Investigation covers fields of organism microbiology, growth parameters, 
virulence properties, epidemiological studies, fast and reliable methods of its detection in 
food, control in manufacturing environment, methods for prevention of food contamination 
and others. 
 
Results and discussion. 
 

 In our study, a wide range of foods was analyzed for the presence of Cronobacter. 
Strains were isolated from 25 g test portion of each food sample using the two-step 
enrichment and chromogenic selective agar (Turcovský et al., 2011). Identification of positive 
strains was confirmed by real-time PCR targeting the dnaG gene according to Seo and 
Brackett (2005) and by biochemical identification. During the screening, more than 600 food 
products other than infant formula showed on average 12% positivity. Cronobacter spp. 
occurrence in samples was unevenly distributed in different food types, the highest 
contamination being observed in foods of plant origin, e. g. spices, teas, chocolate, nuts, 
pastries and vegetables. It is also interesting that the majority of positive samples of animal 
origin contained plant ingredients, namely herbs and spices. This confirmed association of 
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Cronobacter with plant material. Their presence in dried foods (spices, chocolate, pastries) 
may be due to the increased desiccation resistance of Cronobacter strains. Clonal 
relationships between strains were analysed by AFLP. This method based on digestion of 
chromosomal DNA followed by ligation of adapters and amplification by PCR is well 
established for population studies of bacteria (Vos et al., 1995). In our study, a high 
discriminatory power of AFLP was confirmed, as the 98 strains were separated into 46 
different clusters at a similarity level of 90%. At a similarity level of 70%, six main groups 
were clearly distinguished in the AFLP dendrogram, and strain grouping was in concordance 
with their species identification as confirmed by biogroups, 16S rRNA sequencing and MLST 
(multilocus sequence typing; Baldwin et al., 2009). Among Cronobacter food isolates, strains 
of C. sakazakii dominated with 79% occurrence. This species was followed by C. malonaticus 
(12% isolates), while representatives of other species (C. turicensis, C. dublinensis, C. 
muytjensii and C. condimenti) were isolated only rarely.  

Accurate knowledge of the growth condition range of Cronobacter strains is necessary 
to minimize the risk of contamination during the production and preparation of rehydrated 
infant formula. Since thermoresistance of Cronobacter is an important parameter likely 
facilitating contamination of powdered infant milk formula, the ability of strains to survive at 
increased temperature was tested. Strains were separated into two groups; thermosensitive and 
thermotolerant. Elevated thermoresistance strictly correlated with the presence of the 
thermotolerance DNA marker orfI (Williams et al., 2005). Several other thermotolerant 
enterobacterial strains belonging to Citrobacter, Enterobacter and E. coli contained the orfI 
marker. Regions surrounding orfI were sequenced and an 18 kbp island was detected in 
thermotolerant strains. The region contained a cluster of conserved genes (orfA-Q), most of 
them having significant homologies with bacterial proteins involved in some type of stress 
response, including heat, oxidation and acid stress. Function of the thermotolerance island 
was confirmed by construction of mutant containing deletion of the whole region. We 
observed that the mutant strain possessed the same growth rate at 37 °C as the wild type 
strain; however, it had decreased ability of surviving at 50-58 °C. Moreover, mutant strain 
had reduced tolerance to osmotic stress (Gajdošová et al., 2012). 

One strategy for improving of hygiene safety of production environment is the use of 
biocides. Bacteriophages, viruses infecting bacteria, can be successfully used for control of 
harmful microbes in food (Garcia et al., 2008). In our work, bacteriophages specific for 
Salmonella and Cronobacter were isolated from Bratislava waste water treatment plant. Dev2 
bacteriophage was isolated on indicator strain C. turicensis 290708/07 and was able to infect 
Cronobacter, E. coli and Salmonella strains. Based on DNA similarity this phage was 
assigned into the T7-like group of Podoviridae. In laboratory experiments Dev2 phage was 
suitable for reduction of Cronobacter contamination in LB medium and in reconstructed 
infant formula. This bacteriophage was selected as perspective candidate for biocontrol in 
food production. 

 
Conclusions.  
 

