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ABSTRACT An ion channel biosensor is described for label-free detection of inhibitors which bind to 

the coiled coil domain of Human Immunodeficiency Virus Type 1 gp41.  Gp41 is the viral 

transmembrane glycoprotein responsible for fusion between HIV-1 and host cells. The N-terminal 

coiled coil domain binds three antiparallel C-heptad repeat peptides in the six helix bundle structure of 

trimeric gp41 that forms during fusion.  Compounds able to prevent six-helix bundle formation by 

binding to the gp41 coiled coil could inhibit fusion and have important therapeutic potential.  We have 
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immobilized on gold a positively charged metallopeptide mimic of a section of the gp41 coiled coil 

containing a hydrophobic pocket suitable for small molecule binding.  We demonstrate that the resulting 

sensor is able to transmit a current in the presence of negatively charged redox marker ions, therefore 

acting as an artificial ion channel.  The electrochemical signal, measured by cyclic voltammetry, was 

modulated by specific analyte binding to the coiled coil.  Nanomolar quantities of peptides and small 

molecules that bind in the hydrophobic pocket could be selectively detected, providing a method for 

label-free detection of binding to gp41. 

KEYWORDS   HIV-1 gp41, metallopeptide, ion channel sensor, biosensor, cyclic voltammetry, 

fusion inhibitors, surface plasmon resonance 

MAIN TEXT: Biosensors have been widely applied in various fields for analyte detection due to their 

simplicity, high sensitivity and potential ability for real-time and on-site analysis.  The typical biosensor 

is tailored for detection of a specific analyte, often using optical or electrochemical transduction 

systems1-3.  Application of biosensors in the pharmaceutical arena is growing4,5 with the goal of 

achieving high throughput screening of combinatorial libraries for label-free detection of new drugs.  A 

biosensor for this application should be able to discriminate between multiple analytes, ideally ranking 

them by binding affinity. 

 In this paper we demonstrate an artificial ion channel biosensor for specific detection of inhibitors 

that bind to the N-terminal coiled coil domain of the glycoprotein gp41 of Human Immunodeficiency 

Virus Type 1 (HIV-1). The gp41 coiled coil is an important target for entry inhibitors that are able to 

prevent fusion of viral and host cell membranes6.   During fusion, a conformational rearrangement of 

gp41 exposes the trimeric coiled coil domain, prior to the formation of a six-helix bundle (6-HB) with 

three antiparallel C-terminal helices of gp417-9.  The existing approved drug against HIV fusion is a 

peptide derived from the C-terminal helix and pre-transmembrane region, Enfuvirtide® (T20), which 
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has high potency but poor bioavailability10.  Methods to identify low molecular weight fusion inhibitors 

include screening for compounds that bind to the coiled coil domain, potentially inhibiting six-helix 

bundle formation11-14.  Current screening methods include cell-based fusion and infectivity assays15,16, an 

ELISA assay for the 6-HB14 and fluorescence intensity17 or polarization18 assays that are able to 

quantitatively detect peptide binding, and small molecule binding by competitive inhibition.   

We describe the development of an artificial ion channel sensor for label-free direct detection of 

binding to gp41.  Artificial ion channel sensors (ICS) consist of an electrode surface modified with a 

layer of charged biological or synthetic material, and respond to oppositely charged redox marker ions, 

generating a current when the marker ions are oxidized or reduced at the electrode19-21.  The current is 

caused by electron shuttling through pores in the immobilized layer21 and can be modulated by 

interaction of the layer with a specific analyte22-25.   Few examples exist of ion channel sensors for 

protein-protein or protein – small molecule interaction studies21,23,25,26, and none to our knowledge in 

which detection of more than one specific analyte was demonstrated.   

We constructed an ICS using a charged gp41 coiled coil complex stabilized by octahedral Fe2+ 

coordination to bipyridyl groups at the N-termini of component peptides.  A similar construct has been 

utilized for fluorescence screening to detect small molecule fusion inhibitors binding to the coiled coil17.   

It contains the residues of a hydrophobic pocket identified as a target for drug binding27. We 

demonstrate use of the ICS for electrochemical detection of peptide and small molecule binding.  An 

equivalent biosensor was elaborated and examined using surface plasmon resonance (SPR) to confirm 

the electrochemical findings.  Both SPR and electrochemical experiments facilitated direct detection of 

gp41 inhibitors, with the electrochemical experiment having the possibility of much lower instrument 

cost and relative insensitivity to analyte molecular weight. 

