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Multiple cellular organelles tightly orchestrate intracellular calcium (Ca2+) dynamics to reg-
ulate cellular activities and maintain homeostasis. Throughout the cell domain, the endo-
plasmic reticulum (ER) and mitochondria form Ca2+ “hot spots” called mitochondria-associ-
ated ER membranes (MAMs). It has been proposed that the properties of these micro-
domains are closely associated with mitochondrial dysfunction in obesity. 

Arruda et al. [1] showed that in mouse hepatocytes, obesity is linked with a higher degree 
of MAM formation, and higher expression levels of IP3 receptors (IPRs) and mitochondrial 
calcium uniporters (MCUs). In obese mouse hepatocytes, ATP-induced mitochondrial Ca2+ 
signals showed higher peaks, compared to wild type, while the peaks of cytosolic Ca2+ 
signals were similar across the cells. 

We constructed a mathematical model to reproduce the experimental observations in 
Arruda et al., and make predictions about the effects of obesity on Ca2+ dynamics in he-
patocytes.    

Our model simulations predict that in obese mouse hepatocytes:
 (1) Ca2+ oscillations are faster
 (2) mitochondrial Ca2+ oscillations are on a much higher base level, and 
 (3) Ca2+ oscillations are more likely to be abolished under higher levels of agonist

Model Predictions

IPR: Ca2+ releasing channels on the ER membrane;   MCU: Ca2+ sequestering channels on the mitochondrial membrane

Obesity is associated with the upregulation of MAMs, IPRs and MCUs in mouse hepato-
cytes.

Arruda et al. showed that upon ATP stimulation, obese mouse hepatocytes exhibit higher 
peaks of mitochondrial Ca2+ signals, compared to wild type hepatocytes.

Our mathematical model explicitly includes MAM Ca2+ dynamics.

The model simulations are consistent with the experimental observations.

Our model predicts that:
Obesity induces an increase in the oscillation frequency and the base level of mitochon-
drial Ca2+ oscillations.

Obesity induces instability on hepatocytes Ca2+ oscillations under high concentrations of 
agonist.

Conclusions
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Motivation Model Validation

Control vs. Increased MAMs

Figure 2.
Model simulations (left) and experimental data (right, Arruda et al., Fig. 5C) show-
ing effects of increased MAMs on the amplitude of mitochondrial Ca2+ activity.

We performed model simulations with some parameter modifications shown in Table 1 
to reproduce the experimental observations reported by Arruda et al. [1]. 

The model was a given a pulse of stimulus P shown by the inset graph. The green 
dashed lines indicate the onset of the pulse.

An increase in the proportion of MAMs induced about 30% increase in the peak of 
mitochondrial Ca2+ trajectory. 
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Figure 5.
Model simulations show-
ing effects of the cellular 
changes associated with 
obesity on cytosolic (top) 
and mitochondrial (bot-
tom) Ca2+ oscillations
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The model was simulated with a constant level of stimulus P continuously. 

The same stimulation was given to the model under the control condition and the obesity 
condition.

The Ca2+ oscillations generated under the obesity condition:
 have a higher frequency,
 have a higher base level in mitochondria

Figure 6.
Model simulations showing the Ca2+ oscillations generated under the control 
condition (top) and the obesity condition (bottom), at different levels of stimus P

The level of stimulus was incrementally increased from 0μM to 1.2μM.

Ca2+ oscillations generated under the control condition tolerated a wider window of 
stimulus level, compared to those from the obesity condition.

These suggest that, at higher levels of stimulus, obesity compromises the robustness 
of Ca2+ oscillations.
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Figure 4.
Model simulations showing effects of the cellular changes associated with obesity 
on the amplitudes of cytosolic (left) and mitochondrial (right) Ca2+ transients
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The same pulse was applied to the model under two different environments, one that 
represents the control condition and the other that mimics the cellular conditions associ-
ated with obesity.

The peak of mitochondrial Ca2+ trajectory was increased under the obesity condition, 
while that of cytosolic Ca2+ trajectory showed a negligible change.

Table 1.
Model modifications for different conditions
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Figure 3.
Experimental data show-
ing effects of obesity on 
the amplitude of cytosolic 
(right, Arruda et al., 
Supp. Fig. 6B) and mito-
chondrial (left, Arruda et 
al., Fig. 4C) Ca2+ activity.
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