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Telomeres and telomerase – What is their purpose?
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I think it is safe to say that all of us have learned about DNA and RNA. Everyone has probably opened a biology textbook at some point and found out that DNA is double stranded nucleic acid that carries genetic information, which determines how we look and who we are. And I’m sure everyone has also seen the X-like shaped chromosome before. And RNA? Sure, it is almost like DNA, but not really and it has some other function. Fortunately, nature is much more complicated, thus allowing us to explore its mysteries and mechanisms more thoroughly, especially on molecular level. One of those mysteries is the role of telomeres, telomerase and mechanisms in which they are engaged.

Telomeres
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Since I started talking about telomeres, I should probably explain what they are. It is possible to picture them as protective caps at the end of chromosomes. In fact they look more like tails, composed of short repeating segments of DNA but unlike DNA, telomeres do not carry genes. In other words, they do not determine the colour of our eyes, our temper or whether we are tall or short. Furthermore they are not unique for each organism. Telomere sequences are common within groups of organisms, such as mammals or higher plants. Their role is to prevent damage and shortening of DNA and to stop chromosomes from fusing to each other ("Facts about telomeres and telomerase").
Why do we need them?

The cells in our bodies are constantly dividing. I am not going to explain the exact mechanism, because the important part is that every new cell needs to have its own copy of DNA. Otherwise it would be like having a body but no soul. In order to create a new copy, it is necessary for the DNA to unwind, so that the DNA polymerase could be attached to both of its strands. The DNA polymerase is the key particle, responsible for creating daughter strands to already existing parental strands.

Unfortunately the DNA polymerase is not able to replicate DNA strand till the end, which is a problem. If the DNA was shortening with each cell division, it would be fatal for the cell as well as the organism. Can you imagine the consequences, the lives of mutants who would welcome death with open arms? It would probably lead to extinction of all organisms on the Earth, because in the end there would be no DNA, nothing to build with. However, here come the telomeres to save the day!

How does it work?

It is quite simply. Telomeres are shortening instead of DNA. As I have said before, telomeres do not carry genes and therefore it is not really important how long they are, as long as they carry out their function. When the telomere becomes too short, the chromosome reaches a "critical length" and the integrity of DNA is in danger, the cell receives a signal saying “Stop dividing!” or in a more severe case “Die!” And so the cell does. The shortening of telomeres is one of the aging mechanisms used by cells, as well as the entire organisms.

Telomerase

It is only natural that telomeres are shortening and the cells eventually die, but the process must be regulated. The enzyme telomerase is responsible for that. Its body contains a short RNA strand which serves as a template for new telomere repeats that are attached to already existing chromosomes. This way the telomeres are elongated. Nevertheless telomerase activity is not desired at all times. 

So when is telomerase active?

In humans, telomerase is active in embryonic tissues, germ and stem cells. On the other hand it has almost undetectable activity in adult somatic cells. If telomerase was active throughout the life of the cell, telomeres would not be shortening and the cell would be immortal. However, there are not many flawless systems and this is no exception. The problem of this phenomenon can be observed in tumor cells. To make it even more interesting, what is true about telomerase in human cells is not valid for plants. In plants, high telomerase activity is found in seedlings, flowers, immature fruits and meristem, which is a plant tissue found in regions that are capable of growth ("Meristem"). Furthermore it is nothing unusual to see telomerase being reactivated, particularly in parts in which growth is necessary.

Why is it so interesting?

Despite the fact that it might seem as another boring chapter from biology textbook, scientists all over the world are fascinated by telomeres and telomerase. They are conducting research on various organisms trying to understand this subject thoroughly and to possibly be the first ones to make an important scientific breakthrough. Do you wonder what is it they are looking for? Let’s see, I have a small hint for you. When a telomere shortens to the point that the chromosome reaches a critical length, the cell receives a signal saying “Die!” right? Now, what would happen if the cell ignored this signal and continued dividing? Also if the telomerase was active at all times, thus making the cell immortal, would it be bad for us? 

Well the answer is double sided. The idea of immortal life is certainly tempting and it has been on people’s mind since forever, but it is most likely a question of distant future. Rather more relevant problem is the presence of active telomerase in cancer cells. The fact that this type of cells can divide infinitely and uncontrollably is quite alarming and there is no natural way to stop it, because the cell refuses to destroy itself.

The good news is that the better we know the mechanisms standing behind cancer, the better chance we have in finding a treatment or more preferably in preventing the origin of this disease in the first place!
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[2 ] DNA polymerase, creating new copies of DNA, adopted from http://dnaandgenome.blogspot.cz/2010_09_01_archive.html
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