 

Materials and Methods 
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Reagents Unless otherwise indicated, chemicals were ordered from Sigma-Aldrich (St. Louis, MI) 

and used without further purification.  Peptides were prepared by solid phase synthesis (Biosynthesis, 

Inc., TX).  2,2’-bipyridine-5’-carboxylate (bpy) was prepared according to literature methods28 and 

attached to the N-terminus of coiled coil peptides on the resin.  The FeII complex of bipyridylated 

peptides was prepared by addition of 1/3 stoichiometry of freshly prepared ferrous ammonium sulfate to 

peptide in 25 mM Tris-acetate buffer at pH 7.0. 

Instrumentation Electrochemical measurements were performed on an Electrochemical Quartz 

Crystal Microbalance (EQCM 400A, CH Instruments, TX) in a conventional three-electrode cell, with a 

0.2cm2 Au surface of a 0.51 cm diameter quartz crystal as the working electrode, Pt wire as the counter 

electrode, and Ag/AgCl (3M KCl) as the reference electrode.   Cyclic voltammetry (CV) was carried out 

in 2 ml of 25 mM Tris-acetate buffer solution (100 mM NaCl, pH 7.0) in the presence of redox probe 

consisting of 2 mM K3Fe(CN)6 and 2mM K4Fe (CN)6. The potential was swept between 0-0.5 V at a 

rate of 100 mV s-1. Before each CV measurement, N2 flow was introduced to remove O2 in the solution. 

Surface Plasmon resonance (SPR) measurements were performed on a Biacore 1000 (Biacore, Sweden) 

using a carboxymethylated dextran-coated CM5 chip for surface modification.   

Sensor surface preparation for Cyclic Voltammetry Before use, the Au coated quartz crystal was 

cleaned with acetone for 5 min in an ultrasonic bath, dried under N2, and then immersed into freshly 

prepared hot piranha solution (H2SO4/H2O2=7/3 v/v) for 1-2 min, followed by thorough cleaning with 

ethanol for 15 min and drying under N2. The crystal was functionalized with mixed SAMs of 11-

mercaptoundecanoic acid and 6-mercapto-1-hexanol (1:1) by exposure to 1mM of each alkanethiol for 

20 h.  The peptide ligand was covalently immobilized through the carboxylate groups by using a 

standard ligand-thiol coupling procedure according to a Biacore application note 

((http://www.sprpages.nl/Experiments/Thiol.htm), as follows:  The carboxylate groups were activated 

for 30 min with a solution of 5 mM EDC and 8 mM NHS (1:1 v/v) in 25 mM PBS buffer at pH 7.0.  A 

reactive disulphide group was then introduced with a thiol coupling reagent 2-(2-pyridinyldithio) ethane 
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amine hydrochloride (PDEA) with a concentration of 80 mM in 0.1 M sodium borate buffer (pH 8.5) for 

30min.  [Fe(envC)3]2+  ligand was anchored on the surface by application of a 54 µM solution for 2h at 4 

°C.  Excess unreacted disulfide groups were deactivated with 50 mM L-cysteine in 0.1 M sodium 

acetate, 1 M NaCl at pH 4.3 for 20 min.  To counteract leaching of Fe2+ from the anchored complex at 

low pH, a  solution of 10 mM Fe(NH4)2(SO4)2 in ultrapure water was introduced on the crystal surface 

for 10 min.  

Sensor Surface preparation for SPR A similar tethering scheme was used on a CM5 

carboxymethylated dextran-coated chip for SPR by following the Biacore thiol coupling protocol 

(http://www.sprpages.nl/Experiments/Thiol.htm) (See Supplementary Information). 

 

Results and Discussion 

Bioreceptor selection A coiled coil complex was formed from the association of three 

equivalent gp41 N heptad repeat peptides stabilized by octahedral Fe2+ coordination to bipyridyl (bpy) 

groups at the peptide N-termini.  The resulting complex [Fe(envC)3]2+ was used as a bioreceptor for 

sensor preparation.  The sequence of envC is bpy-GQAVEAQQHLLQLTVWGIKQLQARI-DC-

amide.  Underlined residues occur in wild-type gp41, and the residues in bold define a hydrophobic 

pocket in the trimeric structure.  [Fe(envC)3]2+ contains D-cysteine (DC) at the C-terminal end in order to 

create a monolayer with vertical attachment of the coiled coil29.  In addition, biosensors were prepared 

