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lonic-complementary peptides are promising new biomaterials with potential applications in
bionanotechnology. In the present investigation, a typical ionic-complementary peptide,
EFK16-11, was used to modify a highly ordered pyrolytic graphite (HOPG) electrode. Upon
modification, peptide nanofibers, parallel or oriented 60° or 120° to each other, were formed
on the surface of HOPG electrode. Surface wettability of the electrode was improved as indi-
cated by a significant decrease in the water contact angle. The electrochemical response of
the EFK16-11 nanofiber-modified HOPG electrode for the ferricyanidelferrocyanide redox cou-
ple was characterized. Cyclic voltammograms indicated that the presence of peptide nanofibers
on the HOPG electrode did not block electron transfer at slow scan rates (~2 mV/s), but did
so at high scan rates (~ 100 mV/s). A model enzyme glucose oxidase (GOx) was covalently
immobilized onto this nanofiber-modified electrode, and its potential as an enzyme-based bio-
sensor for glucose was examined. At an applied potential of +0.45 V (vs. Ag/AgCl), the cur-
rent increased linearly with glucose concentration up to 7.5 mM and a relative high sensitivity
was obtained at 11.3 + 1.0 nA/(mM mn?’). The immobilized GOx showed high affinity for glu-
cose, with a Michaelis—Menten constant K,, of 6.8 £ 0.9 mM. It also exhibited relatively good
storage and operational stabilities, and reflected in only a small decrease (13%) in the current
response after 1 month storage and negligible changes upon 50 cyclic voltammetric scans.
The results presented here demonstrate an excellent potential of the use of ionic-complemen-
tary peptides to modify electrode surfaces for biomolecular sensing and diagnostics.
Keywords: ionic-complementary peptide, (bio)molecular sensing, surface modification,
patterned nanofibers

Introduction

Biosensors are analytical devices that combine a biologi-
cally sensitive element (biorecognition agent) with a physical
or chemical transducer (e.g., noble metal or graphite elec-
trode, optical fibers, surface acoustic wave, or calorimetric
devices) to selectively detect and measure the amount of
specific compounds in a given external environment." They
have been widely used in the biomedical diagnostics field
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and the food industry. Rapid and reliable detection of spe-
cific nucleic acid sequences, proteins (e.g., antibodies and
antigens), cell-surface markers, and pathogens is essential in
biomedical works such as diagnosis of diseases, high-
throughput assays, drug development as well as unraveling
complexities of cellular chemical networks.>™ In the food
industry, applications of biosensors range from testing pesti-
cide residues to the routine determination of analyte concen-
trations including glucose, sucrose, and alcohol, which can
be indicators of food quality/acceptability.® Therefore,
intense efforts have been placed on the research and devel-
opment of novel biosensing devices that are sensitive, stable,
portable, easy to use, and inexpensive to operate.
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The key element in the design of a suitable sensor archi-
tecture is the immobilization of a specific biological recogni-
tion element such as an enzyme on the transducer surface.”
Suitable surface linkers or matrices are therefore required
to immobilize the enzyme on the surface and provide a
biocompatible platform to allow the enzyme to function
properly and effectively. With rapid developments in nano-
technology, materials scientists, and chemists are now focus-
ing on using various nanoscale material assemblies for such
a purpose.

Among the many nanoassemblies, self-assembled mono-
layers (SAMs) containing functional groups and terminated
by thiols have been widely used as linkers for the immobili-
zation of many enzymes on gold electrodes.®*'! The covalent
immobilization of enzymes via SAMs can increase the bind-
ing capacity of the electrode surface toward enzymes and
provide molecular level control over the enzyme distribution
on the electrode surface.'” In addition, undesired Faradaic
background currents can be suppressed because of the insu-
lating effect of the SAM on electron transfer. However, cur-
rent for the desired redox reactions may also be suppressed,
resulting in lower responses.'> The use of SAM linkers is
also limited by the fact that thiols tend to reductively desorb
from gold electrodes at potentials below —1.0 V (vs. SCE),
thereby narrowing the working potential window.'*

Recently, self-assembled nanotubes of the peptide diphe-
nylalanine (FF) have shown potential for use in biosensor
applications.'>'® Modification of carbon and gold electrodes
by these peptide nanotubes can improve the reaction revers-
ibility of the Fe(CN)¢ /Fe(CN);~ redox couple and the elec-
trochemical fingerprint of the electrode; it also enables these
electrodes to exhibit a direct and unmediated response to
hydrogen peroxide and NADH. In addition, glucose oxidase
(GOx)-based biosensors modified by such peptide nanotubes
have been shown to exhibit unmediated, rapid responses to
successive additions of glucose. However, problems remain
with the storage stability of these types of enzymatic
biosensors.

