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Abstract 

Since brain natriuretic peptide (BNP) has become internationally recognized 

biomarkers in the diagnosis and prognosis of heart failure (HF), it is highly desirable 

to search for a novel sensing tool for detecting the patient’s BNP level at the early 

stage. Here we report a platinum nanoparticles (PtNPs)-decorated reduced graphene 

oxide (rGO) field effect transistor (FET) biosensor coupled with a microfilter system 

for label-free and highly sensitive detection of BNP in whole blood. The 

PtNPs-decorated rGO FET sensor was obtained by drop-casting rGO onto the 

pre-fabricated FET chip and subsequently assembling PtNPs on the graphene surface. 

After anti-BNP was bound to the PtNPs surface, BNP was successfully detected by 

the anti-BNP immobilized FET biosensor. It was found that the developed FET 

biosensor was able to achieve a low detection limitation of 100 fM. Moreover, BNP 

was successfully detected in human whole blood sample treated by a custom-made 

microfilter, suggesting the sensor’s capability of working in a complex sample matrix. 

The developed FET biosensor provides a new sensing platform for protein detection, 

showing its potential applications in clinic sample.  

 

Keywords: Brain natriuretic peptide; Reduced graphene oxide; Platinum nanopa

rticles; Human whole blood; Field effect transistor biosensor; Detection 

 

 



3 
 

1. Introduction 

Cardiovascular disease is the leading cause of death in most countries worldwide 

(Chen et al., 2012; Finucane et al., 2011; Nguyen et al., 2013, Mensah and Brown, 

2007) and one of the most significant clinical manifestations of the disease is heart 

failure (HF) (Tang et al., 2007). Studies have shown that brain natriuretic peptide 

(BNP) can rise in the early HF (Palazzuoli et al., 2012; Maisel et al., 2008). BNP is a 

cardiac hormone that is synthesized predominantly in the heart ventricles (Saito et al., 

1989). It has become an internationally recognized biomarker in the diagnosis of HF 

(Bettencourt, 2004; de Avila et al., 2013; Rezaei et al., 2016), and has great 

application value and curative effect evaluation in the diagnosis and prognosis of 

diseases of the cardiovascular system (Mills et al., 2002; Gelfand et al., 1991). One of 

the most common and dangerous acute cardiovascular presentations among patients 

reporting to Emergency Departments is acute HF. Currently patients, in whom HF is 

suspected, undergo diagnostic assessement including medical history, physical 

examination, electrocardiogram (EKG) and blood tests. The mainstay blood test 

assisting diagnosis of HF is BNP. Most tests, however, are done in a central laboratory 

setting and have a turnaround time of 90-120 min. Therefore, there is a need for a 

reliable, highly sensitive, precise and rapid point-of–care test system allowing 

measurement of BNP, providing results within minutes of sampling in the Emergency 

Department.  

Now fluorescence immunoassay method is being used to detect BNP in clinical 

practice. However, this assay is time-consuming (1-4.5 h) and requires fluorescent 

tags (Liu et al., 2010; Ahmed et al., 2014). Many new methods reported in 
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laboratories have shown good selectivity and high sensitivity for the past years. For 

instance, Matsuura et al. (Matsuura et al., 2005) reported a highly sensitive and 

low-cost immunoassay method for BNP measurement. Three years later, a 

two-dimensional cross-linked polysiloxane Langmuir-Blodgett film was reported to 

be useful as a permselective layer in amperometric BNP biosensors (Mizutani, 2008). 

The dynamic range for BNP was found to be from 13 to 60 pM, but the total assay 

time was 70 min. In 2012, Lee et al. (Lee et al., 2012) used single site-specific 

polyaniline nanowire-based biosensors integrated with microfluidic channels to detect 

very low concentrations of BNP (17 fM). In 2013, Jang et al. (Jang et al., 2014) used 

surface plasmon resonance (SPR) method for direct detection of BNP with detection 

limit as low as 1 aM. Despite that many of sensitive biosensors have been built for 

BNP detection, there were few reports about the BNP measurement in blood or serum 

samples. Hence, biosensors capable of detecting BNP in whole blood sample with 

high sensitivity and high specificity are highly desired so that a negative event could 

be detected even before the patient actually starts feeling badly. 

