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32 ABSTRACT

35 Portable, easy-to-use and cost-effective sensing devices are desirable in healthcare,
37 environmental monitoring and food safety. Herein we employ polyelectrolyte-aptamer (PE-
aptamer) multilayered films that exhibit target-responsive permeability for colorimetric and
42 electrochemical sensing. We present the quantitative detection of an exemplary small molecule,
44 quinine, and address the potential for detection in complex media by examining interference
47 effects. We optimize the film composition and investigate the importance of the structural-
49 switching ability of the aptamer. The results from both platforms are corroborated to provide an
outlook on the applicability of the PE-aptamer film for sensing. The label-free detection
54 combined with the readily adaptive assembly process could be invaluable for diverse analytical

56 fields.
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INTRODUCTION

Detection tools that provide rapid results are desirable in healthcare, environmental
analysis, food safety and homeland security.' The development of portable, low cost, and
versatile sensors allows for field analysis® and point-of-care diagnosis." > Numerous colorimetric
sensors employ localized surface plasmon resonance (LSPR)*® of nanoparticles and their
conjugation with chemically modified biological probes. A colorimetric response is generated
upon aggregation of nanoparticles”® or changes in the morphology of the nanoparticles via their
direct interaction with the analyte.” These solution-based nanoparticle sensors may pose
limitations on portability and storage. Similarly, electrochemical sensors employ tagged
biomolecular probes and may require the analytes to be redox-active to produce a signal. These
approaches limit the types of analytes that can be detected, in addition to the complex surface
chemistry for producing the active sensing layer with consistency. Hence, there is a need to
develop novel methods of fabricating target-responsive thin films that can be readily adapted to a
variety of substrates used in a range of sensing platforms.

Recent work exploits target-responsive  polyelectrolyte-aptamer (PE-aptamer)
multilayered films for sensing and cargo delivery applications.lo'12 Conventional polyelectrolyte
films consist of polymers with oppositely charged groups, such as polyallylamine hydrochloride
(PAH) and polystyrene sulfonate (PSS). They are deposited via layer-by-layer assembly on flat
substrates or spherical templates."® These films are dynamic and responsive to physicochemical
stimuli. They can respond to changes in the ionic strength and pH, and can distinguish between
different types of ions.'*!” An advantage of these films is that charged species can be easily
incorporated to introduce new features thus allowing for a wide range of applications.16 For

example, DNA with its phosphate backbone can be incorporated into the multilayers.'” A class
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of oligonucleotides known as aptamers can bind to specific targets with high affinity.'® They are
obtained through Systematic Evolution of Ligands by Exponential Enrichment (SELEX) and
may undergo structural switching upon binding. When aptamers are incorporated into
polyelectrolyte films, the binding of target has been shown to regulate the diffusion and
permeability of molecules. In this work, we elucidate the factors governing the functionality to
provide the blueprint for their use in sensing applications.

Previously we presented a colorimetric sensor based on the morphological changes of the
plasmonic nanoparticles controlled by the PE-aptamer film.'? The PE-aptamer film swells more
when the target is bound, leading to a higher diffusion rate of etchant molecules that alter the
shape and size of the embedded nanoparticles. The high dependence of LSPR on the morphology
of silver nanoprisms'’ leads to the generation of a colorimetric signal. Importantly, the analyte
need not interact with the nanoparticles and the platform is entirely label-free. Herein we
examine the quantitative and qualitative responses of two types of sensors incorporating the PE-
aptamer film by employing optical spectroscopy and cyclic voltammetry. We investigate the
interference effects from other ions, and the structural requirement of the aptamer to achieve the
sensing functionality. By optimizing the film composition, we show that detection of the target
can be achieved using different sensing platforms. The flexibility to incorporate different
aptamers combined with facile fabrication make it a valuable cost-effective methodology for
diverse sensing applications.

