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1. Fig S1: Fibroblasts are inserted randomly between myocytes on a system
of size 1024 x 1024. 10 percent of the lattice points are occupied by
fibroblasts (black squares) while the remaining points are occupied by
myocytes. (b) Schematic diagram illustrating diffuse fibrosis with a lattice
of myocytes (circles) interspersed with fibroblasts (ellipses) coupled to the
each other via gap-junctions (broken lines).

2. Fig S2: The effect of coupling with Fibroblast-1 (a) and Fibroblast-2(b)
on a single cell action potential for xGoqr, = 5.0 and yG g, = 0.4 for the
case of no coupling (solid line), Gs = 0.5 nS (broken line) and Gs = 2.0
(dot-dash line).

3. Fig S3: Phase diagram for the different forms of action potentials in the
xGeoar-yG i parameter space for the case of one myocyte coupled to 5
fibroblasts as a function of strength of M-F coupling (Gs), with x and
y corresponding to the factor by which the maximal conductance of Ik,
and Ic,r are multiplied. The top row (a-c) correspond to the case with
fibroblast parameters (Vpr = —49.7 mV and C = 6.3 pF) while the
bottom row (d-f) corresponds to the case with parameters (Vpsg = —24.5
mV and C = 50 pF). Cases that do not describe any reversal of the action
potential before complete repolarization are represented as NO EAD, while
those that show such a reversal are denoted EAD. OSC corresponds to
action potentials that oscillate without returning to their resting state.

4. Fig S4: Fraction of simulations leading to the different dynamical states
observed in Fig.5 for both Fibroblast-1 (a) and Fibroblast-2 (b) are shown
as a function of the M-F coupling strength (Gs). For ease of comparison
the results for the case without fibroblasts is also plotted.

5. Fig S5: Fraction of simulations leading to the different dynamical states
observed in Fig.6 for both Fibroblast-1 (a) and Fibroblast-2 (b) are shown
as a function of the M-F coupling strength (Gs). For the sake of compar-
ison the results for the case without fibroblasts is also plotted.

6. Fig S6: The value of parameter XG4, at which the transition from NO
EAD to EAD state occurs is plotted as a function of the strength of M-
F coupling for values of yGg, = 0.4 (a, d), 0.8 (b, e) and 1.2 (c, f)
respectively for the case C' = 6.3 pF (circle), C' = 14.5 pF (diamond) and
C = 50 pF (square). Panels (a, b, ¢) correspond to resting membrane
potential Vpr = 49.7 mV, while panels (d, e, ) correspond to the case
when Vprp = 24.5 mV.



7. Fig S7:Illustration of the effect of MF coupling on action potentials of my-
ocyte (a) and fibroblast (b), current flowing from a myocyte to (N = 5)
coupled fibroblasts Ip;.r (¢) and myocyte L-type calcium current (d)
for the cases of MF coupling to zero fibroblast (solid line), 5 fibroblasts
with Vpr = —49.7mV (broken line) and Vpr = —24.5mV (dot-dash
line). Fibroblast capacitance Cr = 50 pF and strength of MF coupling
is Gs = 1nS. The current flowing between myocyte and fibroblasts is
Inrior = —N X C%i X (Varyo— Vi), where Viryo and Vi are myocyte and fi-
broblast voltages respectively and C), = 185 pF is the myocyte membrane
capacitance. For the parameters used here (xG¢or = 2.0 and yGg, = 0.4)
while no EADs are observed even in the presence of coupling, depending
on the value of Vpr the myocyte action potential duration either shortens
(broken line) or lengthens (dot-dash line).

8. Fig S8: TIllustration of the effect of MF coupling on action potentials of
myocyte and fibroblast (a), myocyte L-type calcium current (b) and the
current flowing from a myocyte to (N = 5) coupled fibroblasts Insior (€)
for the cases of MF coupling with zero fibroblast (solid line), 5 fibrob-
lasts with Vpr = —49.7mV (broken line) and Vg = —24.5mV (dot-dash
line). Fibroblast capacitance Cr = 50 pF and strength of MF coupling
is Gs = 1nS. The current flowing between myocyte and fibroblasts is
Iviior = —N X g—j X (Varyo — VFr), where Vumyo and Vg are myocyte
and fibroblast voltages respectively and C,, = 185 pF is the myocyte
membrane capacitance. For the parameters used here (xGgqr, = 3.0 and
yGrir = 0.4), EAD occurs only in the presence of MF coupling (broken
line).
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Figure 1: (a)Fibroblasts are inserted randomly between myocytes on a system
of size 1024 x 1024. 10 percent of the lattice points are occupied by fibrob-
lasts (black squares) while the remaining points are occupied by myocytes.
(b) Schematic diagram illustrating diffuse fibrosis with a lattice of myocytes
(circles) interspersed with fibroblasts (ellipses) coupled to the each other via
gap-junctions (broken lines).