Graphene field effect transistor (G-FET) biosensors have the potentials to meet 

the aforementioned criteria because of their capability of performing rapid, label-free, 

electrical detection with potentially low cost, high sensitivity and specificity (Choi et 

al., 2010). For the past few years, researchers have demonstrated successful detection 

of metal ions (Sudibya et al., 2011), small molecule (Kwon et al., 2015; Wang et al., 

2015), microRNA (Cai et al., 2015; Zhu et al., 2015), DNA (Cai et al., 2014; Zheng et 

al., 2015), proteins (Zhang et al., 2016; Soikkeli et al., 2016) by using the 

G-FET-based biosensors. In the meantime, platinum nanoparticles (PtNPs) 

functionalized graphene and carbon nanotube-based FET biosensors have been 

already demonstrated for some applications. For instance, Penza et al. (Penza et al., 
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2007) fabricated a PtNPs-functionalized multiwalled carbon nanotube (MWCNT) gas 

sensor for detection of NH3 and NO2, respectively. Moreover, Zhang et al. (Zhang et 

al., 2015) developed PtNPs-functionalized graphene solution-gated transistors, which 

could be used for sensitive detection of H2O2. Yin et al. (Yin et al., 2012) reported 

PtNPs decorated chemical vapor deposition (CVD)-grown graphene composites FETs 

for detection of DNA. However, a challenge still remains toward making this 

technology detectable in whole blood as such complex environments are known to 

cause problems as false signal and saturation of receptors. Very recently, Wang et al. 

(Wang et al., 2016) reported a label-free and portable aptasensor based on G-FET for 

effective children blood lead detection, in which a pre-treatment was needed to add 

chemical reagents to blood. However, there is no report regarding BNP detection in 

whole blood by using the G-FET biosensors integrated with a sample pretreatment 

system. 

In this report, we demonstrate a detection system by integrating a custom-made 

microfilter for removing blood cells with the PtNPs-decorated reduced graphene 

oxide (rGO) FET biosensor for detecting BNP in human whole blood with high 

sensitivity and specificity. The PtNPs-decorated rGO FET sensor is obtained by 

drop-casting rGO onto the pre-fabricated FET chip and assembling PtNPs on the 

graphene surface. After anti-BNP is bound to the PtNPs surface, BNP is successfully 

detected by the anti-BNP immobilized FET biosensor. Therefore, the system 

developed here does not require any added reagents or sophisticated fabrication 

process, showing a potential for an integrated and portable detection. 

2. Experimental Section 

2.1. Materials 

Na2PtCl4, NHS, EDC, BNP and anti-BNP were purchased from Sigma-Aldrich 
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(shanghai, China). Human serum albumin (HSA), bull serum albumin (BSA), and 

D-Dimer were purchased from Thalys Co. Ltd. (Wuhan, China). Graphene oxide (GO) 

powder (99.99995%, 325 mesh) was purchased from Alfa Aesar Co. Ltd. (Tianjin, 

China). 98% hydrazine, 35 wt % H2O2, and other chemicals were purchased from 

Generay Biotech Co. Ltd. (Shanghai, China). Ultrapure water was obtained from a 

Millipore water purification system (18.2 MΩ resistivity, Milli-Q Direct 8).  

2.2. Fabrication of rGO FET Biosensors 

The fabrication of the FET biosensor chip was completed by using the standard 

semiconductor technology according to our previous reports (Cai et al., 2014; Zhang 

et al., 2016). 2 mg of the GO powder was put into 1 mL of Milli-Q water, followed by 

sonication for 1 h, to produce a uniform solution. Then, 1 mL of 98% hydrazine was 

added and shaked for 1 week for the purpose of thorough reduction of GO. The 

resulting 1 mg/mL stock solution of rGO could be stable for months without 

aggregation. The diluted rGO (0.1 mg/mL) suspension was drop-casted onto the 

sensor array region, and thermally annealed at 150 °C for 2 h in order to remove all 

hydrazine and enhance the contact between the rGO and the electrodes. After that, the 

chip was immersed in the Pirahna solution (7:3 v/v concd H2SO4/35% H2O2) and 

sonicated for 5 s to obtain few-layer R-GO, followed by thoroughly washing with 

ethanol and DI water and drying with nitrogen. 

