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In enzyme-based immunoassys, the use of natural enzyme has been remarkably restricted by the inconvenience
in preparation and storage, especially for point-of-care testing. Nanozymes, which can mimic the functions of
natural enzymes, have been regarded as promising alternatives due to their robust stability and convenience in
fabrication. Here we fabricated one-dimensional Fe3O4@C core-shell nanostructures via a solvent-thermal
method. Thus prepared nanocomposites showed excellent peroxidase-like activity, capable of catalyzing chro
mogenic substrates into colored products in the presence of H2O2. We then developed a nanozyme-linked
aptamer sorbent assay (NLASA) in a sandwich format, in which the as-prepared Fe3O4@C nanowires were
employed as catalytic labels for colorimetric detection by naked eyes. In the detection of platelet-derived growth
factor BB (PDGF-BB), this assay reliably exhibited detection limits as low as 10 fM, with a working range from 10
fM to 100 nM. By incorporating G-quadruplex-hemin DNAzyme with Fe3O4@C nanowires, the detection limit
could be further lowered to 50 aM. The detection limit of PDGF-BB in 50% human serum was 100 fM. This
ultrasensitive, cost-effective and easy-to-operate sensing platform offers new opportunities for protein detection
in clinical diagnosis.

1. Introduction
Enzyme-linked immunosorbent assay (ELISA) (Engvall and Perl
mann, 1971; Lai et al., 2004), where the detection is performed in a
commercial available and easy-to-use kit format, has been the gold
standard for quantitative assessment of water-soluble proteins. To in
crease the detection sensitivity, enzyme-mediated signal amplification
strategy (Chen et al. 2014, 2019; Lee et al., 2009) are extensively used in
this technique. Specifically, a natural enzyme is utilized to conjugate
with either an antigen or antibody as a signal reporter, catalyzing
chromogenic substrate into colored products as the colorimetric
readout. However, peroxidase, e. g. horseradish peroxidase (HRP), the
most commonly used catalytic label, suffers from the intrinsic

drawbacks, such as high productive cost, difficulty in preparation and
storage, as well as thermal and chemical denaturation. Alternatively,
great efforts have been devoted to the development of
nanomaterial-based artificial enzymes (nanozymes) (Gao et al., 2017a;
Wu et al., 2019) as an emerging generation of enzyme mimics since the
discovery of the peroxidase-mimicking properties of Fe3O4 nano
particles (NPs) by Yan et al. (Gao et al., 2007).
Nanozymes have received remarkable attention by virtue of their
inherent merits, such as convenience in preparation, robust stability in
harsh environments, and flexible design of structure. With the rapid
development of nanotechnology (Cheon et al., 2019; Mirbagheri et al.,
2014; Sharpe et al., 2019; Su et al., 2014; Wang et al., 2019; Zhang et al.
2010, 2013a; Zhao et al., 2013; Zhou et al., 2019), various
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nanomaterials have been synthesized to mimic the functions of different
redox enzymes, e.g. peroxidase Dong et al., 2012; Lu et al., 2017b;
Valekar et al., 2018; Wu et al., 2019, oxidase (Liu et al., 2018; Ragg
et al., 2014), catalase (He et al., 2019; Li et al., 2015; Zhang et al., 2016),
and superoxide dismutase (SOD) (Fan et al., 2018). As representative
nanocatalysts, metal, noble metal and carbon-based nanomaterials have
been extensively employed in biomedical and environmental applica
tions, including biosensing (Duan et al., 2015; Lu et al., 2017a; Sun et al.,
2019; Tian et al., 2019; Zhang et al., 2019), cancer therapy (Fan et al.,
2018; Li et al., 2019; Qi et al., 2019), and environmental protection (Gao
et al., 2017b; Weerathunge et al., 2014). Particularly, many different
zero-dimensional (0D) NPs, such as Fe3O4 NPs (Gao et al., 2007; Wei and
Wang, 2008; Zeng et al., 2019), gold NPs (Chen et al., 2011; Elghanian
�n et al., 2008; Ruan et al., 2019), and bimetallic
et al., 1997; Pingarro
NPs (Feng et al., 2017; He et al., 2011; Jiang et al., 2016), have been
fabricated through various strategies, which provided new opportunities
for catalysis. However, due to the intrinsic structural constraints,
insurmountable challenges for 0D nanostructures still remain, such as
nanoparticle aggregation, resulted from van der Waals forces, as well as
strong nonspecific absorption. To address this issue, development of
one-dimensional (1D) nanostructured materials (Cui et al., 2001; Gao
et al., 2011; Huang et al., 2001; Li et al., 2018; Lu et al., 2014; Mirsian
et al., 2019; Wan et al., 2011; Xia et al., 2003) with large aspect ratio
would be an important breakthrough. Moreover, core-shell nano
structures (Feng et al., 2019; Tang et al., 2015; Zhang et al., 2013b) play
a pivotal role in material science with their unique properties benefiting
from reasonable adjustments of their core and shell. Nevertheless, so far,
only few examples have been reported for exploring 1D core-shell
nanostructures with enzyme-like characteristic (Chen et al., 2017; Tan
et al., 2019).
Herein, we synthesized 1D Fe3O4@C core-shell nanowires (Fe3O4@C
NWs) as peroxidase mimics, and used them in a nanozyme-linked
aptamer sorbent assay (NLASA) for ultrasensitive colorimetric detec
tion of platelet-derived growth factor BB (PDGF-BB). We fabricated
Fe3O4@C NWs via a simple and facile hydrosolvent method. Interest
ingly, the resultant Fe3O4@C NWs showed enhanced peroxidase-like
activities by catalyzing typical colorimetric substrates in the presence
of H2O2. Based on this finding, we proposed a sandwich NLASA strategy
as a sensing platform, where biotin-labeled aptamer and Fe3O4@C NW
were used as a capture probe and a reporter probe, respectively. Under
optimal conditions, the proposed method enabled PDGF-BB detection
with ultrahigh sensitivity and good selectivity in a wide dynamic range,
both in buffer and human serum.

