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Abstract: 

Motivation behind the present work is to fabricate a cost effective and scalable 

biosensing platform for an easy and reliable detection of cancer biomarker Carcinoembryonic 

antigen (CEA). Here, we report the sensitive and selective detection of CEA using graphene 

based bio-sensing platform. Large sized (~2.5 x 1.0 cm
2
), uniform, continuous, single and few 

layers graphene films have been grown on copper (Cu) substrate employing chemical vapor 

deposition (CVD) technique using hexane as a liquid precursor. Functional group has been 

created over Graphene/Cu substrate through π-π stacking of 1- pyrenebutanoic acid succinimidyl 

ester (PBSE). Further, to make the sensor specific to CEA, antibody of CEA (anti-CEA) has 

been covalently immobilized onto PBSE/Graphene/Cu electrode. Selective and sensitive 

detection of CEA is achieved by anti-CEA/PBSE/Graphene/Cu electrode through 

electrochemical impedance spectroscopy (EIS) measurements. Under optimal condition, the 

fabricated sensor shows linear response in the physiological range 1.0 - 25.0 ng mL
-1

 (normal 

value ~5.0 ng mL
-1

), revealing sensitivity 563.4 Ω ng
-1 

mL cm
-2

 with a correlation coefficient of 

0.996 and limit of detection (LOD) 0.23 ng mL
-1

. In this way, one step electrode fabrication with 

high specific surface area provides a light weight, low cost, reliable and scalable novel 
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biosensing platform for sensitive and selective detection of CEA. We believe that this 

bioelectrode equipped with specific recognition elements could be utilized for detection of other 

biomolecules too. 

Keywords: Graphene, CEA, EIS, Label-free detection, Biosensor. 
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1. Introduction: 

Cancer disease, characterized by the uncontrolled growth and spread of abnormal cells, is 

one of the major threats to the human life worldwide. The early and accurate detection of cancer 

is extremely important for clinical diagnosis, effective toxicity monitoring, and ultimately for the 

successful treatment of cancer. CEA is one of the cancer biomarkers, which has been extensively 

used for diagnostic purposes in gastrointestinal, breast and lung cancer (Aquino et al. 2004; 

Duffy 2001). In an adult nonsmoker human serum, the normal level of CEA is less than 2.5 ng 

mL
-1

 and for a smoker it is less than 5.0 ng mL
-1

 (Loewenstein and Zamcheck 1978; Su et al. 

2008). The accurate and sensitive detection of CEA level can lead to the diagnosis of cancer in 

its early stage. In recent years, immense efforts have been made for the development of CEA 

sensing methods with high sensitivity and specificity (Liu et al. 2012; Zhang and Cui 2011; 

Zheng et al. 2005). In comparison to the presently used methods specifically, the polymerase 

chain reaction method, culturing and colony counting method, and the enzyme-linked 

immunosorbent assay (ELISAs) which are tiresome and need more time (typically hours to 

days), on the other hand the bioelectrode based biosensing approach offers rapid and sensitive 

measurements. Several nanoelectronic biosensors have been developed based on various 

mailto:rstiwariphy@yahoo.com
mailto:anchalbhu@gmail.com
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nanostructured materials such as nanowires (Wanekaya et al. 2006; Zhang et al. 2011; Zhang et 

al. 2010a; Zhang et al. 2010b; Zheng and Lieber 2011), nanotubes (Allen et al. 2007; Singh et al. 

2013), quantum dots (Hansen et al. 2006; Yang et al. 2012), graphene oxide (GO) (Feng et al. 

2011; Jung et al. 2010), reduced graphene oxide (RGO) (Kumar et al. 2015; Zhou et al. 2009) 

etc. However, bioelectrodes based on these nanomaterials suffer several drawbacks such as, 

bioelectrode fabrication of these materials requires some supporting substrate such as indium tin 

oxide (ITO), glassy carbon electrode (GCE), and gold electrodes etc., which are costly and also 

requires costly binders (nafion) as an adhesive materials. 

The discovery of graphene by Geim et al. (Geim 2009), which is a flat atomically thin 

sheet of carbon atoms arranged in two-dimensional (2D) honeycomb lattice, has stimulated a 

huge amount of research in biosensing due to its extraordinary structural, electrical, physical, 

optical and biocompatible properties (Huang et al. 2011; Lee et al. 2008; Neto et al. 2009a; Neto 

et al. 2009b). Graphene has also added a new dimension to the field of electrochemical sensing 

because of its perfect 2D structure, which provides large detection area and enables facile and 

homogeneous functionalization of a variety of aromatic biomolecules through π – π interaction 

(Van der Waals force) (Ajayan and Tour 2007). Graphene based devices have potential of 

portability, rapid diagnostic point-of-care sensing compared to the presently used ELISAs which 

are time consuming and labor intensive. 

For realizing any potential applications of graphene, an easy and less toxic synthesis 

method is required. Till date, several synthesis methods for producing graphene have been 

reported such as; mechanical exfoliation (Novoselov et al. 2004), chemical exfoliation (Schniepp 

et al. 2006), chemical vapor deposition (CVD) (Srivastava et al. 2010) etc. Among these, CVD is 

one of the novel synthesis routes for producing good quality, large area, mono and few layers 
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graphene. The advantage of CVD grown graphene over other chemically derived graphene such 

as RGO, GO etc. is that it gives one atom thick, monolithic and continuous membrane without 

any discontinuity. This also facilitates reproducibility while scaling it from laboratory to industry 

which is a major challenge for the synthesis of most of the nanomaterials.  