2.3. Decoration of platinum nanoparticles 

The rGO FET biosensor was immersed in the solution of 2 mL of 5 mM 

Na2PtCl4 solution in the mixed H2O/ethanol (v:v =1:1) solvent. Then the UV light 

source was introduced to directly irradiate the biosensor chip. In order to make an 

efficient and complete reaction for deposition of dense PtNPs (~10 nm) on rGO, the 
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chip was exposed to the UV light (WD-9403C, Beijing) at 29 W with 368 nm 

wavelength for 30 min. After washing the chip with ethanol, followed by thoroughly 

washing with DI water, and drying with nitrogen, the PtNPs-decorated rGO FET was 

achieved. 

2.4. Surface functionalization 

In order to immobilize anti-BNP on the PtNPs surfaces, the PtNPs-decorated 

graphene FET was treated with a 10 mM thioglycolic acid in DI water overnight at 

room temperature, and washed with DI water, producing carboxylic group on the 

terminal of the PtNPs surface through Pt-S bond formation. To pre-activate the 

carboxylic groups, a mixture solution containing 0.4 M EDC and 0.1 M NHS was 

prepared in equal volume. The chip was soaked in the mixture solution at 4C for 30 

min, after which the chip was thoroughly washed with 1×PBS and DI water. Then 100 

μg/ml anti-BNP was introduced to the FET chip and incubated at 4C overnight. The 

chip was rinsed in sequence with 1×PBS containing 0.2% SDS, 1×PBS and DI water 

to remove the unreacted antibody. The chip was then incubated with 1 mg/ml BSA 

solution for 1 h to prevent possible nonspecific binding events and then rinsed by DI 

water. 

2.5. Immunodetection 

Protein immunodetection was conducted by dropping an appropriate 

concentration of BNP solution onto the device and incubated for 30 min on a shaker at 

4C. Then the chip was rinsed in sequence with 1×PBS containing 0.2% SDS, 1×PBS, 

and DI water to remove the un-bound biomolecule, then dried with N2. In this study, a 

javascript:void(0);
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custom-made microfilter and polycarbonate membranes with 400 nm pores were used 

to remove blood cells for human blood detection. After filtration, serum containing 

BNP was delivered onto the rGO FET biosensors and allowed for incubation for 30 

min at 4C for immunoreaction. After that, the chip was then rinsed by 1×PBS and 

water, respectively, to wash off the un-bound BNP and dried by N2. 

2.6. Measurements 

The liquid-gated graphene FET devices were measured in a semiconductor 

parameter analyzer (Keithley 4200-SCS) coupled with a probe station (EverBeing 

BD-6). For Ids-VG curve measurements of the FET devices, a silver wire was used as a 

gate electrode and a constant bias Vds=0.1 V was applied. 0.001×PBS solution was 

used in all the measurements. During the real-time sensing experiment, a small source 

drain voltage Vds (0.1 V) and gate electrode voltage VG (0.3 V) was applied to the 

device, and the source drain current Ids was measured and recorded in real time.  

2.7. Characterizations 

A field emission-scanning electron microscope (FE-SEM) (Zeiss SIGMA, 

Germany) was used for SEM characterization of the device with an accelerating 

voltage set at 5 kV. Transmission electron microscopy (TEM) (JEM-2100, Japan) was 

used for observing the morphology of PtNPs. X-ray Energy Dispersive Spectrum 

(EDS) was detected by Genesis 2000 xMS (EDAX, USA). X-ray photoelectron 

spectroscopy (XPS) spectra were employed to confirm PtNPs formation on the rGO 

surface by an ESCALAB 250Xi XPS (Thermo Fisher, America) and the source gun 

types were Al and Ka.  

javascript:void(0);
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3. Results and Discussion 

3.1. Detection principle 

Fig. 1 illustrates the detection system of the PtNPs-decorated rGO FET 

biosensor and a custom-made microfilter for BNP detection in whole blood. First, a 

diluent rGO solution is drop-casted onto the channel of the sensor chip as the 

conducting material. Then PtNPs are decorated on the rGO surface through 

photochemical synthesis upon immersion of the chips in Na2PtCl4 solution under UV 

light (Cameron and Bocarsly, 1985; Yin et al., 2012). PtNPs as metal nanoparticles 

can help amplify the sensor’s electrical signal (Li et al., 2015(a); Li et al., 2015(b); 