the morphology and microstructures of the samples, respectively. UVVis spectra were recorded on a UV-2450 spectrophotometer (Shi
madzu, Japan). NLASA assays were carried out using a Microplate
Reader (Molecular Devices, USA).
2.3. Fabrication of Fe3O4@C NWs
In a typical procedure, an aqueous solution containing 2.6 g
(NH4)2Fe(SO4)2 and 0.6 g NTA was first stirred for 1 h. Then, the
resultant solution was transferred to a Teflon-lined stainless steel auto
clave and reacted for 12 h at 180 � C. After washing and centrifugation,
the Fe-NTA NWs were collected and then dispersed in 60% aqueous
alcohol. Subsequently, tris solution (40 mg mL 1) was added to the FeNTA NWs, followed by the introduction of dopamine hydrochloride (7.5
mg mL 1). After reacting for 20 h, the Fe-NTA@PDA NWs were ob
tained. Finally, the resulting products were carbonized at 600 � C under
nitrogen atmosphere to obtain the Fe3O4@C NWs.
2.4. Peroxidase-like activity of Fe3O4@C NW
The peroxidase-like activities of Fe3O4@C NWs were investigated
through the oxidation of TMB in the presence of H2O2. In a typical
procedure, a stocking solution of Fe3O4@C NWs (5 mg mL 1) was used
to react with the working solution containing 0.1 mM TMB and 0.2 mM
H2O2 in HAc-NaAc buffer (0.2 M, pH 4.0). After incubation for 10 min,
the supernatant was transferred to a quartz cell and measured by a UVVis spectroscopy. In the optimization of experimental conditions, the
assays were carried out under the reaction conditions as described above
under different pH (2.0–10.0), reaction temperature (25–60 � C), or
varying concentration of Fe3O4@C NWs (5–100 μg mL 1), respectively.
2.5. Colorimetric detection of PDGF-BB
96-well microtiter plates were coated with streptavidin (SA) (5 μg
mL 1 in PBS, 200 μL well 1) and incubated overnight. After rinsing for
several times, BSA solution (0.2% w/v) was added to block against
nonspecific absorption. Then, 200 μL biotin-labeled aptamer (0.1 μM) in
PBS buffer was added and incubated at room temperature. To prepare
SA modified Fe3O4@C conjugates, 25 μL SA (1 mg mL 1) was added to
100 μL Fe3O4@C NWs (1 mg mL 1) and the resultant mixture was
incubated in PBS buffer solution for 7 h under shaking. After washing for
several times, the Fe3O4@C-SA conjugates were obtained. Subsequently,
100 μL biotin-labeled aptamer (0.1 μM) was added to the Fe3O4@C-SA
conjugates. Finally, the formed Fe3O4@C-DNA conjugates were sepa
rated under external magnetic field and stored at 4 � C.
In the NLASA assay, varying concentrations of PDGF-BB (0–100 nM)
and Fe3O4@C-DNA conjugates in PBS buffer were added to the SA
coated microplates, and then it was incubated at 37 � C for 30 min. Then,
the color solution containing TMB (0.5 mM) and H2O2 (200 mM) was
introduced and reacted for 90 min. Finally, the absorbance at 652 nm
was recorded using a microplate reader. In kinetic studies, timedependent absorbance was measured with an interval of 10 min.