The promise of dipeptide nanotubes for biosensor applica-
tions has encouraged us to explore a special class of ionic-
complementary, self-assembling peptides. These new pepti-
des have a unique sequence of alternating hydrophobic and
hydrophilic residues, imparting them with amphiphilic char-
acteristics. They can self-assemble into stable f-sheet-rich
nanofibers and macroscopic membranes in aqueous solu-
tion.'”'® In particular, one member of this class of peptides
has been found to assemble into nanofibers on both hydro-
philic and hydrophobic surfaces under pH-controlled condi-
tions.'??° The nanostructures assembled from these peptides
have shown promise for a variety of uses, such as surface
modification, tissue scaffolding, and drug delivery.”’zo_28

Further research in surface modification is now primarily
focused on the development of an ionic-complementary pep-
tide-based platform for (bio)molecular sensing. The presence
of ionic-complementary peptide assemblies on an electrode
surface may not only provide functional groups to immobi-
lize enzymes onto the electrode surface but also improve the
surface biocompatibility, optimizing the enzyme functions.
Accordingly, the activity and stability of the immobilized
enzymes may be improved.

In this study, GOx was used as a model enzyme to dem-
onstrate an amperometric biosensor for glucose, using a
HOPG electrode modified by the ionic-complementary pep-
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Figure 1. Molecular structure of EFK16-II.

tide EFK16-II (Figure 1). To understand the conformation of
the peptide used, Fourier transform infrared spectroscopy
(FTIR) was applied to elucidate the peptide secondary struc-
ture. The peptide nanostructures assembled on HOPG were
observed with atomic force microscopy (AFM) imaging. The
hydrophobicity or wettability of the peptide-modified elec-
trode was characterized by water contact angle measure-
ments. Finally, a series of electrochemical methods was
employed to characterize the peptide-modified electrode and
to test the activity and stability of the enzyme immobilized.

Materials and Methods

Materials

The ionic-complementary peptide EFK16-I1 (C;oH 21Ny,
0,5, molecular weight 2,265.6 g/mol) has the sequence
FEFEFKFKFEFEFKFK (Figure 1), where F corresponds to
phenylalanine, E to glutamic acid, and K to lysine. At neu-
tral pH, F is neutral, while E and K are negatively and posi-
tively charged, respectively. This peptide was purchased from
CanPeptide Inc. (Quebec, Canada) and used without further
purification. The N-terminus and C-terminus of the peptide
were protected by acetyl and amino groups, respectively.

Highly ordered pyrolytic graphite (HOPG, ZYB grade)
was obtained from SPI Supplies (West Chester, PA). GOx
(EC 1.1.3.4 type X-S, from Aspergillus niger), glucose, 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC), N-
hydroxysulfosuccinimide (NHS), ferrocenecarboxylic acid
(FCA), and potassium ferricyanide were all purchased from
Sigma-Aldrich (Oakville, ON, Canada).

Fourier transform infrared spectroscopy

A FTIR was obtained over the range from 1,450-1,750
cm~ ! to determine the secondary structure of the peptide in
the assemblies. Examination of the amide I band (1,600—
1,700 cm ") within this range enables distinction to be made
between various secondary structures, e.g., «-helices, [-
sheets, and random coils. Hundred microliters of 0.5 mg/mL
EFK16-II (incubated for weeks to allow the formation of sta-
ble peptide assemblies) were placed on a crystal slide of cal-
cium fluoride (CaF,) and dried at room temperature. The
FTIR spectra of the thin films were obtained at a wave num-
ber resolution of 4 cm™' with a Bio-Rad spectrometer
(FTS3000MX, EXCALIBUR series, Hercules, CA). The
baseline was subtracted from the observed absorbance inten-
sity and the resulting spectra normalized with respect to the
maximum intensity.
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Figure 2. Covalent attachment of the enzyme GOx to the glutamic acid residue of EFK16-II using 1-ethyl-3-(3-dimethylaminopropyl)

carbodiimide (EDC) and r-hydroxysulfosuccinimide (NHS).

