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Introduction

Biocompatible nanocomposites have drawn increasing atten-
tion owing to their promising properties and compatibility
with bioactive proteins and enzymes. These composites,
which integrate natural biomolecules, hydrogels, or biopoly-
mers with nanomaterials, possess superior properties to
those of the independent components and have found great
potential for applications in various fields, especially in the
field of bioelectrochemistry.[1] It has been proven that such
nanocomposites could provide favorable microenvironments
for redox proteins and enzymes to realize direct electro-
chemistry and could be used in the construction of excellent
electrochemical biosensors. So far, various biocompatible
nanocomposites have been utilized for the fabrication of
biosensors.[2] Among them, carbon-based biocomposites
have attracted considerable attention because of their
unique electronic and structural characteristics.[3] On the
basis of these attractive properties, carbon-based biocompo-
sites could act as effective supports for the immobilization
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of redox enzymes and for the fabrication of biosensors with
improved electrochemical performance.

Graphene (GP), a two-dimensional carbon nanomaterial,
has attracted great interest due to its unique structure and
properties, such as large specific surface area, high thermal
conductivity, and extraordinary electronic transport proper-
ties.[4] GP has gained increasing attention for a variety of ap-
plications because of these exciting properties.[5] At present,
more and more attempts have been made for the applica-
tion of GP in bioelectrochemistry.[6] It has been found that
GP is a promising material for the fabrication of electro-
chemical biosensors, and it has shown great potential to pro-
mote the electron transfer of redox enzymes on electrodes.[7]

For example, Shan et al. constructed a polyvinylpyrrolidone-
protected GP/polyethyleni-
mine-functionalized ionic
liquid/glucose oxidase (GOD)
electrochemical biosensor
based on the direct electro-
chemistry of GOD.[8] Also using
GOD as a model enzyme, Chen
and co-workers fabricated a
GOD/GP/Nafion composite
film modified electrode to real-
ize the direct electrochemistry
of GOD.[9] Compared with
other carbon-based nanomateri-
als such as carbon nanotubes
(CNTs), GP possesses some ad-
vantages for the fabrication of electrochemical biosensors,
such as its low cost, increased surface area, and specific
nanosheet structure. However, the utilization of GP, espe-
cially in a biocompatible form, to construct biosensors is still
limited.

Deoxyribonucleic acid (DNA), which is a well-known nat-
ural biological macromolecule, has gained increasing atten-
tion in the field of biotechnology.[10] Recently, the combina-
tion of DNA with carbon-based nanomaterials such as
CNTs for the development of novel biomaterials and devi-
ces has attracted great attention in the field of DNA trans-
porters,[11] field-effect transistors,[12] and gene therapy.[13]

Such biocompatible nanocomposites are also of interest for
applications in enzyme immobilization and direct electro-
chemistry.[14] It has been found that the bioactivities of met-
alloproteins could be greatly enhanced by being immobi-
lized together with DNA on the surface of a solid matrix.[15]

Compared with independent carbon nanomaterials or DNA-
based enzyme electrodes, such nanocomposite-based
enzyme electrode therefore often exhibit better electro-
chemical performance.[16] For example, our previous study
showed that the utilization of DNA/CNT nanocomposites as
the electrode material could greatly enhance the faradic re-
sponses and bioelectrochemical catalytic activities of the
enzyme electrode.[17] Therefore, it is meaningful to exploit
novel DNA-based nanocomposites for electrochemical bio-
sensing applications. Recently, it has been found that single-
stranded DNA (ss-DNA) could form a stable nanocompo-

site with GP through p–p stacking interactions.[18,19] Owing
to such efficient combination, the resulting ss-DNA/GP
nanocomposite is endowed with the excellent properties of
the two independent components, such as the biocompatibli-
ty of DNA and the outstanding electronic properties of GP.
Furthermore, the existence of DNA on GP not only assisted
the dispersion of GP in aqueous solution but also made it
exhibit a negative charge, which is favorable for the further
immobilization of biomolecules through self-assembly.