2. Experimental sections
2.1. Chemicals and materials
Tri(hydroxymethyl)aminomethane ((HOCH2)3CNH2), ammonium
iron(II) sulfate ((NH4)2Fe(SO4)2), nitrilotriacetic acid (NTA), and
ethanol (C2H5OH) were obtained from Aladdin Reagent Co., Ltd.
(Shanghai, China). 3,30 ,5,50 -Tetramethylbenzidine (TMB) and 30%
H2O2 were obtained from Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China). Dopamine hydrochloride was obtained from Alfa
Aesar China Chemical Co., Ltd. (Tianjin, China). All chemicals were used
without further purification. Bovine serum albumin (BSA) was obtained
from Sigma-Aldrich Corp. (St. Louis, MO). All of the experiments were
performed using high-purity deionized water (>18 MΩ). Streptavidin
and Platelet-derived Growth Factor-BB were purchased from Sangon
Biotech Co., Ltd. (Shanghai, China). DNA sequences (Table S1) were
custom-synthesized from Sangon Biotech Co., Ltd. (Shanghai, China).

3. Results and discussion
3.1. Setup and principle of NLASA assay
Scheme 1 presented the fundamental principle of the colorimetric
sensing platform for highly sensitive and selective detection of PDGF-BB.
Initially, both dispersed 1D Fe3O4@C core-shell NWs and polystyrene
microtiter plate (96 wells) were coated with streptavidin via physical
absorption. To achieve a robust and cost-effective biosensor, a pair of
biotin-labeled DNA aptamers against PDGF-BB were immobilized onto
the surface of Fe3O4@C NW and the microtiter plate wells via
streptavidin-biotin affinity coupling, respectively (Scheme 1A, B). To
reduce non-specific absorption among nanomoieties, the microplate

2.2. Apparatus
Scanning electron microscopy (SEM, JEOL-4800) and transmission
electron microscopy (TEM, JEOL-1011) were employed to characterize
2
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Scheme 1. Schematic illustration of setup and working principle of NLASA assay. (A) Procedure for the preparation of Fe3O4@C-DNA conjugates. (B) The modi
fication of capture aptamer on the microplate surface and the binding of PDGF-BB in a sandwich-like format. (C) Working principle of colorimetric detection of PDGFBB using NLISA assay.

surface was further excluded by blocking using BSA. In this NLASA
assay, the DNA aptamer immobilized onto microplate surface played a
role as capturing probe to recognize target protein PDGF-BB, whereas
the DNA aptamer-modified Fe3O4@C NW served as reporter probe for
signal amplification instead of conventional HRP labels. In comparison
to direct assays, this sandwich arrangement allowed specific binding of
target proteins and reduced the feasibility of the accessibility to
nonspecific binding sites on the surface. Also, the high affinity between
DNA aptamer and its target protein enabled a strong binding to
Fe3O4@C-DNA complex which could lead to an enhanced signal. After
the binding between aptamer and its target protein, the Fe3O4@C NW
served as a nanocatalyst that significantly accelerated the oxidation of
the colorless substrate TMB, yielding a pale to blue color change.
Meanwhile, other non-specific proteins could not interact with the pair
of aptamers, resulting the inhibition of the catalytic reaction (Scheme
1C).

3.2. Characterization of core-shell Fe3O4@C NWs
As illustrated in Fig. 1A, the core-shell Fe3O4@C NWs were synthe
sized by a two-step procedure. Initially, the precursor of Fenitrilotriacetic acid (Fe-NTA) NWs was fabricated using a solventthermal method. After that, a thin layer of polydopamine (PDA) pro
duced by self-polymerization of dopamine was enveloped onto the
surface of dispersed Fe-NTA NWs. Eventually, the carbonization of FeNTA@PDA NWs under nitrogen atmosphere gave rise to the final
products of Fe3O4@C NWs.
As shown in Fig. 1B, the scanning electron microscopy (SEM) image
revealed that the Fe3O4@C NWs have uniform cuboid-shaped nano
structures with an average diameter of ~250 nm, maintaining a good
monodispersity. Interestingly, Fe3O4 NPs dispersed on the inside of the
nanowires, which is was clearly observed from the cross-section in the
high-magnification image (Fig. 1C). Moreover, TEM images showed that
3
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Fig. 1. Characterization of core-shell Fe3O4@C NWs. (A) Scheme of fabricated procedure of 1D Fe3O4@C core-shell nanostructures by a simple two-step method. (B,
C) Low and high magnification SEM images of Fe3O4@C NWs. (D, E) Low and high magnification TEM images of Fe3O4@C NWs.

