
• My name is Özge Özkaya and I am Postdoctoral Research Associate in the 
Department of Genetics at the University of Leicester, working in the lab of Dr Rosato, 
Dr Giorgini and Prof Kyriacou. !!

• I am originally from Turkey. I came to the UK in 2000 to study for an MSc. in Molecular 
Genetics at Leicester. My master’s project was on Biological Clocks, which I will come 
back to. I had a 1 year scholarship from Turkey and the British Council and the plan 
was that I was going to go back after my master’s.!!

• But I really wanted to do a PhD. It was quite hard for me to find a scholarship because 
of my nationality but I managed to secure funding from QMUL to study for a PhD. My 
PhD project was on a different kind of clock, a developmental clock. We were using 
zebrafish as a model system to study muscle development. !!

• After my PhD I came back to Leicester and started my first post-doc on characterising 
the circadian clock in krill. (Those of you who have children will have watched Finding 
Nemo, krill are what the whales try to eat in one of the scenes in the movie.)!!

• But my current project is on Huntington’s Disease and I am using the circadian clock as 
a readout of neuronal dysfunction.!!

• My work is funded by the NC3Rs: the National Centre for Replacement Refinement 
and Reduction of Animals in Research.!!!!!!

• Huntington’s Disease was first described by George Huntington, an American 
physician, in 1872. (He was a medical doctor and he only wrote 2 scientific papers in 
his life. The first one was where he described the disease.)!!

• HD is a neurodegenerative disease: it affects the nervous system and causes the brain 
to degenerate.!!

• The symptoms include involuntary muscle movements, psychiatric problems, cognitive 
decline and dementia.!!

• Symptoms usually develop in older age but this varies dramatically.!!
• It affects 1:10 000 people worldwide.!!
• It is an autosomal dominant hereditary disease (explain).!



• The gene responsible of the disease is called Huntingtin (IT15). Function unknown but 
important developmental gene (lethal in mice).!!

• Expressed in all cells but especially in neurones and testes.!!
• The gene: 9432 bp long (explain) -  26 letters in the english alphabet, only 4 in DNA 

etc…!!
• At the beginning of the gene there is a CAG repeat (stutter region).!!
• <28 repeats : Normal, Unaffected!
     28-35 repeats: Intermediate, Unaffected!
     36-40 repeats: Reduced penetrance, +/- Affected!
     >40 repeats: Full penetrance, Affected!
The absence of HD pathology has not been documented in any individual with an HD 
allele size of > 40 CAG repeats, therefore positive results are 100% specific.!
Allele sizes of 26 CAG repeats and lower have never been associated with an HD 
phenotype in any published study.!!
•  The age of onset of the disease is correlated with the number of repeats: the longer the 

repeat the earlier the onset. (longest known case: 250 repeats-juvenile onset HD).!
•  Other genetic modifiers must play a role.!!
• The protein that has a long repeats cannot fold properly and becomes sticky. The cells 

than pack these sticky proteins into aggregates (thought to be protective for the cell). But 
the cell eventually dies. !!

• Because neurons do not divide the effect of aggregates cannot be diluted down. !!!!!!
• I am Circadian Biologist.!!
• Circadian clocks are biological clocks that control our daily rhythms. !!
• The name comes from latin circa= about diem= a day.!!
• They are what make us feel hungry, sleepy, more alert at certain times of the day, they 

make us wake up more or less at the same time even if we don’t have the alarm clock 
on. They are also responsible of us being jet lagged when we travel very fast through 
different time zones. i.e when we go to USA or Australia. !



!
• But our jet lag passes after a few days and this is because our circadian clocks can be 

re-entrained, i.e. reset to the new light regime.!!
• So to summarise the 3 main characteristics of a biological clock are:!
      1. they are endogenous!
      2. they are entrainable!
      3. they are temperature compensated!!
• Endogenous: they persist under constant conditions: if I were to put you in a cave for a 

month without any external cues (and this sort of experiments have been done on 
human subjects in the 70s) you would function in a roughly 24h rhythm.!!

• Entrainable: your clock will re-set to a new light dark cycle after a few days, for 
example following fast transatlantic travel.!!

• Temperature compensated: is not affected by temperature: will not run faster when hot 
or slower when cold etc. !!

• Circadian clocks are thought to have evolved in the early cells to protect the replicating 
DNA from the harmful UV rays of the sun by constraining the DNA replication to the 
night.!!

• They help organisms to anticipate the changes in the environment to live in and 
organise their behaviour and physiology accordingly.!!

• Circadian rhythms all living organisms have them (from single cellular cyanobacteria to 
humans, and everything else in between). You might have witnessed your house plants 
“sleeping and waking”. This is very noticeable in oxalys for example, a purple leaved 
house plant that close down their leaves at night and open them up again the next 
morning. They continue doing this in a 24h cycle even in constant darkness (again 
endogenous clock as opposed to just a response to light). !!

• Other organisms also display circadian rhythmicity in their behaviour and physiology. 
For example the oxygen consumption of the budding yeast cycles with a 24 h cycle and  
neurospora which is a kind of bread mold develops in a circadian manner. !!!!!!!