Herein, by taking the advantages of ss-DNA and GP, we
propose a novel design for the fabrication of an enzyme
electrode to realize direct electrochemistry. Horseradish per-
oxidase (HRP) was immobilized on ss-DNA/GP through a
self-assembly method to form a multicomponent nanocom-

posite on a glassy carbon (GC) electrode (Figure 1). The ex-
perimental results demonstrated that such an electrochemi-
cal platform not only preserved the native structure of the
immobilized enzyme but also exhibited good electron-trans-
fer properties for HRP. Meanwhile, the as-prepared HRP/ss-
DNA/GP/GC electrode exhibited good analytical perfor-
mance towards the quantification of hydrogen peroxide,
with a wide linear range, good reproducibility, and long-
term stability. Therefore, this kind of biocomposite film
offers a promising platform for the development of novel
electrochemical biosensors.

Results and Discussion

Characterization of the ss-DNA/GP nanocomposite : The
morphological characters of the as-synthesized ss-DNA/GP
nanocomposite were obtained by transmission electron mi-
croscopy (TEM). Figure 2 a presents a typical TEM image
of ss-DNA/GP. As shown, the ss-DNA/GP was in the form
of ultrathin sheets from 500 nm to 1 mm in size. Further-
more, it is obvious that there is some corrugation and scroll-
ing on the edge of the nanosheet. Figure 2 b and c show pho-
tographs of unmodified GP and ss-DNA/GP, respectively,
dispersed in water. It can be observed from Figure 2 b that
the unmodified GP could not be dispersed in water. By con-
trast, ss-DNA/GP could be readily dispersed in water to
form a black suspension, which indicated that the nanocom-

Figure 1. Scheme of fabrication of the HRP/ss-DNA/GP/GC electrode and the direct electron transfer between
immobilized HRP and the GC electrode.
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posite was highly hydrophilic. This homogeneous suspension
was stable even after storage for several months. Figure 2 d
shows the zeta-potential data of ss-DNA/GP in PBS at
pH 5.0. The ss-DNA/GP nanocomposite possessed a strong-
ly negative charge of nearly �38 mV at pH 5.0; this result is
similar to that with ss-DNA (�41 mV) under the same con-
ditions. Such a negative charge was important for the stable
dispersion of ss-DNA/GP in aqueous solution because it
could form electrostatic hindrance around the GP nanosheet
to prevent aggregation.

Fabrication of HRP/ss-DNA/GP/GC electrode : The fabrica-
tion of the HRP/ss-DNA/GP/GC electrode is depicted in
Figure 1. Firstly, hydrophilic graphite oxide (GO) aqueous
suspension was obtained through the method of Hummers
and Offeman.[20] The GO was then reduced by hydrazine in
the presence of ss-DNA. Due to the p–p stacking interac-
tions between purine and pyrimidine bases of the DNA mol-
ecules and GP, ss-DNA could adsorb on the surface of the
GP to form an ss-DNA/GP nanocomposite during the chem-
ical reduction procedure. The existence of ss-DNA on GP
not only provided the nanocomposite biocompatibility and
water solubility but also endowed the nanocomposite with a
negative charge in aqueous solution. HRP is an amphoteric
protein (the pH value at isoelectric point is 8.9), so it exhib-

its a positive charge at pH
values below its isoelectric
point. When the electrode
based on ss-DNA/GP was im-
mersed in an aqueous solution
of HRP at pH 5.0, the enzyme
molecule could adsorb onto the
surface of the ss-DNA/GP
through electrostatic interac-
tions to form HRP/ss-DNA/GP
nanocomposites on the GC
electrode. It is known that elec-
trostatic interactions play an
important role during the self-
assembly process between the
enzyme and nanomaterials,
which allows the enzyme to im-
mobilize on the nanomatrix
under mild conditions; thus, the
native structure and bioactivity
of the immobilized enzyme
were retained.[17]

UV/Vis and FTIR spectroscopic
analysis of the HRP/ss-DNA/
GP composite : UV/Vis absorp-
tion spectroscopy was used to
monitor the self-assembly pro-
cess of the HRP/ss-DNA/GP
nanocomposite (Figure 3). The
UV/Vis spectra of free HRP

