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S1 MODEL DEVELOPMENT

An overview of the development of the model has been described in the manuscript. Here, we present
some additional details. Table S1 presents the parameters, and their values, employed in constructing the
model. Fig. S1 illustrates the intercellular coupling of cells and their arrangement in space to form a three
dimensional syncytium. For a more detailed description of the model development, the reader is referred
to Appukuttan et al. (2015).

Table S1. Biophysical properties of the individual cells and the gap junctions coupling them
Parameter Value
Cell length 200 µm
Cell diameter 6 µm
Number of segments/cell 51
Axial resistivity 183 Ωcm
Resting potential -65 mV
Membrane capacitance 1 µF/cm2

Gap junctional resistance 30.6 MΩ

1



Appukuttan et al. Supplement: Influence of Syncytium on AP Shape

Figure S1. Conceptual representation of the construction of the syncytium: (A) gap junctions between
cells were modeled as bi-directional passive resistive pathways. The magnitude and direction of current
flowing across the gap junctional was determined by the potential gradient between the coupled cells,
and the strength of gap junctional coupling, (B) arrangement of cells in a cubic lattice layout to form a
three-dimensional syncytium. Source: Appukuttan et al. (2017)

S2 SIMULATION OF HETEROGENEOUSLY COUPLED SYNCYTIUM

All the earlier simulations involved homogeneous coupling within the syncytium. That is, all cell pairs
were linked identically along each axis. Even in simulations where the gap junctional coupling strength
was varied, this was carried out uniformly across all gap junctions. Here, the homogeneity of the
syncytium was compromised by selectively removing the gap-junction coupling between certain pairs
of cells. Two variants of heterogeneous coupling was tested within a syncytium of size 5-cube. It would
be useful to note that a 5-cube syncytium in our model has a total of 300 cell pairs; 100 along each axis.

• Probability per gap junction: The decision to form a gap junction between each cell pair was
determined based on a pre-defined probability. The correlation trends for this protocol have been
presented in Table S2.

• Number of coupled cells: In this variant, the total number of gap junctions along each axis was first
determined based on the specified fraction. The specific cell pairs that were coupled was then selected
from a uniform distribution. The correlation trends for this protocol have been presented in Table S3.

The synaptic stimulus was applied to each of the cells in succession. Correlation trends were evaluated
only for the stimulated cell and not for specific locations (e.g. centroid, vertex) as in a heterogeneously
coupled syncytium the locations do not have the same connotation as in a homogeneously coupled
syncytium. It is worth mentioning that the synaptic time constant had to be halved (from 10 ms to 5
ms) for these simulations; still remaining within the experimentally recorded range of 5–89 ms (Young
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Table S2. Correlation between AP features from simulations for a syncytium of size 5-cube, for varying
levels of gap junction coupling probabilities. Stimulus is applied successively at each cell and APs are
recorded from the stimulated cells.

Correlation Stimulated at all cells, Gap junction probability
50% 60% 70% 80% 90% 100%

Height vs Width -0.99 -0.99 -0.98 -0.98 -0.99 -1.00
C25,10 vs AHP 0.74 0.83 0.87 0.90 0.93 0.94
C25,10 vs ADP -0.94 -0.89 -0.86 -0.85 -0.85 -0.89
AHP vs ADP -0.62 -0.73 -0.80 -0.82 -0.88 -0.93

Table S3. Correlation between AP features from simulations for a syncytium of size 5-cube, for varying
fractions of coupled cell pairs. Stimulus is applied successively at each cell and APs are recorded from
the stimulated cells.

Correlation Stimulated at all cells; % Coupled cell pairs
50% 60% 70% 80% 90% 100%

Height vs Width -0.98 -0.99 -0.99 -0.99 -0.98 -0.99
C25,10 vs AHP 0.68 0.79 0.88 0.89 0.91 0.94
C25,10 vs ADP -0.93 -0.88 -0.88 -0.82 -0.87 -0.89
AHP vs ADP -0.57 -0.69 -0.82 -0.83 -0.88 -0.93

et al., 2008). This was done to avoid a second AP arising out of a single stimulus owing to prolonged
depolarization, and the elevated excitability of cells in a sparsely coupled syncytium.

S3 DISCUSSION ON IDENTICAL STIMULATION IN HOMOGENEOUS SYNCYTIUM

The variation in the correlation trends with respect to the gap-junction conductance, Ggap, is shown in
main text of the manuscript as Fig. 9. It was observed that the correlations involving convexity values
(CX,Y vs AHP and CX,Y vs ADP) shows a drastic variation, even changing the sign of the correlation
coefficient. An attempt is made here to investigate the reason behind such an observation.

The individual feature values obtained from all 125 cells for a specific Ggap value were taken from
different locations - (i) centroid, (ii) surface, (iii) edge, and (iv) vertex. The mean values of features were
evaluated and were plotted against Ggap for every Ggap value in the study range. The plots thus obtained
are shown in Fig. S2. Here it can be seen that the mean values shown by the convexity values have a
highly non-monotonic trend.

It is hypothesized that the AP convexity measured by the parameter CX,Y indicates the amplitude of the
sEJP underlying the AP. Here, while increasing Ggap for a same stimulus intensity, the input resistance of
the syncytium decreases which in turn reduces the sEJP amplitudes. If the above hypothesis was true, the
CX,Y value should have shown a monotonous reduction. From the trend of the CX,Y values shown in Fig.
S2, it is not the case which contradicts the hypothesis. This non-monotonic behavior of the CX,Y is the
reason behind the drastic variation of correlation values in Fig. 9 where convexity feature was involved.
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Figure S2. Average feature values obtained for APs observed from specific locations in the homogeneous
syncytium, with respect to variation in gap junctional conductance (Ggap). For a single Ggap value, each
of the 125 cells present in the 5-cube syncytium were stimulated and resulting APs observed from specific
locations indicated in the legend. The features were evaluated from the observed APs and the mean values
were plotted. Note the highly non-monotonic characteristics of the ‘Convexity’ feature.
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