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ABSTRACT

A highly sensitive electrochemical (EC) biosensor combined with a 3D origami device for detection of
Pb?*+was developed based on novel Au nanoparticles modified paper working electrode (Au-PWE) as
sensor platform and DNA functionalized iron-porphyrinic metal-organic framework ((Fe-P)n-MOF-Au-
GR) hybrids as signal probes. In the presence of Pb?*, GR could be specifically cleaved at the ribonu-
cleotide (rA) site, which produced the short (Fe-P),-MOF-linked oligonucleotide fragment to hybridize
with hairpin DNA immobilized on the surface of Au-PWE. Because of the mimic peroxidase property of
(Fe-P),-MOF, enzymatically amplified electrochemical signal was obtained to offer the sensitive detection
of Pb?*. In addition, benefiting from the Pb?>* dependent GR, the proposed assay could selectively detect
Pb%* in the presence of other metal ions. This method showed a good linear relationship between the
current response and the Pb?* concentration ranging from 0.03 to 1000 nmol L~ with a detection limit
of 0.02 nmol L~'. The Au-PWE based electrochemical sensor along with the (Fe-P),-MOF-Au-GR probe
exhibited the advantages of low-cost, simple fabrication, high sensitivity and selectivity, providing po-

tential application of real-time Pb?* detection both in environmental and biological samples.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Paper is a biocompatible porous cellulose fiber web with large
surface area, and the porous nature fulfills the primary tasks such
as diagnostic tests using body fluids and fluid transport. Since
microfluidic paper-based analytical devices (p-PADs) were first
reported by White sides’ group (Martinez et al., 2010) which of-
fered excellent properties (Abe et al., 2008), including low sample
and reagent consumption, low cost, small size, portable and easy-
to-operate (Martinez et al., 2007), p-PADs were considered as ideal
platforms designed for point-of-care (POC) detection (Manz et al.,
1990; Martinez et al., 2008), To make real POC device, not only the
production of low-cost and portable devices were required but
also the instrument to measure the signal should be
portable (Delaney et al., 2011), Efforts have been made to improve
the immobilization of bio-recognition substance in paper (Wu
et al., 2013) as well as the signal amplification for paper-based
assays (Li et al., 2008). Gold nanoparticles (AuNPs) have attracted
much attention in different bio-affinity assays due to their unique
physical and chemical properties, such as easily controllable size
distribution, long-term stability, superior conductivity, large
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surface area, and biocompatibility (Dai et al., 2010). Taking into
consideration the above advantages, a novel porous Au-paper
working electrode (Au-PWE) was developed on a compatibly de-
signed microfluidic origami electrochemical (EC) device through
the growth of an interconnected AuNPs layer on the surfaces of
cellulose fibers in the paper sample zone to enhance the con-
ductivity of the paper sample zone (Wang et al., 2014a, 2014b).
As an emerging class of highly ordered porous materials, metal-
organic frameworks (MOFs) have attracted great attention in the
last two decades (Li et al., 1999; Mattos et al., 2012). They have
great potential applications in many fields, especially in gas sto-
rage/separation, sensing, and catalysis. Recently, prominent pro-
gress has been made in the application of luminescent MOF for
sensing important targets such as cations, anions, small molecules,
gas, and vapors (Corma et al,, 2010) (Furukawa et al., 2013; Suh
et al., 2012). Linker modification is one of the most direct methods
for MOF functionalization (Liu et al., 2012; Jiang et al., 2010; Zou
etal., 2012; Jin et al., 2014). Porphyrinic ligands are such a category
of versatile linkers that have been extensively explored. These
porphyrin derivatives play key roles in many chemical and biolo-
gical processes (Li et al., 2012). For example, MOF created with
porphyrin or porphyrin derivatives have been used to catalyze
organic reactions (Lu et al.,, 2014), including olefin epoxidation
(Gao et al., 2014) and CO,/propylene oxide coupling reactions (Ling
et al,, 2015a, 2015b). Fe(lll)-based MOF have been reported to


www.sciencedirect.com/science/journal/09565663
www.elsevier.com/locate/bios
http://dx.doi.org/10.1016/j.bios.2016.08.016
http://dx.doi.org/10.1016/j.bios.2016.08.016
http://dx.doi.org/10.1016/j.bios.2016.08.016
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bios.2016.08.016&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bios.2016.08.016&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bios.2016.08.016&domain=pdf
mailto:chm_yanm@126.com
http://dx.doi.org/10.1016/j.bios.2016.08.016