(line c in Figure 3) and ss-DNA (line a in Figure 3) in aque-
ous solution exhibited strong absorbances at 402 and
260 nm, respectively. The adsorption peak of ss-DNA/GP
appeared at 272 nm (line b in Figure 3). As previously
known, the exfoliated GP suspension in water displayed a
strong absorption band at around 270 nm.[21] After ss-DNA
adsorbed onto GP, this adsorption peak was covered by the
adsorption peak of the ss-DNA located at around 260 nm;
thus, the adsorption peak of the ss-DNA/GP nanocomposite

Figure 2. a) TEM image of ss-DNA/GP, b,c) photographs of unmodified GP (b) and ss-DNA/GP (c) in water,
and d) zeta-potential data of ss-DNA/GP in phosphate buffer solution (PBS) at pH 5.0.

Figure 3. UV/Vis absorption spectra of a) ss-DNA, b) ss-DNA/GP,
c) HRP, and d) HRP/ss-DNA/GP in PBS at pH 7.0.
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appeared at 266 nm. Therefore, these results demonstrated
the chemisorption of ss-DNA on the GP nanosheet. The ss-
DNA/GP was further electrostatically interacted with HRP.
It is evident that a peak appeared at 402 nm in the spectrum
of the HRP/ss-DNA/GP sample (line d in Figure 3), which
was due to the alternative absorption of HRP on ss-DNA/
GP. The Soret band of HRP at 402 nm was unaffected
during the self-assembly process, which suggests that the im-
mobilized HRP maintained its native structure.

Figure 4 shows the FTIR spectra of GO, ss-DNA/GP,
HRP, ss-DNA, and HRP/ss-DNA/GP. It could be observed
that the FTIR spectrum of ss-DNA/GP (line b in Figure 4)

is quite different from that of GO (line a in Figure 4). More-
over, it is obvious that the FTIR spectrum of ss-DNA/GP
exhibited a strong adsorption band at 1700 cm�1. This ad-
sorption band was attributable to the base-pair infrared ab-
sorbance of ss-DNA, which was similar to that observed
with free ss-DNA (line e in Figure 4) and therefore indicates
the existence of ss-DNA on the GP nanocomposite. After
ss-DNA/GP further interacted with HRP, it could be seen
that the FTIR spectrum of the HRP/ss-DNA/GP nanocom-
posite (line c in Figure 4) exhibited the amide I (1654 cm�1)
and II (1545 cm�1) bands of the immobilized enzyme. These
adsorption bands were all essentially the same as those of
the native HRP (line d in Figure 4), which demonstrated
that the secondary structures of the immobilized enzyme
were undisturbed. In addition, it could also be observed that
the amide I band of HRP/ss-DNA/GP was broader than
that of the native HRP, which was due to overlap of the
base-pair band of DNA at 1700 cm�1 and the amide I band
of HRP at 1654 cm�1. On the basis of the above-mentioned
results, ss-DNA/GP could be a good matrix for the immobi-
lization of enzymes because of its excellent biocompability.

Electrochemical properties of the HRP/ss-DNA/GP/GC
electrode : Figure 5 A displays typical cyclic voltammograms
(CVs) for HRP/GC, ss-DNA/GP/GC, and HRP/ss-DNA/
GP/GC electrodes in 0.1m PBS (pH 7.0) over the potential
range from 0.2 to �0.8 V at a scan rate of 200 mV s�1