using the corresponding C heptad repeat peptide C18-Aib: Ac-WBEWDREIBNYTSLIC-amide, which 

binds to [Fe(envC)3]2+  and to a slightly longer more soluble equivalent [Fe(env2.0)3]2+, where env2.0 

has the sequence bpy-GQAVEAQQHLLQLTVWGIKQLQARILAVEKK-amide17,30.  C18-Aib has 

two α-aminoisobutyric acid residues (B) which promote helical structure31.  The N- and C-peptide 

constructs were used as test analytes on the opposing sensors. 
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Layer-by-layer assembly of the bioreceptor monitored by CV The electrochemical biosensors were 

constructed using layer-by-layer assembly on a gold-plated quartz crystal, as depicted in Scheme 1.  The 

steps in assembly consisted of formation of mixed self-assembled monolayers (SAMs) of alkanethiols 

(1:1 11-mercaptoundecanoic acid and 6-mercapto-1-hexanol) on gold, EDC/NHS activation of terminal 

carboxylate groups, PDEA coupling, and disulfide bond formation with the C-terminal cysteine of the 

peptide.  The mercaptohexanol filler was used to reduce non-specific hydrophobic protein binding to the 

surface32, and reduce the density and steric hindrance of the bioreceptors, enabling access of analytes to 

the binding sites which are midway down the coiled coil.  Surface activation was followed by a low pH 

cysteine wash, to deactivate any uncoupled PDEA on the surface while dislodging non-specifically 

adsorbed hydrophobic peptide, and a neutral pH Fe2+ wash, to fully reconstitute the metallopeptide 

complex and maximize the surface positive charge.  The layer-by-layer assembly led to changes in the 

conductivity of the surface, which could readily be followed by cyclic voltammetry in the presence of 

redox probe couple K3Fe(CN)6 / K4Fe (CN)6. (Figure 1).  The reversible redox response of the probe 

classically obtained on bare gold (not shown) was blocked by formation of alkanethiol SAMs composed 

of carboxylate and hydroxyl terminal groups on the surface.  The sigmoidal behaviour between 0.25-

0.50V could be indicative of pinhole defects.  Addition of PDEA to the surface caused recovery of the 

CV signal, owing to the net positive charge of the pyridinium group on PDEA at pH 7.0, which favors 

association of the negatively charged redox probe with the layer20.  In contrast, with positively charged 

redox probe Ru(NH3)6Cl3 the redox response after SAMs formation decreased very slightly compared to 

CV signals on bare gold, and the addition of PDEA to the surface resulted in a significant decrease of 

redox response (data not shown).   The CV signal in the presence of K3Fe(CN)6 / K4Fe (CN)6 was 

reduced upon [Fe(envC)3]2+ tethering compared to the PDEA coated surface, but increased after cysteine 

and Fe2+ washes.  Tethering of C18-Aib did not incur an ion channel effect and no CV signal was 

observed with K3Fe(CN)6 / K4Fe (CN)6  on a C18-Aib biosensor.  The [Fe(envC)3]2+ sensor showed no 

redox activity in the absence of redox marker ions. 
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The biosensors follow the expected behavior of an ion channel sensor (ICS) consisting of a protein 

layer adsorbed on an electrode21.  At the neutral pH of the experiment, the [Fe(envC)3]2+ layer is 

positively charged, regardless of bound ferrous ion, because of the high pI of the protein (estimated at 

8.2333).  Marker ions accumulate on the charged protein surface, and electron shuttling through pores 

between adjacent proteins occurs21.  The effect is enhanced by the positively charged bound ferrous ion.   

Conversely, C18-Aib is negatively charged at neutral pH (pI ≅ 4.1434), and electrostatic repulsion of 

[Fe(CN)6]3-/4- prevents the accumulation of surface-confined marker ions, a necessary prerequisite to 

observation of current21. 

 

Response of electrochemical [Fe(envC)3]2+ biosensor to analytes  The [Fe(envC)3]2+ biosensor 

was designed with the hydrophobic pocket midway down the length of a vertically oriented coiled coil, 

so that specific inhibitors can potentially block the electron conduction pathways between adjacent 

proteins.  Response of the [Fe(envC)3]2+ biosensor to specific inhibitors was tested by application of  

increasing concentrations of a known peptide binding partner C18-Aib, and a known non-binder, the 

scrambled peptide C16-Scr, as shown in Figure 2.  Upon addition of the specific analyte C18-Aib, a 

stepwise decrease of the observed current through the [Fe(envC)3]2+ chip was observed, indicating that 

the analyte impeded the channeling of electrons to and from the electrode by binding onto the 

bioreceptor on the chip (Figure 2A).  However, the non-specific analyte C16-Scr failed to elicit a CV 

response, with virtually no change to the CV signal over a wide range of concentrations (Figure 2B). 