X. Wang et al. / Biosensors and Bioelectronics 87 (2017) 108-115 109

exhibit peroxidase-like catalytic activity and used to construct
colorimetric biosensing methods for detection of H,O, and as-
corbic acid (Feng et al., 2013). Recently, a porous iron-porphyrinic
MOF has been synthesized to show peroxidase activity similar to
horse radish peroxidase in an organic solvent (Liu et al., 2013).
When MOFs work as platforms to immobilize porphyrin groups,
their rigid structures with high surface area and porosity can not
only make each porphyrin accessible by substrates but also pre-
vent the dimerization of reaction centers, which will block the
catalysis pathway (Mckinlay et al., 2010). Because of the versatility
of porphyrin and its promising combination with MOFs, extensive
synthetic studies have been reported (Kreno et al., 2012).

Recent study also proves that MOFs could be as a promising
candidate for the catalyst of the hydrogen evolution reaction (Hu
et al., 2014). In particular, MOF possess intrinsic catalytic activity,
and were found to catalyze the reduction reaction procedure of
hydrogen peroxide (H,0;) (Sugikawa et al., 2013). Gold nano-
particles (AuNPs) are the most useful metal nanoparticles in
electrochemical biosensors due to their good biocompatibility and
easy functionalization with -SH and -NH,, and large specific sur-
face area, good stability and optical properties (Sugikawa et al.,
2011). More importantly, AuNPs provided a good pathway of
electron transfer and enhanced the immobilized amount of bio-
molecules. Hereon, the AuNPs can immobilize on the surface of
MOF through animation of silicon dioxide, which can linked with
much sensor probs. As a consequence, gold nanoparticles func-
tionalized MOF (MOF-Au) was applied in our work.

As a well-known and nondegradable environmental pollutant,
lead cation (Pb2*) can accumulate in human body through the
food chain and lead to adverse effects on the immune, central
nervous, and reproductive systems, particularly in children (He
et al,, 2006; Lu et al., 2013). Therefore, different Pb?>* sensors have
been proposed for sensitive detection of Pb>* by using cost-ef-
fective Pb?*-dependent DNAzyme (Wang et al., 2013; Wang and
[rudayaraj, 2011) This enzyme is quite stable and can remain its
activity or binding ability after repeated denaturation and re-
naturation (Wei et al., 2008). The detection sensitivity of electro-
chemical sensors (Cao et al., 2013) for Pb?* can be improved by
replacing small redox molecules with signal amplification strate-
gies by employing inorganic nanoparticles combined with addi-
tional amplification processes, such as surface preconcentration
(Lin et al., 2011) or enzymatic recycling (Tang et al., 2013; Zhang
et al., 2015). However, these amplification ways usually need long
detection time, and the native enzymes suffer from the certain
disadvantages of time-consuming separation and purification,
high cost, easy denaturation, and being susceptible to environ-
mental conditions (Chad et al, 2003). Thus, a new detection
strategy to produce more signal products with cost efficient and
stable enzyme mimic has been considered as another opportunity
for electrochemical detection of Pb®* (Gilad et al., 2012; Xiang
et al.,, 2009; Cui et al., 2015).

