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ABSTRACT 

Introduction: The circadian clock, or circadian oscillator, 
in most living things makes it possible for organisms to 
coordinate their biology and behavior with daily and 
seasonal changes in the day-night cycle.  
Goals: Our first goal was to implement Tyson’s circadian 
model of Drosophila. Once done this, we analyzed the 
dynamics of Tyson’s model for intercellular coupling. 
Methods and Results: Three different experiments were 
performed in order to study different cases of intercellular 
coupling. We observed that from heterogeneous dynamics 
cell-to-cell, with cellular coupling we got a perfect 
synchronization of its behaviors. 
All these implementations were coded in Python. 
Conclusions: Cellular coupling of heterogeneous dynamics 
ensures perfect period synchronization. 
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1. INTRODUCTION 

In mammals, the circadian pacemaker is composed of about 
20.000 neurons, called the suprachiasmatic nucleus (SCN) 
located in the hypothalamus. In each SCN neuron, a genetic 
regulatory network enables the circadian expression of the 
clock genes, which are implicated in circadian cycle. 
Individual oscillations of these cells, results in a highly 
heterogeneous dynamics (period of the oscillations varies 
from cell to cell) [2].  
In order to “organize” this heterogeneous cellular behavior, 
an intercellular coupling is needed. Neurotransmitters ensure 
cell-to-cell communication (intercellular coupling), and 
thereby the synchronization of the cellular rhythms [2].  
 

2. GOALS 
Our first goal was to implement Tyson’s circadian model of 
Drosophila for different number of cells in order to observe 
if the individual dynamics differ or not between them. Once 
done this, we focused on analyze this dynamics of Tyson's 
models for intercellular coupling of that cells. For last, we 
analyzed the effect of the coupling constant in our system. 
 
 
3. METHODS AND RESULTS 
3.1. Implementation of Tyson’s circadian model in 
Drosophila 
Fruit fly Drosophila melanogaster operates on a 24-hour 
schedule maintained by environmental input to an internal 
body clock. The molecular basis of the clock relies on 
oscillations in the activation of particular genes at certain 
times of the day. In Drosophila, per and tim (and its proteins 

product PER and TIM) are these essential components that 
regulates circadian rhythms.  
The key feature of these molecular oscillations is a negative 
feedback loop in which the protein products of genes 
actually turn off production of more protein. The negative 
feedback loop that forms the basis of 
the Drosophila molecular clock occurs at the level of gene 
transcription. 
 
The proteins CYC and CLOCK activate both genes.  
After transcription of these genes, tim and per messenger 
RNA (mRNA) molecules are translated in the cytoplasm to 
make TIM and PER proteins.  
TIM and PER proteins bind to one another to form a 
heterodimer. 
 
The model, therefore, is based in mRNA of both genes (Eq. 
a), monomer PER or TIM (Eq. b) and the dimer PER+TIM 
(Eq. c), in this manner: 
 

 
 
This corresponds to the implementation for one cell. In 
order to do the posterior experiments (coupling), we did 
implement this model for more than one cell; specifically, 
for 2, 4 and 8 cells. To get heterogeneous dynamics from 
cell-to-cell, we realised it by changing the km parameter 
from each cell. We saw different oscillatory behavior (figure 
2). 
 

 
Figure 1: Different individual oscillatory behavior for four 
cells, by increasing Km parameter. 