Zhai et al., 2013). After thioglycolic acid is modified on the PtNPs surface through 

Pt-S bonding, BNP antibody molecule can be covalently immobilized on the PtNPs 

surface through the well-known carbodiimide coupling reaction provided by an 

1-ethyl-3-(3-dimethylaminopropyl) 

carbodiimidehydrochloride/N-hydroxysuccinimide (EDC/NHS) system (Länge et al., 

2003; Lewis et al., 1994). The details of the functional process are shown in Fig. S1. 

BNP in the whole blood treated by custom-made microfilter is measured by 

immunoreaction with the immobilized BNP antibody. In the setup, a silver wire is 

used as the reference electrode to realize liquid-gated FET for electrical 

measurements.  

3.2. Characterizations 

Aiming to increase the conductivity and electrical response signals, PtNPs were 

directly synthesized on the rGO film by immersion of rGO FET chip in an aqueous 
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ethanolic solution of 5 mM Na2PtCl4, followed by UV light irradiation. Then the 

PtCl4
-2

 could be photochemically reduced to Pt
0
 in the presence of alcohols (Cameron 

and Bocarsly, 1986; Cameron and Bocarsly, 1985; Yin et al., 2012). As shown in Fig. 

2A, a continuous and few-layer rGO film and PtNPs on the rGO surface were 

obviously seen by SEM. Controlling of the illumination time of UV light could 

generate dense PtNPs in the size of ～10 nm on the rGO surface, which were clearly 

visible in Fig. 2A (Inset). As seen in Fig. S2, TEM was also conducted to verify the 

size of PtNPs. PtNPs formation on the rGO surface was further confirmed by EDS, as 

shown in Fig. S3. The peak at 2.2 keV was attributed to the Mα-Mβ and Mγ 

characteristic peaks of Pt (Donev and Hastings, 2009). The detected C and O peaks 

were mainly from rGO, and the Si peak was mainly from the silicon chip substrate. 

In order to prove that the UV method was effective in the reduction of platinum 

precursor, XPS analysis was carried out after dense PtNPs were conjugated on the 

rGO surface. As seen from Fig. S4, double peaks were observed at 71.7 and 75.2 eV 

(black line), which were attributable to 4f7/2 and 4f5/2 of metallic Pt, respectively. The 

results are in good agreement with the previously published paper (Fang et al. 2011; 

Pietron et al. 2012). Pt 4f could be fitted with three chemical states, as Pt (0) at 71.4 

eV, Pt (II) at 72.3 eV, and Pt (IV) at 74.4 eV, respectively. It is clearly observed that 

the composition of Pt (0) was larger than that of Pt (II) and Pt (IV), indicating that the 

dominant valence of the Pt species on the rGO was Pt (0). This result suggests that the 

Na2PtCl4 aqueous ethanolic solution followed by UV light irradiation is highly 

efficient for the preparation of dense PtNPs on the rGO surface. 
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To prove that the stepwise functionalization process was successful as 

anticipated, the transfer curves of the G-FET were obtained. The transfer 

characteristic curves of the G-FET before and after BNP binding were characterized 

in Fig. 2B. After the rGO film, PtNPs, anti-BNP, and BNP were applied to the FET 

biosensor surface, Ids-VG (Ids is the drain-source current, VG is the gate voltage) 

graphs were measured, respectively. Similar ambipolar natures were observed for all 

steps. The modification of PtNPs on the rGO channel resulted in an obvious increase 

of current as compared with the pristine rGO. It can be attributed to the increased 

active surface area of the well distributed PtNPs, which promotes the electron transfer 

between rGO and electrode (Ren et al., 2014). The Dirac point was found to be almost 

unchanged and be around 0.36 V, which is consistent with Yin’s work (Yin et al., 

2012). However, it was found that the metal nanoparticles increased the current 

carrier concentration and enhanced the response of current signal after PtNPs 

decoration. PtNPs resulted in a covalent immobilization of anti-BNP molecules onto 

the surface of rGO, not only provides the higher surface area for the conjugation of 

antibody but also facilitates the electron transfer (Roushani and Valipour, 2016).  