In the present work, a highly sensitive and selective electro-
chemical sensor for Pb>* was proposed with a newly designed
DNA functionalized iron-porphyrinic MOF. The stable (Fe-P),-MOF
could produce multisignal species to achieve the high sensitivity,
while the GR which was linked to (Fe-P),-MOF via the Au nano-
particles (AuNPs), achieved the high selectivity of this method. The
good performance showed its potential application for the detec-
tion of Pb2* in different environments.

2. Experimental methods
2.1. Preparation of the 3D origami EC device and Au-PWE

The preparation of the 3D origami EC device was similar to our

previous work (Martinez et al., 2008) and a detailed procedure
was described in Supporting Information. As shown in Scheme 1A,
the Au-PWE was fabricated through growth of an Au NPs layer on
the surfaces of cellulose fibers in the paper sample zone of PWE to
enhance the conductivity and enlarge the effective surface area of
bare PWE. The fabrication procedures of the porous Au-PWE were
described as follows: First, The suspension of AuNP seeds was
prepared by using NH4OH-HCI as reductant and stabilized with
sodium citrate according to the literature. (Busbee et al., 2003)
Then, 15.0 pL as-prepared AuNP seeds solution were dropped into
the paper sample zone of bare PWE (Scheme 1A), respectively.
Then the origami device was equilibrated at room temperature for
1 h to optimize the surface immobilization of AuNP seeds on cel-
lulose fibers. After rinsing with water thoroughly to remove
loosely bound AuNP seeds, 15 pL freshly prepared growth aqueous
solution of 0.01 molL~" PBS (pH 7.0) containing 1.2 mmol L'
HAuCl,, 2.0 mmol L™! cetyltrimethylammonium chloride and
7.2 mmol L~! H,0, for seeds growth were applied into the AuNP
seeded PWE, and incubated at room temperature for 10 min.
Subsequently, the resulting porous Au-PWE was washed with
water thoroughly. Thus a layer of interconnected AuNPs on cellu-
lose fibers with good conductivity were obtained (Scheme 1A),
which were dried at room temperature for 20 min

2.2. Preparation of (Fe-P)n-MOF and (Fe-P),-MOF-Au-GR

The (Fe-P),-MOF and (Fe-P),-MOF-Au-GR were prepared ac-
cording to the literature with slight modification: (Jahan et al,,
2012; Cui et al,, 2015) TMPP (30.22 mg), FeCl;-6H,0 (35.45 mg)
and HCl (0.8 mL, 0.1 molL~! in ethanol) were homogeneously
dissolved in a mixture of 3 mL of DMF and 6 mL of ethanol with
assistance of sonication treatment. The final mixture was placed
into a 40 mL Teflon stainless vessel and was then thermally treated
at 150 °C in an oven for 36 h, followed by slow cooling to room
temperature. The crystals were collected via filtration and washed
with DMF and ethanol, then dried at 60 °C in a vacuum oven.

First, (Fe-P),-MOF (4.0 mg) was dispersed in 1 mL of ethanol.
This dispersion was added to a mixture of 0.20 mL of ammonium
hydroxide (1.00 molL~!) and 11.3 mL ethanol, and then TEOS
(1.5 mL, 6.0 mmol L~') was added. After the mixture was stirred
for reaction at room temperature for 2 h, the products were har-
vested by centrifuging and washing three times with ethanol and
dried under vacuum overnight to get the SiO, coated (Fe-P),-MOF
composite. Then, 4 mg of SiO, coated (Fe-P),-MOF was added into
4 mL of 20 mmol L~! MPTS ethanol solution and refluxed at 65 °C
for 3 h. After centrifugation and washing several times with ul-
trapure water, the (Fe-P),-MOF modified with MPTS was dried at
50°C for 12 h. The MPTS modified (Fe-P),-MOF was further
modified with AuNPs by mixing 4 mL of AuNPs (13 nm diameter)
solution with 2 mL of MPTS modified (Fe-P),-MOF (1 mg mL™ ')
and shaking vigorously for 2h. The formed (Fe-P),-MOF-Au
composite was collected by centrifugation, washed with ultrapure
water three times, and dispersed in 6 mL of 50 mmol L' Tris-
acetate buffer (pH 7.0).

