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Mathanobatins (Mb, Mbtins) were immobilized successfully on nanometer-sized gold colloid parti-
cles associated with 8-mercaptoethylamine. The structures of Mb functionalized gold nanoparticles
were characterized and confirmed by UV-vis spectroscopy (UV-vis), FTIR spectra and electrochem-
ical analyses. Direct electron transfer between Mb or copper-loading Mbtins and the modified elec-
trode was investigated without the aid of any electron mediator. The copper-loading Mbtins act as
a better electrocatalyst for the reduction of H,O, than Mb. The copper-loading Mb, with which gold
nanoparticles were functionalized, as a model enzyme, was immobilized on gold electrode to con-
struct a novel H,O, biosensor. In pH 6.4 phosphate buffer solution, the reduction and oxidation peak
potentials of Mb functionalized gold nanoparticles modified Au electrode (copper-loading Mbtins)
were 0.115 and 0.222 V. On the surface, capacitance per unite area (C,) of Mb functionalized gold
nanoparticles modified electrode were 38 uF cm~2. The immobilized Mb displayed the features of a
peroxidase and gave an excellent electrocatalytic response to the reduction of H,O,. The detection
limit of Mb functionalized gold nanoparticles (copper-loading) were 09 x 10~ mA/M (S/N=3). The
Michaelis—Menten constant (Km) was 0.787 mM. Good stability and sensitivity were assessed for

the biosensor.

Keywords: Methanobactin, Direct Electrochemistry, Gold Nanoparticles, Self-Assembled

Monolayer, Hydrogen Peroxide.

1. INTRODUCTION

To capture enough Cu*", Methanotroph (such as Methy-
losinus trichosporium OB3b, Methylococcus capsulatus)
secrete a kind of mimic peptides, which is Methanobactin
(Mb, Mbtin). Mb has the abilities to capture Cu?* outside
the cell and transfer captured Cu®" into the cell, activate
the expression of pMMO, and help Methanotroph to stim-
ulate catabolism of methane. In our previous work, we
have reported loaded copper Mb had a good ability for
reduction.'?

Of interest is that Mb is not specific for copper
only, but also reduce Au(Ill) to Au(0) used in synthesis
of gold nanoparticle. The monodispersity gold nanopar-
ticles modified Mb were successfully produced.!*?
At the same time, the Mb still keeps its biological
activity.

*Author to whom correspondence should be addressed.
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Generally speaking, the size of protein focuses on
nanometer scale, the nanomaterials are suitable for pro-
teins and easier to open the active center. The reason may
be that the nanometer-sized gold colloids immobilized on
active materials (such as the redox peptides and enzymes)
play an important role similarly to a conducting wire or
electron-conducting tunnel, which makes them easier for
the electron transfer to take place.®

Electrochemistry is a new means for researching phe-
nomenon of life science. Electronic exchange between
proteins in solution or adsorbed on surface of electrode
directly and electrode take place, this interaction, in a
way, is similar to electron transfer between proteins and
biofilms within organisms. In recent years, the applications
of nanometer gold to simulate the biosensor of peroxidase
have been reported.”?

In this study, we studied how to use thiol-tailed or
amine groups of [B-mercaptoethylamine to prepare Mb
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functionalized gold nanoparticles which were immobilized
on bare gold electrode and displayed much better mono-
layer through self-assembly, firstly. The biological activi-
ties and structure of Mb were characterized with UV-vis
spectroscopy, fluorescence spectroscopy and FTIR spectra.
Then, electrochemical impedance spectroscopy (EIS) and
cyclic voltammograms (CV) were used to characterize the
modified process of bare gold electrodes. Finally, the cop-
per ions were coordinated at the surface of the modified
electrode which response to the reduction of H,0, was
studied.

2. MATERIALS AND METHODS

2.1. Chemicals

Methanobactin (Mb) from the spent medium of Methy-
losinus trichosporium 3011, which was obtained from the
Institute of Microbiology and Virology (Kiev, Ukraine),
was grown up in a 5 L bioreactor containing 3 L copper-
deficient nitrate minimal salts (NMS) medium as previ-
ously described.'® B-mercaptoethylamine was purchased
from Sigma. AuCl,HCI-4H,0 (Au% > 48%, the Shanghai
No. 1 Reagent Factory) and all other chemicals were of
analytical grade. Phosphate buffer solutions (0.02 M) with
various pH values were prepared by mixing stock standard
solutions of Na,HPO, and NaH,PO, and adjusting the pH
with 0.1 M H;PO, or NaOH. All solutions were made up
with twice-distilled water.

