
Text S1: Fractional Order Macroscopic Model of Tethered Bilayer Lipid Membrane
The fractional order macroscopic model is used to predict important biological parameters (i.e. line tension, surface tension, membrane
capacitance, and membrane conductance) from the current response of the tethered bilayer lipid membrane. The macroscopic model
is constructed by making asymptotic approximations to the Smoluchowski-Einstein equation 6, 72-74 and coupling the result with a
system of nonlinear fractional order differential equations that model the surface and electrolyte dynamics.

At the electrode to electrolyte interface there exists electrical double layers. For a planar electrode with no defects or tethers, this
interface can be modeled using an ideal capacitor. However, as a result of the electrode surface containing minor defects from the
manufacturing process, and the spacers and tethers bound to the electrode surface, there may exist diffusion-limited processes including:
charge transfer and adsorption 38. In the macroscopic model, these processes are modeled using a fractional capacitor (i.e. the capacitor
voltage is related, by a fractional order differential operator, to the current traveling through the capacitor). Ctdl, and Cbdl denote the
fractional order capacitances for the counter electrode and electrode respectively. The bulk electrolyte solution is modeled as completely
ohmic with resistance Re. The charging dynamics of the membrane is modeled by the capacitance Cm. The tethered membrane
conductance Gm is both time and membrane voltage dependent as a result of the formation and destruction of aqueous pores. The
excitation potential Vs(t) applied across the two electrodes closes the circuit. The governing equations of the macroscopic model of the
tethered membrane are given by:
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whereCdl is the total capacitance ofCtdl andCbdl in series with p denoting the order of the fractional order operator, Vm is the transmem-
brane potential, and Vdl is the double-layer potential. Given the drive potential Vs(t), and the static circuit parametersCtdl, Cbdl, Cm, and
electrolyte resistance Re, the membrane conductance Gm can be estimated from the measured current I(t). For a sinusoidal excitation
potential with magnitude below 50 mV and frequency f , the impedance of the tethered membrane is given by:
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with j denoting
√
−1. For a membrane containing negligible defects the typical values for membrane capacitance and conductance are

0.5-1.3 µF/cm2 and 0.5-2.0 µS for an intact 1%-100% tethered membrane with surface area 2.1 mm2–the surface area of the tethered
membrane. Note that if an excitation potential above 50 mV is used then Gm will vary as a result of the formation and destruction
of aqueous pores in the tethered membrane. The dynamics of Gm in (S1) can be modeled using asymptotic approximations to the
Smoluchowski-Einstein as illustrated in 6.

The coupled nonlinear fractional order differential equation (S1) are numerically solved using the method presented in 6.The numer-
ical parameters for the fractional order model are provided in the Supplementary Information S1.