A volume of 100 pL of GR (10 pmol L=, in 50 mmol L=' pH
8.2 Trisacetate buffer containing 300 mmol L' NaCl) was heated
at 95 °C for 10 min and then cooled to room temperature. After the
treated GR was activated with 5 pL of 10 mmol L~! TCEP to reduce
disulfide bond, it was mixed with 500 pL of (Fe-P),-MOF-Au sus-
pension to incubated for 24 h at room temperature to obtain (Fe-
P),-MOF-Au-GR probe, which was blocked with 1% BSA for 1 h and
dispersed in 500 pL of 50 mmol L~ Tris-acetate buffer (containing
300 mmol L~ NaCl, pH 7.0) to store at 4 °C before use (as shown
in Scheme 1B).
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Scheme 1. Fabrication process of the electrochemical biosensor.

2.3. Detection of Pb*>*

A volume of 10 pL of HP was dropped onto the Au-PWE and
incubated at 37 °C for 90 min. After, 10 pL of Pb?* at various
concentrations or samples and 90 pL of (Fe-P),-MOF-Au-GR probe
were mixed in 50 mmol L~! Tris-acetate buffer (300 mmol L~
Nadl, pH 7.0). Then, 10 pL of the mixture was dropped onto the HP
modified electrode and incubated at 37 °C for 90 min. After
washing with 50 mmol L~! Tris-acetate buffer (pH 7.0), 50 pL of
0.1 mol L~! pH 5.5 HAc-NaAc buffer containing 0.90 mmol L~
TMB and 0.50 mmol L~! H,0, was added on the sensor surface.
They were showed in Scheme 1C, measurements were im-
mediately made with a DPV method.

3. Results and discussion
3.1. Characterization of the Au-PWE

The modification process of the resulting PWE could be ob-
served on the SEM and TEM images. As shown in Fig. 1, the porous
bare paper sample zone (Fig. 1A), possessing a high ratio of surface
area to weight (9.5 m? g~') (Pelton, 2009) with rough cellulose
fibers, could offer an excellent adsorption microenvironment for
the AuNP seeds (Fig. 1B). After 40 min of growth, a continuous and
dense Au conducting layer was observed on the cellulose fiber
surfaces in the paper sample zone (Fig. 1D-F). The TEM image of
the as-prepared AuNP seeds is shown in Fig. 1C, the average dia-
meter was ~13 nm.

3.2. Characterization of (Fe-P),-MOF and (Fe-P),-MOF-Au

The (Fe-P),-MOF consisted of a rod shape-like crystal with the
width of 100-200 nm (Fig. 2A). As shown in Fig. 2B and C, the
AuNPs with an average diameter of 13 nm (Fig. 1C) were well
dispersed on the surface of (Fe-P),-MOF matrix, conforming the
successful modification of AuNPs on (Fe-P),-MOF. From the
HRTEM of (Fe-P),-MOF (Fig. 2D), the more detail structures can be
seen clearly. XRD method was used to examine the phase and
structure of the (Fe-P),-MOF and (Fe-P),-MOF-Au. As shown in
Fig. 2E (a), the diffraction peaks around 9.46°, 18.49°, 23.96° and
31.21° were observed, which corresponded to the (100), (200),
(111), and (121) planes, and in Fig. 2E (b), the curve exhibited
another two diffraction peaks at 38.33° and 44.18°, which can be
indexed to diffraction from the (111) and (220) of the fcc structure
of metallic Au, respectively (Jahan et al., 2012; Wang et al., 2014a,
2014b). This result was coincident with that of the previously re-
ported MOF and Au, indicating the synthesized (Fe-P),-MOF ex-
hibited well-recognized crystalline diffraction patterns. The
morphologies of (Fe-P),-MOF played a critical role in the pre-
paration of mimic enzyme (Ling et al., 2015a, 2015b). To further
monitor the formation of (Fe-P),-MOF-Au, the FT-IR spectra (Fig.
S2) and UV-vis absorption spectrum (details in Supporting in-
formation) of the AuNPs-(Fe-P),-MOF was also investigated
(Fig. 2F).