RESULTS AND DISCUSSION

Principle of detection

Scheme 1 illustrates our methodology. The PE-aptamer film comprising
(PAH/PSS)4(PAH/DNA-aptamer)g(PAH) (where the subscript indicates the number of bilayers)
was deposited onto the substrate via layer-by-layer assembly. We chose PAH because it allows

3
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effective buildup of the multilayers with DNA aptamer as compared to other strong
polyelectrolyte (Fig. S1). The salt concentration (0.2 M NaCl) employed results in the deposition
of polyelectrolytes in random coil conformation® with thicknesses of 3.8 nm and 1.8 nm per
PAH/PSS and PAH/DNA bilayer, respectively.'” The substrate either consists of gold-coated
silver nanoprisms immobilized on a glass coverslip for the colorimetric sensor (scheme 1a), or
ITO for the electrochemical sensor (scheme 1b). The MN19 aptamer binds to quinine or cocaine
via the formation of a three-way junction.”’ We chose to work with this model aptamer to
investigate the factors influencing the permeability of the PE-aptamer film because the non-
absorbing target (quinine) allows us to characterize the concentration-dependent color changes in
detail; the sensor may also have the potential for detecting narcotics. Upon exposure to the
analyte solution, we use the ferricyanide ion as the chemical developer for both colorimetric and
electrochemical sensors. Ferricyanide acts as an oxidizing agent that etches the nanoparticles™ in
the colorimetric platform, and serves as the redox-active probe for the electrochemical
measurements. The results from the two platforms are corroborated to provide a universal

outlook on the application of the target-responsive PE-aptamer film.
Colorimetric sensing via morphological changes of plasmonic nanoparticles

The colorimetric platform consists of a glass substrate with immobilized nanoparticles,
on top of which the PE-aptamer film was deposited. The films were first incubated with the
solution of interest, then rinsed and immersed in ferricyanide solution to obtain the colorimetric
response. The charge of the ion is one of the factors influencing its diffusion through a
polyelectrolyte multilayered film.”>** We hypothesized that the high charge of the ferricyanide
complex may prove advantageous for enhancing the difference in the diffusion kinetics between

the control (water) and target-bound (quinine) films. All films were capped with PAH to
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facilitate the diffusion and partitioning of ferricyanide through the PE-aptamer film (Fig. S2).
Fig. 1(a) and 1(b) show the evolution of the extinction spectra of the plasmonic sensor during
etching by 60 uM of K;Fe(CN)¢ over 35 min for films incubated in water and 500 uM of
quinine, respectively. The LSPR peak decays and slightly redshifts from the initial peak of 620
nm as etching proceeds. The decrease in intensity results from the rounding and decreasing in
size of the nanoparticles as seen in the TEM images (Fig. S3). Fig. 1(c) summarizes the intensity
decay at 620 nm for the two films: a more rapid and greater decay is observed for film exposed
to quinine compared to the control film. Notably the difference is already discernible within 2
minutes of chemical development: the film with quinine-bound shows a decay of ~35% while the
intensity of the control film only drops by ~17%. We consequently use the initial intensity decay
as a measure of the optical response and examine different concentrations of quinine, as shown
in Fig. 1(d). We observe a higher percent of intensity decay with increasing quinine
concentration, with a saturation response of ~30% for > 250 uM quinine. The colorimetric
response can be discerned by eye, as shown in the photographs in the inset of Fig. 1(d). After
etching, the films exposed to lower quinine concentrations (0 pM and 100 uM) appear blue,
while films exposed to 250 pM and 500 uM quinine have a grayish blue colour with lower

intensity.