We observed variable maximum current for different chips (eg. see Figure 2), which was attributed to 

the effect of slight differences in the microscopic gold surface or in chip preparation on the channels 

between adsorbed proteins, to which the ICS is extremely sensitive21.  Maximum current between chips 

varied from 60 to 150µA, as shown in the Supplementary Data (Figure S2), which presents the original 

experimental traces for all analytes measured.  The relative change in response with analyte was found 

to be consistent between chips. 
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Since the analyte C18-Aib is negatively charged at neutral pH, and C16-Scr is almost neutral (pI ≅ 

6.25) it was necessary to test the impact of analyte charge on the signal modulation, and the specificity 

and selectivity of the ICS for gp41 inhibitors.  This was achieved by testing additional peptides as well 

as small molecules known to bind to the hydrophobic pocket, together with some known non-binders.  

All had been previously screened in a fluorescence binding assay17.  The positive controls, in addition to 

peptide C18-Aib, included ADS-J1, a known small molecule hydrophobic pocket binder35, and 11{6,11} 

and 11{3,5}, two peptidomimetic small molecule inhibitors recently discovered in our lab.  The 

negative controls included an additional scrambled peptide C18-Scr, a peptide in which all hydrophobic 

groups were replaced by Ala (C16-Ala), and the small molecule peptidomimetic compound 12{7,6,4} 

which gave a false positive reading in the fluorescence experiment.  

Concentration dependent responses for these analytes were measured by CV and the results are shown 

in Figure 3 and Table 1. A clear distinction in biosensor response was observed between positive and 

negative controls.  Importantly, among the series of peptides, only C18-Aib gave a positive response, 

while scrambled and alanine substituted peptides were negative.  One of the scrambled peptides, C18-

Scr, has the same pI as C18-Aib, but did not generate a response except at high concentration (> 5µM).  

This observation is attributed to non-specific hydrophobic binding to the receptor.  In the case of 

hydrophobic peptide analytes which might have a tendency to aggregate or bind non-specifically, the 

ICS should be operated at sub-µM analyte concentrations to get a specific response.  Of the small 

molecules 11{6,11}, 11{3,5} and 12{7,6,4}, only the first two gave a positive response. 12{7,6,4} was 

detected as a false positive in the fluorescence experiment due to interaction between the compound and 

the fluorescent probe.  Any true binding propensity of 12{7,6,4} to the hydrophobic pocket would have 

been hidden from detection by the fluorescence method, but does not appear to occur. 

The data in Figure 3 was fit to obtain IC50 values according to the equation: 

 Δip/ip0 = -c / (1 + (IC50/At)n)       [1] 
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ip is the cathodic peak current recorded at analyte concentration At, ip0 is the current in the absence of 

analyte and Δip = ip-ip0.  c is a constant representing the dynamic range of the measurement (close to -1), 

and n is the Hill slope.  The IC50 values obtained are compared with KI values determined from the 

fluorescence experiment in Table 1; the very low receptor concentration (1011-1012 molecules on the 

surface) would imply that the IC50 should be equal to the KI
36.  However, for all four specific inhibitors, 

the IC50 was found to be less than the KI, by a factor of 2 - 3 for three of the inhibitors, and a factor of 10 

for ADS-J1.  All of the inhibitors are negatively charged at neutral pH, and the effect of analyte charge 

on the response must be considered21.  For a negatively charged analyte, suppression of marker ion 

currents occurs both by occlusion of the pores due to specific binding, and by reduction of the positive 

charge of the protein layer and hence the concentration of marker ions associated with the surface.  

Consequently, the most highly charged analyte, ADS-J1, exhibits the greatest deviation from solution KI 

and the highest cooperativity of binding, with a Hill slope of 1.56 (Supplementary Data).  

  

Regeneration of the ICS Regeneration and reuse of the ion channel biosensor was tested by several 

rounds of application of a solution of 30nM ADS-J1 followed by 0.125% sodium dodecyl sulfate, as 

shown in Figure 4.  The response remained consistent over eight repetitions, with cathodic peak currents 

of 48 ± 3 µA and 64 ± 5 µA for the biosensor in the presence of analyte and after regeneration, 

respectively.  We have not reused or tested the chips past eight cycles.  The biosensor was found to be 

stable for extended periods at 4°C and over a voltage sweep range of 0 – 0.5V37.   