Atomic force microscopy

Imaging of the peptide-modified HOPG surface was per-
formed using a PicoScan™ AFM (Molecular Imaging, Phoe-
nix, AZ) in 500 uL of pure water in an environmentally
controlled chamber at room temperature (to minimize evapo-
ration of the solution). A scanner with a maximum scan area
of 6 X 6 ,um2 was used. Silicon nitride cantilevers with a
nominal spring constant of 0.58 N/m (DNP-S, Digital Instru-
ments, Santa Barbara, CA) and a tip radius of 10 nm were
used for tapping mode operation. For the best imaging qual-
ity, the tapping frequency was typically set between 16 and
18 kHz and the scan rate was controlled at 0.857 lines/s.
AFM images were obtained at a resolution of 256 x 256
pixels.

Contact angle measurements

Hundred microliters of 0.5 or 1.0 mg/mL EFK16-II solu-
tion were placed on a freshly cleaved HOPG surface for 3 or
5 h (as indicated in figure and table captions) and then
washed with pure water three times before use. Contact
angle measurements were then conducted to determine
changes in the hydrophobicity of the surfaces upon EFK16-
II modification. The contact angle measurements were made
by manually depositing a sessile drop of water (30 uL) on
either an unmodified or EFK16-II-modified surface placed
inside a sealed, water-saturated chamber (to prevent water
evaporation). A sequence of cross-sectional images of the
sessile drop was recorded at 5-s intervals over a period of
5 min. The recorded images were analyzed by the Axisym-
metric Drop Shape Analysis-Profile (ADSA-P) program® to
yield the contact angle value. All the experiments were
temperature-controlled by a refrigerated bath with a circula-
tor digital controller (NESLAB Instrument, Inc., George-
town, Ontario) to ensure that the temperature of the system
remained at 20°C + 0.1°C during the measurements. Static
water contact angles for each surface are reported herein and
represent the average of measured values obtained from
three different samples.

Preparation of enzyme-immobilized electrode

Two hundred microliters of 0.5 mg/mL EFK16-II stock
solution were injected onto the freshly cleaved surface of

HOPG electrodes (2 cm x 2 cm) and incubated overnight to
fabricate the EFK16-II-modified electrodes. The steps by
which the enzyme electrode was prepared are shown in
Figure 2% The EFK16-II-modified electrode surfaces were
first washed three times with pure water to remove loosely
attached EFK16-II. The carboxylic acid groups of EFK16-11
on the electrode were then activated with 200 uL of 50 mM
potassium phosphate buffer (pH 5.5) containing 2 mM EDC
and 5 mM NHS for 1 h at room temperature. This step con-
verts the carboxylate group into its NHS ester, which is sus-
ceptible to attack by amines. Consequently, amide bonds
form between the enzyme molecules and the glutamic acid
residues of the peptide (Figure 2). After the activation, the
electrodes were rinsed with a potassium phosphate buffer
(pH 5.5) three times and immediately covered with 200 uL
of 50 mM phosphate buffer (pH 5.5) containing 1 mg/mL
GOx, and incubated overnight at 4°C. The enzyme electrode
was then well rinsed several times with a potassium phos-
phate buffer (pH 7.0) and used immediately. Although not
included here, results of control experiments suggest that
small amounts of physically adsorbed enzyme may remain
on the electrode even after rinsing several times with buffer
solution.