These results show that the binding of quinine to the PE-aptamer film leads to a faster
etching rate of nanoparticles due to an increase in the diffusion of the ferricyanide ions. The use
of ferricyanide as the chemical etchant is effective and yields similar results as our previous
study in which we used iodide/triiodide as the etchant. However, in the current work the colour
change is not as significant and consists mainly as a decrease in intensity. This difference may

arise due to different surface chemistry that dampens plasmons and influences the colour change.
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In solution, the etching of bare nanoparticles with ferricyanide causes a blue-shift in the LSPR
peak position® (see Fig. S4), though this change is not observed for nanoparticles covered with
PE-aptamer films. One possibility is that the reaction products remain on the surface of the
nanoparticles leading to a decrease in intensity and a red-shift in the LSPR peak. Variations in
the nanoparticle morphology and the surface coverage with PE-aptamer can also give rise to

variations in the colorimetric response.

As Fe(CN)g” is redox active, we then adapted the PE-aptamer multilayered film into an
electrochemical sensor and characterize the response using cyclic voltammetry. The
electrochemical response can then corroborate the enhanced diffusion rate of ions and the

response of the colorimetric sensor.
Electrochemical sensing using cyclic voltammetry

Cyclic voltammetry (CV) provides information on the diffusion of a redox active species
to the electrode. Under quiescent condition, the diffusion coefficient of a molecule is related to

the peak current™® by:

3
i =2.686 X 10° nzAcD/?p1/2

where 1 is the peak current; n is the number of electrons; A is the electrode area; D is the
diffusion coefficient; v is the scan rate and C is the concentration. Electrochemical studies have

been performed for the study of conventional polyelectrolyte multilayers'®

, though not
extensively for those comprising aptamers. We assembled the films on patterned ITO electrodes,
and measured the voltammograms of films as-deposited and after incubation with the solution of

interest, i.e. water as control and quinine as the analyte solution. The measurement of the as-

deposited films provides information on the integrity of the PE-aptamer film — a uniformly
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deposited film typically has peak currents of 0.2 - 0.5 pA, while that of poorly formed films,
likely with pin holes, showed much higher currents and were discarded. Fig. 2(a) and 2(b) show
the cyclic voltammograms for as-deposited electrodes and after incubation with water and
quinine, respectively. The increase in peak current after incubation in water can be attributed to
the swelling of the film upon hydration where some restructuring of the interpenetrated layers
could arise due to the mobility of the low molecular weight materials or smoothing effect.'* **
On the other hand the change in the peak current measured after incubation with quinine is much
greater than that with water. We calculate the difference in anodic peak currents (Al ,) before
and after incubation as the electrochemical response. The binding of quinine leads to a twofold
increase in the Al,, compared to the control (0.42 + 0.05 pA vs 0.19 + 0.02 pA). To a first-
approximation, this increase in the peak current suggests a 4.9 fold increase of the diffusion rate
when quinine is bound to the aptamer film. The similar twofold increase in response between the
colorimetric and voltammetric sensors corroborate the change in the permeability of the PE-
aptamer film and the enhanced diffusion of ferricyanide as the origin of detection. We then
carried out concentration-dependence study as shown in Fig. 2(c). The Al,, increases with
increasing concentration of quinine. Fitting with a single-site binding model®® yields a Kp of 56.2
+ 18.2 uM. This Kp is about two orders of magnitude higher than that of the free aptamer in
solution, which could be due to the immobilization of the aptamer in the film."” In comparison to
the colorimetric platform, the electrochemical platform shows better reproducibility and

quantitative analysis because of the less complex surface reactions. Improvements on the

uniformity and surface roughness of ITO substrates would further be beneficial.