Because the isoelectric point (pI) of anti-BNP is estimated to be in the range 

between 6.6-7.2 (Hamilton et al., 1987), anti-BNP is negatively charged in pH 7.4 

PBS solution. When anti-BNP was immobilized on the PtNPs surface through Pt-S 

bond, the negatively charged anti-BNP would increase negative charge density on the 

rGO and result in left-shifted Dirac point (0.32 V). The theoretical pI of BNP is 10.95, 

which was calculated according to Gundry's study (Gundry and Van Eyk, 2007). It is 
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clear that BNP is positively charged in the buffer solution (pH 7.4). Upon binding to 

the anti-BNP-immobilized rGO FET biosensor, BNP gave rise to a decrease of net 

carrier density, resulting in p-doping of the FET. This induced a positive shift of the 

VCNP in transfer curves. After BNP binding, Dirac point shifted from 0.32 to 0.4 V. 

The shift of Dirac point is similar to that previously reported (Kim et al., 2013). 

3.3. Stability and reproducibility  

Firstly, the stability of the PtNPs-decorated rGO FET biosensors was evaluated 

by storing the functionalized device in a vacuum oven for a period of times and using 

it for the detection of 200 nM BNP. As shown in the Fig. 3A, the shift of the dirac 

voltage retained more than 85% of its original value over one week. Signal response 

slightly decreased as a function of the storing time. This signal decrease is probably 

because of nonspecific surface adsorptions caused by air and water in environment.  

Secondly, to investigate the reproducibility, the anti-BNP immobilized FET 

biosensor was used for BNP detection over 3 cycles. High ionic solution (NaCl, 1M) 

was used to dissociate the binding between BNP and anti-BNP, after which 

regeneration was then realized by re-applying BNP to the anti-BNP immobilized FET 

biosensor (Duan et al., 2012; Rahim et al., 2013). During 3 cycles, the transfer 

characteristic curves were repeatedly measured to obtain the gate voltage shift. The 

shift in gate potential of dirac point was observed between 70 mV and 80 mV during 

3 cycles of association and dissociation, indicating that the FET biosensor had the 

capability of regeneration. These oscillations of the gate potential of dirac point 

caused by 3 cycleswere shown in Fig. 3B. The results indicate that the functionalized 
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PtNPs-decorated rGO FET biosensor is sufficiently stable and reproducible. 

3.4. Selectivity 

To challenge the G-FET biosensor with nonspecific proteins, selectivity test was 

carried out by using other proteins including BSA, D-Dimer and HSA as control.  

Various solutions including BSA, D-Dimer, HSA, BNP, BNP+BSA, BNP+D-Dimer 

and BNP+HSA at the same concentration (100 nM) were prepared in PBS, 

respectively. The different solutions were incubated with the anti-BNP-immobilized 

PtNPs-decorated rGO FET biosensors for 30 min, respectively, after which transfer 

characteristic curves were measured before and after the decoration. ∆VCNP is 

normalized by the following formula: ∆VCNP=VCNP after incubation-VCNP before incubation. 

When solutions only containing non-target proteins (BSA, D-Dimer and HSA) were 

applied to the devices, the observed ΔVCNP (11.5±2.0, 13.2±3.7, 17.3±2.8 mV) was 

much smaller than that obtained from target proteins (BNP)(70.4±7.2 mV) at same 

concentration，as shown in Fig. 4. The ΔVCNP of the mixed solutions including 

BNP+BSA, BNP+D-Dimer and BNP+HAS were about 68.0±7.7, 75.0±4.9 and 

79.5±4.2 mV, respectively, meaning that BNP could be detectable even in a mixture 

with other interfering proteins. Such a great selectivity can be attributed to the 

preferential binding of anti-BNP to BNP over other proteins.  