2.2. Apparatus and Methods

The UV-vis reflection and absorption spectra were
recorded with a Shimadzu UV-2550 spectrophotometer
(Japan). The FTIR spectra of Mb, Mb-AuNPs nanocom-
posite, Mb functionalized gold nanoparticles and modified
gold nanoparticles were measured using an F-7000 Fourier
transform infrared (FTIR) spectrophotometer (HITACHI,
Japan). Samples for the FTIR were prepared by freeze-
dried Mb, Mb-AuNPs and the MB functionalized gold
nanoparticles for powder diffraction measurements. The
samples were dried and ground with KBr to prepared KBr
pellets and analyzed by PerkinElmer 100 operating at a
resolution of 4 cm™! over 4000450 cm~'.

All electrochemical measurements were performed at a
CHI630 electrochemistry work station (Shanghai Chenhua
Co., China). The electrochemical cell consisted of a
three-electrode system where the modified gold electrode
(3 mm in diameter, Shanghai Chenghua, China) was used
as the working electrode. The reference electrode was
an Ag/AgCl electrode CHI111 (Shanghai Chenhua Co.,
China). The counter electrode was a platinum wire (99%
pure). All measurements were carried out at a tempera-
ture of 25+0.2 °C in a Faraday cage. The Mb used in
this study was found to be stable to repeated scanning
and rinsing of the electrode, therefore it was concluded
that it was adsorbed strongly to gold. The pH value was
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measured with a pH meter purchased from Hanna Instru-
ments (Model 210). All glassware used in the following
procedures was cleaned in a bath of freshly prepared 3:1
HNO; 4 HCI, rinsed thoroughly in twice-distilled water
and dried in air.

2.3. Preparation of Mb Functionalized
Gold Nanoparticles

The Mb was prepared and purified according to the
Ref. [14], the concentration was 0.025 M. And then Mb-
AuNPs were prepared by biological synthesis method,? the
concentration was 0.025 M, too. According to the image
analysis performed on a TEM micrograph, the obtained
AuNPs were predominantly spherical with an average size
of 19.34+5.5 nm.

The Mb functionalized gold nanoparticles were prepared
as follows: Firstly, pure gold nanoparticles were prepared
by Frens method.'> The solution was quickly turned into a
ruby-red solution, indicating the formation of the AuNPs.
Then, 5 uL of 0.05 M B-mercaptoethylamine aqueous
solution was added into the 2 mL of AuNPs aqueous solu-
tion preserved 24 hours at 4 °C. The mercaptoethylamine-
AuNPs were achieved. Finally, Mb solution was added
into the 2 mL of functionalized gold nanoparticles aqueous
solution (mole ratio was 1:1) to prepare Mb functionalized
gold nanoparticles. All samples were stored in the dark.
The resulting nanocomposite was used for all the char-
acterizations and experiments. Such a nanocomposite was
stable in water even after 3 months storage.

2.4. Electrode Modification and Electrochemical
Measurements

The gold electrodes were firstly polished with abrasive

paper and then with alumina (0.25 and 0.05 pm) slurry

on microcloth pads, followed by rinsing with water and

ethanol and briefly cleaning in an ultrasonic bath.

The surfaces of cleaned gold electrodes were respec-
tively modified by adding 20 uL of Mb, Mb-AuNPs,
mercaptoethylamine-AuNPs and Mb functionalized gold
nanoparticles aqueous solution for 16 h at 4 °C in dark-
ness. The resulting monolayer-modified electrode was
rinsed thoroughly with twice-distilled water. However,
the gold colloid- mercaptoethylamine-modified gold elec-
trode was also added the Mb solution on the surface
for 10 h at 4 °C. In such a way, the Mb-modified
gold electrode, Mb-AuNPs-modified gold electrode, Mb-
AUNPs-mercaptoethylamine modified gold electrode and
Mb functionalized gold nanoparticle modified gold elec-
trode were obtained. All resulting electrodes were washed
with water and stored in pH 7.0 PBS at 4 °C. One hand,
the association of Mb with the AuNPs surface occurs due
to the interaction between SH™ or NHj -lysine residues
of Mb and the gold colloid surface. On the other hand,
it occurs due to the interaction between —SH and —NH,
of [B-mercaptoethylamine and the gold colloid surface.