Next we probed the specificity of the sensing platform using a cocaine metabolite

Ecgonine. Ecgonine has a bicyclic ring present in quinine and cocaine, however it does not bind
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to the aptamer.”" The Al,, for Ecgonine is 0.22 + 0.05 pA, close to that of water 0.19 + 0.03
pA (Fig. 2d). The aptamer retains its specificity when incorporated into thin films. Additional
control experiments using a random sequence of DNA instead of the aptamer show negligible
change in the response after incubation with quinine (Fig. S5). These results confirm that the
interaction of quinine with the MN19 aptamer gives rise to the sensing capability and that the

activity of the aptamer is retained
Optimization of the polyelectrolyte film composition

We examined different compositions of the film by varying the number of base bilayers
(PAH/PSS) and target binding bilayers (PAH/DNA-aptamer) to optimize the electrochemical
response. Fig. 3(a) shows the anodic peak current (I,, ;) for the electrodes covered with increasing
number of PAH/PSS bilayers without changing the number of PAH/DNA-aptamer bilayers. The
multilayers of PAH-DNA-aptamer alone are too permeable to achieve any target-controlled
diffusion, and hence base layers of PAH/PSS are needed. With less than two bilayers of
PAH/PSS, there is negligible difference between electrodes with or without exposure to quinine.
This observation is in line with previous reports that the first couple bilayers of PAH/PSS are

27,318 Once four

thinner and more permeable and deposit differently than subsequent layers.
bilayers of PAH/PSS are deposited, the I,, between electrodes incubated in water vs quinine
differ significantly, showing the sensitivity of the film to quinine. These results show that at least
four base bilayers of PAH/PSS are necessary to achieve a significant response. We also varied
the number of target-binding bilayers (PAH/DNA-aptamer) from 4, 8 to 12 on top of four
bilayers of PAH/PSS. Fig. 3(b) shows a slight increase in the electrochemical response with

increasing number of layers of the aptamer, although there appears only a limited effect on the

permeability of the film by increasing the number of bilayers DNA aptamer beyond four.
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Interferences

The ability of a sensor to work in complex media makes it highly desirable for field
analysis such as environmental monitoring where minimal sample preparation is desired.
Polyelectrolyte multilayered films shave been studied as nanofiltration membranes due to their
interaction with various ions.”*** These films are also responsive to changes in ionic strengths
and the presence of ions®” as the layers are held together by electrostatic forces. Heavy metal
ions such as lead (II), tin (II), and mercury (II) have also been known to interact with DNA.*%>*
Hence, we carried out ion interference experiments to investigate the practicality of the PE-
aptamer films for sensing. The films for both platforms were incubated with various ions and
then rinsed and measured. Fig. 4(a) and 4(b) show the response from the colorimetric and
electrochemical sensing platforms, respectively. Fig. 4(a) shows that most ions do not affect the
colorimetric response — producing an intensity decay close to 15%, which is comparable to the
control (water). On the other hand, sulfate is a significant interference, giving rise to a false
positive response with a plasmonic intensity decay of ~33%, which is similar to quinine.
Additionally no colorimetric response was achieved when the film was exposed to Hg”". The
absence of nanoparticle etching upon Hg*" exposure could arise due to the amalgamation and

reaction with silver.>**

Fig. 4(b) summarizes the ionic interference effects on the
electrochemical platform, which has similar trends as Fig. 4(a). Most ions and heavy metals do
not interfere and yield Al , close to that of control. Notably the response of sulfate is again high,
with a Al,, of 0.55 £ 0.05 pA. Control experiments show that the interaction of sulfate is with
the polyelectrolytes rather than the DNA-aptamer (Fig. S6). It is plausible that sulfate ion affects

the crosslinking of the polyelectrolyte layers by binding to the amine groups of PAH. We were

able to decrease the amount of interference of sulfate by precipitating it with BaCl, prior to
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detection (see Fig. S7) - the false positive response can be reduced by pre-treatment of the
analyte solution if needed. Importantly as the sensing mechanism involves two stages, in which
the exposure to analyte solution is separated from signal generation, effects of environmental
factors such as temperature, ionic strength and pH, would be minimal unless they cause
irreversible changes to the film. The stability of the PE-aptamer multilayered films in ionic
solutions suggest potential applications such as monitoring contaminants in lake waters and

