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Abstract

Novel gas-responsive imprinting hydrogel were fabricated by combining 

N,N′-dimethylaminoethyl methacrylate (DMAEMA) gas-sensitive monomer, 

N,N'-methylenebis(acrylamide) (MBAAm) cross-linker and human serum albumin 

(HSA) template proteins via a free radical polymerization. The hydrogel exhibited a 

reversible gas-responsive property upon N2/CO2 exchange. This result was supported 

by the evidences from hydrogen nuclear magnetic resonance spectroscopy (1H NMR) 

and scanning electron microscopy (SEM). By applying this property to sensing 

application, a CO2-responsive imprinted biosensor was originally designed on the 

surface of a glassy carbon electrode (GCE). The biosensor exhibited unique self-clean 

and self-recognition properties toward HSA proteins basing on reversible 

conformational changes driven by N2/CO2 stimuli. Moreover, the proposed imprinted 

biosensor favored HSA proteins by showing satisfying sensitivity and selectivity and 

a wider detection range with a low detection limit. As a rare example in imprinting 

sensing, the biosensor was successfully applied to the HSA extraction from complex 

serum samples. With gas stimuli, the whole process was efficient, controllable, and 

harmless to the proteins. Thus, the developed biosensor may provide a new prospect 
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in molecularly imprinted sensing applications.

Keywords: stimuli-responsive polymers; molecular imprinting hydrogel; 

gas-responsive materials; protein recognition; biosensor

Introduction

Macromolecular stimuli-responsive polymers have been defined as “smart” 

materials, which can sense external stimulating signals (e.g. temperature,1-5 enzyme 

concentration,6 pH,7 light,8-11 electric,12 and magnetic field13) and respond by 

performing considerable changes in their physical or chemical properties. Thus, 

stimuli-responsive polymers have arisen growing attention, owing to their potential 

applications in biotechnology,14 functional materials,15, 16 chemosensors,17 separation 

sciences,18 and nanomedicine.19, 20 In particular, stimuli-responsive polymers 

combining with molecular imprinting technology can achieve intelligent mimicking 

with the natural receptors’ properties. The resulting stimuli-responsive molecularly 

imprinted polymers (SR-MIPs) can also overcome some shortcomings of common 

MIPs like self-eluting template molecules and maintain the stability of structures 

within the imprinted process.21-28 As reported recently, polymers based on 

thermo-responsive hydrogel show self-cleaning property toward imprinted bovine 

serum albumin (BSA) at 37 °C.1 Additionally, taking advantage of the reductive 

generation of hydrogen from the electrolysis of water under an electric field stimulus, 

we prepared an electro-responsive imprinted biosensor to achieve the purpose of rapid 

elution template protein under an electric field trigger.29

In view of the above advantages, pH-responsive polymers are by contrast the 

most applied cases and have achieved huge commercial and academic values due to 

the proton acceptor and donor abilities of contained ionisable acidic or basic 

residues.30-33 This property allows pH-responsive polymers to tune their 

conformations, hydrophobic/hydrophilic properties, and swelling/deswelling states 

etc., by the change of hydrodynamic volume in polymer chains. However, reversible 

stimulus responsiveness of pH-responsive polymers is commonly triggered by the 

extra introduced acids and bases. The added chemical reagents results that the process 
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cycles are accompanied by the formation of a large number of by-product, mainly 

from salt accumulation, which significantly weaken the sensitivity and effectiveness 

of the polymer, especially, in the pH-responsive MIPs system.34 In order to eliminate 

by-product accumulation during pH-responsive processes and meet certain 

requirements, it is crucial to develop novel stimulating signals with similar 

functionalities to pH stimulus but without the use of external acids or alkalis.

From the point of view of biocompatibility and toxicity in bio-applications, 

gas-responsive polymers have been examined as a great substitute for pH-responsive 

polymers systems, in particular, by using the environmentally-friendly trigger, carbon 

dioxide (CO2).35, 36 CO2-responsive processes can be automatically tuned by the 

corresponding phase transition behavior of the polymers from the introduction of CO2 

in an aqueous solution but without any by-product accumulation. For example, 

Kitayama reported the reversible structural conversion of such samples between born 

imidazoline functional groups and imidazolinium bicarbonate upon the introduction 

and removal of CO2.37 In addition, polymers containing tertiary amine groups, such as 

