
Phosphoregulation of the Ryanodine receptor through 
calcium-CaMKII cardiac t-tubules: a modeling study 

 
A. Project Scope 

Spatio-temporal dynamics of calcium, particularly in cardiac muscle cells (cardiomyocytes) is 
tightly coupled to both cellular geometry and 
function. A critical geometric feature for calcium 
handling in these cells is the dyadic junctions. As 
shown in Figure 1 (from (Poláková and Sobie 
2013), in healthy cells, this dyadic junction is 
comprised of a t-tubule in close proximity to the 
sarcoplasmic reticulum. In diseased state, the 
geometric arrangement of the dyad is disrupted. 
Even though many studies agree that geometry 
is a critical part of a cardiomyocytes 
structure-function relationship, there are very few 
models that take the detailed geometric structure 
of this region into account. On the other hand, 
advances in imaging and super-resolution 
microscopy have allowed us to visualize the 
intracellular architecture of these cells and also 
the location of the Ryanodine receptors in the 
calcium release unit. Indeed, a recent study by 
scientists at UiO showed that heart failure leads 
to disruption of RyR clusters and slow calcium 

kinetics when compared to healthy cells. These findings naturally lead to the following question: 
1) How does the geometry of the dyad affect calcium handling? 2) How do calcium kinetics in a 
dyad influence RyR phosphorylation, and vice versa? And 3) How are these relationships 
altered in disease states? Answering these questions requires a combination of experiments 
and computational modeling.  
 
In this project, we will answer these questions using a sequence of increasingly complex 
models. From the computational modeling standpoint, we propose to use a framework recently 
developed in the Rangamani lab [1] to simulate realistic geometries of cellular structures 
including organelles using surface and volume meshing techniques. We will begin with an 
well-mixed model to simulate the dynamics of calcium-CaMKII in dyads [2] and then extend this 
model to RyR phosphorylation. This model will be constrained by experimental measurements 
of calcium kinetics. Then we will translate this model into spatial models with idealized 
geometries to establish the parameters and the boundary conditions on the plasma membrane 
and the SR membrane [3]. After establishing the parameter space in the idealized model, we 
will then simulate the pathway developed in realistic geometries from 3D reconstructions. The 
group of Dr. William Louch at the University of Oslo will provide state-of-the-art images of dyadic 
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structure through a combination of Correlative Light Electron Microscopy (CLEM) and dSTORM 
imaging for molecule localization. Based on this series of systematic studies, we expect to be 
able to predict how much calcium leak is needed for RyR phosphorylation.  
 

1. CT Lee, JG Laughlin, NA de La Beaumelle, RE Amaro,JA McCammon, R  Ramamoorthi, MJ Holst, and P 
Rangamani. GAMer 2: A System for 3D Mesh Processing of Cellular Electron Micrographs. arXiv e-prints, 
2019. 

2. S. Morotti, AG Edwards, AD McCulloch, DM Bers and E Grandi. A novel computational model of mouse 
myocyte electrophysiology to assess the synergy between Na+ loading and CaMKII. J Physiol 592.6 (2014) 
pp 1181–1197 

3. RC Calizo, A Ron, M Hu, S Bhattacharya, WGM Janssen, J Hone, S Scarlata, P Rangamani and R Iyengar. 
Cell shape regulates subcellular organelle location to control short-term Ca2+ signal dynamics in VSMC.  
 

Inter-institutional collaboration 
(1) This project will be based primarily at Simula. 
(2) Contributing faculty at Simula/UiO 

(a) William Louch, Professor, UiO/OUS 
(b) Aslak Tveito, Professor, Simula 
(c) Glenn Lines, Associate Professor, Simula 

(3) Contributing faculty at UCSD 
(a) Padmini Rangamani, Associate Professor, UCSD Mechanical and Aerospace 

Engineering 
 
International and Local Training 
(1) Courses to be taken at UiO: MNSES9100 (Science, Ethics, and Society – 5 credits), 
Communicating Scientific Research (Simula – 5 credits), INF9560 (Computational Physiology, 
10 credits) 
(2) Additional professional/research training activities at UiO/Simula:  The annual Simula-UCSD 
Summer School in Computational Physiology held in Oslo and San Diego. In Oslo, the student 
will be expected to attend and contribute to regular (fortnightly) project meetings held by the 
Computational Physiology group at Simula, and also to less regularly present progress on the 
project to Dr. Louch’s group at UiO and Oslo University Hospital Ullevål, where project meetings 
are held weekly. 
(3) Additional professional/research training activities at UCSD: Dr. Rangamani’s group meeting 
is held every week on Wednesday and the participating student is expected to participate and 
present research progress on a regular basis. The MAE department holds weekly seminars in 
biomechanics and mechanobiology and the student is expected to attend these seminars on a 
regular basis. There are other seminar series on campus that are of broad interest to 
biomechanics including the BioE seminar and the qBio seminar.  