Cronobacter species are frequently present in various foods, in particular fresh and 
dry foods of plant origin. Although it is harmless for most of the population, it can pose risks 
for immunocompromised consumers. Tracing of these bacteria in a wide variety of foods is 
important to reveal the possible routes for its transmission.  It is important to further study 
their survival in production environment and to design improved strategies for controlling 
their presence in environments and foods. 
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The design of optimal mating schemes is a mean to improve farm animal 
performances. During the last decades, breeding strategies and techniques addressing both 
genetic improvement and inbreeding control have been well documented and applied in 
several countries. The detrimental effects of inbreeding have been reported in farm animals 
and, in the recent years, many selection and mating strategies were proposed to restrict 
inbreeding in selection programmes.  Recent advances in animal breeding theory have clearly 
shown the importance of mating design optimization by means of new analytical models as 
the optimum contribution selection (OCS) method and simulated annealing (SA) algorithms. 
Stochastic simulation programs are generally used to create farm animal populations under 
artificial selection, and by this way, genetic and inbreeding effects are easily modelled and 
studied for several generations. In this study, a stochastic simulation (Monte Carlo method) 
was used to evaluate and optimize different mating schemes of farm animals under a 
restricted inbreeding rate. 

The following mating designs were used: full factorial (3 x 3); full factorial (6 x 6) and 
nested (6 males x 18 females). A quantitative trait based on a strictly additive and polygenic 
model was simulated. The number of genotyped offspring (360 or 720) and three levels of 
heritability coefficient (0.1; 0.3; 0.5) were assumed. The best results, in terms of genetic gain 
and inbreeding rate, were obtained with the full factorial design (6 x 6) and considering a trait 
with a high heritability. The optimal family size was found at 20 animals per mating.  
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Introduction 

In the recent years many types of biosensors have been developed and used in a wide 
variety of analytical settings, including biomedical, health care, drug design; environmental 
monitoring, or detection of biological, chemical and toxic agents. 

In the field of sensor research and development, bionanotechnology is poised to make 
significant contributions and has the potential to radically alter the way sensors are designed, 
constructed and implemented. Biomimetic nanosensors are referred to in a rather broad sense, 
including various systems and applications that can be depicted as “nanotechnonology” and 
focusing on the interface between biology and chemistry, physics or engineering. Similarly, 
“biomimetic sensors” depicted here represent important concepts, design criteria or molecular 
targets that are “biological”, but include innovations from other disciplines (Jelinek et al., 
2007). 

One of the most recent non-destructive techniques used in biosensor design are surface 
plasmon resonance (SPR) and quartz crystal microbalance (QSM), combined with biological 
receptors. On this base, several enzymes and microbial cell are immobilized onto newly 
synthesized nanohybrid membranes (Yotova et al., 2010). They contain nanoparticles from 
TiO2, polymers and dendrimers and are attached to the sensors surface. They are applied for 
determinations of mycotoxins and pesticides in crops, milk, nuts and others food and 
agricultural objects (Marinkova et al., 2012; Yotova et al., 2011; Yotova et al., 2012). 

 
Conclusions 

The new constructed biosensors are characterized by their response time, 
reproducibility, linear range and operating stability. They have demonstrated high stability, 
shorter response time, high sensitivity and a wider linear range than traditional analytical 
methods.  
 
Perspectives 

The miniaturization and the improved technical characteristics of the newly designed 
biomimetic biosensors will allow applying them directly for fast determination not only of 
toxic pollutants in foods and agriculture but also for determination of Escherichia coli and 
Salmonella. 
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Introduction 
 

Assurance of quality and safety of foods require microbiological and chemical 
analysis. Some microorganisms, pathogens and spoilage, can survive in the food matrix. The 
former contaminate food and can be responsible of diseases (Arvik et al., 2002, du Toit et al., 
2005). The latter are responsible of physical-chemical changes that make the taste of food 
unacceptable. On these bases microbiological analysis are important to determine the safety 
and the quality of food. Traditional methods of microbial enumeration, identification and 
characterization are insufficient for monitoring specific strains in complex, mixed-strain 
microbial communities. Moreover, direct methods of enumeration can be inaccurate as a 
result of the possible viable but non-culturable state of microorganisms (VBNC).  