detecting metabolites in bodily fluids such as urine.
Effect of aptamer folding

It has been suggested that the increase in permeability of the film upon target binding
arises from a structural change of the aptamer.'”*"** We investigate this factor by using different
aptamers for quinine. Various aptamer sequences for quinine/cocaine have been identified with
pre-folded or random structure in the absence of the target. For example, MN4 — an aptamer with
6 additional nucleotides compared to MN19 — does not undergo structural change and folds into
a threeway junction even without the target. Fig. 5(a) shows the structures of MN19 and MN4
aptamers before and after binding; they bind to quinine with similar Kp (0.7 = 0.2 uM and 0.23 +
0.03 pM for MN19 and MN4 in solution respectively).” The different nature of the aptamers
therefore allows us to probe the importance of the structural change for inducing the change in
the permeability of the target-responsive film. Fig. 5(b) shows the Al,, of films comprising of
either aptamer after incubation in water and quinine. The films with MN19 show significantly
different Al, , with or without quinine-bound (0.19 + 0.02 pA vs 0.42 + 0.5pA). In contrast, the
films with MN4 do not show a significant difference with or without quinine (0.37 + 0.08 pA vs
0.40 £ 0.05 pA). This observation suggests that conformational change of the aptamer is

important. It is likely that the folding of the aptamer leads to a rearrangement of the charges in

10
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the film and consequently influences the mass transport and hopping of the ferricyanide ions

through the film. *

EXPERIMENTAL
Materials

Silver nitrate (AgNOs), sodium borohydride (NaBH,4), sodium citrate dihydrate, L-
ascorbic acid, hydrogen peroxide 30 wt%, polyvinylpyrrolidone (PVP) MW 96000,
diethylamine, potassium iodide, hydrogen tetrachloroaurate (III) trihydrate (HAuCly-3H,0),
aminopropyltrimethoxysilane (APTMS), polyallylamine hydrochloride (PAH) MW 56000,
polystyrenesulphonate (PSS) MW 100000, and quinine HCI were purchased from Sigma
Aldrich. Indium Tin Oxide (ITO) coated glass was obtained from Delta Technologies. DNA
sequences of MN-19 (5’ - GAC AAG GAA AAT CCT TCA ACG AAG TGG GTC-3 "), MN4 (5 -
GGC GAC AAG GAA AAT CCT TCA ACG AAG TGG GTC GCC-3’) and random sequence (3 -

GAC ACG CAC ACT GTC GCC GAC T-3") were purchased from IDTDNA.

Aqueous solutions of MgCl,, MgSO,, NaHPO,4, NH4Cl, LiCl, PbCl,, HgCl,, SnCl,,

NaSO4 and KCl at 500 uM or 1 mM were used in the ionic interference experiment.
Synthesis of gold-coated silver nanoprisms

In a typical synthesis of silver nanoprisms (AgNP)*, 50 mL of 0.1 mM silver nitrate was
mixed with 3 mL of 30 mM of sodium citrate dihydrate under vigorous stirring. A volume of 120
puL of H,O, 30 wt% was then added. Immediately after the addition of H,O,, fresh 200 or 180 pL
of 0.1 M NaBH, was added. The reaction was then allowed to proceed for 30 min. The colloidal
solution was centrifuged and washed with 1 mL of 3 mM sodium citrate once. The nanoparticles
were dispersed in 9 mL of H,O. To proceed with the vertical growth, 1 mL PVP at 0.0175 M and

37.5 uL of 0.5 M ascorbic acid were added to the redispersed particles. Then, a volume of 0.6

11
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mL of 0.6 mM of AgNO3 was added via a syringe pump at 6 mL/h. The AgNP were then grown
laterally to acquire the desired LSPR wavelength (540 — 560 nm) by adding a solution 300 pL of
30 mM citrate and a growth solution of 0.75 mM AgNO; and 1.13 mM citrate via a syringe
pump at 6 mL/h. UV-Vis spectra were taken to monitor the size of the nanoparticles. The

reaction was allowed to proceed for 1 hour.

