
 

 

BCAM Internship Position Announcement 
The following BCAM Internship position is open at BCAM – Basque Center for Applied 
Mathematics, an interdisciplinary research center located in Bilbao, Basque Country – Spain. 
The interested applicants can apply via the following webpage: 
http://www.bcamath.org/en/research/internships. It is strongly recommended to apply at 
least 3 months before the expected starting date. 
 

INTERNSHIP DATA 
Research topic title: NeuroTransmitter cycle: A Slow-Fast modeling 

approach 
Research topic description: Communications between neurons is primarily 

organised by so-called chemical synapses, where the 
electrical information (spike) available on the 
presynaptic neuron reaches the postsynaptic neuron 
via the action of chemicals termed neurotransmitters 
in the space in between both neurons (synaptic cleft), 
before it can become electrical again. Although there 
is a canonical model of cellular membrane, there is yet 
to develop one for the chemical synapse and this is an 
important part of the collaboration between both 
teams involved in this project, which has already 
yielded preliminary results. Synapses are organised 
through the release of neurotransmitters travelling 
from the presynaptic side to the postsynaptic one, and 
within the presynaptic neuron, they are packaged in 
spheres called vesicles. Vesicles are small sacks located 
in the cytosol on the presynaptic side which contain 
neurotransmitter during one part of their cycle, and 
then release it in the synaptic cleft by fusing with the 
presynaptic plasma membrane; this is the exocytosis. 
At a later stage of the cycle, they reform from the 
plasma membrane (endocytosis) and get refiled with 
neurotransmitter molecules. This succession of 
biochemical processes form the vesicle cycle.  
Through the current project, we propose to model the 
entire vesicle cycle within a parsimonious yet 
biologically plausible mathematical framework. This 
will both fill a gap between the latest experimental 
results on this key aspect of neural activity and 
models, as well as touch upon related questions of 
short-term plasticity (STP), which is the phenomenon 
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by which connections between neuron can strengthen 
or weaken over time, within a single stimulation. Many 
factors shape and affect STP (internal, external, 
homeostatic, etc..) and the vesicle cycle certainly plays 
a central role. Precise models incorporating the 
complete vesicle biomolecular machinery, in link with 
STP, are not yet available and there is a timely need to 
develop them, in link with experimental data. These 
models should be simple enough that they allow for 
more than just computational treatment; they should 
be biologically motivated and plausible. Finally, they 
should be scalable in order to understand the link 
from the single neuron to the micro-circuit and to the 
neural population, with the aim to provide a better to 
understand brain states, both healthy and 
pathological, through models and in link with 
experimental data.  
 

Keywords: neurotransmitter release, slow-fast dynamics, 
parameter fitting, way-in-way-out-function. 

Required knowledge and skills: programming in Matlab, notions of dynamical systems 
Required language skills1: English 
Duration and dates: 3 months and 1/10/2018 to 31/10/2018 
Covered expenses: To be negotiated 
Application deadline:  
 

SUPERVISOR DATA 
Supervisor: Prof. Serafim Rodrigues 
Research line: MCEN 
Email: srodrigues@bcamath.org 

                                                           
1 Note that English is the official language at BCAM. 
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