poly(N,N′-dimethylaminoethylmethacrylate) (p-DMAEMA), are also endowed with 

CO2 responsiveness and experience phase transition when CO2 is induced into the 

p-DMAEMA containing aqueous solution.38 Such properties make CO2-responsive 

polymers widely applied for different domains such as catalysts,39 separation,40 

CO2-manipulated drug delivery,41 CO2 capturing and monitoring,42 CO2-triggered 

self-assemblies,43 CO2-switchable surfaces,44 and so on. However, it is still rare to 

combine gas-responsive polymers with molecular imprinting technology, which could 

offer a useful strategy to realize reversible responsive recognition behavior without 

any contamination. In this paper, gas-responsive molecularly imprinted hydrogel 

(GR-MIH) were prepared from a gas switchable monomer, 

N,N′-dimethylaminoethylmethacrylate (DMAEMA). Gas driven reversible 

conformations of the monomer and polymer were original from the formation of 

H+─HCO3
─ by the introduction of CO2 in an aqueous solution, respectively. This 

promising process was confirmed by 1H NMR, SEM and contact angle tests. By 

applying this property to the sensing application, the novel CO2-responsive hydrogel 
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molecularly imprinted towards human serum albumin (HSA) was firstly prepared on 

the surface of a glassy carbon electrode (GCE) via free radical polymerization. The 

reversible sensing process towards HSA was achieved by alternatively bubbling with 

N2 and CO2 for HSA removal and imprinting in aqueous solutions, respectively. To 

the best of our knowledge, this is the first report on the gas-responsive MIH 

electrochemical biosensor with the gas-responsive self-cleaning property toward the 

target protein.

2. Experimental Section

2.1 Materials

N,N′-dimethylaminoethyl methacrylate (DMAEMA), 

N,N'-methylenebis(acrylamide) (MBAAm), N-isopropylacrylamide (NiPAAm), 

N,N,N′,N′-tetramethylethylenediamine (TEMED), and ammonium persulfate (APS) 

were purchased from Aladdin Reagents. Human serum albumin (HSA), α-fetoprotein 

(AFP), bovine serum albumin (BSA), human chorionic gonadotropin (HCG), and 

carcino-embryonic antigen (CEA) were purchased from Shanghai Linc-Bio Science 

Co. Ltd.

2.2 Apparatus and procedures

CHI660C electrochemical workstation (Chenhua, Shanghai, China) was used to 

provide measurements in differential pulse voltammetry (DPV), electrochemical 

impedance spectroscopy (EIS), and cyclic voltammetry (CV). A bare or modified 

glassy carbon electrode (GCE), a saturated calomel, and a platinum wire were used as 

the working electrode, reference electrode (SCE), and auxiliary electrode. The 

gas-sensitive behaviors of DMAEMA monomer were characterized by 1H NMR. The 

chemical characteristics of gas-responsive MIH film were qualified by Fourier 

transform infrared spectroscopy (FT-IR) (Bruker, VERTEX 70, Germany). A UV-vis 

spectrophotometer (Hitachi, UV-3900H, Japan) was used to measure HSA 

concentrations in serum samples by a standard calibration curve method. The contact 

angles of the gas-responsive MIH film before and after treated with CO2 or N2 were 

monitored by a contact angle measuring device (Krüss, DSA25, Germany). Each 

sample was measured with a 2-μL drop of double-distilled water. The surface 
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morphologies of the gas-responsive MIH film before and after treated with CO2 or N2 

were monitored by field emission scanning electron micrographs (Hitachi, SU-8220, 

Japan) with the sample preparation as follows. In particular, the gas-responsive MIH 

film was initially whipped into a bottle of liquid nitrogen for 5 min to “freeze” the 

structures, after treated with CO2 or N2. Subsequently, a freeze drier (LGJ-18S; 

Beijing Songyuan Huaxing Technology) was used to dehydrate the obtained frozen 

film for 24 h.

