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A B S T R A C T   

Immunoglobulin G (IgG) is related to the occurrence of many diseases, such as measles and inflammatory. In this 
paper, IgG imprinted polymers (IgGIPs) were fabricated on the surface of nano Au/nano Ni modified Au elec-
trode (IgGIPs/AuNCs/NiNCs/Au) via metal-free visible-light-induced atom transfer radical polymerization (MVL 
ATRP). The IgGIPs were prepared by IgG conjugated with fluorescein isothiocyanate (FITC-IgG) as both a 
template and a photocatalyst. After the templates were removed, the photocatalysts (FITC) would not remain in 
the polymer and avoided all the effect of catalysts on the electrode. The fabricated electrodes were examined by 
cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS), scanning electron microscope (SEM) 
and X-ray photoelectron spectroscopy (XPS). Under the optimized conditions, IgGIPs/AuNCs/NiNCs/Au was 
prepared and used as an electrochemical biosensor. The biosensor could be successfully applied for the deter-
mination of IgG by differential pulse voltammetry (DPV) measurement. The results showed that the proposed 
biosensor displayed a broader linear range and a lower detection limit for IgG determination when it was 
compared to those similar IgG sensors. The linear range from 1.0 × 10− 6 mg L− 1 to 1.0 × 101 mg L− 1 was 
obtained with a low detection limit (LOD) of 2.0 × 10− 8 mg L− 1 (S/N = 3). Briefly, the biosensor in this study 
introduced an easy and non-toxic method for IgG determination and also provided a progressive approach for 
designing protein imprinted polymers.   

1. Introduction 

Immunoglobulin G (IgG) is the most important antibody for the 
mammal with antiviral, neutralizing virus, antibacterial and immuno-
modulatory functions, and it is always closely related to the occurrence 
of many diseases, such as measles, inflammatory, primary and second-
ary immuno-deficiencies [1–9]. At present, the detection of IgG anti-
body in blood is also one of the crucial methods to determine the 
infection of COVID-19 [10]. Accurate determination of trace IgG plays 
an essential role in clinical detection as well as in basic medical research. 
Common ways for IgG detection are enzyme-linked immunosorbent 
assay (ELISA) [11], fluoroimunoassays [12], electrochemical immuno-
sensor [3] and chemiluminescence immunoassays [13]. However, these 
methods usually need antibody, which is difficult to prepare, purify and 
preserve. These drawbacks prompt researchers to explore better stability 
and low-cost methods for IgG detection. 

Molecular imprinted polymers are generally considered to be sub-
stituents of natural antibodies [14–17], which are synthesized by 
forming a polymer network around the template. When the template is 

removed, chemically and spatially complementary voids (imprints) are 
left in the polymer network that are capable of recombining the template 
[18]. To date, the imprinting technique of small molecules has been 
well-established [19–21], while there are still some difficulties for the 
successful imprinting of proteins. The large molecular weight and the 
slow mass transfer rate of the protein result in the bad recognition of 
imprinted polymers. Aiming at overcoming these problems, scientists 
have proposed surface imprinting, that is, limit all binding sites to the 
accessible surfaces for removal and binding of proteins [22]. Normally, 
surface imprinting needs a thin polymer layer on the surface of the 
carrier, thus it puts forward higher request to the preparation technol-
ogy of polymers. 

“Living”/controlled atom transfer radical polymerization (ATRP) is 
one of the most efficient techniques for synthesis of polymers with 
tunable molecular weights, low dispersities, defined chemical compo-
sition and complex architecture [23–25], and is also an important 
technique for designing and preparing protein imprinted polymers. For 
example, Yildirim et al. [26] designed myoglobin imprinted polymer 
films on silicon wafers by surface-initiated ATRP. Naraprawatphong et al. 
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[27] successfully synthesized IgG-recognition SPR devices by combina-
tion of surface-initiated ATRP with imprinted polymers. Gai et al. [28] 
developed a bovine serum albumin imprinted magnetic polymer based 
on ATRP method for protein separation. However, the traditional ATRP 
has two drawbacks. First, the catalyst of low-cost transition metal is 
sensitive to air, leading to the anaerobic polymerization. Second, the 
residual catalyst has certain toxicity to the protein [25,29]. Therefore, 
improved ATRP needs to be explored for better use in the preparation of 
protein imprinted polymers. 