Fast, specific and sensitive molecular method to detect species without classical 
microbiological culturing method is required. Compared to traditional culturing, culture 
independent methods aim to obtain a picture of a microbial population without the need to 
isolate and culture its single components. Various techniques have recently been developed 
for the detection of microorganisms, including the use of fluorescent probes, RNA-FISH 
hybridization, PCR, and real time PCR. These techniques do not require colony growth and 
are advantageous because they are fast and have high specificity. New equipments are able to 
produce an easy and reproducible result within few hours as DNA extraction from samples 
has been obtained.  

On these basis an optical fibre biosensor (Marks et al., 1997) has been optimize for 
this purpose. Specific probes have been designed on the ITS sequence and tested by Dot blot 
(specific DNA digoxygenin labelled probe to detect the target microorganism, Brettanomyces 
bruxellensis, has been used).  

 
Results 
 

A 53 bp probe: 
5'TGTTTGAGCGTCATTTCCTTCTCACTATTTAGTGGTTATGAGATTACACGAGG-3'  
specific for B. bruxellensis was designed and tested for specificity and sensitivity using Dot 
blot.  

The lowest positive signal was obtained using the digoxigenin-labelled probe at a 
concentration of 100 ng l−1 and a complementary DNA sequence concentration of 50 pg l−1, 
on a nylon membrane, as reported in Fig. 1. This probe was then used as optical fibre 
genosensor capture probe after the addition of an amino group at 5'.  

A second 45 bp probe:  
5'-GGAGTGAGGGGATAATGATTTAAGGTTTCGGCC GTTATTATTTT– BIOT 3'  
was designed within the same region (ITS1–ITS2) as detection probe (labelled with biotin at 
the 3' end).  
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Figure 1. Probe concentrations: 100 ng l−1; complementary sequence concentrations: 100 ng 
l−1, 50 ng l−1, 25 ng l−1, 12.5 ng l−1, 1 ng l−1, 0.5 ng l−1, 0.1 ng l−1, 50 pg l−1, 10 pg l−1, 3 pg l−1, 
1 pg l−1, 0.3 pg l−1, 0.1 pg l−1, 0.03 pg l−1 and 0.01 pg l−1. 
 

A long incubation time at a low temperature (4 ◦C) was the best condition to attach the 
amino-capture probe to the fibre (Fig. 2). In fact, the value for the “Brett DNA” after an 
overnight incubation at 4 ◦C was 3.5 times higher than the values for both of the negative 
controls at the same temperature (4 ◦C) and at a temperature of 25 ◦C with incubations of 1 
and 3 h. The highest signal (expressed as RLU) in the experiment was carried out at 4 ◦C for 
15 h. 
 
 

 
 
Figure 2. Attachment of DNA capture probe (50 ng l−1) was conducted at 25 ◦C for 1 and 3 h 
and at 4 ◦C overnight. Positive control: Brett DNA: DNA extracted from B. bruxellensis. 
Negative controls: no Brett DNA: DNA from a microorganism other than B. bruxellensis; no 
NH2: omission of the amino-capture probe; no DNA: omission of the DNA; no biotin: 
omission of the biotin-labelled secondary probe; no AV-HRP: omission of the avidin-HRP 
conjugate. 
 

The best working concentration of the detection probe was 50 ng l−1. The values of the 
negative controls decreased drastically using 50 ng l−1 of DNA probe and 12.5 ng l−1 of DNA 
giving a clear positive signal useful in detecting B. bruxellensis, as  reported in Fig. 3. A 
signal above 200 RLU, which represents the background of the system, signified that B. 
bruxellensis DNA hybridised to the probe. 
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Fig. 3. Optimisation of the system using 50 ng l−1 of DNA probe and 12.5 ng l−1 of B. 
bruxellensis DNA. The amino-probe-modified fibres were pre-incubated for 5 min at 90 ◦C to 
avoid secondary structure of the capture probe. The hybridisation step was performed in a 
buffer solution containing 5% (w/v) skim milk preheated at 53 ◦C for 1.5 h. 
 