2.3 Synthesis of gas-responsive imprinted biosensor

The gas-responsive MIH (GR-MIH) electrochemical biosensor was fabricated 

using the following procedure. Firstly, 300.0 mg of NiPAAm, 30.0 μL of DMAEMA, 

5.0 mg of HSA, 5.0 mg MBAAm, 5.0 mg mL-1 APS, and 4.0 μL TEMED were 

dissolved in 1.0 mL double-distilled water to form a pre-imprinting suspension at 

0 °C with CO2 bubbling of 10 min. The DMAEMA will partially decompose and 

generate methacrylic acid and amino alcohol at 25 oC (Fig. S1†). Therefore, in order 

to avoid the decomposition of DMAEMA, the preparation of the hydrogel was 

performed at 0 oC. Then, 6.0 μL of the pre-imprinting solution was drop-casted onto 

the pre-polished GCE (3 mm) under CO2 atmosphere at 0 °C. The HSA imprinted 

hydrogel film was finally formed onto the GCE (HSA imprinted GR-MIH/GCE) 

under 0 °C after 4 h. For comparison, a GCE modified with gas-responsive 

non-imprinted hydrogel (GR-NIH/GCE) was processed in the same way with the 

absence of any templates. Moreover, a none gas-responsive imprinted biosensor was 

also prepared following the same procedure, while without the addition of DMAEMA 

(MIH/GCE without DMAEMA).

During this study, HSA was removed from the HSA imprinted GR-MIH/GCE by 

introducing N2 for 30 min in water and the round of HSA was performed by 

introducing CO2 to a HSA aqueous solution. The details are shown in Scheme 1.
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Scheme 1 Schematic illustration of the preparation of gas-responsive HSA imprinted polymers via 

free radical polymerization, the self-cleaned process of HSA imprinted polymers and 

re-adsorption process.

3. Results and discussion

3.1 Gas-responsive behavior of DMAEMA monomer

The CO2-responsive behavior of DMAEMA was successfully demonstrated by 

1H NMR spectra (Fig. 1) at 0 oC. The reversible process affected by the change of the 

tertiary amine group upon bubbling with CO2 and N2 in D2O can be monitored by the 

field shifts of the protons of methyl (e) and two methylene functional groups (d, c) at 

2.26, 2.73-2.70, and 4.29-4.26 ppm. Upon the addition of CO2 (curve b), these signals 

spread and shift to lower fields (d=2.89, d=3.47-3.46, and d=4.50-4.48), indicating 

that the bicarbonate salts of protonated amine groups was formed in this state. By 

contrast with the introduction of N2, these signals spread and shift to higher fields 

(d=2.47, d=2.98-2.95, and d=4.36-4.33). This indicated that the deprotonated amine 

groups were formed in this state. These observations suggested that tertiary amine 

groups of DMAEMA can react with bicarbonate generated by the dissolution of CO2 

in an aqueous solution under CO2 treatment, which leads to the formation of 

protonation and charged states. The reverse process is realized by purging inert N2.
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Fig. 1 1H NMR spectra of DMAEMA monomer (a) in D2O recorded, (b) which was purged with 

CO2 for 30 s, Subsequently (c) N2 was bubbled again for 60 s at 0 oC.

3.2 Gas-responsive phase transition of the GR-MIH

As shown in Fig. S2†, the prepared GR-MIH and MIH film without DMAEMA 

were initially characterized by FT-IR spectra. After polymerization, both gel polymers 

have the characteristic features assigned to the carbonyl bending vibration of amide 

group as well as the N-H stretching vibration in the NiPAAm at 1642 cm-1, 1547 cm-1 

and the region of 3600-3100 cm-1.45 By contrast, two new bands at 2920 cm-1 and 

1718 cm-1 appear in GR-MIH only. The former is the asymmetrical stretching 

vibration absorption of C-H bond of the tertiary amine group and the latter is 

attributed to the bending vibration absorption of C=O stretching vibration of the esters 

groups.46 It suggests that DMAEMA is unique in GR-MIH rather than MIH film 

without DMAEMA.

Furthermore, SEM and contact angle measurements have been applied to reveal 

the CO2 and N2 triggered conformation changes of GR-MIH after five cycles. Upon 

N2 treatment, the SEM images show that the GR-MIH film has a surface morphology 
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of small holes with roughly 3 ± 1 μm pores diameter (Fig. 2A). After treated with CO2, 

the structure of film became swollen, with an increase to 6 ± 1 μm (Fig. 2B). 