Gold-coating was achieved using previously reported method.”® A volume of 1 mL of
PVP at 5 wt%, 200 pl of 0.5 M ascorbic acid, and 150 pL of diethylamine were added to the
AgNP solution. A separate gold solution consisting of 1.37 mL of H,O, 100 uL 5% PVP, 20 uL
of 0.2 M K1, and 5uL of 0.25 M of HAuCl,s-3H,0 was added through a syringe pump at a rate of
I mL/h. Upon completion, the reaction was allowed to proceed for 0.5 -1 h. The gold-coated

AgNP were cleaned via centrifugation and were redispersed in 1 mL of H,O for storage.
Preparation of APTMS-functionalized cover slips and deposition of AgNP on glass

The cover slips (VWR micro cover glass 25 mm x 25 mm) were placed in the plasma
cleaner (Harrick’s PDC-32G) for 15-20 minutes and then immersed in 50 mL of a 1% ethanolic
solution of APTMS for 2 h. The cover slips were then rinsed, dried and placed on a hot plate for
annealing under nitrogen atmosphere overnight. The coverslip was cut to six pieces for the
fabrication of the colorimetric sensor. Gold-coated AgNP were deposited by repeated immersion

of the substrate into the colloidal solution followed by rinsing and drying after each step.
Layer-by-layer assembly of polyelectrolyte on AgNP films

Solutions of PAH and PSS were made by dissolving 2 mg/mL of polyelectrolyte in 0.2 M
NaCl. DNA aptamer was dissolved in a 1x Phosphate Buffer Saline (PBS) solution with 0.2 M

NaCl at a concentration of 4.5 uM. Layer-by-layer assembly was carried out using a robotic

12
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dipper (Microm DS 50). In a single layer deposition, the films were placed for 10 minutes in the
polyelectrolyte solution followed by two rinsing steps. Depending on the architecture of the film,
different polyelectrolyte solutions were used. The films were finally capped with a single layer

of PAH. The films were kept hydrated at all times.
Colorimetric detection

The PE-aptamer covered plasmonic films were immersed in the solution of interest for 1
h. The films were then rinsed and developed using 60 uM of K;3(Fe(CN)¢. UV-vis spectra were
taken every five minutes for 35 minutes using a Cary 100 Bio spectrophotometer. Typically, the
results from at least six films were acquired for each condition and their averages and standard

error of the mean were calculated.
Electrochemical detection

The ITO substrates were patterned using a Versa Laser. The size of the electrodes was 3
mm in diameter. The electrodes were rinsed and sonicated for 10 minutes in acetone to remove
any organic residues from the surface. After sonication, they were placed in RCA bath for 10
minutes at 80 °C for further cleaning and activation of the surface. The assembly of the

polyelectrolyte aptamer film was the same as that of the colorimetric study.

An ER466 integrated potentiostat system (eDAQ) was used for cyclic voltammetry
experiments. A three-electrode system in a cell containing ~7 mL of electrolyte solution (60 uM
ferricyanide, 6 mM KCl), a Pt wire counter electrode and Ag/AgCl reference electrode was used.
The solution was degassed and the film was equilibrated in the redox electrolyte solution for 5
min prior to the CV scan. The potential was scanned from -0.35 V to 0.7 V at 0.1 V s™. An initial

cyclic voltammetry scan was performed on all as-deposited electrodes. The electrodes were then

13
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incubated with the solution of interest for 30 min, followed by rinsing and cyclic voltammetry

again. The difference in the anodic peak current was calculated as the electrochemical response