Electrochemical measurements

All electrochemical measurements were conducted with a
CHI650A Potentiostat (CH Instruments, Inc., Austin, TX).
Cyclic voltammetry was carried out in a conventional three-
electrode configuration, with the GOx-immobilized-EFK16-
II-modified HOPG electrode (GOx/EFK16-II/HOPG, geomet-
ric area of 4 cm?®) as the working electrode, a platinum wire
as the auxiliary electrode and Ag/AgCl (3 M NaCl, Bioana-
lytical Systems, West Lafayette, IN) as the reference elec-
trode. All potentials reported herein correspond to the Ag/
AgCl scale. The scans obtained in the presence of potassium
ferricyanide proceeded cathodically from 0.5 V to 0 V
before being reversed back to 0.5 V. The scans proceeded
from 0.0 V to 0.5 V and back to 0.0 V when the GOx-
immobilized-EFK16-II-modified HOPG electrode was used.
The electrolyte was a 100 mM potassium phosphate buffer
containing 0.2 mM FCA and various concentrations of glu-
cose ranging from 0 to 20 mM (diluted from a stock solution
prepared at least 24 h prior to use to allow mutarotation to
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Figure 3. FTIR spectrum of EFK16-I1.

occur). The activity of the immobilized GOx was tested by
measuring the current response during cyclic voltammetry
experiments in the presence of 20 mM glucose.

The Michaelis—Menten kinetic parameters (Michaelis—
Menten constant K,, and the maximum amperometric
response I.,.x) were obtained by fitting the equation
[ = 11(’“+[[SS to the experimental data. K, reflects the strength
of the GOx-glucose interaction, while I, corresponds to
the maximum rate of the enzyme reaction at high glucose
concentration when the amount of active enzyme on the
electrode has reached saturation. In the equation given ear-

lier, [S] is the bulk concentration of glucose.

Results and Discussion

Secondary structure of EFKI16-II in the assemblies

To characterize the secondary structure of EFK16-II, FTIR
spectroscopy was used to distinguish between f-sheets, o-
helices, and random coils within the amide I band (1,600—
1,700 cm™") caused by C=O stretching. Figure 3 shows a
typical FTIR spectrum of the EFK16-II sample. A prominent
characteristic band appears in the spectrum at about 1,628
cm™ !, which can be attributed to the formation of a f-sheet
secondary structure.’’*> This result demonstrates that the
peptide self-assembles with a predominantly f3-sheet second-
ary structure.

Characterization of the EFK16-11-modified
HOPG electrode

Nanostructure of EFKI16-I1 Assemblies on HOPG. Fig-
ures 4a,b shows the AFM images of the surfaces of bare
HOPG and EFK16-1I modified HOPG, respectively. After 3-h
incubation of HOPG in 0.5 mg/mL EFK16-II, the formed
nanofibers arranged either in parallel or at 60° or 120° to each
other on the surface. The formation of patterned nanostruc-
tures on a HOPG surface has been previously observed, with
many molecules ranging from alkyl chain-grafted fullerenes,’”
metal-organic complexes, to peptides/proteins and poly-
mers.> >’ This formation process has been characterized as
being surface directed/assisted assembly. Such orientations of
the adsorbed molecules/nanofibers arise presumably due to the
hexagonal crystal structure of the HOPG (001) surface and
reflect the importance of substrate—peptide interactions.

967

The adsorption of EFK16-II on HOPG is likely due to
hydrophobic interactions. As mentioned earlier, the peptide
has an amphiphilic structure in which the hydrophobic phe-
nylalanine residues lie on one side of the backbone, while
the hydrophilic lysine and glutamic acid residues lie on the
other side (Figure 1). When the peptide assembles in a f-
strand arrangement, it can attach to a hydrophobic surface
through hydrophobic interaction in which the phenylalanine
side chain is oriented toward HOPG and the lysine and glu-
tamic acid groups face the solution (Figure 4c). In the pres-
ent case, the height of the patterned nanofibers on HOPG is
estimated to be 0.8 4+ 0.2 nm, which is comparable to that
of a single f-sheet (~1.2 nm, estimated from Chemsketch
software, Toronto, Canada). This suggests that each fiber is
made up of only a single layer of f-sheet on the surface.
Note that if such a structure forms, the EFK16-II-modified
HOPG surface should be more hydrophilic than an unmodi-
fied HOPG surface, since the lysine and glutamic acid resi-
dues would be oriented outward into the solution.