J. Nanosci. Nanotechnol. 18, 4805-4813, 2018



Xin et al.

Direct Electrochemistry of Methanobactin Functionalized Gold Nanoparticles on Au Electrode

a. Surface of gold
electrode

1L>

aqueous solution

SH- or NH4Jr —lysine
residues of Mb

c. Surface of gold
electrode

‘nercaptoethyla
ine-AuNPs

colloid solution

* w0
—

queous solution|

b. Surface of gold
electrode

S
gi@«:ﬁx
T

ol

ﬁfw\? %@f{i
R gﬁ
5 Mb - AuNps T
colloid solution gi%.&
i

o
Y o5

<

SH- or NH4+—1ysine
residues of Mb

d. Surface of gold
electrode

4% 4% Mb functionalized
1% 04% gold nanoparticles

colloid solution

N -SH and -NH, of

B-mercaptoethylamine,| |residues of Mb

-SH- or NH,*~lysine

-SH and -NH, of
B-mercaptoethylamine,
SH- or NH,*-lysine

Scheme 1.

residues of Mb
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AUNPs-mercaptoethylamine modified gold electrode; (d) Mb functionalized gold nanoparticles modified gold electrode.

The preparation process of the modified electrodes is
shown in Scheme 1. Then all above modified gold elec-
trodes were immersed in 0.1 M CuSO, solution for 20 h,
at 4 °C. After coordination with copper ions, the mod-
ified electrodes were also measured by electrochemical
measurements.

The electrochemical impedance spectroscopy (EIS) was
obtained by using 0.1 M KCI solution containing 5.00 x
1073 M K;[Fe(CN),] and 5.00 x 10~ M K, [Fe(CN),]. All
the cyclic voltammetry experiments of Mb with loaded
copper were carried out in 7 mL of 0.02 M (pH value
was 6.4) phosphate buffer saline (PBS) solution, and the
solution was purged with high purity nitrogen prior to and
blanked with nitrogen during the electrochemical experi-
ments. Amperometric experiments were carried out in a
stirred system by applying a potential step of —200 mV to
the working electrode.

3. RESULTS AND DISCUSSION

3.1. UV-Vis Reflection Spectroscopy (UV-Vis)

The UV-vis spectrum of Mb solution showed Soret bands
at 280 nm, 340 nm and 395 nm in pH 7.0 PBS (Fig. 1).
The wavelength of pure Au nanoparticles was 530 nm
(Fig. 1(a)). The locations of the Soret absorption band
of Tyr residues, oxazolone and imidazolone may pro-
vide information about the Mb. When Mb was dena-
tured, the Soret band shifted or disappeared.'*? As shown
in Figure 1(b), the Soret band of Mb-AuNPs located at

J. Nanosci. Nanotechnol. 18, 4805-4813, 2018

531 nm. Both the oxazolone (338 nm) and imidazolone
(387 nm) rings of Mb were as evidenced by a decrease
in absorbance at 338 and 387 nm associated with the
oxazolone and imidazolone rings, respectively. Based on
the UV-visible absorption spectrum changes following
B-mercaptoethylamine (0.05 M) addition of 5 uL, gold
nanoparticles appeared to bind to AuNPs as evidenced by a
decreased absorbance and had a red shift of 530 nm. While
the addition of Mb to mercaptoethylamine-AuNPs showed
absorption changed, because of range characteristic of
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Figure 1. The UV-spectra of pure gold nanoparticles (a), Mb-

AuNPs (b), mercaptoethylamine-AuNPs (c), Mb functionalized gold
nanoparticles (d). The UV-visible spectra of were measured in a quartz
cuvette operated at a resolution of 1 nm from 200 to 800 nm with a high
scanning speed. Deionized water was used as blank. The inset was Mb.
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metal ligand charge transfer transitions in compounds
containing thiol groups (Figs. 1(c, d)).!** This was
accompanied by a red shift of the 530 nm maxima to
534 nm with the addition, due to the integration of the
plasma of neighboring particles.?’