(Al ,).
CONCLUSIONS

We have demonstrated the versatility of adapting the PE-aptamer multilayered film for
both colorimetric and electrochemical sensing platforms. Binding of the target alters the aptamer
structure and thereby the permeability of the film. Changes in the diffusion rate of ferricyanide,
which was employed as the chemical developer for both platforms, leads to different etching
kinetics of the plasmonic nanoparticles and voltammetric peak currents, thereby generating the
colorimetric and electrochemical responses. These two sensing platforms show similar detection
range and the capability to perform in a wide range of ions, including ammonium, halides, alkali,
alkaline and heavy metals. Importantly, we show that the aptamer must undergo structural
changes to achieve the permeability-gating functionality. With the large library of aptamers
developed and the ease of layer-by-layer assembly on different substrates, we believe these PE-
aptamer films have the potential to be a universal component for various sensing devices and the
versatility to be tailored to a wide range of analytes. Furthermore, the fundamental understanding
of these thin films should provide insight on their use in other areas including nanofiltration

membranes and microcapsules.
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38 Fig. 1. Colorimetric response of Ag nanoprism films incorporated with PE-aptamer multilayers.
a1 Extinction spectra of the films exposed to water (a) and 350 uM quinine (b) during etching with
43 60 uM K;3(Fe(CN)g. (c) Intensity decay of LSPR at 620 nm over time for the films. A faster
decay in intensity is observed when the platform was incubated with quinine. (d) Initial intensity
48 decay of films exposed to different concentrations of quinine for 1 hour. A total of 34 films were

50 examined. Inset shows the photographs of the films.
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Fig. 2. Electrochemical characterization of the platform for the detection of quinine. Cyclic
voltammograms of control H,O (a) and 350 uM quinine (b): as-deposted PE-aptamer film
(black) and after incubation with the solution (red). CV was performed in 60 uM Kj3(Fe(CN)g
with 6 mM KCl at a scan rate of 100 mVs™". A greater increase in peak current is observed for
film with quinine bound. (d) Change in peak current (Aly,) for different concentrations of
quinine. An increase in quinine concentration leads to higher Al .. (€) A comparison of Al , for

control, quinine and ecgonine (350 uM) showing the specificity of the platform.
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22 Fig. 3. Optimization of PE-aptamer multilayers. (a) Anodic peak currents after immersion in

water and quinine for electrodes covered with increasing number of bilayers of PAH/PSS while
27 keeping the top (PAH/DNA-aptamer)sPAH constant. The largest difference between H,O and
29 quinine is observed for four bilayers of PAH/PSS. (b) Effect of increasing the number of

31 PAH/DNA bilayers with four base bilayers of PAH/PSS on the Al ,.
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Fig. 4. Effects of ions on the sensing performance. (a) Colorimetric response, measured as
percent of LSPR intensity decay, of various ions at 500 uM. (b) Electrochemical response,
measured as Al,, for the ions at 1 mM. Sulfate is an interference and yields a false positive

detection.
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Fig. 5. Effect of structural-switching of the aptamer on the sensing capability. (a) Chemical
structure of the cocaine/quinine-binding aptamers MN19 and MN4. MN19 with one pre-formed
stem folds into a three-way junction upon binding to quinine. MN4 with an additional three base
pairs prefolds into the three-way junction in the absence of quinine and does not undergo
structural switching. (b) Electrochemical response (Aly,) for the films comprising either MN19
or MN4 as the aptamer. No difference in Al,, between H O and quinine was observed when
MN4 was employed, compared to a twofold increase in Al,, for that of MN19 A structural-

switching aptamer is required for achieving a change in the permeability.
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Scheme 1. Two sensing platforms employing the PE-aptamer multilayered film. (a) Colorimetric
sensor comprising gold-coated silver nanoprisms on top of which the target-responsive PE-
aptamer film is assembled. The aptamer binds to quinine and the film is subsequently developed
by immersing with Fe(CN)¢>™ as the nanoparticle etchant. (b) Electrochemical sensor fabricated
by depositing PE-aptamer film on patterned ITO electrodes. Binding of quinine increases the

diffusion of Fe(CN)s>" to the electrode resulting in an increase in redox activity.
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