(lines a–c, respectively). No redox peak was observed at the

HRP/GC electrode (line a in Figure 5 A), possibly due to
the unfavorable orientation or denaturation of HRP mole-
cules on the bare GC electrode surface. There was also no
redox peak observed at the ss-DNA/GP/GC electrode
(line b in Figure 5 A), which suggests that the ss-DNA/GP
nanocomposite was not electroactive in the potential range.
By comparison, a couple of well-defined peaks were ob-
served for the HRP/ss-DNA/GP/GC electrode (line c in Fig-
ure 5 A); these peaks indicated direct electron transfer for
the HRP FeIII/FeII redox pair at the HRP/ss-DNA/GP/GC
electrode. The cathodic and anodic peak potentials were at
�0.32 and �0.20 V, respectively. The formal potential (Ep),
calculated from the average value of the cathodic and
anodic peak potentials, was �0.26 V, which was consistent
with previous literature.[22] This result demonstrated that the
ss-DNA/GP nanocomposite played an important role in fa-
cilitating direct electron transfer between HRP and the GC
electrode. Being a nanocomposite, ss-DNA/GP combined
the advantages of both components, such as the good bio-
compatibility of DNA and the excellent electron-transport
properties and large surface area of GP, which could provide
a conductive and favorable microenvironment for the immo-

Figure 4. FTIR spectra of a) GO, b) ss-DNA/GP, c) HRP/ss-DNA/GP,
d) HRP, and e) ss-DNA.

Figure 5. A) Cyclic voltammograms of a) HRP/GC, b) ss-DNA/GP/GC,
and c) HRP/ss-DNA/GP/GC electrodes in 0.1 m PBS (pH 7.0). Scan rate:
200 mV s�1. B) Cyclic voltammograms of the HRP/ss-DNA/GP/GC elec-
trode at scan rates of 100, 200, 300, 400, 500, 600, and 700 mV s�1 in 0.1 m

PBS (pH 7.0), respectively. Inset: plots of the oxidation peak current (*)
and reduction peak current (&) versus the scan rate for the HRP/ss-
DNA/GP/GC electrode.
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bilized HRP to realize direct electrochemistry. Moreover, it
should be noted that a largely reduced interfacial capaci-
tance was observed at the HRP/ss-DNA/GP/GC electrode,
which was quite different from many other nanomaterial-
based enzyme electrodes.[23,24] The reduced interfacial capac-
itance was possibly contributable to the unique structure of
the ss-DNA/GP nanocomposite.

The influence of scan rate on the response of the immobi-
lized HRP is shown in Figure 5 B. It can be observed that
both the reduction and oxidation peak currents (Ip) were in-
creasing linearly with scan rates from 100 to 700 mV s�1,
which indicates surface-controlled processes of the electrode
reaction. Moreover, integration of the reduction peaks at
different scan rates gave nearly constant charge values. Ac-
cording to Faraday�s law, Q=nFAG*, in which F is the Fara-
day constant, G* represents the surface concentration of
electroactive HRP, Q can be calculated by integrating the
reduction peak of HRP, n stands for the electron-transfer
number, and A represents the area of the electrode surface,
which herein was taken as the geometric area of the GC
electrode (0.07 cm2). The surface concentration of electroac-
tive HRP (G*) at the HRP/ss-DNA/GP/GC electrode was
calculated to be 9.48 �10�9 molcm�2, which is much higher
than the reported value for HRP in other immobilized ma-
trices, such as DNA (5.1 �10�11 molcm�2),[22] DNA/single-
walled CNTs (SWCNTs; 1.2 �10�10 mol cm�2),[16] cetyltrime-
thylammonium bromide/SWCNTs (8.83 � 10�10 mol cm�2),[25]

carbon black (1.83� 10�10 molcm�2),[26] gold nanoparticles/
silk fibroin (1.8 � 10�9 mol cm�2),[27] hexagonal mesoporous
silicas (HMS) (9.4 � 10�10 mol cm�2),[28] and the ionic liquid 1-
butyl-3-methylimidazolium tetrafluoroborate (1.03 �
10�10 mol cm�2).[29] This result indicated that the ss-DNA/GP
nanocomposite possessed a high enzyme-loading ability,
which can be attributed to the large specific surface area
and the crumpled nanosheet structure of the nanocomposite.
Moreover, the theoretical monolayer coverage for HRP is
about 2.0 � 10�11 mol cm�2.[23] The value obtained in our ex-
periment is much higher than that of the theoretical mono-
layer coverage, which demonstrates that multilayers of HRP
entrapped in the ss-DNA/GP matrix participated in the elec-
tron-transfer process. Reasons for the multilayer electron-
transfer process are possibly the conductivity, the biocompa-
bility of the ss-DNA/GP nanocomposite, and the favorable
orientation of the immobilized HRP.