Metal-free visible-light-induced ATRP (MVL ATRP) was conducted 
by using photocatalysts instead of metal salts [30,31]. Typically, these 
photocatalyst has a high excited oxidation potential and can initiate the 
polymerization by dechlorinating the halide (initiator of ATRP) to pro-
vide radical species. MVL ATRP has a simple operation, fast polymeri-
zation rate, high conversion rate, mild polymerization condition, more 
importantly, it can obtain both well-defined polymers and no metal 
pollution [29,32,33]. Fluorescein is a photocatalyst commonly used in 
MVL ATRP, which has visible light absorption, good chemical stability, 
long excited state lifetime and good redox potential [34,35]. However, 
Fluorescein is usually colored and also remained in the imprinted 
polymers, which will affect the subsequent analysis of imprinted 
polymers. 

In order to retain the advantages of MVL ATRP and eliminate all 
effects of catalysts, in this paper, IgG imprinted polymers (IgGIPs) were 
prepared by IgG conjugated with fluorescein isothiocyanate (FITC-IgG) 
as both a template and a photocatalyst. After the templates were 
removed, the photocatalyst would not remain. The IgGIPs were pre-
pared on the surface of Au electrode which had been modified with nano 
Au/nano Ni (IgGIPs/AuNCs/NiNCs/Au) to enhance the area and pro-
mote the electron transfer ability of the electrode [36]. The obtained 
IgGIPs/AuNCs/NiNCs/Au electrode can be used as a biosensor for the 
detection of IgG. Compared with the similar sensors, the IgGIP-
s/AuNCs/NiNCs/Au prepared by MVL ATRP had better recognition and 
would have wider application in the field of biosensor fabrication. 

2. Materials and methods 

2.1. Chemicals 

Au electrode (Φ = 2 mm) was purchased from Chenhua Instruments 
Co. (Shanghai, China). Acrylamide (AM, functional monomer), N, N′- 
methylene bis-acrylamide (MBA, cross-linker), ammonium persulfate, 
triethylamine (TEA), nickel sulfate, boric acid, ammonium chloride and 
sodium dodecylsulfate (SDS) were obtained from Kemiou Chemical Co. 
(Tianjin, China). Chloroauric acid (HAuCl4⋅4H2O) was purchased from 
Beijing chemical plant (Beijing, China). Mouse immunoglobulin G (IgG, 
MW 150 kDa), Human immunoglobulin M (IgM, MW 970 kDa), Human 
immunoglobulin A (IgA, MW 400 kDa), FITC-IgG, myoglobin (Mb, MW 
16.7 kDa), human serum albumin (HSA, MW 69 kDa) and bovine he-
moglobin (Hb, MW 65 kDa) were supplied by Solarbio Inc. (Beijing, 
China). Nickel chloride and saccharin were supplied from Aladdin In-
dustrial Co. (Shanghai, China). Phosphate buffered solution (PBS) was 
prepared using 0.1 mol/L Na2HPO4 and 0.1 mol/L KH2PO4. All the 
chemicals were analytical reagent (AR) grade and used without any 
further purification. All the water used in the experiments was the hy-
perpure water (resistivity > 18 MΩ cm). 

