Cracking the calcium code - data-driven modelling of Ca**

puffs
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The Ca?™* signalling system...

%% is vital for cellular function

ﬂ{% plays an important role in the function of muscle contraction of

the heart and survival in neurons

l can be harmed by disease, the side effect of drugs or mutation

@ when abnormal, has been linked to heart failure and

neurological diseases

Biological Overview

Intracellular stores have
IP;R whose pore open anc
close stochastically

[P; binds an IP3R,
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intracellular signals

%%M&% \\ This regulates the

flow of ions across
the cell membrane

This releases Ca®* ions into the cytoplasm
where they activate proteins to carry out

Ca’™ Blips, Puffs and Waves

* released through a single IP;R
is caIIed a Ca** blip.
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https://neuroscientificallychallenged.com/glossar
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A Ca“*blip influences the
neighbouring IP;R to open with a

-channe

Ca“™ released from a cluster of IP;R

. is known as a Ca%™* puff.

Ca’* puffs can generate a
signal that spreads over
the entire cell, called a
Ca?* wave.

oy

Amplitude

To study how to molecular modifications of the IP3R
channel affect Ca?™ signalling

Statistical Analysis of Ca** Puffs

Interpuff interval :

the time between subsequent Euffs
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Probability distributions of key

statistics:
help with understanding the
underlying mechanisms of the
Ca®* signalling system
are used to parameterise the
mathematical model of the
Ca®t signalling system
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Statistics from Ca?* puff
dynamics can provide insight
into the Ca?™ signalling system
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Methods: Hybrid Stochastic Systems

Ordinary differential equations coupled with Markov
models can be used to model the Ca?* signalling

system

Simulating the stochastic behaviour of IP3;R using

Markov Models
qCO

d.o: closed to open rate
d,c: open to closed rate
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Modelling Ca** fluxes using ODES
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Results

Simulated Ca?™ puffs using the
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Next Steps

@% Ca?* puff data from mutated IP;R will be statistically analysed

DD”D\ Statistics will be used to parameterise mathematical model

|
_(@)- Model will have the potential to be analysed using deterministic
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partial differential equations to provide systematic insights.