3.2. FTIR Spectra

In order to recognize the biological groups that bound
to the gold surface, we carried out FTIR measurements.
For the sake of comparison, the FTIR analysis was used
for the characterization of the freeze-dried Mb (a), Mb-
AuNPs (b) and the synthesized AuNPs by a new way
(Fig. 2 curve c). As shown in Figure 2(a), the marker bands
of Tyr residues, oxazolone and imidazolone framework
were observed. We can get the results that some peaks of
Mb-AuNPs were decreased largely that was same as the
reference, in Figure 2(b).>!'* Many peaks were still seen
in the experiment using the FTIR spectrum of Mb func-
tionalized AuNPs, but they all smaller than those Mb. The
absorption peaks of vibration bands of —OH group located
at 3430 cm~!. The band at 2928 and 2853 ¢cm~! corre-
sponded to C—=O asymmetric and symmetric stretching
vibration of —-CH,, respectively. Peak at 1630 cm™' can be
attributed to the stretching vibrations of C—=C. The bands
at 1043, 1122, and 1261 cm™! can be assigned to the C-O
stretching vibrations. While, the band at 1384 cm™~! corre-
sponding to C-N stretching vibrations of aromatic amines
tyrosine was the most worthy of attention. In general, the
stability of AuNPs mainly depends on the existence of sta-
bilizers, such as stabilizing ligand or polymer. The FTIR
revealed that Mb as the surface active molecules acted
as stabilization agents capping on the surface of AuNPs.
In addition, FTIR revealed that AuNPs were functionalized
with biomolecules that had carbonyl groups, -OH groups,
and other stabilizing functional groups. On the other hand,
the bands at 1384 cm™! corresponding to C-N stretching
vibrations of tyrosine were weakened due to the reduction
of metal ions.

120 4
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b. Mb-AuNPs
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c. Mb functionalized gold nanoparticles

T T T T T T T T T T T T T
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Figure 2. FTIR spectra of Mb (a), Mb-AuNPs (b), Mb functionalized
gold nanoparticles (c).
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Compared with the Mb-AuNPs, Mb functionalized gold
nanoparticles not only had the bioactivity of Mb, but also
spatial orientation of Mb on the surface of Au nanopar-
ticles had been better. At the same time, the more —NH,
of the amino residue of the surface of Mb functionalized
gold nanoparticles make sure that it can better modified
the surface of bare gold electrode by self-assembly.

3.3. Electrochemical Impedance Spectroscopy (EIS)

The information about the impedance changes of the elec-
trode surface in the modification process can be given by
EIS. In EIS, the semicircle diameter of EIS equals the elec-
tron transfer resistance, R,. This resistance controls the
electron transfer kinetics of the redox-probe at the inter-
face of electrode. There is a very small semicircle domain
as was shown in Figure 3(a), which was the EIS of the
bare gold electrode. It implied a very low eT resistance
(R,, = 860) to the redox-probe dissolved in the electrolyte
solution. After being added in deaerated Mb aqueous solu-
tion, the EIS of the resulting assembled Mb monolayer
showed an interfacial eT resistance (R, = 1.9 x 10°, Fig. 3,
curve b), indicating that the Mb monolayer obstructed
eT of the electrochemical probe. Because the AuNPs had
larger specific surface area, the Mb-AuNPs monolayer had
a higher interfacial eT resistance (R,, = 4.6 x 10°, Fig. 3,
curve ¢).” It may show that on the surface of Mb-AuNPs
modified Au gold more Mbs were immobilized. When
on the surface of bare gold electrode being added Mb,
the EIS of the gold colloid-mercaptoethylamine-modified
electrode (R, = 6.6 x 103, Fig. 3, curve d) was smaller
than that of the mercaptoethylamine-AuNPs-Mb modi-
fied electrode (R, = 1.2 x 10%, Fig. 3, curve e). This
implied that the Mb was immobilized on the surface of the
mercaptoethylamine-AuNPs modified Au electrode. How-
ever, as shown in Figure 3(e), the max EIS was for the
gold electrode modified with the Mb functionalized gold
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Figure 3. The electrochemical impedance spectroscopy of (a) Bare gold
electrode, (b) Mb modified gold electrode, (c¢) Mb-AuNPs modified gold
electrode, (d) mercaptoethylamine-AuNPs modified gold electrode, (e)
Mb functionalized gold nanoparticles modified gold electrode.
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Figure 4. Cyclic voltammograms was obtained by using 0.1 M KCI
solution containing 5.00 x 10 M K;[Fe(CN);] and 5.00 x 10 M
K,[Fe(CN),] at a 3 mm diameter gold electrode modified by Mb (a), Mb-
AuNPs (b), Mb-AuNPs-mercaptoethylamine (c) and Mb functionalized
gold nanoparticles (d) before and after coordination with copper ion, at
a scan rate of 100 mV -s~', respectively.