 

Confirmation of bioreceptor activity by SPR SPR measurements were used to confirm biosensor 

preparation and activity. The analogous chip assembly process was followed from the SPR response 

(Supplementary Data, Table S1), and analyte responses were tested for both the [Fe(envC)3]2+ and C18-

Aib functionalized chips (Supplementary Data, Figure S1).  SPR results yielded Kd’s of approximately 

10µM and 4µM for the ligand - analyte interactions [Fe(envC)3]2+ - C18-Aib and C18-Aib – 
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[Fe(env2.0)3]2+ respectively.  SPR results were used mainly to ascertain activity of immobilized 

bioreceptor.  Quantitative analysis can be inaccurate due to the difficulties inherent in measuring low 

affinity interactions by SPR when maximum analyte concentration is limited or causes hydrophobic 

aggregation.    

 

Comparison of affinity measurements by different techniques There are important distinguishing 

features between solution- and surface-based detection of inhibitor binding.  These include the range of 

inhibitor affinities and concentrations accessible by the different techniques, the sensitivity and accuracy 

of each method, and the mode of detection, i.e. competitive inhibition vs. direct detection.  The low 

receptor concentration required to form the ICS resulted in sensitivity to high affinity binders with IC50’s 

in the low nanomolar to low µM range.  Consequently, the sensor could detect analytes with 

concentrations of 10 – 1000 nM.  This is complementary to the fluorescence assay which can measure 

inhibitors with 10-1 – 102 µM KI’s and which requires 10 – 50 µM inhibitor concentrations17.    

The ion channel biosensor measures analyte binding in a direct way, rather than by competitive 

inhibition, and no labeled C-peptide binding partner is required as in the fluorescence experiment.  As 

demonstrated above, the affinity of negatively charged analytes was overestimated, by a factor that 

appeared to correlate with analyte pI or pKa.  The interaction of inhibitors in the gp41 hydrophobic 

pocket involves both hydrophobic and electrostatic contacts38-40, and the charge on the inhibitors plays a 

crucial role in binding41,42.  It is impossible to avoid the effect of analyte charge on the ICS response21.  

We have shown that specific structural interactions are important for determining ICS specificity, and 

that charge alone is not a sufficient criterion for observation of a response.  A negatively charged 

peptide of the incorrect sequence tests negative.  Reasonable values for inhibitor affinity and consistent 

rank ordering were obtained for partially charged analytes.  The discrepancy was larger in the case of a 

highly charged analyte.  By testing ICS response to a wider variety of peptides and small molecules with 
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differing charges, the charge contribution to the response may be elucidated.  This is the subject of 

future work. 

Low molecular weight inhibitors can be detected efficiently by ICS compared to SPR, in which 

accuracy of the detection is generally limited in the case of sensing small molecules. Furthermore, non-

specific hydrophobic associations make SPR measurement of response at saturation difficult.  

Maximum response as a function of analyte concentration is necessary for SPR quantification of a µM 

association.  Failure to measure the maximum response can lead to inaccuracies in assessed Kd’s.  In the 

ICS, it is easier to estimate the maximum response, which should be close to zero current (Δip / ip0 = -1) 

 

Conclusions 

 

In summary, we have demonstrated an ion channel biosensor for detection of HIV-1 gp41 inhibitors 

using electrochemical signal transduction.  The sensor was constructed from a section of the gp41 coiled 

coil domain corresponding to the hydrophobic pocket region, and stabilized in its trimeric form by a 

metal ion.  It was shown to respond specifically to peptides and inhibitors known to bind in the 

hydrophobic pocket, with a resulting decrease in the current observed in the presence of redox probe 

[Fe(CN)6]3-/4-.   The current change was caused by inhibitor blocking of the artificial ion channels 

created by the positively charged metallopeptide coiled coil arrayed on the sensor surface.  Channel 

blocking was enhanced by the negative charge of coiled coil binders, leading to enhanced apparent 

affinity as measured by ICS.  Inhibitors of approximately equivalent charge could be rank-ordered 

according to their relative affinities.  