Electrocatalytic properties of the HRP/ss-DNA/GP/GC
electrode for H2O2 reduction : Hydrogen peroxide (H2O2) is
an essential mediator in biology, medicine, industry, and
many other fields, and the sensitive and accurate determina-
tion of H2O2 is therefore of great importance.[30] The electro-
catalytic reduction of H2O2 at the ss-DNA/GP/GC and
HRP/ss-DNA/GP/GC electrodes were studied by cyclic vol-
tammetry. No peak was observed in the CVs of the ss-DNA/
GP/GC electrode in the presence of H2O2 within the poten-
tial range of 0.2 to �0.8 V, which suggested that the ss-
DNA/GP/GC electrode was inactive to direct reduction of
H2O2. However, an obvious increase of the reduction peak

current was observed at the HRP/ss-DNA/GP/GC electrode
when H2O2 was added to the PBS, accompanied by a de-
crease of the oxidation peak current (Figure 6 A; the figure
is elided to the potential range of 0.2 to �0.8 V). This dem-
onstrates a typical electrocatalytic process of H2O2 by HRP
immobilized in the ss-DNA/GP matrix.

The electrocatalytic process of H2O2 by HRP can be de-
scribed by Equations (1)–(5).[31]

HRP½HemeðFeIIIÞ� þH2O2 ! Compound 1þH2O ð1Þ

Compound 1þH2O2 ! HRP½HemeðFeIIIÞ� þH2OþO2

ð2Þ

HRP½HemeðFeIIIÞ�þHþ þ e� !
HRP½HemeðFeIIÞ� ðat electrodeÞ

ð3Þ

HRP½HemeðFeIIÞ� þO2 ! HRP½HemeðFeIIÞ� �O2 ðfastÞ
ð4Þ

HRP½HemeðFeIIÞ� �O2 þHþ þ e� !
HRP½HemeðFeIIIÞ� þH2O2 ðat electrodeÞ

ð5Þ

Figure 6. A) Cyclic voltammograms of the HRP/ss-DNA/GP/GC elec-
trode in 0.1m PBS (pH 7.0) with a) 0, b) 0.745, c) 1.165, d) 1.725, e) 2.425,
f) 3.825, g) 4.525, h) 5.225, i) 6.45, and j) 7.85 mm H2O2. B) Plot of the
electrocatalytic current (Icat) versus H2O2 concentration for the HRP/ss-
DNA/GP/GC electrode. Scan rate: 200 mV s�1.
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As shown in Figure 6 A, two reduction peaks could be ob-
served at �0.13 and �0.31 V. These two reduction peaks are
the reduction peaks of O2 and HRP ACHTUNGTRENNUNG[Heme ACHTUNGTRENNUNG(FeIII)] at the
HRP/ss-DNA/GP/GC electrode, respectively; these are con-
sistent with the electrode reactions described in Equa-
tions (3) and (5). When H2O2 was added to the PBS, HRP-ACHTUNGTRENNUNG[Heme ACHTUNGTRENNUNG(FeIII)] and O2 could be formed according to Equa-
tions (1) and (2); thus, the reduction peaks at �0.13 and
�0.31 V increased upon an increase in the H2O2 concentra-
tion. Once the concentration of H2O2 reached a high level,
it could be observed that these two reduction peaks over-
lapped and integrated into one reduction peak.[32] The linear
relationship between the electrocatalytic current (Icat) and
the concentration of H2O2 is shown in Figure 6 B. It can be
observed that the cathodic peak currents increased linearly
with concentrations of H2O2 from 115.5 mm to 9.25 mm. The
linear range of the HRP/ss-DNA/GP/GC electrode was
much wider than most of the reported values for other bio-
compatible nanocomposite electrodes.[16,22, 23,25] The reason
for the wide linear range was possibly the well-retained bio-
activity of the HRP immobilized on the conductive and bio-
compatible ss-DNA/GP nanocomposite. The detection limit
for the biosensor was 38.5 mm, based on a signal/noise ratio
of 3, and its linear regression equation was y=25.33x+ 4.98
(R=0.9989, n= 21), in which y and x stand for the peak cur-
rent (in mA) and the concentration (in mm) of H2O2, respec-
tively. From the slope of the line, the sensitivity of the HRP/
ss-DNA/GP/GC electrode was calculated to be
356.6 mA cm�2

m
�1, which was also higher than the previous-

ly reported HRP-based modified electrode.[29] The high sen-
sitivity suggested that the immobilized HRP on the ss-DNA/
GP matrix had good bioelectrocatalytic activity for H2O2.