3.5. Sensitivity  

The sensitivity of the PtNPs-decorated rGO FET biosensor was examined by 

challenging it with a series of concentrations of BNP. The real-time response of the 

sensor upon injection of various concentrations of BNP at constant Vds (0.1 V) and VG 
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(0.3 V) was illustrated in Fig. 5A. Known concentrations of BNP in buffer were added 

after a stable reading using 0.001×PBS buffer was obtained. The sensor showed a 

very fast real-time response (10 s) when the sensor device was exposed to the diverse 

concentrations of the target BNP solution. Furthermore, the sensor showed a 

concentration-dependent decrease in Ids on exposure to BNP solution. The current 

decrease was caused by the positive charge of the specific target BNP bound to the 

surface-immobilized anti-BNP. The specific binding caused a structural 

re-arrangement of the charge distribution, finally leading to a decrease in the 

negatively charged base state. The decreased negative charge density at the sensor 

interface could reduce the hopping rate of charge carriers (holes), which is probably 

responsible for the decrease in current (Bishop et al., 2008). As shown in the Inset, the 

biosensor could reliably detect BNP down to 100 fM based on the signal that exceeds 

the background by 3 times.  

As shown in Fig. 5B, current signal decreased with the BNP concentration 

increase. The logarithmic value of BNP concentration defined as lgC showed a linear 

response within the range of 100 fM-1 nM (Inset). The linear relationship was 

represented by △I(nA)= -10.43lgCBNP(M) -140.40 and correlation coefficient was 

0.9917. Error bars represent standard deviations of measurements (n=3). In general, 

the greater the BNP level in the blood, the more severe the heart failure condition. 

The blood BNP concentration under normal conditions is ~6 pM, and it increases to 

~600 pM for people potentially going to be HF (Dao et al., 2001; Jang et al., 2015; 

Seino et al., 2004). So the result reveals that the FET biosensor could achieve high 
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sensitivity, which is capable of detecting BNP in human whole blood at the early 

stage of HF. 

The performance comparison among various BNP biosensors was listed in 

Table S1. In clinical tests, Elisa test kit was used for BNP detection and the sensitivity 

as high as 5 pM could be achieved (Ahmed et al., 2014). Matsuura et al. (Matsuura et 

al., 2005) used an electrochemical enzyme immunoassay method for BNP detection 

with a detection sensitivity of 3 pM. Kurita et al. (Kurita et al., 2006) reported a 

surface plasmon resonance (SPR) method for BNP detection and they obtained a 

detection limit down to 1 pM. Mizutani et al. (Mizutani, 2008) utilized a 

two-dimensional cross-linked polysiloxane Langmuir-Blodgett film in amperometric 

biosensors for BNP detection with a sensitivity of 13 pM. Lee et al. (Lee et al., 2012) 

used single site-specific polyaniline nanowire-based biosensors integrated with 

microfluidic channels to detect BNP with detection limit of 17 fM. Prasad et al. 

(Prasad et al., 2013) developed a silicon nanosensor based on electrical impedance 

measurements for the detection of BNP with very low detection limit down to 0.3 aM. 

The sensitivity of the PtNPs-decorated rGO FET biosensor reported in the work is 

higher than that reported by Elisa, electrochemical method, and SPR, but lower than 

that reported by nanowire and silicon nanosensor. Although the sensitivity is not the 

highest, the fabricated PtNPs-decorated rGO FET biosensor can be used for diagnosis 

of early heart failure. 

3.6. BNP detection in whole blood 

To the best of our knowledge, none of them was used for the measurement of 
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BNP in real blood sample although many graphene-based FET biosensors have been 

reported. To address this challenging issue, the feasibility of the FET biosensor for 

measuring BNP in human blood samples was tested. Healthy human blood samples 

were collected from Wuhan No.1 Hospital (Wuhan, China). To demonstrate the 

detection capability in whole blood, BNP was spiked into healthy human blood, and 

different concentrations of BNP in blood were prepared. Due to the complexity in 

blood, especially blood cells, pre-treatment was required prior to BNP detection. It is 

essential that an integrated system is expected, which can make the measurement 

portable. To this end, the custom-made microfilter was employed to remove blood 

cells. After that, the serum was dropped onto the anti-BNP-immobilized FET 

biosensor. The testing results of the FET biosensor with three different concentrations 