Fibroblast-1 Fibroblast-2
60 60
@ ‘ ‘ ©
0 No Fibroblast
--- Gs=05nS
20 = =:-Gs=2.0nS
Z o0 z 0
o T
g-20 g-20
S g
-40 -40
~60 -60
R — -80 -1
250 350 450 550 650 250 350 450 550 650
Time (ms) Time (ms)

Figure 2: The effect of coupling with Fibroblast-1 (a) and Fibroblast-2(b) on a
single cell action potential for xG¢,r, = 5.0 and yG g, = 0.4 for the case of no
coupling (solid line), Gs = 0.5 nS (broken line) and Gs = 2.0 (dot-dash line).
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Figure 3: Phase diagram for the different forms of action potentials in the
xGoar-yG K parameter space for the case of one myocyte coupled to 5 fibrob-
lasts as a function of strength of M-F coupling (Gs), with x and y corresponding
to the factor by which the maximal conductance of Ik, and Ig,r are multi-
plied. The top row (a-c) correspond to the case with fibroblast parameters
(Vpr = —49.7 mV and C = 6.3 pF) while the bottom row (d-f) corresponds to
the case with parameters (Vpsp = —24.5 mV and C' = 50 pF). Cases that do
not describe any reversal of the action potential before complete repolarization
are represented as NO EAD, while those that show such a reversal are denoted
EAD. OSC corresponds to action potentials that oscillate without returning to
their resting state.
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Figure 4: Fraction of simulations leading to the different dynamical states ob-
served in Fig.5 for both Fibroblast-1 (a) and Fibroblast-2 (b) are shown as a
function of the M-F coupling strength (Gs). For ease of comparison the results
for the case without fibroblasts is also plotted.
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[ INOEAD [ INO EAD
0.9 [ ]EAD H 0.9 [ JEAD
08 B s+ I 08 B sF
’ -OSC : Il OsC
0.7 . 1 0.7
8 M M 2 M
£0.6 206
S05 05
204 é 0.4
0.3 0.3
0.2 ] 0.2
0.1 I I I II 1 0.1 I
0 . L L 0
NoFIB 05 2.0 4.0 NoFIB 05 2 4
Gs (nS) Gs (nS)

Figure 5: Fraction of simulations leading to the different dynamical states ob-
served in Fig.6 for both Fibroblast-1 (a) and Fibroblast-2 (b) are shown as a
function of the M-F coupling strength (Gs). For the sake of comparison the
results for the case without fibroblasts is also plotted.
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Figure 6: The value of parameter xG¢,r, at which the transition from NO EAD
to EAD state occurs is plotted as a function of the strength of M-F coupling for
values of yGk, = 0.4 (a, d), 0.8 (b, e) and 1.2 (c, f) respectively for the case
C = 6.3 pF (circle), C = 14.5 pF (diamond) and C' = 50 pF (square). Panels (a,
b, ¢) correspond to resting membrane potential Vg = 49.7 mV, while panels
(d, e, ) correspond to the case when Vpg = 24.5 mV.
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Figure 7: Hlustration of the effect of MF coupling on action potentials of my-
ocyte (a) and fibroblast (b), current flowing from a myocyte to (N = 5) coupled
fibroblasts Instor (c) and myocyte L-type calcium current (d) for the cases of
MF coupling to zero fibroblast (solid line), 5 fibroblasts with Vpr = —49.7mV
(broken line) and Vpr = —24.5mV (dot-dash line). Fibroblast capacitance
Cr = 50 pF and strength of MF coupling is Gs = 1nS. The current flowing be-
tween myocyte and fibroblasts is Ipyrior = —N X CG—TZ X (Varyo — Vr), where Varyo
and Vg are myocyte and fibroblast voltages respectively and C,,, = 185 pF is the
myocyte membrane capacitance. For the parameters used here (xGeoqr = 2.0
and yG g, = 0.4) while no EADs are observed even in the presence of coupling,
depending on the value of Vpgr the myocyte action potential duration either
shortens (broken line) or lengthens (dot-dash line).
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Figure 8: Mlustration of the effect of MF coupling on action potentials of my-
ocyte and fibroblast (a), myocyte L-type calcium current (b) and the current
flowing from a myocyte to (N = 5) coupled fibroblasts Ips+or (c) for the cases of
MF coupling with zero fibroblast (solid line), 5 fibroblasts with Vpr = —49.7mV

(broken line) and Vpr = —24.5mV (dot-dash line). Fibroblast capacitance
Cr = 50 pF and strength of MF coupling is Gs = 1nS. The current flowing be-
tween myocyte and fibroblasts is Iprior = —N X %i X (Varyo — V), where Varyo

and Vg are myocyte and fibroblast voltages respectively and C,,, = 185 pF is the
myocyte membrane capacitance. For the parameters used here (xGcoqr = 3.0
and yGg, = 0.4), EAD occurs only in the presence of MF coupling (broken
line).