Wettability of the EFKI6-1I-Modified HOPG Elec-
trode. Water contact angle measurements were conducted
to determine whether the hydrophobicity of the HOPG sur-
face changes upon modification by EFK16-II. Figures 4d.e
show photographs of the water sessile drops on the HOPG
surface before and after EFK16-II modification. The water
contact angle on a freshly cleaved HOPG surface is 71.4 £
5.7° (Figure 4d), indicating that the surface is somewhat
hydrophobic. Once the peptide solution has contacted the
HOPG surface for 3 h and nanofibers allowed to form, the
water contact angle decreases to about 36.9 + 1.5°, indicat-
ing that the surface has become more hydrophilic (Figure
4e). This decrease is consistent with what would be expected
from the proposed single layered f-sheet structure in which
the peptide interacts with HOPG through its hydrophobic
side and the lysine and glutamic acid residues are oriented
toward the aqueous solution (Figure 4c).

The wettability of the EFK16-II-modified HOPG surface is
found to vary with the peptide concentration and the incuba-
tion time of the EFK16-II solution on the HOPG surface. As
shown in Table 1, an increase in the EFK 16-II concentration
from 0.5 to 1.0 mg/mL EFK16-II leads to a decrease in water
contact angle from 36.9 + 1.5° to 15.5 & 2.6° after 3-h incuba-
tion. Similarly, with the same peptide concentration (0.5 mg/
mL), an increase in the incubation time to 5 h results in a
lower water contact angle of 14.7 + 2.1°. This increase in
hydrophilicity may be due to an increase in the surface cover-
age of EFK16-II on HOPG. It has previously been found that
increases in peptide concentration and incubation time raise
the coverage density of peptide assemblies on HOPG.?

Electrochemical  Characterization of the EFKI6-II-
Modified HOPG Electrode. The electrochemical properties
of the EFK16-II-modified HOPG electrodes were studied by
obtaining cyclic voltammograms for the Fe(CN)g /Fe(CN)g
redox couple. Figure 5 shows cyclic voltammograms
obtained on unmodified HOPG and EFK16-II-modified
HOPG electrodes immersed in a solution containing 1.0 mM
K3Fe(CN)g in 0.1 M KCI at scan rates of 2 and 100 mV/s.
At the scan rate of 2 mV/s (Figure 5a), the CVs of unmodi-
fied HOPG and EFKI16-II-modified HOPG show similar
well-behaved responses that are characteristic of the
Fe(CN)éf/Fe(CN)gf redox couple. This indicates that the
presence of the EFK16-II nanofiber coating does not inter-
fere with electron transfer to any significant extent when the
potential is scanned slowly. The peak separation (AE, = E,,
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Figure 4. Liquid AFM images of HOPG (a) and 0.5 mg/mL EFK16-II-modified HOPG electrode for 3 h (b). Diagram of EFK16-II as-
sembly on HOPG electrode (c). Photographs of water drop on HOPG (d) and 0.5 mg/mL EFK16-II modified HOPG elec-
trode for 3 h (e). The AFM scan scale is 1,000 nm X 1,000 nm.

— E,.) decreases slightly from 193 mV for the unmodified
electrode to 185 mV for the electrode modified by EFK16-I1.
However, at the higher scan rate of 100 mV/s (Figure 5b), a
dramatic difference is observed depending on whether or not
the electrode is modified. Both cathodic and anodic peaks
still appear during the forward and reverse scans obtained on
the unmodified electrode. Comparison of the peak heights to
the corresponding ones obtained at 2 mV/s (Figure 5a) also
shows that their ratios are reasonably close to the value of
(100/2)" expected when a process is controlled by diffusion
of redox species involved in a reversible Nernstian reac-
tion.>® On the other hand, significant attenuation of both the
cathodic and anodic currents is observed when the modified
electrode is used at the higher scan rate. In fact, peaks no
longer appear during the forward and reverse scans. The ca-

Table 1. Contact Angles Measured on HOPG and EFK16-11-
Modified HOPG Surfaces at Different Peptide Concentrations and
Incubation Times

Surfaces Contact Angle
HOPG 71.4 £ 5.7°
0.5 mg/ml EFK/HOPG-3 h 369 £+ 1.5°
0.5 mg/ml EFK/HOPG-5 h 14.7 £ 2.1°
1.0 mg/ml EFK/HOPG-3 h 15.5 + 2.6°

thodic current during the forward scan and the anodic current
during the reverse scan are suppressed considerably relative to
that observed on the unmodified electrode. The results in Fig-
ures 5a,b provide evidence of the presence and good adhesion
of the peptide assemblies to the electrode. They also show that
the presence of the peptide assemblies increases the resistance
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Figure 5. Cyclic voltammograms obtained in the presence of
1.0 mM K;Fe(CN)g with 0.1 M KCIl solution on bare
HOPG (dotted line) and EFK16-II-modified HOPG
electrodes (solid line) at a scan speed of 2 mV/s (a)
and 100 mV/s (b).