2.2. Apparatus 

Light-emitting diode lamp was used as visible light and purchased 
from Duration Power Technology Co., Ltd. (Guangzhou, China). Elec-
trochemical measurements were carried out on a CHI660D electro-
chemical workstation (Chenhua, Shanghai, China) with a three- 
electrode system, which was configured by connecting a bare or modi-
fied Au electrode, a Pt wire, and a saturated calomel electrode (SCE) as a 
working electrode, counter electrode, and reference electrode, 

respectively. The CV characterization was carried out at a scanning rate 
of 0.1 V/s with a potential range from − 0.2 to 0.6 V. EIS was accom-
plished within the frequency range of 5 mHz–10 kHz. The morphologies 
of polymers/AuNCs/NiNCs/Au and IgGIPs/AuNCs/NiNCs/Au were 
observed using a scanning electron microscope (SEM, SU8010, Hitachi, 
Japan) at an accelerating voltage of 5.0 kV. X-ray photoelectron spec-
troscopy (XPS) was obtained with Thermo ESCALAB 250Xi spectrometer 
using a monochromatic Al Kα radiation. 

2.3. Preparation of IgGIPs/AuNCs/NiNCs/Au 

The synthesis of IgGIPs/AuNCs/NiNCs/Au was illustrated in Fig. 1. 
AuNCs/NiNCs/Au was firstly prepared according to the method re-
ported previously [36]. The as-prepared thiol initiator, which was syn-
thesized based on literature [37], was immobilized on the surface of 
AuNCs/NiNCs/Au as reported early [38]. Then the monomer (AM, 
1.2500 g), cross-linker (MBA, 0.8516 g), template (IgG, 0.0020 g; 
FITC-IgG, 4 μL) and TEA (0.25 mL) were dissolved in PBS (pH 7.4, 18.75 
mL). After purging with nitrogen for 10 min, the initiator modified 
electrode was inserted into the solution and illuminated under visible 
light for 6 h to conduct the polymerization on the surface of AuNCs/-
NiNCs/Au electrode. 

The IgG template was removed from the electrode by soaking in 10% 
(v/v) CH3COOH solution containing 10 g/L SDS for 1 h and assisted by 
electric potential of − 0.6 V [39]. After washing with PBS three times, the 
AuNCs/NiNCs/Au modified with IgGIPs (IgGIPs/AuNCs/NiNCs/Au) 
was obtained. 

The non-imprinted polymers modified electrode (NIPs/AuNCs/ 
NiNCs/Au) was synthesized by the same method without mouse IgG and 
replacing FITC-IgG with fluorescein. 

2.4. Determination of IgG 

The determination of IgG by IgGIPs/AuNCs/NiNCs/Au electrode was 
studied by measuring the intensity of the peak current of a redox probe 
by DPV method using PBS (pH 7.0) containing 0.1 M KCl and 5 mM [Fe 
(CN)6]3-/4- as electrolyte. For this, the DPV of [Fe(CN)6]3-/4- redox probe 
was firstly recorded by prepared IgGIPs sensor from 0.00 to 0.45 V with 
an increment potential of 4 mV, amplitude of 50 mV, a pulse width of 
0.2 s and a pulse period of 0.5 s. Then this sensor was incubated in IgG 
solution for 5 min and rinsed three times with PBS solution, it was placed 
in electrolyte and the corresponding DPV of [Fe(CN)6]3-/4- was recorded 
again. Quantitative analysis of IgG was done based on the signal 
response (ΔI), which was the difference of the peak current of redox 
probe in the absence and presence of template IgG. 

3. Results and discussion 

3.1. Characterization of IgGIPs/AuNCs/NiNCs/Au 

The surface of the modified electrode was observed by SEM and 
shown in Fig. 2. As could be seen, AuNCs/NiNCs/Au showed flowers 
structure with a diameter of about 300 nm (Fig. 2A and D). After the 
polymerization, polymers/AuNCs/NiNCs/Au (Fig. 2B) and IgGIPs/ 
AuNCs/NiNCs/Au (Fig. 2C) had the similar morphology with AuNCs/ 
NiNCs/Au (Fig. 2A) at low magnification. When they were observed at 
high magnification, obvious differences could be seen. A blurred edge 
appeared on the surface of AuNCs/NiNCs/Au electrode due to the for-
mation of a polymer film (Fig. 2E), while a porous topology appeared on 
the surface of IgGIPs/AuNCs/NiNCs/Au in Fig. 2F, which could be 
attributed to the imprinted structures formed by the elution of IgG from 
polymers/AuNCs/NiNCs/Au. 