the Fe3O4@C NWs were core-shell nanostructures, where Fe3O4 NPs
evenly distributed within the carbon shell (Fig. 1D, E). In addition to
good dispersion in aqueous solution, the as-synthesized Fe3O4@C NWs
also exhibited an excellent magnetic property under ambient tempera
ture, that they were readily separated and the solution color rapidly
changed to colorless within few seconds under an external magnetic
field (Fig. 2C).

validated over a wide range from 25 � C to 60 � C (Fig. 2F). Notably, the
catalytic activity of the Fe3O4@C NWs gradually increased as the tem
perature increased and reached a maximum level at 55 � C. Given the
temperature effect on protein activity, we chose 37 � C as the optimal
temperature in NLASA assay. Under this condition, the Fe3O4@C NWs
preserved a good activity over 60%. Fig. 2G revealed that the catalytic
activity of the Fe3O4@C NWs exhibited a concentration-dependent
response, which increased slowly when the concentration exceeded
the optimum concentration of 20 μg mL 1.
To investigate the catalytic mechanism of the prepared nanozyme,
we studied the steady-state kinetics of TMB oxidation reaction by initial
rate method. The kinetic data were determined through varying the
concentration of one substrate in a certain range while keeping the other
at a fixed amount. Michaelis-Menten curves were obtained by calcu
lating the initial reaction velocities for both TMB and H2O2 (Fig. 2H and
I). The data were then fitted to the double-reciprocal (Lineweaver-Burk)
curves (inset of Fig. 2H, I), from which we obtained the key enzyme
kinetic parameters, e.g., the maximum initial velocity (Vmax) and
Michaelis-Menten constant (Km). The apparent Km indicates the enzyme
binding affinity to substrates, where a smaller value indicates a higher
affinity. Notably, Fe3O4@C NWs with H2O2 as the substrate represented
a significantly small Km value, which was 670 and 17-times lower than
that of Fe3O4 NPs and HRP, respectively (Table S2). The results sug
gested the Fe3O4@C NWs possess a higher affinity and an enhanced
catalytic activity towards H2O2, showing a great potential in biomedical
applications of highly sensitive analysis. Moreover, the slopes of three
plots in the inset of Fig. 2H and I are nearly parallel, indicating a pingpong mechanism for the kinetic properties.

3.3. Peroxidase-like activity of Fe3O4@C NWs
The peroxidase-like activities of the Fe3O4@C NWs were studied by
oxidizing typical chromogenic substrate, i.e., 3,30 ,5,50 -tetrame
thylbenzidine (TMB), in the presence of H2O2 . As shown in Fig. 2A, the
Fe3O4@C NWs catalyze TMB into a blue-colored oxidation product with
a maximum absorbance at 652 nm, in which the produced OH radicals
broken down by H2O2 may accelerate the catalytic activity through
electron exchange. Fig. 2D showed that the absorbance change by the
Fe3O4@C NWs yielded an obvious signal response of about 8-fold
greater than that in the absence of them, suggesting their application
potential as an artificial enzyme. Notably, the TMB solution catalyzed by
the Fe3O4@C NWs generated a dark blue color, whereas the TMB solu
tion without nanocatalysts was colorless, which can be easily distin
guished by eyes (Fig. 2B).
Similar to peroxidases, the catalytic activities of Fe3O4@C NWs were
dependent on the experimental conditions, in particular, pH, tempera
ture and the amount of nanozymes. As shown in Fig. 2E, an acidic
condition was more suitable for the peroxidase-like activity than neutral
and alkaline pH. The influence of temperature on the activity was
4
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Fig. 2. The peroxidase-like activities of Fe3O4@C NWs. (A, B) Schematic representation (A), and photograph (B) for TMB and H2O2 reaction system catalyzed by
Fe3O4@C NWs. (C) Photograph of the magnetic property of Fe3O4@C NWs. (D) UV-Vis spectra of TMB-H2O2 mixed solutions in the presence and absence of Fe3O4@C
NWs. (D-F) Effects of pH (D), temperature (E) and the amount of Fe3O4@C NWs (F) on the catalytic reaction. (G, H) Steady-state kinetics of Fe3O4@C NWs by varying
the concentration of one substrate while keeping the other at a fixed amount. Insets showing double-reciprocal curves of the Michaelis-Menten equation. Error bars
represent the standard error derived from three repeated measurements.