Reproducibility and stability of the HRP/ss-DNA/GP/GC
electrode : The reproducibility and stability of the HRP/ss-
DNA/GP/GC electrode were also studied. The relative stan-
dard deviation (RSD) is 3.2 % for 6 successive measure-
ments of 200 mm H2O2 in 0.1 m PBS (pH 7.0), which indicat-
ed that the modified electrode possessed good reproducibili-
ty. To investigate the stability of the HRP/ss-DNA/GP/GC
electrode, the modified electrode was stored continuously in
pH 7.0 buffer at 4 8C and CVs were measured after a period
of storage time. The decrease in the cathodic peak current
was negligible after 12 h, which demonstrated that the HRP/
ss-DNA/GP/GC electrode was stable in buffer solution. The
long-term stability of the HRP/ss-DNA/GP/GC electrode
was also tested. After the modified electrode had been
stored at 4 8C for a week, the currents for the direct electron
transfer of HRP and the responses to 200 mm H2O2 had not
changed. Even after storage for a month, the reduction cur-
rent of H2O2 still remained at 95 % of its initial value. These
results indicated that the HRP/ss-DNA/GP/GC electrode
had a good stability toward the electrocatalytic reduction of
H2O2; this stability could be attributed to the good film-
forming ability and excellent biocompatibility of the ss-
DNA/GP nanocomposite.

Conclusion

A novel HRP/ss-DNA/GP/GC electrode was constructed
through self-assembly between HRP and an ss-DNA/GP
nanocomposite on the surface of a GC electrode. FTIR and
UV/Vis spectra were utilized to monitor the assembly pro-
cess. The spectral results also demonstrated that HRP was
immobilized onto the ss-DNA/GP nanocomposite without
denaturation. The experimental results indicated that the
biocompatible matrix supplied a necessary pathway for the
immobilized HRP to achieve direct electrochemistry. Fur-
thermore, the HRP/ss-DNA/GP/GC electrode performed
good electrocatalytic reduction for H2O2 with good sensitivi-
ty, good stability, and a wide linear range. Therefore, such a
multicomponent platform, which integrates the advantages
of GP, DNA, and the redox enzyme together, may have
promising potential for the fabrication of mediator-free bio-
sensors or bioreactors.

Experimental Section

Materials : Native double-stranded DNA (ds-DNA) from calf thymus and
horseradish peroxide (HRP; molecular weight= 44 kDa) were purchased
from Sigma Chemical (USA). Graphite powder (99.95 %, 325 mesh), hy-
drogen peroxide solution (30 wt % aqueous), and hydrazine solution
(50 wt %) were purchased from the Shenyang Chemical Company and
used as received. All solutions were prepared by using Milli-Q purified
water (>18.0 MWcm�1).

Preparation of graphite oxide : GO was prepared from graphite powder
according to the method of Hummers and Offeman.[20] Briefly, powered
flake graphite (2 g) and NaNO3 (1.6 g) were added to 98% H2SO4

(67.5 mL) in an ice bath. After that, KMnO4 (9 g) was slowly added to
the mixture with stirring. The mixture was then maintained at 35 8C for
30 min. After the mixture had been kept at room temperature with me-
chanical stirring for 5 days, warm water (560 mL) was slowly stirred into
the paste and it was then further treated with 30% H2O2 (4 mL). Upon
treatment with the peroxide, the suspension turned bright yellow. The
suspension was then centrifuged, washed with distilled water, and air
dried overnight at 70 8C to obtain GO.