3.3. Peroxidase-like catalytic performance of (Fe-P),-MOF

The electrochemical properties of the resulted porous Au-PWE
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Fig. 1. (A and B) SEM images of the pure cellulose paper under different magnification, (C) TEM image of AuNPs, (D, E and F) SEM images of Au-PWE under different

magnification.

were investigated in Supporting Information. The peroxidase-like
catalytic performance of (Fe-P),-MOF was evaluated with an ty-
pical colorimetric oxidation reaction of TMB by H,0, (Fig. S4A).
The (Fe-P),-MOF could be well dispersed in water to form a
homogeneous suspension with black color. Upon the addition of
5uL of 1mgmL~! (Fe-P),-MOF suspension to 500 puL of the
mixture of TMB and H,0,, TMB molecule lost one electron and
transformed into the status of cation radical, then the colorless
solution turned to blue color immediately, indicating (Fe-P),-MOF
possessed the peroxidase-like activity to catalyze the oxidation of
TMB in the presence of H,O, (Wu et al.,, 2011). Like the oxidation
reaction catalyzed by peroxidase, the catalytic activity of (Fe-P),-
MOF could be stopped by H,SO,, leading to the cation radical of
TMB molecule, which further lost another electron to form dia-
mine, and the blue solution changed to be yellow. These changes
The catalytic performance of (Fe-P),-MOF for oxidation of TMB by
H,0, was further confirmed by electrochemical measurements
(Fig. S4B). Compared with the CV response of TMB on bare Au-
PWE (curve a), the CV response on (Fe-P),-MOF modified Au-PWE
showed the increase of the reduction peak current (curve b), in-
dicating a typical electrocatalytic process, which was attributed to
the enzymatic catalysis of the immobilized (Fe-P),-MOF to the
oxidation reaction of TMB by H,0,. The mechanism of enzymatic
catalysis was similar to that with natural or the mimetic perox-
idase reported previously. Accordingly, a significant reduction
current was obtained on (Fe-P),-MOF modified Au-PWE by DPV
detection at 0.2-0.8 V (Fig. S4C), the Au-PWE expressed a very
weak current (curve a), but the (Fe-P),-MOF modified electrode
revealed excellent current performance (curve b). The results in-
dicated that the (Fe-P),-MOF composite had larger surface area
and fascinating electrocatalytic activity, which facilitated the DPV
measure. Therefore, the (Fe-P),-MOF modified electrode had

highly effective electrochemistry properties, which were promis-
ing for the construction of biosensor.

3.4. Stability of (Fe-P),-MOF

A favorable mimic enzyme should process good catalytic ability
in broad conditions. After the natural enzyme (HRP), and (Fe-P),-
MOF modified Au-PWE were exposed to different pH ranging from
3 to 10 (Fig. 3A) and temperature ranging from 4 to 60 °C (Fig. 3B)
for 2 h, their relative activities were measured in the detection
solution. After exposure to pH 3.0 and 10.0 solution for 2 h, the
catalytic activity of (Fe-P),-MOF could remain of 46.9% and 40.5%,
respectively (curve a), while the HRP remained only 8.2% of their
activity at pH 3.0, 5.0% of its activity at pH 10.0, respectively
(curves b). The effect of the temperature on its stability showed
similar phenomena. In the temperature range of 4-60 °C, the (Fe-
P),-MOF was stable and remained at 80.7% of its activity at 60 °C
(curve a), but HRP showed narrow temperature ranges for their
remaining activity and remained at 36.7% of its activity at 60 °C,
respectively (curves b). Obviously, (Fe-P),-MOF was more favor-
able in a wider range of pH and temperature than HRP that was
very sensitive to pH and temperature, suggesting that (Fe-P),-MOF
had a great potential application in bioanalysis.