nanoparticles. The reason may be that the certain propor-
tion of thiol reagents and Au nanoparticles can adjust the
ratio and spatial orientation of Mb on the surface of Au
nanoparticles. This resulted in a denser and more ordered
arrangement of Mbs on the surface of Au nanoparticles
and more functional materials (Mb) were adsorbed as well,
as shown as in Scheme 1(d). Consequently, Mb attached to
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the gold colloid surface has more spatial freedom in its ori-
entation, making it much easier for the electroactive center
of Mb to unfold. As a result, the coverages of electrodes
(b to e) were 0.12, 0.21, 0.34 and 0.56, respectively.

Cyclic voltammograms obtained by using 0.1 M KCl
solution containing 5.0 x 10~ M K;[Fe(CN)] and 5.0 x
10> M K,[Fe(CN),] showed the same results as the
EIS and implied that the surface of the gold electrode
modified with Mb functionalized gold nanoparticles had
more materials to hinder electrons transport, as shown in
Figure 4. On the surface, capacitances per unite area (C,)
of bare gold electrode, Mb (a), Mb-AuNPs (b), Mb-
AuNPs-mercaptoethylamine (c) and Mb functionalized
gold nanoparticles (d) modified electrode were 160, 147,
129, 43 and 38 uF cm~2, respectively.?

3.4. Direct Electrochemistry of Mb and
Electrocatalysis of Biosensor to H,0,
3.4.1. Cyclic Yoltammograms of Copper-Loaded
Mbtins Modified Electrodes

Methanobactins and copper-loaded Mbtins exhibit a range
of reduction potentials. Shown in Figure 5 are the cyclic
voltammograms (CVs) of the Mb (a), Mb-AuNPs (b),
mercaptoethylamine-AuNPs-Mb (c¢) and the Mb function-
alized gold nanoparticles (d) modified Au electrode in
PBS 64 at 100 mV/s before and after coordination with
copper ion, respectively. There was no peak in the CV
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Figure 5. Cyclic voltammograms obtained from pH 6.4 phosphate buffer (0.02 M) at a 3 mm diameter gold electrode modified by Mb (a), Mb-
AuNPs (b), Mb-AuNPs-mercaptoethylamine (c) and Mb functionalized gold nanoparticles (d) before and after coordination with copper ion, at a scan

rate of 50 mV -s~!, respectively.
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of a bare Au electrode in such PBS. While in pH 6.4
PBS there was a small peak at the Mb modified Au elec-
trode (Fig. 5(a)). The similar situations happened at the
gold electrodes which were modified with Mb-AuNPs,
mercaptoethylamine-AuNPs-Mb and Mb functionalized
gold nanoparticles, respectively (Figs. 5(b—d)).

However, the copper-loaded Mbtins had higher reduc-
tion potentials than Methanobactins. A pair of quasi-
reversible redox peaks was observed on modified gold
electrode after coordination with copper ion in pH 6.4
PBS that showed that we successfully loaded copper ions
onto the surfaces of various modified gold electrodes.
After loading of copper ions, the E; values of mod-
ified electrodes were measured by cyclic voltammetry
and were 0.143, 0.170, 0.177 and 0.169 V, respectively
(Figs. 5(a—d)). In Figure 5(b), the reduction and oxidation
peak potentials of copper-loaded Mbtins were 0.035 and
0.305 V. In Figure 5(c), the Em values ranged from 0.11 V
to 0.244 V. In Figure 6(d), the reduction and oxidation
peak potentials of Au electrode (copper-loaded Mbtins)
modified with Mb functionalized gold nanoparticles were
0.115 and 0.222 'V, respectively. These results conform
with the reference.”® But these Em values are different
from the data of other references that are primarily due to
the various structures of Mbs and the different affinities
of Cu(II). Such variations in copper affinity result in some
significant physiological consequences.>*2°