Meanwhile, the water-contact angle of the GR-MIH decreased from 54.2° to 17.5° 

after the CO2 purge, indicating that GR-MIH turned more hydrophilic. After 

introducing N2 to liberate the dissolved CO2, the pores diameter is almost restored to 

the original size of 3 ± 1 μm and the contact angle increased back to 51.3° (Fig. 2C 

and the inset). However, it is not the case for MIH film without DMAEMA (Fig. S3† 

and the insets), the size and water-contact angle of MIH film is basically unchanged 

under gas-driven. It is suggested that gas-driven has an obvious effect on the 

hydrophilicity of GR-MIH film surface. Associated with the results of 1H NMR 

spectra, the tertiary amine groups inside sensing nanocavities are in a form of the 

deprotonated and uncharged state under N2 atmosphere, obtaining a compact and 

contracted network structure. After introducing CO2, most of tertiary amine groups in 

sensing cavities are interacted with CO2 dissolved in water, producing bicarbonate 

salts in their positively charged states. The repulsion interaction between positively 

charged groups causes the swelling of GR-MIH film on the electrode surface. 

Subsequently, the structure of GR-MIH film recovered completely after bubbling with 

N2 again, because of the liberation of dissolved CO2 by N2. This conclusion is also 

supported by the variation of solution pH. pKa of p-DMAEMA was reported at 

approximate 7.0. Introduction of CO2 to the aqueous solution, in which the GR-MIH 

were immersed, causes a decrease in pH from 7.0 to 5.6. It is mainly due to the 

formation of carbic acid, which is further converted to the bicarbonate salts with 

tertiary amine groups in polymers. Reversiblebly, pH of the solution changes from 5.6 

back to 7.0, while introducing N2 to liberate the dissolved CO2.

Fig. 2 SEM of the freeze-dried GR-MIH film (A) prepared by plunging from an aqueous solution 
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saturated with N2, (B) GR-MIH film plunged from a solution which was purged with CO2 for 20 

min, Subsequently N2 was bubbled again for 30 min in GR-MIH film (C) after five cycles. Insets 

are the corresponding contact angles of the hydrogel.

3.3 Gas-responsive properties of interfacial GR-MIH/GCE

To investigate the biosensing property of GR-MIH/GCE, we modified the 

surface of a GCE with HSA imprinted GR-MIH. CVs of [Fe(CN)6]3-/4- were 

conducted to validate the formation process of HSA imprinted GR-MIH/GCE and 

displayed in Fig. S4†. The GR-MIH/GCE exhibits obviously responsiveness on peak 

currents of the redox probe under the same treatment conditions as GR-NIH/GCE. 

This result reveals that some cavities were recombined with template and the electron 

transfer of the redox probe was limited on the electrode surface in the imprinted 

biosensor. Subsequently, experiments were employed to investigate the gas driven 

self-clean ability of HSA imprinted GR-MIH/GCE biosensor under N2 treatment 

conditions in aqueous solutions at different times (5 min, 10 min, 15 min, 20 min, 30 

min, and 40 min) by CV of [Fe(CN)6]3-/4- at 25 °C (Table S1†). The results indicated 

that purging with N2 for 30 min is considered as the optimal condition for the 

gas-based HSA self-cleaning. As a comparison, the HSA imprinted MIH/GCE 

without DMAEMA were also investigated under the optimal condition e.g. purging 

with N2 for 30 min. As shown in Table S1†, there was no significant change observed 

on currents due to the lack of gas-responsive functional groups in the imprinting 

processes. Furthermore, the CO2 responsive behavior of the GR-MIH/GCE was also 

electrochemically investigated by alternately bubbling with CO2 and N2 in the 

aqueous solution without the standby time. As shown in Fig. 3A, the GR-MIH/GCE 

exhibited the lowest current signal of [Fe(CN)6]3-/4- when immersed in the aqueous 

solution saturated with N2 for 30 min (Fig. 3A, curve a). After bubbled with CO2 for 

20 min, the current of the redox probe obviously increased (Fig. 3A, curve b). 