(50 nM, 100 nM, 200 nM) of BNP in blood were shown in Fig. 6A. As a control, only 

serum as the blank solution was delivered onto the PtNPs-decorated rGO FET 

biosensors and incubated for 20 min at 4 C. The VCNP was almost unchangeable and 

kept around 0.32 V, indicating that serum excluding BNP does not cause binding of 

non-specific proteins to the FET surface. After blood solutions including 50, 100, 200 

nM BNP, respectively, were filtered and applied to the FET biosensors, it was clearly 

observed that right shift of the transfer curves occurred and the ΔVCNP was 44, 58, 73 

mV, respectively. Higher concentrations of BNP in blood, larger shifts of VCNP. To 

compare the performance capabilities of the different FET biosensors, the two 

representative FET biosensors were interacted with different concentrations of BNP in 

the tested blood. The corresponding shift of VCNP were summarizes in Fig. 6B. It was 
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seen that the two different devices showed the similar performance and the response 

increased along with the increase of BNP concentrations in blood, clearly 

demonstrating the FET’s ability to detect biomarkers in human blood sample.  

4. Conclusions 

In summary, we have demonstrated a label-free and highly sensitive protein 

biosensor based on the PtNPs-decorated rGO FET, which has the capability of 

detecting BNP in the real blood sample by integrating with a custom-made microfilter. 

The PtNPs-decorated rGO FET sensor increased the electrical conductivity after 

PtNPs decoration. Thus, the PtNPs-decorated rGO FET sensors could specifically 

detect BNP and achieve a detection limit as low as 100 fM. Moreover, BNP was 

successfully detected by the FET biosensor in human whole blood sample treated by 

the custom-made microfilter. The results demonstrate that the developed FET 

biosensor shows potentials of integration and portability, which is applicable for early 

detection and prognostic evaluation in HF patients. 
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Figure captions: 

Figure 1. Schematic illustration of the PtNPs-decorated rGO FET biosensor with a 

custom-made microfilter for BNP detection. 

Figure 2. (A) SEM image of photochemically synthesized PtNPs on the rGO film 

spanning across gold electrodes.(B) Plots of transfer curves at Vds=100 mV for the 

FET biosensor in the process of rGO formation, PtNPs decoration, anti-BNP 

immobilization and BNP binding. 

Figure 3. (A) Stability test for the PtNPs-decorated rGO FET biosensor over one 

week. (B) Reproducibility for BNP detection. The shift in gate potential of dirac point 

was observed at Vds=0.1 V. The concentrations of BNP and NaCl were 200 nM and 1 

M, respectively.  

Figure 4. Shift of VCNP of the anti-BNP immobilized G-FET biosensor interacted with 

different proteins at the same concentration. 

Figure 5. (A) Real-time electrical detection at different concentrations of BNP 

solution in PBS (12.5 nM, 25 nM, 50 nM, 100 nM, 200 nM, 400 nM, 800nM). Inset: 

Real-time electrical detection at lower concentrations of BNP. (B) The response of the 

PtNPs-decorated rGO biosensors to BNP at a series of concentrations. Inset: The 

response of the biosensors to BNP at low concentration range (100 fM, 1 pM, 10 pM, 

100 pM, 1 nM).  

Figure 6. Electrical response of the PtNPs-decorated rGO FET biosensor to different 

concentrations of BNP in real blood samples. (A) Transfer curves of the 

PtNPs-decorated rGO FET biosensor interacted with PBS and varying concentrations 
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of BNP. (B) Shift of VCNP of the two representative devices interacted with PBS and 

varying concentrations BNP (50 nM, 100 nM, 200 nM), respectively. Error bars show 

the standard deviations of measurements taken from at least three independent 

samples. 
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Highlights 

1. For the first time, the PtNPs-decorated graphene FET biosensor coupled with 

a microfilter system for BNP detection in whole blood has been proposed.  

2. Antibody-antigen interaction has been employed to realize the sensitive and 

specific detection of BNP by using the fabricated FET biosensor.  

3. The fabricated FET biosensor is able to detect BNP in real blood sample. 

4. High sensitivity has been achieved based on this detection system.  

5. The developed sensing platform shows satisfactory specificity. 

6. It is an important attempt to explore new detection method for proteins 

based on graphene FET biosensor.   

 




