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�e ICS biosensor is capable of detecting femto-molar 
concentrations of target species including proteins, hormones, 
polypeptides, microorganisms, oligonucleotides, DNA segments, 
and polymers in cluttered electrolyte environments [10-12]. �is 
remarkable detection ability is achieved using engineered receptor 
cites connected to mobile gA monomers and biotinylated lipids in the 
tethered membrane, refer to Figure 1. By measuring the dynamics of 
the membrane conductance, the concentration of a speci�c analyte 
can be estimated. In reference to Figure 1, the mobile gA monomer is 
tethered to a biological receptor such as a nucleotide or antibody which 
binds to speci�c target species. In the neighbourhood of the mobile 
gA, a tethered monolayer lipid is present with the tethered receptor 
present in contact with the analyte solution. When the receptor 
binds to the analyte, the mobile gA monomer di�uses to the tethered 
lipid causing the conducting gA dimer to break. As an ensemble of 
gA dimers dissociate, the conductance of the membrane decreases. 
Measurement of the conductance change allows both the detection of 
the analyte species and a estimate of the concentration of the analyte 
species in cluttered environments as the receptor is designed to bind to 
a speci�c target species. To relate the analyte concentration to changes 
in membrane conductance requires the use of an electrodi�usive 
model for the analyte coupled with the surface reactions present at 
the tethered membrane surface. In the Materials and Methods section, 
we have constructed dynamic models for estimating the analyte 
concentration and surface reaction rates at the tethered membrane 
surface for estimating the analyte concentration. 

 To illustrate the application of the ICS, we compare the predicted 

membrane conductance with experimentally measured membrane 
conductance for the analyte species streptavidin [14] and ferritin 
[15]. Streptavidin provides a useful example as the binding a�nity 
for streptavidin to biotin is extraordinarily high [16]. Analyte 
concentrations of 1000 pM, 100 pM, and 10 pM of streptavidin are 
used for experimental validation of the dynamic models presented. 
Streptavidin has a molecular weight of 52.8 kDa; to illustrate the 
detection characteristics of the ICS for larger molecules we consider 
ferritin which has a molecular weight of 450 kDa. Ferritin plays a 
central role in the transport, storage, and release of iron. It is known 
that ferritin concentrations increase drastically in organisms with 
pathogenic infections or cancer. �erefore, the ability to detect such 
an event is helpful for rapid point-of-care diagnostics useful for patient 
healthcare. We consider the detection of 200 pM, 400 pM, and 600 pM 
concentrations of ferritin using experimental measurements from the 
ICS. 

�e paper proceeds by presenting how the ICS sensor is constructed, 
dynamic models, and parameter estimation in the Methods and 
Materials section. �e Results and Discussion section illustrates the 
predictive accuracy of the dynamic models developed in the Methods 
and Materials section for the experimental measurement of streptavidin 
and ferritin. Closing remarks are provided in the Conclusion section.

Methods and Materials
In this section the formation and predictive models of the ICS 

biosensor are presented. Note that the models presented in this 
section can be considered as extensions to the models presented for 
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the BIACORE surface plasmon resonance optical system and sandwich 
assay lateral �ow bio-reactors [17-19]. 

Ion channel switch biosensor construction

�e construction and formation of the ICS biosensor can be found 
in [7,20,21], for completeness the experimental setup of the ICS is 
presented below.

�e ICS is supported by a 1×25×75 mm polycarbonate slide 
onto which is patterned a 100 nm vacuum magnetron sputtered gold 
electrode array possessing six 0.7×3 mm active areas of membrane 
each of which is enclosed in a �ow cell with a common gold return 
electrode. �e sputtered gold surface is immersed in an ethanol solution 
containing the tethering species comprised of tethered gA monomers 
(tether-gA), membrane spanning lipids (MSLOH), biotinylated 
membrane spanning lipid (MSLB), and half membrane spanning 
lipids (DLP). �e chemical structures of tether-gA, MSLOH, MSLB 
and DLP are given in Figure 1. �e gold surface is immersed in the 
tethering solution for a period of 10 min. Following an alcohol rinse, 5 
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In (5), Ao is the analyte concentration at the inlet, and ξ(t) is the 
surface �ux of analyte species c^A resulting from the chemical reactions 
(4). Given the time-scale of the conductance measurements is seconds, 
we assume that the velocity �eld v is a fully developed laminar �ow with 
a parabolic velocity pro�le given by:

w

6Q z zv(z) ( )( )(1 ),
L h h h
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ferritin computed using (3a) and (6) with boundary conditions (5) 
and parameters estimated from (8) are in excellent agreement with the 
experimentally measured conductance. Note that the conductance is 
estimated using (2) with the drive potential having a magnitude of 20 mV. 

Figure 3 presents the numerically estimated and measured 
conductance of the ICS for the detection of streptavidin for known 
concentrations of 1000 pM, 100 pM, and 10 pM. As seen in Figure 3, 
the experimentally measured and numerically predicted conductance 
are in excellent agreement. Note that for low analyte concentrations, 
the di�usive properties of the analyte greatly in�uence the population 
of gA dimers on the surface of the ICS. As seen from Figure 3, using 
the advection-di�usion PDE coupled with the surface reaction allows 
an accurate estimate of analyte concentrations of pM concentration. 

By adjusting the number of binding cites and �ow rate, it is possible 
to use the ICS to detect femto-molar concentrations of species [11,12]. 
�e selection of the number of binding cites and �ow rate optimal for 
detecting a certain concentration of analyte species can be done using 
(3a) and (6) with boundary conditions (5). 

To illustrate the detection capability of the ICS for large analyte 
molecules, we consider the detection of ferritin which has a molecular 
weight of 450 kDa, as compared with streptavidin with a molecular 
weight of 52.8 kDa. Note that for the detection of ferritin, biotinylated 
antibody receptors are added to the solution that bind to the ferritin 
molecules. �e ferritin biotinylated antibody complexes then bind to 
the tethered membrane biotinylated lipid molecules. Figure 4 presents 
the numerically estimated and measured conductance of the ICS for 
the detection of ferritin for known concentrations of 200 pM, 400 pM, 
and 600 pM. As seen in Figure 3, the experimentally measured and 
numerically predicted conductance are in excellent agreement. 

 What is the lower limit of analyte concentration that could be 
measured using the ICS? Since the detection mechanism of the ICS 
is dependent on detecting changes in membrane conductance, the 
question is equivalent to asking when is 
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