Electrode area is 2 x 2 cm’. The arrows indicate the scan
direction.

Current juA

to electron transfer relative to that on the unmodified HOPG.
Moreover, the redox couple is able to overcome the barrier of
the EFK16-1I assemblies on the HOPG surface sites reasonably
well at the low scan speed, but can no longer do so when the
available time frame is reduced considerably by increasing the
scan rate to 100 mV/s.

The height of peptide nanofiber assemblies (0.8 £ 0.2 nm)
is less than the distance (1.5 nm) over which electron tunnel-
ing can occur.®® Electron transfer between the electrode and
the redox probe could occur by electron tunneling or by
reaction at defect/pinhole sites on the peptide-modified
HOPG electrode.

The electrochemical stability of the EFK16-II-modified
HOPG electrode was tested by obtaining a cyclic voltammo-
gram in 0.1 M KClI solution in the absence of ferricyanide.
The absence of detectable redox peaks indicates that the pep-
tide assemblies remain stable on the electrode over the
potential range used.

Electrocatalytic oxidation of glucose

Figure 6 shows cyclic voltammograms of the GOx-immo-
bilized EFK16-II-modified HOPG electrode in 0.1 M potas-
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Figure 6. Cyclic voltammograms of the GOx-immobilized
EFK16-1I-modified HOPG electrode obtained in
100 mM potassium phosphate buffer (pH 7.0) con-
taining 0.2 mM FCA before (a) and after (b) the
addition of 20 mM glucose.

Scan rate = 2 mV/s; electrode area = 2 x 2 cm?. The arrows
indicate the scan directions.

sium phosphate buffer (pH 7.0) containing 0.2 mM FCA as
a mediator' in the absence and presence of 20 mM glucose.
In the absence of glucose, the characteristic and well-
behaved voltammogram of FCA is observed (Figure 6a). In
the presence of glucose, an electrocatalytic anodic current is
observed (Figure 6b), indicating that GOx molecules are im-
mobilized on HOPG and maintain their activity.10

To better characterize the fabricated ionic-complementary
peptide-based enzyme electrode, a calibration curve was con-
structed from chronoamperometry data. /-t curves for the
enzyme electrode shown in Figure 7a were acquired at a
constant potential of 0.45 V in the presence of various con-
centrations of glucose. Steady-state currents were obtained
within 2 min. The background-subtracted steady-state cur-
rents at various glucose concentrations were used to con-
struct the calibration curve shown in Figure 7b. Anodic
currents rise with increasing glucose concentration until they
reach a plateau at high glucose concentrations, consistent
with that expected from Michaelis-Menten kinetics.'” The
response is linear up to 7.5 mM glucose (Figure 7b inset),
which covers the range of 3.5-6.5 mM required for clinical
applications.*

The calibration curve shows good linearity over the glu-
cose concentration range from 0 to 7.5 mM, with a coeffi-
cient of determination 7> = 0.96. The data shown in Figure
7b were analyzed to determine the Michaelis—Menten kinetic
parameters. The apparent Michaelis—Menten constant K,
value for the EFK16-II-based enzyme biosensor was found
to be 6.8 + 0.9 mM, which is much smaller than that
reported for thiol and CaCO; nanoparticle-modified Pt elec-
trodes (21-24 mM).*>*! It should be noted that the smaller
the value of K, the higher is the affinity of immobilized
GOx for glucose. In addition, /,,,x and the sensitivity (the
slope of the calibration curve in the linear range) were found
to be 142.0 + 7.3 nA mm > and 11.3 £ 1.0 nA/(mM mm?),
respectively. This /. value is similar to the value of
~150 nA mm ? obtained for gold electrodes modified with
GOx and alkanethiol, whereas the obtained sensitivity is
almost three times higher that obtained with GOx-modified
thiol-modified gold nanotube and gold electrodes (~4 nA/
(mM mm2).%2%
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Figure 7. (a) Amperometric responses of the GOx-immobilized
EFK16-1I-modified HOPG electrode in 100 mM
potassium phosphate buffer (pH 7.0) containing
0.2 mM FCA and various concentrations of glucose
(from bottom to top, 2.5, 5, 10, 20 mM); (b) calibra-
tion curve for the GOx-immobilized EFK16-II-modi-
fied HOPG electrode. Inset shows the linear range of
the calibration curve, r* = 0.96.