Preparation of unmodified GP and the ss-DNA/GP nanocomposite : To
synthesize unmodified GP, hydrazine (0.4 mL, 85 wt %) was added to a
dispersion of GO (10 mL, 2.5 mg mL�1) and the mixture was heated to
reflux for 3 h. The mixture was then centrifuged and washed with dis-
tilled water three times to remove excess hydrazine.

The ss-DNA/GP nanocomposite was synthesized according to the report-
ed method with a slight modification.[19] Briefly, an aqueous solution of
ds-DNA (6 mg mL�1) was first heated at 95 8C for 2 h to obtain an aque-
ous solution of ss-DNA. GO (100 mg) was dispersed in water (40 mL),
and the mixture was sonicated for 3 h to get a homogeneous yellow-
brown dispersion. The GO dispersion (10 mL, 2.5 mg mL�1) was then
mixed with the aqueous solution of ss-DNA (20 mL, 6 mg mL�1), and the
resultant mixture was stirred for 0.5 h. Subsequently, hydrazine (0.4 mL,
85 wt %) was added to the mixture. The mixture was then heated to
reflux at 100 8C for 4 h to prepare the ss-DNA/GP nanocomposite. After
cooling to room temperature, the resulting materials were then centri-
fuged and washed three times with distilled water to remove excess hy-
drazine and ss-DNA. The as-prepared ss-DNA/GP nanocomposite was
water soluble and could be stored as an aqueous solution at a concentra-
tion of 1 mg mL�1.

Preparation of the HRP/ss-DNA/GP/GC electrode : Prior to use, a glassy
carbon electrode with a diameter of 3 mm was polished on a polishing
cloth with 1.0, 0.3, and 0.05 mm alumina powder and rinsed with deion-
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ized water, before it was subjected to sonication in acetone, ethanol, and
deionized water successively. The electrode was then allowed to dry at
room temperature. To prepare the HRP/ss-DNA/GP/GC electrode, an
aqueous dispersion of ss-DNA/GP (5 mL, 1 mg mL�1) was cast onto the
GC electrode. A beaker was placed over the electrode so that the water
could evaporate slowly in air and a uniform film electrode could be
formed. The ss-DNA/GP modified electrode was then immersed in 0.10 m

phosphate buffer solution (pH 5.0) containing HRP (4 mg mL�1) for 24 h
to construct the HRP/ss-DNA/GP/GC electrode (Figure 1). The as-pre-
pared HRP/ss-DNA/GP/GC electrode was rinsed with deionized water
and stored at 4 8C in a refrigerator when not in use.

For comparison with the HRP/ss-DNA/GP/GC electrode, ss-DNA/GP/
GC and HRP/GC electrodes were prepared with the same procedures as
those described above. A solution containing ss-DNA/GP nanocomposite
(1 mg mL�1) was used to prepare the ss-DNA/GP/GC electrode, and an-
other solution containing HRP (4 mg mL�1) was used to prepare the
HRP/GC electrode.

Apparatus and measurements : Electrochemical measurements were per-
formed at room temperature by using a BAS100B workstation (Bioana-
lytical Systems Inc., USA). The measurements were based on a three-
electrode system with the as-prepared modified electrode as the working
electrode, a platinum wire as the counter electrode, and a saturated Ag/
AgCl electrode as the reference electrode. Unless otherwise noted, 0.1 m

phosphate buffer solution (pH 7.0) was used as the electrolyte solution in
all experiments. The buffer solution was purged with highly purified ni-
trogen for at least 30 min, and a nitrogen atmosphere was maintained
throughout the electrochemical measurements.

UV/Vis experiments were performed with a UV-2100S spectrophotome-
ter (Shimadzu). The FTIR spectra of samples in KBr pellets were record-
ed on a PerkinElmer FT 1730 instrument. The morphology of the ss-
DNA/GP nanocomposite was observed by utilizing a Hitachi model H-
800 transmission electron microscope opened at an accelerating voltage
of 100 kV. The zeta-potential data of the ss-DNA/GP nanocomposite and
the ss-DNA were obtained by using a Zeta-Plus4 instrument (Broo-
khaven Corp., USA).
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