Investigating Oscillation Loss in Computational Islets
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Problem and Motivation Classes of Metabolic Behavior
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metabollically and electrically.

_ Three types of behaviors exhibited by heterogeneous cells at differing coupling strengths and initial conditions:
We simulate open mut-ateld _K(ATP_) chan.nels and (left) asynchronous oscillation death, (center) synchronous oscillation death, and (right) continued oscillation.
analyze bursting behavior in islets with various per-

centages of mutated cells.

Results
Model
Initial Conditions at Which Loss Occurs Open Mutations and Voltage Bursting
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. TK +ICa+TK (Ca) K (ATP) Coupling strengths kept constant at (V) 75 pS, (G6P) Coupling strengths kept constant at (V) 75 pS, (G6P)
qar = o , 0.01 ms™*, and (FBP) 0.001 ms~'. Blue regions 0Oms ', and (FBP) 0 ms™*. As the number of cells with

describe continuing oscillations, green regions describe open K(ATP) channel mutations increases, the number
asynchronous oscillation death, and red regions describe of voltage bursts gradually decreases. Voltage bursts dis-
synchronous oscillation death. appear when 93 of the 125 cells are mutated.

where Ik, Ic,, and IK(Ca) are other currents in the
islet [1].

We set 0 ([ADP]) to be constantly 0.0075 to model
channels that are always open.

_ Conclusions
Numerical Study

e Given set coupling strengths and initial concentrations of G6P and FBP, we can predict the class of solution of
We use a memory-modified version of Matlab’s stiff our multicellular islet. Providing a perturbation sufficient to alter the concentrations of the two metabolites so
ODE solver odel5s and supply a sparse Jacobian de- that they lie in a different basin of attraction, we can switch between bistable solutions; this extends a result in
rived analytically by the automatic differentiation soft- coupled cells from [2] to the multicellular islet.

ware ADiMat [3].

Wall clock time in HH:MM:SS for coupling (V) 75 pS, e Electrical bursting in a 125-cell islet reduces with the addition of cells with mutant open K(ATP) channels and
(G6P) 0.01 ms™ 1, (FBP) 0.001 ms— ' with ADiMat disappears altogether when the count of mutated cells reaches 74 percent. This behavior is independent of strength

for 200,000 ms in the ‘grouped’ distribution. of electrical and metabolic coupling. Runs with a 27-cell islet also have a 74 percent threshold, suggesting islet
size independence. Mutant cell arrangement within the islet also did not affect threshold.
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