tested scale (100 μg mL 1) of Fe3O4@C-DNA conjugate was selected in
the assay. Furthermore, the influence of the incubation time between
PDGF-BB and the pair of aptamer was displayed in Fig. 3D. As the in
cubation time mounted up, the signal almost approached to the
maximum at 90 min and then became plateau. Thus, we chose 90 min as
the optimal incubation time in the following studies.

3.4. Optimization of experimental conditions
Based on the peroxidase-like activities of the Fe3O4@C NWs, we built
a nanozyme-linked aptamer sorbent assay (NLASA) in a sandwich-like
format (Fig. 3A). To achieve high sensitivity, we optimized the key
assay parameters, including the coating concentration of capture
aptamer, the concentration of Fe3O4@C-DNA conjugate, and incubation
time, which could significantly affect the analytical performance of the
biosensor. Fig. 3B illustrated the colorimetric signal change as a function
of the concentration of capture aptamer. The maximum signal was
achieved at a lower concentration within a certain coating range,
namely, the protein-aptamer interactions could be enhanced by
reducing the surface density of capture probe. When the aptamer con
centration increased, the colorimetric signal slightly dropped which
might be assigned to the steric hindrance arisen from higher surface
density. In contrast, the colorimetrical signal gradually increased with
increasing concentration of the reporter probe of Fe3O4@C-DNA con
jugate (Fig. 3C), demonstrating that the signal response was in direct
proportionally to the reporter level. As anticipated, more probe numbers
could provide more opportunities to accessibility of the target proteins,
which was distinctive from the competitive assay that required a finetuning of the reporter probe to reach a compromise between competi
tion and signal output. The concentration from the moderate part of the

3.5. Colorimetric ultrasensitive detection of PDGF-BB
To test the practical applicability, Fe3O4@C NWs were used as cat
alytic labels in NLASA assay. PDGF-BB, a widely used biomarker for
tumor growth and progression (Goldring and Goldring, 1991), was
selected as a representative example for detection. Time-dependent
absorbance changes versus varying concentrations of PDGF-BB were
measured under the optimal conditions (Fig. 3E). The colorimetric
response increased monotonously with the PDGF-BB concentration
(Fig. 3F). The proposed biosensor could detect PDGF-BB with a detection
limit as low as 10 fM, with a working range spanned 7 orders of
magnitude, from 10 fM to 100 nM. Meanwhile, a distinct color change
from baby blue to dark blue was obviously seen by naked eyes (inset of
Fig. 3F).
To further improve the sensitivity of the NLASA assay, we immobi
lized a DNAzyme (Liu and Lu, 2003; Lu et al., 2008) by incorporating of
5
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Fig. 3. Optimization and sensitivity of NLASA
assay. (A) Schematic for NLASA assay. (B, C)
Colorimetric response to varying coating concen
tration of capture aptamer (B), and Fe3O4@C-DNA
conjugate (C). (D) Different incubation time was
used to produce the signal. (E) Time-dependent
absorbance changes at 652 nm for different con
centration of PDGF-BB. (F) Concentration curve
and color change for PDGF-BB detection. Error bars
represent the standard error derived from three
repeated measurements. Experiments were per
formed under the optimal conditions. Catalytic re
actions were carried out in HAc-NaAc buffer (0.2
M, pH 4.0) containing 0.2 M H2O2 and 0.5 mM
TMB. (For interpretation of the references to color
in this figure legend, the reader is referred to the
Web version of this article.)