Subsequent, CO2 in the solution was expelled via bubbling with N2 for 30 min, which 

again weakened the CV responses (Fig. 3A, curve c). The variations on [Fe(CN)6]3-/4- 

oxidation peak currents from the GR-MIH/GCE are fully reversible upon the gas 

stimulus ON-OFF switch by respectively introducing CO2 and N2 for at least five 
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cycles (Fig. 3B). Accordingly, the GR-MIH/GCE undergoes a stable gas stimulus 

ON-OFF switch capability in view of its gas responsive property, and exhibits a 

cavities volume changes (from an extended structure to collapsed structure) with 

repeatable bubbling the solution with CO2 and N2, respectively. The results of CVs 

coincide with observation on EIS (Fig. 3C), where the [Fe(CN)6]3-/4- charge transfer 

ability to the GCE surface can be shown by the interfacial electron transfer resistance 

(ETR) and relied on bubbling with CO2 and N2, respectively. The result gave strong 

evidence for the conversion of the eternal gas-stimulus signals directly into an 

electrochemical response by the GR-MIH/GCE interfaces with a quick 

electrochemical switching ability and reversible cyclicity. As verified by SEM images 

of freeze-dried GR-MIH, these observations are the results of the transition between 

the deprotonated and protonated states of DMAEMA chains in the GR-MIH.

Fig. 3 (A) CV responses of GR-MIH/GCE in aqueous solution of saturated with N2 (curve a), after 

CO2 was bubbled for 20 min (curve b), and then N2 was bubbled again for 30 min (curve c); (B) 

Variation of CV peak current of the GR-MIH/GCE for the gas stimulus ON-OFF switch between 
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CO2 and N2 in aqueous solution for five cycles; (C) EIS responses of GR-MIH/GCE in aqueous 

solution of saturated with N2 (curve a), after CO2 was bubbled for 20 min (curve b), and then N2 

was bubbled again for 30 min (curve c) at frequencies from 0.01 to 105 Hz.

3.4 Gas-driven biosensing for HSA by GR-MIH/GCE

Fig. 4 (A) Adsorption time on the ΔI of redox probe for the GR-MIH/GCE and GR-NIH/GCE in 

0.5 mL of 1.5 μmol L-1 HSA in aqueous solution of saturated with CO2 at 25 °C; (B) Gas-driven 

release (R) and uptake (U) of 1.5 μmol L-1 HSA on the peak current of redox probe by alternately 

bubbling with N2 and CO2 for three cycles using the GR-MIH/GCE, GR-NIH/GCE, and 

MIH/GCE without DMAEMA; (C) Calibration curves of the GR-MIH/GCE and GR-NIH/GCE 

toward HSA standards in aqueous solution of saturated with CO2 at 25 °C.

The incubation time is one of the most important parameters for evaluating the 

behavior of GR-MIH/GCE biosensor. Fig. 4A illustrates the variation of the DPV 

peak current (ΔI) from the GR-MIH/GCE and GR-NIH/GCE biosensor in case of 

adsorption time in an aqueous solution saturated with CO2. It can be seen that ΔI of 

the redox probe was dramatically increased and attained a stable situation when the 
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GR-MIH/GCE biosensor was interacted with HSA under the CO2-treated condition. 

However, for the GR-NIH/GCE (curve c), the adsorption was evidently lower than 

that of GR-MIH/GCE, owing to lacking of recognition sites.

To this end, we explored the adsorption characteristics under N2 and CO2 cycles. 

The GR-MIH/GCE can perform efficiently of releasing and uptaking HSA under 

alternating N2 and CO2 treatments. For the GR-MIH/GCE, the DPV peak current of 

the redox probe was 31 μA when the adsorption of HSA was achieved in equilibrium 

in the aqueous solution saturated with CO2, as shown in Fig. 4B. The recognition sites 

and micropore size of sensing cavities are complementary to the HSA at utmost at this 

point. Afterwards, N2 was bubbled to the HSA imprinted GR-MIH/GCE. It leads to 

the increase of DPV peak current, owing to releasing the re-bound HSA into the 

solution because of the conversion from charged bicarbonate salts of tertiary amines 

to their deprotonated and uncharged states inside nanocavities. 

As a consequence, the attractive interaction (the electrostatic and hydrogen 

bonding forces) between the functional monomers and HSA is decreased and the 

protein is released. Hence, the gas-responsive rebinding capacity mainly originates 

from the gas-dependent volume phase transition as well as from the two states of 

tertiary amine groups part in p-DMAEMA of the GR-MIH. For the use of a large 

amount of NiPAAm, the function of the role lies in the hydrogel construction. During 

the procedure, the imprinted biosensor exhibited good electrochemical stability and 

reversibility. For the non-imprinted biosensor, an ignorable current change was 

detected after three cycles in similar steps. However, the MIH/GCE without 

DMAEMA lacks of gas-responsive functional groups in the structure and is not able 

to undergo the imprinting process to release HSA, reflecting the negligible changes in 

current under the same conditions.