On one hand, the thiol and amine groups provided by
the B-mercaptoethylamine functional groups are assumed
to bind irreversibly to the gold electrode surface to give
a monolayer peptide coverage. Thus, this form of chem-
ical modification which uses —SH groups of Mb and
B-mercaptoethylamine to bind to gold nanoparticles and
leaves a surface containing both negative and positive
charged sites for binding of bare gold electrode. As a
result, it transforms an essentially electroinactive bare gold
electrode surface into an electroactive surface.
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Figure 6. Cyclic voltammograms of a gold electrode modified with Mb
functionalized gold nanoparticles in pH 6.4 PBS buffer (0.02 M) at scan
rates of (a) 20, (b) 50, (¢) 100 and (d) 150 mV -s~'.
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On the other hand, experimental results showed that
the alternating impedance of the Mb-AuNPs, Mb-AuNPs-
mercaptoethylamine and Mb functionalized gold nanopar-
ticles modified gold electrode are equivalent to bulk gold
electrodes essentially and better than Mb modified gold
electrode. The gold colloid nanoparticles makes it easier
for the electron transfer to take place, because AuNPs have
a high ratio of surface to volume and paly the major role of
an efficient electron-conducting tunnel.?” Thus, it is pos-
sible to facilitate and achieve fast direct electron transfer
between the loaded-copper Mb and the electrode surface.

3.4.2. The Effection of Different Scan Rates

Then, how the different scan rates affect loaded-copper
Mb functionalized gold nanoparticles on the surface of
Au electrode was researched. As shown in the CVs, when
Cu?* was embedded in the Mb, a pair of redox peaks could
be observed. The peak current versus scan rate plots are
linear from 20 to 150 mV -s~! (Fig. 6, curves a—d), indi-
cating that this is a surface eT process. The peak-to-peak
separation was about ca. 47 mV. As the scan rates were
varied from 20 to 150 mV s~!, the average values of Em
were 16.5, 17.4 mV, 18.8 mV, and 19.5 mV (vs. Ag/AgCl)
respectively.?

3.4.3. Amperometric Response of the H,O, Biosensor

In order to observe the activity of loaded-copper Mb at
the surface of gold electrode, its response to the reduction
of H,0, was studied. And after loading copper ions, Mb
functionalized gold nanoparticles had the best reduction of
H,0,. Figure 7 showed the steady-state current response
of H,0,. The detection limit of Mb functionalized gold
nanoparticles (Ioaded copper) was 0.9 x 107> mA/M (three
times as big as the ratio of signal to noise), which was big-
ger than that of H,0O, sensors based on horseradish peroxi-
dase and Hb.?*-* But the results effectively proved that the
Mb-Cu complexes had peroxidase activity and we success-
fully prepared a new style of biosensor for determination

t/s
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Figure 7.  Amperometric response of the H,O, biosensor to successive
addition of H,0, 0.02 M PBS 6.4 solution at the working potential of
—0.2 V. Inset shows the calibration plot between the current and the con-
centration of H,O,. Inset shows the calibration plot between the current
and the concentration of H,0,.
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of H,O, through this study on the modified electrodes
method.

Moreover, the response was linear within the concen-
tration range from 5.29 x 1075 to 6.4 x 107* M. The
relationship between current and the concentration of
H,0, was showed (Fig. 7). According to Lineweaver—Burk
equation,’! the apparent Michaelis-Menten constant K3’
of the H,0, sensor was calculated to be 0.787 mM and
low, uggesting that the present sensor exhibits a high affin-
ity for reduction of H,O,. The response time was 2 s
approximately.

3.5. Stability of the Mb Functionalized Gold
Nanoparticles Modified Gold Electrode

If the concentration of H,0, is higher than 5.0 x 107 M,
the gold electrode modified with the Mb functionalized
gold nanoparticles will be denatured. While further stud-
ies showed that electrode modified with Mb functionalized
gold nanoparticles is very stable. When it was stored in
a pH 6.4 PBS for at least 2 weeks at 4 °C, the electrode
retained more than 90% of its initial response to the reduc-
tion of H,0,.

4. CONCLUSIONS

UV-Vis, fluorescence spectra and FTIR spectra can be
used to characterize the modified gold nanoparticles, such
as Mb functionalized gold nanoparticles and Mb-AuNPs-
mercaptoethylamine. The three-dimensional assembly with
nanometric Au-colloids achieves the direct electron trans-
fer to Mb and allows us to construct Mb functionalized
gold nanoparticles modified gold electrode as a new kind
of biosensor for the determination and reduction of H,0O,.
Recently, some novel electrochemical sensors developed
with the help of nnaomaterials have been reported,®>>?
our results can bring about some new messages to read-
ers. Moreover, the preparation,*® functionalization,’®8
and characterization,®* and applications®'%” have exten-
sively described. We believe gold nanoparticles will find
more and more application in biomedical field.'%-11°
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