hemin into a G-quadruplex (G4) sequence onto the surface of Fe3O4@C
NWs to form hybrid artificial enzymes (Fig. 4A). The calibration curve
showed a linear relationship with the concentration of PDGF-BB.
Impressively, an ultralow detection limit lower than 50 aM could be
achieved by considering 3-fold standard deviation of blank samples
(Fig. 5B), indicating the ultrahigh sensitivity of this strategy. However,
the background also increased accordingly, leading to a reduced
signal-to-background ratio. This might be reasoned that the introduction
of DNAzyme increased the chance of nanospecific absorption on the
microtiter plate. More detailed understanding still needs to be further
investigated.
Good selectivity is essential to avoid false-positive response for
clinical diagnosis, therefore, several other proteins, such as carcinoembryonic antigen (CEA), lysozyme (Lys), human serum albumin
(HSA), and alpha fetoprotein (AFP) were selected as interferents in this
NLASA assay. To study its versatility, a much higher concentration of
interferents (1000 nM) were used to displace 1 nM target protein. As
shown in Fig. 5A, there was only an insignificant signal response from
the interferent, even with a 1000-fold excess of the target protein,
indicating an excellent selectivity of this assay, which might attribute to
the high affinity of protein-aptamer.
To establish the applicability to real world systems, detection in
human serums spiked with target PDGF-BB was performed. Three
typical concentrations of PDGF-BB in human serum samples were
selected for measurements. As shown in Fig. 5B, the NLASA assay could
effectively detect PDGF-BB as low as 100 fM in 50% human serum,
where both the colorimetric signal and the background were almost

unchanged compared to that in buffer systems. This evidence suggested
the NLASA assay enabled convenient analysis with good reproducibility,
as well as excellent anti-interference ability, and thus it could be utilized
as a feasible and reliable sensing platform in real clinical diagnosis.
Compared to other reported protein assays, this proposed biosensor
provided several important advantages. First, the as-synthesized
Fe3O4@C NWs exhibited a higher affinity and an improved catalytic
activity towards H2O2 than HRP, which greatly accelerated the oxida
tion of TMB and enhanced signal amplification, thus allowing for an
ultrahigh sensitive detection of protein. Next, the DNA aptamer could
significantly improve the biomolecular recognition due to the high af
finity between aptamer and its target protein. Furthermore, taking ad
vantages of the maturation of DNA synthesis techniques, construction of
such aptamer-based assay did not need any antibody modification or
natural enzyme conjugations, therefore, the NLASA assay was robust,
cost-effective, and easy-to-operate. In addition, the sandwich arrange
ment enabled specific binding of target proteins and reduced the prob
ability of accessibility to nonspecific binding sites, which was different
from competitive assay requiring a fine-tuning of signal reporter to
achieve a compromise between competition and readout. Finally, with
this simple and convenient sensing platform, the reacted solutions could
be clearly distinguished by naked eyes, indicating its great application
potential in point-of-care testing.
4. Conclusions
In summary, we developed a Fe3O4@C nanozyme-linked aptamer
6

R. Zhang et al.

Biosensors and Bioelectronics 150 (2020) 111881

Fig. 4. NLASA assay based on hybrid artificial
enzymes for ultrasensitive detection of PDGF-BB.
(A) Schematic illustration of this strategy by
incorporating G4-hemin DNAzyme on the surface
of Fe3O4@C NWs to form hybrid artificial enzymes
as signal reporter. (B) Concentration curve and
color change for PDGF-BB detection. Error bars
represent the standard error derived from three
repeated measurements. (For interpretation of the
references to color in this figure legend, the reader
is referred to the Web version of this article.)

Fig. 5. (A) Selectivity of NLASA assay. Absorbance at 652 nm was measured sing 1 nM PDGF-BB, while 1000 nM other proteins were added under the same
conditions. Error bars represent the standard error derived from three repeated measurements. (B) The applicability to real world system of NLASA assay. Absorbance
at 652 nm and photograph of reacted solutions of three typical concentrations of PDGF-BB protein in human serum samples.

7

R. Zhang et al.

Biosensors and Bioelectronics 150 (2020) 111881

sorbent assay (NLASA) for ultrasensitive colorimetric detection of PDGFBB, in which 1D Fe3O4@C core-shell nanostructures were employed as
catalytic labels for signal amplification. Owing to their unique struc
tures, the as-prepared Fe3O4@C NWs showed superior peroxidase
mimicking activity in a temperature and pH dependent manner,
following a typical Michaeli-Menten kinetics. By employing the
Fe3O4@C NWs as reporter probe and a pair of aptamers as recognition
elements, the NLASA system in a sandwich format showed ultrahigh
sensitivity and excellent anti-interfering ability for PDGF-BB detection.
Importantly, this proposed system demonstrated the real-world appli
cability in complex samples, which could detect PDGF-BB as low as 100
fM spiked in human serums. This sensing platform allowed simple, costeffective, and ultrahigh sensitive detection, showing a great potential in
early diagnosis and biomedical research.
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