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A lot of people may ask why we isolate nucleic acids.
What is DNA?

DNA is nucleic acid. Nucleic acids are one of the most important biomolecules. They are carriers of the genetic information in all living organisms and for that reason are explored by many branches of science. DNA is a genetic material in every cell of body and each cell contains 180 centimetres of DNA. It is interesting, because if we stretched the DNA from all cells of one person, it could reach eight thousand times to the Moon and back. Our DNA contains the genetic information from our parents and ancestors. The human cell contains 46 chromosomes. We receive half of the chromosomes from our parents and the rest we obtain from genetic material that our grandparents passed on to their children, our parents. Each sample of DNA is unique and it means that the same DNA does not exist in the two different individuals.   

Science and DNA
The discovery of DNA has become useful particularly in the fields of science, medicine and criminology. It has brought a great progress not only in the knowledge of human heredity, but also in the knowledge of us. In criminology, DNA identifies perpetrators of the crime, missing persons or victims of various accidents. In medicine, genetics tests have wide utilization. DNA analysis helps to realize our health; it maps the risks of inherited diseases, including for example cancer.  

Cancer
In the Czech Republic, every 3rd human comes across to cancer during his life and every 4th falls prey to this disease.  If we look more in depth, one patient dies every 20 minutes. It is about 74 people every day. It means that cancer is very serious disease, which scientists must find a way to treat it or to prevent it. Cancer is the scarecrow of the mankind. Teams of scientists are trying to win over but to no avail. There are many causes of cancer. It is related to our eating habits and genetic predisposition.

Correctly isolated nucleic acids, understanding their structure and mutations are key for studying cancer, its causes and how anti-cancer drugs work. 

Cytostatic drugs
Currently, the most widely used drug in the treatment of cancer is cisplatin. It was discovered more than 40 years ago during the experiment of American chemist Barnett Rosenberg. He studied the effects of electric current on bacterial growth. In the eighties of 20th century platinum drug of “second generation” was developed. It is called carboplatin. It is a less toxic alternative exhibiting fewer side effects. In the nineties oxaliplatin as platinum drug of “third generation” was invented. Its major advantage is the ability to overcome the resistance of tumour cells to cisplatin and carboplatin.

Although, platinum cytostatic drugs (Figure 1) are successfully applied in chemotherapy of various have been cancer types for more than thirty years, their biochemical effect is still not completely clear. The generally accepted opinion is that the drug binds to cellular DNA and after that disturbs the transcription and DNA replication mechanism. 
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Isolation of DNA

In fact, there exist a lot of methods of isolation nucleic acids which are usually used in laboratories. The most widely known methods are for example phenol–chloroform extraction or adsorption on silica (SiO2).  Both these methods are time-consuming or technically demanding. They are depended on several extraction and centrifugation steps, which may result in contamination, degradation of nucleic acids and low yields. Therefore, more and more nucleic acid isolation methods using tools of nanotechnology begin to be applied. 
Nanotechnology is currently one of the fastest growing sectors of research intercurrented into all areas of human activity. Nanomaterials consist of a wide group of substances with unique properties. The family of nanomaterials inherently contains a magnetic micro- and nano-particles (MPs).  

New modern sophisticated methods
Magnetic particles are one of the most used tools of modern biochemical and molecular biological research. Their size varies from micrometres to nanometres and they progressively enter to medical practice. They are paramagnetic or superparamagnetic. This means that they behave as a magnet in the presence of a magnetic field. In the form of contrast agents they are applied for imaging by magnetic resonance or for targeted transport of medical drugs. In the form of surface-modified probes they are employed for extraction of biologically important compounds such as cells, cell organelles, nucleic acids (DNA), proteins and other biologically active substances from body fluids.
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Particles with a surface functionalized by silanol groups are used for the isolation of DNA (Figure 2). In this case the magnetic separation is based on the electrostatic interaction of DNA with the surface of the particles. But with these particles the isolation of DNA influenced by platinum drug is impossible.

But if we modified special magnetic particles by anti DNA antibodies we gain a tool for targeted isolation of specific DNA (Figure 3). Due to the possibility of modifying the surface of particles by different more and less particular antibodies, we can isolate more and less specific DNA. For example, if we modify magnetic particles by antibody against cisplatin DNA, we would be able to isolate only DNA affected by cisplatin drugs from the blood. On the other hand, if we want to isolate all DNA we can modify magnetic particles by nonspecific antibody, which will react with all DNA located in the sample. This principle of isolation appears to be a good method for the isolation of free circulating DNA. This is DNA released from the disintegrating tumour cells to the blood of cancer patients.  


References:

1. KRIZKOVA, S., ADAM, V., PETRLOVA, J., ZITKA, O., STEJSKAL, K., ZEHNALEK, J., SURES, B., TRNKOVA, L., BEKLOVA, M. a KIZEK, R. A suggestion of electrochemical biosensor for study of platinum(II)-DNA interactions. Electroanalysis, 2007, roč. 19, č. 2-3, s. 331-338. ISSN 1040-0397.

2. KOČÁREK, E. Genetics, Publisher Scientia, spol. s. r. o., Prague, 2008. ISBN 978-80-86960-36-4

3. VLČNOVSKÁ, M. Using magnetic particles for isolation nucleic acids, Gymnázium Brno-Řečkovice, Brno 2012, pp. 30

4. VLČNOVSKÁ, M. Using antibodies modified magnetic micro- and nanoparticles for isolation and detection of nucleic acids, Gymnázium Brno-Řečkovice, Brno 2013, pp. 45

5. DOSTÁLOVÁ, S. Izolation and purification nucleic acids by magnetic micro- and nanoparticles, Vysoké učení technické v Brně, Fakulta elektrotechniky a komunikačních technologií, Brno, 2012.

6. CHANEY, S.G., CAMPBELL, S.L., TEMPLE, B., BASSETT, E., WU, Y.B. a FALDU, M. Protein interactions with platinum-DNA adducts: from structure to function. Journal of Inorganic Biochemistry, 2004, roč. 98, č. 10, s. 1551-1559. ISSN 0162-0134.

Figure � SEQ Figure \* ARABIC �1�: Selected platinum cytostatic drugs 





Figure � SEQ Figure \* ARABIC �2�: Microphotography of magnetic particles Dynabead MyOne Silane with functional surface silanol groups.





Figure � SEQ Figure \* ARABIC �3�: Microphotography of magnetic particles Dynabeads Protein G modified by anti-ds DNA antibodies.
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