Conclusions 
 

The results presented in this study demonstrated that a rapid, specific, sensitive and 
semiquantitative optical fibre genosensor could be created to detect B. bruxellensis. The 
method’s resulting sensitivity was sufficiently high to directly detect the microorganism in 
wine. The use of the optical fibre eliminated the need for PCR, which can be inhibited by the 
presence of polyphenol compounds that inhibit the DNA polymerase. The lower detection 
limit for B. bruxellensis in wine samples using PCR is 102 cells ml-1, which is lower than the 
number of cells, 103 cells ml−1, considered responsible for the perception of the “Brett 
character” (Fugelsang and Zoeklein, 2003). 
 
Perspectives 
 

Considerable research effort has focused on demonstrating various optical fibre 
concepts (mainly immunoassays), whereas the development of optical fibre DNA biosensors 
is still in its infancy; however, these sensors will become increasingly significant in the future 
for fast and easy spoilage and/or pathogen detection. 
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With the recent growth of the so-called "high-throughput" technologies, modern 
biology labs are producing increasingly massive volumes of data. These raw data need to be 
efficiently processed, stored, and analysed for researchers to be able to extract biological 
meaning from them. Bioinformaticians are developing proper tools to do that job, but their 
use often requires both a strong IT infrastructure (not available for a regular lab) and 
advanced programming and computer skills (not included in the wet lab researcher’s normal 
training). Fortunately, this computational expertise, along with the necessary software and 
hardware employed, can be easily reused and shared among different labs, and many 
organizations have set up centralized services to address the bioinformatics needs of their 
investigators. These services provide a bridge between the day-to-day work of wet lab 
researchers and the complex, advanced tools developed by the bioinformatics software 
developers. Standard IT infrastructure and services provided by these Bioinformatics Core 
Services will be presented. 
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Proteins can be co-/posttranslationally modified with a large variety of different 

functional groups. In the endoplasmatic reticulum (ER) and Golgi apparatus of eukaryotic 
cells, most proteins are glycosylated before they are transported to their final destination 
which is either the plasma membrane, the lysosomal compartment or the extracellular space. 
Specific glycosyltransferases and glycosidases are responsible for the enormous number of 
glycan structures (also called oligosaccharides) which may be linked to proteins either 
through the amide side chain of asparagins in asn-xxx-ser/thr consensus sequences (N-
glycosidically linked glycans) or to ser or thr residues (O-glycosidically linked glycans) thus 
conferring specific 3 D structures, stability against protease or, most importantly, specific 
functions onto proteins. One exception from the general principle that glycans are transferred 
onto proteins in the ER is the O-glycosidically linked N-acetylglucosamine (O-GlcNAc) 
modification of cytosolic and nuclear proteins. 
 

In the last years mass spectrometric methods have been developed tremendously for 
the rapid identification of proteins from biological material. However, for the identification of 
the glycan part of a glycoprotein additional, often highly sophisticated techniques are required 
for (1) the isolation and (b) the unequivocal identification of the glycan structures. Time 
consuming derivatization methods like methylation or peracetylation for Fast Atom 
Bombardment (FAB) mass spectrometric analysis combined with Nuclear Magnetic 
Resonance (NMR) Spectroscopy has been successfully used and is still applied today. 
However, the fairly large amount of material needed and the sophisticated techniques restrict 
this approach to highly specialized laboratories. But with the upcoming of recombinant 
glycoproteins (which can only be prepared from eukaryotic cells because prokaryotes don´t 
make the N- or O-glycans which often are needed for the correct functions), techniques 
suitable for high-throughput screening have been developed, and these are first of all Matrix-
Assisted Laser Desorption Time of Flight Mass Spectrometry (MALDI-ToF-MS) and 
Electrospray Ionization Liquid Chromatography MS (ESI-LC-MS).  

 
In this lecture the following topics will be presented: 
1.) Biosynthesis of N- and O-glycans in the ER and Golgi and their functions 
2.) Biosynthesis and function of the cytosolic/nuclear O-GlcNAc modification of proteins 
3.) Principle of MALDI-Tof-MS and ESI-LC-MS 
4.) Application of these MS techniques for the identification of glycans 
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