CV and EIS were used to efficiently indicate the changes on the 
electrode surface after each modification step. Fig. 3A demonstrated the 
results of CV characterization. It could be clearly seen that there was an 
approximately reversible redox peak of [Fe(CN)6]3-/4- probe at the bare 
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Au (Fig. 3A curve 1), showing the conducting nature of bare electrode 
[40]. Decoration of nano Au/nano Ni on the surface of bare gold 
increased evidently the peak current (Fig. 3A curve 2), indicating 
nanomaterials enlarged the effective electrode surface area and raised 
electron transfer rate [36]. For polymers/AuNCs/NiNCs/Au electrode 
(Fig. 3A curve 3), the diffusion of the [Fe(CN)6]3-/4- probe to the elec-
trode surface was difficult due to the high resistance and poor electron 
transfer ability of the compact membrane. As a result, the CV peak 
current decreased significantly. After removing the mouse IgG, the peak 
current was sharply enhanced (Fig. 3A curve 4), which may be attrib-
uted to the imprinted holes, making the [Fe(CN)6]3-/4- probe easier to 
diffuse to the electrode surface. 

Fig. 3B showed the EIS of stepwise modified electrodes, of which the 
results were consistent with those from CV tests. Bare Au electrode 
revealed a small semicircle domain (Fig. 3B curve 1), implying a low Ret 

on the bare Au electrode. It was evident that introduction of nano Au/ 
nano Ni improved the conductivity and enlarged surface area of the 
electrode (Fig. 3B curve 2), resulting in the lower Ret [36]. By formation 
of polymers onto the AuNCs/NiNCs/Au surface (Fig. 3B curve 3), Ret 
became significantly larger due to the inertness of polymers. After 
removing the IgG (Fig. 3B curve 4), Ret became smaller than that of 
polymers/AuNCs/NiNCs/Au, suggesting that the imprinted holes 
appeared on IgGIPs/AuNCs/NiNCs/Au, facilitating the proximity of [Fe 
(CN)6]3-/4- probe. 

The effect of periodical light-on-off on MVL ATRP catalyzed by FITC- 
IgG was investigated by DPV in PBS (pH 7.0) containing 5 mM [Fe 
(CN)6]3-/4- and 0.1 M KCl. Polymers/AuNCs/NiNCs/Au electrode pre-
pared at different time was used as a working electrode. As displayed in 
Fig. 4, DPV peak current was declining when the light was switched on 
(0–1, 2–3, 4–5, 6–7 h), which indicated the formation of polymers on the 

Fig. 1. Schematic preparation process of IgGIPs/AuNCs/NiNCs/Au via MVL ATRP.  

Fig. 2. SEM images of AuNCs/NiNCs/Au (A, D), polymers/AuNCs/NiNCs/Au (B, E) and IgGIPs/AuNCs/NiNCs/Au (C, F) at different magnification.  
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surface of electrode. Peak current almost kept unchanged during the 
dark periods (1–2, 3–4, 5–6, 7–8 h), which may be because there was no 
inducement of visible light and the polymerization stopped. Multiple 
controlled “on–off” light switching cycles implied that visible light 
played a key role to induce ATRP catalyzed by FITC-IgG. 