Detection of low molecular weight inhibitors and C-peptides which bind to the N-terminal coiled coil 

of several Class 1 viral fusion domains has been shown to be an effective strategy for identifying viral 

fusion inhibitors6.  In many class 1 viruses, the C-peptide is ill-defined in the post-fusion conformation, 

either due to extended strand structure for the C-terminal domain43,44 or an unknown three-dimensional 
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structure.  On the other hand, the coiled coil domain is usually recognizable from sequence analysis45,46.  

The present biosensor assay which measures direct binding on the coiled coil, does not require 

identification of the C-terminal peptide domain, offering a promising application for extending the assay 

to a variety of Class 1 viral fusion domains. 
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information is available free of charge via the internet at http://pubs.acs.org. 
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FIGURES AND CAPTIONS 

Scheme 1.  Layer-by-layer assembly of bioreceptors 

on a gold-plated quartz crystal.  The experimental CV traces corresponding to steps a – d upon 

immobilization of Fe(envC)3 are shown in Figure 1. 

 Figure 1. Layer-by-layer assembly of a gp41 coiled 

coil metallopeptide complex [Fe(envC)3]2+  on a gold-plated quartz crystal, measured by cyclic 

voltammetry (CV). CV’s were measured after (a) alkanethiol monolayer formation using 1:1 11-

mercaptoundecanoic acid and 6-mercapto-1-hexanol, (b) PDEA coupling, (c) [Fe(envC)3]2+ coupling, 

(d) low pH cysteine wash, (e) Fe(NH4)2(SO4)2 wash in ultrapure water . For details, see Materials and 

Methods.  CV scans were carried out in 2 ml of 25 mM Tris-acetate buffer solution (100 mM NaCl, pH 

7.0) in the presence of 2 mM K3Fe(CN)6 and 2mM K4Fe (CN)6. The potential was cycled between 0-0.5 

V at a rate of 100 mV s-1. 
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Figure 2. CV response of the ion channel 

biosensor with [Fe(envC)3]2+ as the bioreceptor to: (A) specific analyte C18-Aib over the concentration 

range 0 – 3µM; (B) non-specific analyte C16-Scr over the concentration range 0 – 5µM.  In (A), the 

signal decreases with increasing [C18-Aib].  CV scans were measured as described in the caption to 

Figure 1. 

Figure 3. CV titration of several peptides and small 

molecules with the ion channel biosensor using [Fe(envC)3]2+.   Sequences or structure of the analytes 

are given in Table 1.  CV experimental parameters were as described in Figure 1.  Cathodic peak current 

was measured, and was normalized to display the fractional change with addition of analyte.  Analytes 

tested were () C16-Ala,  () C18-Scr,  () C16-Scr,  () C18-Aib,   () ADS-J1,  () 11{3,5}.  IC50 

values were obtained by fitting the data to equation 1 using Kaleidagraph®. 
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Figure 4. Repeat measurements and chip regeneration.  

16 measurements of the CV on an [Fe(envC)3]2+ functionalized chip with successive application of 30 

nM ADS-J1 () and 0.125% SDS ().  The error bars represent the standard deviation of the data points 

from the mean, which is shown as a dashed horizontal line.
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TABLES. 

 Table 1: Peptide sequences, compound structures and IC50 observed by 
ICS, compared to fluorescence-detected inhibition constants, KI

§ 
Analyte Sequence / structure pI / pKa

† MWt IC50 
(µM) 
(ICS) 

KI (µM) 
(fluores-
cence)  

C16-Scr DYETMIKWEEIWK-
KRC 

6.25 2158.5 - - 

C18-Scr MMIWNTDEILTNE-
SYRWC 

4.14 2305.6 > 10 - 

C16-Ala AMEAARKAEEAT-
KKAC 

8.22 1708 - - 

C18-Aib MTWBEWDREIBN-
YTSLIC 

4.14 2271.1 0.38 ± 
0.05  

0.8 ± 
0.13 

ADS-J1 * ≤1.5a 1177 0.032 ± 
0.008  

0.35 ± 
0.09 

11{6,11} 

 

3.87 484.5 0.31 ± 
0.10 

1.3 ± 0.2 

11{3,5} 

 

3.93 490.5 0.66 ± 
0.14 

1.5 ± 0.2 

12{7,6,4} 

 

neutral 573.6 - false 
positive 

§KI from ref17; dashed lines indicate no binding observed; †peptide pI 
calculated from ExPASy33, compound pKa calculated using SPARC47., 
except aestimated from pKa of 2-hydroxy-6-naphthalene sulfonic acid 48 
*Structure of ADS-J1: 
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