The binding isotherms of HSA by the GR-MIH/GCE under CO2 treatment 

condition have also been studies by DPV of the redox probe. The GR-MIH/GCE 

exhibits two linear calibration curves with lower and higher concentrations (Fig. 4C). 

Namely, ΔI (μA) = 0.0468 + 18.67C[HSA] (R2 = 0.98) (0.015-1.5 μmol L-1) and ΔI (μA) 

= 25.76 + 5.96C[HSA] (R2 = 0.94) (1.5-5.0 μmol L-1), respectively, with a favorable 
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detection limit of 0.016 μmol L-1, which indicates that two kinds of affinity sites at 

high and low exist in the GR-MIH/GCE. By contrast, the GR-NIH/GCE does not 

respond to the HSA and the obtained ΔI is negligible, owing to lacking of binding 

sites in the structure of GR-NIH/GCE. To further assess the binding isotherms of the 

GR-MIH/GCE under CO2 treatment, the application of Scatchard plot to fit these 

static adsorption data has been shown in Fig. S5†. The plot exhibits two linear 

components with different slopes. These observations are correlated with the specific 

recognition sites and non-specific recognition sites toward HSA contained in the 

imprinted biosensor. The values of specific binding constant kd and binding density 

Qmax have been determined as 1.175 mol L-1 and 0.781 mmol L-1, respectively and kd 

is calculated from the slope of the template specific binding line (in Fig. S4†) using 

origin software (slope=-1/kd). Target species could easily diffuse into the recognition 

sites of GR-MIH/GCE, thus leading to high binding capacity and fast mass-transfer 

rate. For GR-NIH/GCE, no tailor-made recognition sites have been found, and the 

template molecules adsorbed on GR-NIH/GCE are far less than those on 

GR-MIH/GCE due to the absence of reorganization sites.

A selectivity experiment was carried out, using the selected potential interferents, 

including HSA (MW 66 kDa), BSA (MW 66 kDa), AFP (MW 70 kDa), HCG (MW 

36 kDa), and CEA (MW 180 kDa) to the assessment of the GR-MIH/GCE selectivity 

(Fig. S6). By DPV, the ΔI of redox probe on GR-MIH/GCE toward HSA is higher 

than the other analogues. For control, the GR-NIH/GCE toward HSA can scarcely be 

distinguished from analogues, due to lacking of template cavities. The obtained 

results well prove that this method is reasonable and feasible. Besides, after the 

preservation of the GR-MIH/GCE biosensor at 4 °C for 5 days, nearly 89% of the 

initial peak current was obtained. The obtained results well prove that this method is 

reasonable and feasible. The applicability of the obtained GR-MIH/GCE was 

achieved by extracting HSA from serum samples. The serum samples were collected 

from a healthy volunteer and disposed by the methods from literature. As summarized 

in Table S2†, the GR-MIH/GCE was able to extract HSA from serum samples with 

excellent recoveries varied between 92.5% and 112.1% for six measurements, which 
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was determined by the UV–vis spectroscopic method.47 We also compared the 

performances of GR-MIH/GCE biosensor with other reported HSA electrochemical 

imprinted biosensors. Table S3† exhibits the GR-MIH/GCE biosensor possessing the 

range of wide linear dynamic and an acceptable limit of detection.

4. Conclusions

GR-MIH possessing HSA extraction ability was successfully fabricated using 

free radical polymerization method with immobilization of HSA in specific 

conformations on the surface of GCE via hydrogen bonding and electrostatic force. In 

this design, the tertiary amine groups were left inside the imprinted cavities that are 

capable of releasing and uptaking HSA under alternately bubbling N2 and CO2. The 

obtained biosensor showed higher affinity under CO2 treatment condition than that of 

N2 treatment, verifying the efficiency of the gas controlled imprinting process. 

Enlightened by these, the biosensor has the functionality of gas-based cleaning to the 

HSA without the help of washing solvents. It is not reported by other HSA imprinted 

biosensors literatures. Besides, the GR-MIH/GCE biosensor is not just as an effective 

and reliable biosensing platform towards HSA. It also provides gas-driven extraction 

function. The results indicate that the GR-MIH/GCE biosensor are endowed with 

highly effective, precise and it is potentially applications for detecting and extracting 

HSA from serum samples.
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