The surface chemical composition of polymers was determined by 
XPS, and the results were illustrated in Fig. 5. Polymers/AuNCs/NiNCs/ 
Au exhibited O 1s, N 1s, C 1s, Au 4f and Br 3d signals (Fig. 5A), which 
binding energy were showed at 531.3 eV, 399.6 eV, 285.3 eV, 84.2 eV 
and 70.1 eV, respectively [41,42]. The Br 3d signal confirmed the suc-
cessful implementation of MVL ATRP [41]. The inset in Fig. 5A was the 

fine XPS of S 2p at 161.3 eV. Since S element was from FITC, indicating 
the successful polymerization catalyzed by FITC-IgG. Fig. 5B was the 
XPS spectrum of IgGIPs/AuNCs/NiNCs/Au. The peaks of O 1s, N 1s, C 
1s, Au 4f and Br 3d showed the binding energy at the similar position 
with polymers/AuNCs/NiNCs/Au. Compared with Fig. 5A, the disap-
pearance of S 2p binding energy proved the complete removal of FITC 
from IgGIPs, and would avoid all the effect of FITC on the IgGIP-
s/AuNCs/NiNCs/Au sensor. 

3.2. Optimization of polymerization conditions 

The typical conditions such as the ratio of monomer to cross-linker, 
illumination time, which were important parameters in the experiment 
and affected the sensing performance of IgGIPs/AuNCs/NiNCs/Au 
biosensor, were investigated by electrochemical method. 

To find the better performance, five IgGIPs/AuNCs/NiNCs/Au elec-
trodes with different ratios of AM to MBA (0.8:1, 1.6:1, 3.2:1, 6.4:1, 
12.8:1) were prepared to detect serial concentration of mouse IgG. The 
sensitivity results of the electrodes were shown in Fig. 6 A. It was seen 
that lower sensitivity was obtained when the mole ratio was lower than 
3.2:1, which could be attributed that the number of AM was too little to 
form enough binding sites for the protein to enter imprinted holes [43]. 
When the ratio of AM to MBA was higher than 3.2:1, sensitivity of 
IgGIPs/AuNCs/NiNCs/Au dropped dramatically, it may be because 
decreasing cross-linking increased the spatial fluctuations in the recog-
nition sites and hence reduced binding efficiency [44]. Therefore, the 
ratio of 3.2:1 was chosen as the optimal mole ratio of AM to MBA in the 
experiment. 

The influence of illumination time on IgGIPs/AuNCs/NiNCs/Au was 
evaluated by CV. As showed in Fig. 6 B, anodic peak current of IgGIPs/ 
AuNCs/NiNCs/Au dropped sharply with the illumination time 
increasing from 1 to 5 h. When illumination time was higher than 5 h, 
there was small change in CV peak current. Therefore, illumination time 
of 5 h was used in subsequent experiments. 

3.3. Responses of the IgGIPs/AuNCs/NiNCs/Au toward IgG 

IgGIPs/AuNCs/NiNCs/Au could be used as an electrochemical 
biosensor to detect mouse IgG by DPV. Under the optimized conditions, 
IgGIPs/AuNCs/NiNCs/Au was prepared and incubated in various con-
centrations of freshly prepared IgG solution for 5 min. The experimental 

Fig. 3. (A) CVs and (B) EIS recorded on stepwise modified electrodes in PBS (pH 7.0) containing 5 mM [Fe(CN)6]3-/4- and 0.1 M KCl. The scan rate of CV was 0.1 V/s. 
The frequency range of EIS was from 5 mHz to 10 kHz (1-bare Au; 2- AuNCs/NiNCs/Au; 3- polymers/AuNCs/NiNCs/Au; 4- IgGIPs/AuNCs/NiNCs/Au). 

Fig. 4. The “on-off” experiment. (Yellow regions were the visible light “on” and 
white regions were the visible light “off”). (For interpretation of the references 
to color in this figure legend, the reader is referred to the Web version of 
this article.) 
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results were displayed in Fig. 7. It was easy to see that the DPV peak 
current decreased with the increasing concentration of IgG (Fig. 7A), 
which may be because that proteins rebound the recognition sites via 
their complementary spatial structure and appropriate size, thus 
blocked the [Fe(CN)6]3-/4- probe from reaching the electrode surface 
[45,46]. The calibration curve in Fig. 7B showed a good linear rela-
tionship between the signal response (ΔI) and logarithm of the IgG 
concentrations in the range of 1.0 × 10− 6 mg L− 1 to 1.0 × 101 mg L− 1. 
From the figure, the linear relationship equation was ΔI (μA) = 4.0 logC 
(mg⋅L− 1) + 36.5 (R2 = 0.997), and the detection limit (LOD) of 2.0 ×
10− 8 mg L− 1 could be estimated (S/N = 3). 