• Another interesting organism that has a circadian clock is the fruit fly Drosophila 
melanogaster. !!

• You can find it in your composting bin (origin of name). red eyes.!!
• It’s a great Genetic model organism. !!
• why: easy and cheep to keep, short generation time, high fecundity (a single female 

can lay up to 400 eggs a day), developed genetic tool kit. It only has 4 pairs of 
chromosomes, the genome is sequenced (165 million base pairs, 13 000 genes) (20X 
as many base pairs (3.3 billion) and 2X as many genes (26 000). We share 50% of our 
proteins with the flies and 75% of human disease genes have a counterpart in the fly. - 
You can see where I am going here?!!

• Flies have a highly developed nervous system and they display an array of complex 
behaviours (courtship, aggression and circadian rhythms). !!

• We understand fairly well how the circadian clock works in the fly brain. There are 
about 150 neurones (out of 100 000) in the fly brain that have a molecular circadian 
clock. !!

• At the molecular level, we understand fairly well how the molecular clock works in the 
fly. I am going to ask you to watch a you tube video that animates the model. This is 
part of the lecture of a famous professor in the field of chronobiology, Michael Rosbash 
from Brandeis University. But beforehand I need to introduce a few concepts:!!

• The central dogma in genetics says that a gene is first transcribed, in other words 
copied, read, into a messenger molecule, we call this mRNA, the code that is in the 
mRNA is then translated into a protein. gene-messenger-protein.!!

• The gene is in the nucleus of the cell, the message is copied there and then moves out 
of the nucleus and into the cytoplasm, that’s where it’s translated. The complex or 
machinery that translates the molecule is called a Ribosome. But what determines 
which gene is going to be copied in which cell is determined by a sequence at the 
beginning of the gene called a promotor. For the transcription to begin, or in other 
words, the gene to start being read, a certain molecule needs to bind to the promoter. 
We call molecules like this transcription factors. !!

• This happens in all the cells of our body all the time, so it’s not specific to clock cells, 
this is what a cell does and how our bodies function.!!

• The video is only about 4 minutes long and it’s very nice because it starts really simple 
and then a new level of complexity is added to the model that has been introduced.!



• The molecules that he talks about are called period, timeless, clock and cycle, being 
clock molecules and he will explain how these molecules will form what we call a 
negative feed-back loop to create an oscillator inside the cell.!!

• Video: http://www.youtube.com/watch?v=zB4VBpv9rn4!!!!!
• What has this all got to do with HD?!!
• Since we know the gene that causes HD, we can inject it in the flies, in other words we 

can make the flies get Huntington’s disease.!!
• But instead of making them express the mutant gene (the one with a lot of CAG 

repeats) in every cell of their body, we can make it active only in their clock neurons. 
(And we can do that with flies, because they are cool like that!)!!

• We can then look at their circadian rhythmicity and compare it to that of a normal fly. !!
• This way we will have used circadian rhythmicity as a read out of neuronal dysfunction.!!
• In normal flies: the way we study circadian rhythmicity is by putting individual flies in 

locomotor activity tubes (food + cotton) and loading them into a machine. We can look 
at 100s of flies at once- semi-automated. The flies walk up and down the tube. In the 
machine there is an infrared beam which takes a count each time the fly crosses it. 
Then we plot these into a graph and what we obtain is activity graphs that show how 
much the flies have moved throughout the day. A normal fly will show a peak of activity 
just before the lights come on, so they “know”, endogenous clock, and just before the 
lights are about to go off. !!

• Evolutionary significance of this…!!
• We then move them in DD and we can still see the peaks of activity (again endogenous 

clock). We repeat the experiment with flies expressing the mutant HTT gene in their 
clock neurons and try to see a difference in  their behaviour. !!

• But our system is even more elaborate. We can actually turn on and off the mutant HTT  
gene. This way we can ask what happens when we turn on the mutant gene later in the 
life of the fly when they are old, and then turn it off, see if they recover or have it on 
while they develop and then turn it off when they are old and see if that has an effect 
etc…!



• As I said because we can work with hundreds of flies, we can then start testing 
compounds or genes that ameliorate the phenotype, in other words the abnormal 
circadian rhythmicity caused by the mHTT gene in a relatively short period of time. !!

• We can then move up to higher organisms such as mice to test the compounds and 
genes which are promising to ultimately translate our finding into human trials. !!

• This will dramatically cut down the number of rodents that we would otherwise will have  
had to use.!!

• Work funded by the NC3Rs: the National Centre for Replacement Refinement and 
Reduction of Animals in Research!!!!!!

• To wrap up, I introduced you to HD and what a terrible disease it is.!!
• How genetics has helped us understand the basics of the disease.!!
• I then introduced circadian rhythms, which are very cool in themselves if you ask me.!!
• I showed you how they can be used to understand the biology of disease.!!
• Of course how amazing fruit flies are, how they can be used to model biological 

processes including disease and how similar these biological processes are among 
living organisms.!!!!