Stability

The storage stability of the ionic-complementary peptide-
based GOx electrode was examined by measuring the cur-
rents for 20 mM glucose at 0.45 V during the cyclic voltam-
mograms obtained on the first day and the 30th day
following the initial preparation of the electrode. The elec-
trode was kept at 4°C in 0.1 M phosphate buffer (pH 7.0)
when not in use. The current obtained at 0.45 V decreases to
about 87% of the original value after 1 month of storage.
This loss in current is lower than that reported for GOx-
modified dipeptide FF-modified gold electrodes, which were
found to lose 40% of their activity within 2 weeks of stor-
age."” This better long-term storage stability can be attrib-
uted to the good compatibility of the ionic-complementary
peptide and GOx.

In addition, the ionic-complementary peptide-based GOx
electrode shows good operational stability. This operational
stability was indicated by negligible changes in peak currents
after 50 repeated CV cycles between 0 and 0.5 V at 10 mV/
s. This result also reflects the good adhesion of the peptide
assemblies and GOx to the HOPG electrode.

In this work, HOPG was used as a model electrode to test
the concept of using ionic-complementary peptide modified
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electrodes for (bio)molecular sensing. The presented results
demonstrate promise for the use of ionic-complementary
peptides to modify HOPG electrodes for biosensor applica-
tions. The presence of patterned peptide nanofibers can
improve the wettability of the HOPG surface, but does not
significantly increase the resistance to electron transfer. In
addition, they provide functional groups, e.g., carboxylic and
amine groups, for immobilizing enzymes and other sensing
molecules such as antibodies or DNA. The good stability of
the peptide nanofibers under various solution conditions and
compatibility with the immobilized enzymes could make
such peptides a promising new class of biomaterials for bio-
molecular sensing and for studying the electrochemistry of
proteins. This work can also be easily extended to nanoe-
lectrodes, such as carbon nanotube electrodes, which would
be expected to show higher sensitivity and possible non-
mediated amperometric responses. In addition, rational pep-
tide sequence design, for example, through the introduction
of aromatic residues, may further enhance interaction with
the electrode and improve its electrochemical properties.

Conclusions

The ionic-complementary, self-assembling peptide
EFK16-II was used to modify HOPG electrodes for
enzyme-based biosensor applications. The peptide adsorbed
and formed nanofibers, parallel or oriented 60° or 120° to
each other, on the HOPG electrode surface. The presence
of EFK16-II nanofiber assemblies decreased the water con-
tact angle on the HOPG surface, indicating an enhanced
wettability of the surface. The presence of the peptide
nanofiber coating did not block electron transfer to the
electrode, although some inhibition of the ferri-ferrocya-
nide reaction was observed at higher scan rates. GOx could
be covalently immobilized onto the peptide nanofiber-
modified HOPG electrode and then used as a glucose sen-
sor. A linear amperometric response was observed up to
7.5 mM glucose. GOx immobilized on the self-assembled
peptide nanofibers showed high affinity for glucose with an
apparent Michaelis—Menten constant K, of 6.8 + 0.9 mM.
The glucose biosensor also shows relatively good storage
and operational stabilities. These results indicate that this
ionic-complementary peptide as a surface modifier provides
an interface for enzymes with relatively good biocompati-
bility. This study has demonstrated the promise for the use
of ionic-complementary self-assembling peptides in modifi-
cation of electrodes for (bio)molecular sensing and diag-
nostic applications.
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