When the performance of IgGIPs/AuNCs/NiNCs/Au electrode was 
compared with sensors for mouse IgG detection including surface plas-
mon resonance (SPR), electrochemical ELISA, surface-enhanced Raman 
spectroscopy (SERS) immunoassay and other electrochemical method 
(as shown in Table 1). It could be seen that the prepared biosensor had 
lower detection limit and larger linear range. 

3.4. Selectivity, repeatability and reproducibility of IgGIPs/AuNCs/ 
NiNCs/Au 

Selectivity of IgGIPs/AuNCs/NiNCs/Au toward IgG was investigated 
by using different protein as interferents by DPV. Fig. 8 showed the 
signal response (ΔI) of IgGIPs/AuNCs/NiNCs/Au to the same concen-
tration (10− 4 mg L− 1) of IgG, HSA, Hb, Mb, IgM and IgA. Among these, 
the electrode showed the highest signal response (29.3 ± 0.7 μA) for IgG 
compared to HSA (1.4 ± 0.3 μA), Hb (2.1 ± 1.2 μA), Mb (1.7 ± 1.2 μA), 
IgM (1.3 ± 0.3 μA) and IgA (1.3 ± 0.3 μA), which indicated that the 
shape and size of IgG matched the imprinted “holes”of IgGIPs [51]. In 
contrast, the signal response (ΔI) of the NIPs were relatively low because 
there were no imprinted sites in them. 

Also, the imprinted polymer efficiency (IE = ΔIIgGIPs ∕ ΔINIPs) was 
used to further evaluate the selectivity [52], where ΔIIgGIPs and ΔINIPs 
were the signal response of IgGIPs/AuNCs/NiNCs/Au and NIP-
s/AuNCs/NiNCs/Au, respectively. From Fig. 8, the IE values of IgG, 
HSA, Hb, Mb, IgM, IgA were 11.9, 1.2, 1.1, 1.4, 1.2 and 1.2, respectively. 
The largest IE suggested the satisfactory selectivity of IgGIP-
s/AuNCs/NiNCs/Au towards IgG. 

Fig. 5. The XPS spectra of polymers/AuNCs/NiNCs/Au (A) and IgGIPs/AuNCs/NiNCs/Au (B).  

Fig. 6. Effect of the ratio of AM to MBA (A) and the illumination time (B) on IgGIPs/AuNCs/NiNCs/Au.  
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The repeatability of the imprinted biosensor was conducted by 
measuring the DPV response of 10− 4 mg L− 1 IgG solution for 3 times 
using a single electrode. The relative standard deviation (RSD) of 3.6% 
for IgG concentration was observed, which showed that IgGIPs/AuNCs/ 
NiNCs/Au had good repeatability. To investigate the reproducibility of 
IgGIPs/AuNCs/NiNCs/Au, three biosensors were fabricated with the 
same procedure to determine 10− 4 mg L− 1 IgG solution. The RSD for 
determination of IgG concentration was 2.3%, suggesting that the 
IgGIPs/AuNCs/NiNCs/Au electrode had good reproducibility. 

3.5. Application in real samples 

Real samples analysis was carried out using standard addition 
method according to the literatures [3,53]. The purchased mouse IgG 
sample (serum) was diluted to 1.0 × 10− 4 mg L− 1 and spiked diluted 

Fig. 7. (A) The DPV curves of IIPs/AuNCs/NiNCs/Au in PBS (pH 7.0) containing 5 mM [Fe(CN)6]3-/4- + 0.1 M KCl after rebinding with mouse IgG (concentration of 
mouse IgG from curve 1 to 9 were 0, 1.0 × 10− 6, 1.0 × 10− 5, 1.0 × 10− 4, 1.0 × 10− 3, 1.0 × 10− 2, 1.0 × 10− 1, 1, 10 mg L− 1). (B) The calibration plot of IgGIPs/ 
AuNCs/NiNCs/Au. 