3.5. Electrochemical behavior of the biosensor

EIS was an effective method for probing the features of surface
modified electrodes. The impedance spectra included a semicircle
portion and a linear portion. The semicircle diameter at higher
frequencies corresponds to the electron-transfer resistance (Ret),
and the linear part at lower frequencies corresponds to the dif-
fusion process, the details were in Supporting Information. As
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Fig. 2. (A) SEM image of (Fe-P),-MOF, (B) SEM image of (Fe-P),-MOF-Au, (C) TEM of (Fe-P),-MOF-Au, (D) HRTEM of (Fe-P),-MOF, (E) XRD of (Fe-P),-MOF (a) and (Fe-P),-
MOEF-Au (b), (F) UV-vis absorption spectra of (a) (Fe-P),-MOF, (b) AuNFs, and (c) (Fe-P),-MOF-Au composite.

shown in Fig. 3C the results were consistent with the fact that this
3D origami EC device was fabricated as expected.

3.6. Sensitivity of the electrochemical biosensor

A volume of 10 pL of Pb?* at various concentrations and 90 pL
of (Fe-P),-MOF-Au-GR probe were mixed in 50 mmol L~ Tris-
acetate buffer (300 mmol L~! NaCl, pH 7.0). Then, 10 pL of the
mixture was dropped onto the HP modified electrode and in-
cubated at 37 °C for 90 min. After washing with 50 mmol L~ Tris-
acetate buffer (pH 7.0), 50 uL of 0.1 molL~' pH 5.5 HAc-NaAc
buffer containing 0.90 mmol L~ TMB and 0.50 mmol L~! H,0,
was added on the sensor surface. In the presence of Pb?>*, GR
could be specifically cleaved at the ribonucleotide (rA) site, which
produced the short (Fe-P),-MOF-linked oligonucleotide fragment

to hybridize with hairpin DNA immobilized on the surface of Au-
PWE. Because of the mimic peroxidase property of (Fe-P),-MOF,
enzymatically amplified electrochemical signal was obtained to
offer the sensitive detection of Pb®*. Fig. 4A the current intensity
of the solution in the absence (a) and presence (b~Kk) of different
concentrations of Pb?*. It can be seen that the current intensity in
the presence of Pb®>* (b) was higher than that in the absence of
Pb?+ (a), and the current intensity increased gradually with in-
creasing concentrations of Pb?* (b~k). The reason was that the
specific binding of HP and GR with the Pb?*, and thus added TMB
and H,0, increased the current intensity, which suggested that the
Pb2* concentration could be determined by the DPV measure-
ment of this reaction. The standard calibration curve for the Pb?+
detection is shown in Fig. 4B and C. The current intensity increased
linearly with the logarithm value of Pb®>* concentration from 0.03
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to 1000 nmol L~! with a detection limit of 0.02 nmol L~'. The
linear fit equation is Current= —3.75—1.16 lgcp,?* (unit of c is
nmol L), with a correlation coefficient of 0.9912. According to
the linear equation, we could detect trace Pb?* concentration
quantitatively. Which was at least 550 times lower than that of
10 pg L~ ! in drinking water permitted by World Health Organi-
zation (Martinis et al., 2010). The detection limits of the proposed
and previously reported sensors were compared in Table S1. The
detection limit of the proposed sensor was much lower than those
of other electrochemical methods and much superior to the
fluorescent and colorimetric sensors for Pb?*. This result indicated
that the artificial enzyme was able to replace the redox label to
amplify the signal through the catalytic reaction.