Table 1 
Comparison of some performance of the IgGIPs/AuNCs/NiNCs/Au and reported 
works for the determination of mouse IgG.  

Materials Method Linear 
range 
(mg⋅L− 1) 

Detection 
limit 
(mg⋅L− 1) 

Refs. 

SPR biosensor based 
on AgNCs/ 
chitosan 
composite 

Surface plasmon 
resonance (SPR) 

6.0 ×
10− 1–4.0 
× 101 

6.0 × 10− 1 [47] 

Two iridium oxide 
electrodes 
patterned on a 
glass substrate 

Electrochemical 
ELISA 

5.0 ×
10− 4–5.0 
× 10− 3 

2.0 × 10− 4 [48] 

Antigen-assembled 
gold 
nanoparticles 

Surface-enhanced 
Raman spectroscopy 
(SERS) 
immunoassay 

5.0 ×
10− 5–5.0 
× 10− 3 

1.9 × 10− 4 [49] 

HRP-based 
electrochemical 
immunosensors 

Linear sweep 
voltammetry 

1.0 ×
10− 4–1.0 
× 10− 2 

1.0 × 10− 4 [50] 

IgGIPs/AuNCs/ 
NiNCs/Au 

DPV 1.0 ×
10− 6–1.0 
× 101 

2.0 × 10− 8 This 
work  

Fig. 8. Signal responses of IgGIPs/AuNCs/NiNCs/Au (IgGIPs) and NIPs/ 
AuNCs/NiNCs/Au (NIPs) for the template (IgG) and interferents (HSA, Hb, Mb, 
IgM, IgA). 

Table 2 
Determination of mouse IgG in Real Samples (n = 3).  

Analyte Content 
(mg⋅L− 1) 

Added 
(mg⋅L− 1) 

Found 
(mg⋅L− 1) 

Recovery 
(%) 

RSD 
(%) 

mouse 
IgG 

1.0 × 10− 4 1.0 × 10− 4 2.0 × 10− 4 99.8 3.8 
2.0 × 10− 4 3.0 × 10− 4 102.5 4.1 
5.0 × 10− 4 6.2 × 10− 4 104.8 2.6  
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with different concentrations of IgG solution of 1.0 × 10− 4, 2.0 × 10− 4 

and 5.0 × 10− 4 mg L− 1. The obtained recovery was 99.8, 102.5 and 
104.8%, respectively. The results in Table 2 indicated that IgGIP-
s/AuNCs/NiNCs/Au could be used for quantitative detection of mouse 
IgG in real samples. 

4. Conclusion 

This work described a novel electrochemical imprinted biosensor 
(IgGIPs/AuNCs/NiNCs/Au) for highly selective and sensitive detection 
of mouse IgG. The imprinted polymers (IgGIPs) were successfully pre-
pared via MVL ATRP with FITC-IgG as both a template and a photo-
catalyst. After the templates were removed, the photocatalysts (FITC) 
would not remain in the polymer and avoided all the effect of them on 
the biosensor. The biosensor was firstly examined by CV, EIS, SEM and 
XPS. Then the ratio of monomer to cross-linker and illumination time 
were selected to optimally fabricate the IgGIPs. Finally, the biosensor 
was successfully applied for the determination of mouse IgG by DPV 
measurement. The linear range was from 1.0 × 10− 6 mg L− 1 to 1.0 ×
101 mg L− 1 with a detection limit of 2.0 × 10− 8 mg L− 1 (S/N = 3). The 
results of experiments showed that the proposed biosensor displayed a 
broader linear range and a lower detection limit for IgG determination 
when it was compared to those similar sensors. 
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