3.7. Selectivity and stability of the electrochemical sensor

To investigate the selectivity, the sensor was determined by
exposing it to several metal ions including Fe3*+, Cd?*, Co®*,
Zn**, Mn?*, Ni?*, Cu®>*, Hg>* and Ag* (Fig. 5A). In order to
study the interfering effects or selectivity of the procedure, many
of the coexisting species in real waters should be investigated (Fig.
S5). A negligible response was observed when the sensor was
challenged with above possible interference ions even at a 50-fold
higher concentration than Pb?* (5 pmol L~ vs 0.1 pmol L=1). In
addition, the current responses of 0.1 pmol L~' Pb?>* in the pre-
sence of these interfering ions were similar to those without in-
terfering ion. Therefore, the proposed sensor has demonstrated an
excellent selectivity for the detection of Pb?*, indicating its po-
tential application for analysis of complex samples.

The storage stability of the biosensors was evaluated by mea-
suring the colorimetric response of the modified papers and the
Au-PWE/HP/(Fe-P),-MOF-Au-GR stored at room temperature
(25 °C), in a refrigerator (4 °C) and in a freezer (—20 °C). Fig. 5B
shows the average storage stability under three conditions over a
period of days. Then 50 pL of 0.1 mol L~! pH 5.5 HAc-NaAc buffer
containing 0.90 mmol L~! TMB and 0.50 mmol L~! H,0, was ad-
ded on the sensor surface used for each test and each experiment
was performed in triplicate. The stability of the biosensors stored
at room temperature was 95% of the initial response in the first 20
days and then decreased to 50% in the next 40 days. A remarkable
average stability of up to 95% and 94% of the initial response was
retained after 60 days of storage in the refrigerator and freezer.
The results demonstrate the excellent storage stability of the
biosensor.

3.8. Analytical application for determination of Pb>* in real samples

Procedure for the detection of Pb?*. The method in this work
was applied for real samples (preparation of real samples in
Supporting Information) such as water samples (two industrial
waste water samples and one river water sample), fruit juice
samples (orange juice and apple juice) and solid samples, as
shown in Fig. 5C. And the results were shown in Table S2. There-
fore, this method could be reasonably applied in the environ-
mental detection of Pb?™*.

3.9. Analytical application for determination of Pb>* in human
serum samples

In an attempt to test the applicability of our electrochemical
sensor for detection in biological sample matrix, we employed
diluted human serum samples (1:10). A volume of 10 pL of serum
samples and 90 pL of (Fe-P),-MOF-Au-GR probe were mixed in
50 mmol L~ Tris-acetate buffer (300 mmolL~"! NaCl, pH 7.0).
Then, 10 pL of the mixture was dropped onto the HP modified
electrode and incubated at 37 °C for 90 min. After washing with

50 mmol L~ Tris-acetate buffer (pH 7.0), 50 pL of 0.1 mol L~! pH
5.5 HAc-NaAc buffer containing 0.90 mmolL~! TMB and
0.50 mmol L~ ! H,0, was added on the sensor surface. Then dif-
ferent concentrations of Pb?*+ solutions were added to the system.
Then the current peak of the solution was detected, founding there
was little Pb?* in human serum samples. The different of current
intensities of the solution was recorded with adding different
concentrations of Pb?* (as shown in Fig. 5D). Therefore, this
method could be reasonably applied in the biological sample
matrixes detection of Pb*™.

4. Conclusions

In summary, we reported a sensitive EC bioanalytical protocol
for detection of Pb?>* based on Au-PWE as a platform and (Fe-P),-
MOF-Au-GR hybrids as signal probes. The Au-PWE had a large
active surface area and excellent conductivity, which played an
essential role in not only binding the hairpin DNA, but also as-
sisting the electron transfer process. This method has a potential
in applied for Pb?* determination in various water samples, fruit
juice samples and soil sample available in the local, and thus
provide a new promising platform for clinical analysis. The re-
sulting p-PAD EC biosensor, with simple, low cost, ultrahigh sen-
sitivity and satisfactory stability, could be suitable for detection of
Pb2*. Furthermore, it will be a suitable probe for efficient mon-
itoring of intracellular Pb?* levels within living organisms. Hence,
the proposed microfluidic origami electrochemical biosensor
could become a promising method for local market.
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