Keeping the above points in view, in this work, good quality large area mono and few 

layers graphene films have been synthesized on Cu substrate adopting liquid precursor CVD 

route (Srivastava et al. 2010). To the best of our knowledge, there is no report of using graphene 

directly on metallic substrate as biosensing platform. In the present method, as synthesized 

graphene films on Cu substrate have been used as an electrode material, which does not require 

any further tedious processing such as transferring of graphene onto an insulating substrate 

SiO2/Si etc. However, there are several techniques for electrode fabrication from precursor 

material such as spin coating, electrophoretic deposition, screen printing, inkjet printing etc.(Ge 

et al. 2012; Kumar et al. 2013; Setti et al. 2005; Zhang et al. 2000), but these techniques are 

costly, require sophisticated instrumentations and not scalable too. Few reports are also available 

on graphene based FET devices (Feng et al. 2013; Sui and Appenzeller 2009; Yang et al. 2010; 

Yeh et al. 2016), but such devices require transferring of graphene from metallic to SiO2/Si 

substrate. This process creates many wrinkles and defects in graphene film, which greatly 

reduces the electrical conductivity and hence potential performance of graphene. Such device 

fabrication is also very tedious and not cost effective. Therefore, one step electrode fabrication 

employed in the present work is an added advantage over other known methods of electrode 

fabrication. The bioelectrode fabricated on metal substrate in present study is also environment 

friendly and there is no issue of disposability. Further, this CVD synthesized graphene on Cu 

substrate has been applied to demonstrate as an efficient, easy and reliable label free biosensing 
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platform for detection of CEA with high sensitivity and specificity having the potential of 

scalability (Table-1).  

2. Materials and methods 

2.1.Synthesis of graphene 

Large-sized graphene films were grown on Cu foils by CVD technique using hexane as a 

liquid precursor for carbon (Srivastava et al. 2010). Cu foils were loaded into a quartz tube 

furnace and initially quartz tube was purged with hydrogen (H2) gas at a constant flow of 100 

sccm. Furnace temperature was raised up to 980 ºC under a constant heating rate of 20 ºC/min. 

Temperature of the furnace was stabilized at 980 ºC for 30 minutes to anneal the Cu foil. Further, 

CVD growth of graphene was started by directing hexane vapor for 5 min into the furnace, 

followed by cooling the furnace to the room temperature under the H2 atmosphere. 

2.2.Fabrication of Immunosensor (anti-CEA/PBSE/Graphene/Cu) 

Graphene/Cu electrode was dipped into the PBSE solution (2 mg mL
-1

) for 2 h. The PBSE 

was used as the noncovalent functionalization reagent, which adsorbed onto the graphene sheets 

through π-π stacking resulting in a stable PBSE-graphene composite. The functional groups of 

PBSE were used to conjugate antibodies of CEA to form anti-CEA/PBSE/Graphene/Cu 

electrode (Chen et al. 2001; Yang et al. 2008; Yang and Gong 2010). The anti-CEA antibodies 

(30 µL, 100 µg mL
-1

 in phosphate buffer; 50 mM, pH 7.2, 0.9% NaCl) were covalently 

immobilized onto PBSE/Graphene/Cu electrode as shown in Fig.1. The anti-

CEA/PBSE/Graphene/Cu was then rinsed with phosphate buffer (PBS, 50 mM, pH 7.2, 0.9% 

NaCl) to remove the unbounded antibodies, and 1% of bovine serum albumin (BSA) in PBS was 

added to the antibody-modified electrode to block unspecific sites. After rinsing again with PBS, 

electrodes were stored at 4 °C. 
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Fig.1. Schematic of biosensor fabrication and EIS measurements. 

2.3.Characterization 

The surface morphology of graphene was observed using Optical microscope (Dewinter, 

Italy), Scanning electron microscope (SEM) (ZEISS, Germany), Transmission electron 

microscope (TEM) (FEI, USA) and Atomic force microscope (AFM) (NT-MDT, Russia). 

Spectroscopic characterization of the as grown graphene films were carried out using Raman 

spectroscope (RenishawinVia, Germany). Presence of functional groups on fabricated 

bioelectrodes were analyzed using Fourier-transform infrared (FTIR) spectrometer (Frontier, 
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Perkin Elmer, USA) in Attenuated total reflectance (ATR) mode. The X-Ray photoelectron 

spectroscopic (XPS) measurements were performed in Multiprobe Surface Analysis System 

(Scienta Omicron, Germany) operated at a base pressure of 5 x 10
-11

 Torr. High resolution XPS 

spectra were recorded using monochromatic AlKα (1486.7 eV) radiation source. The pass energy 

of the scans were kept at 20 eV with an ultimate spectral resolution of ~0.3 eV. The calibration 

of spectrometer was performed via standard gold sample as described earlier (Mishra et al. 

2017). 

The electrochemical behavior of the fabricated biosensors were investigated employing 

an Autolab Potentiostat/Galvanostat (Metrohm, Netherlands) using a conventional three-

electrode cell with the BSA/anti-CEA/PBSE/Graphene/Cu as working electrode, platinum as 

auxiliary electrode and Ag/AgCl as the reference electrode in phosphate buffer saline (PBS, 50 

mM, pH 7.4) containing 5 mM [Fe(CN)6]
3−/4−

. 

3. Results and discussion 

3.1. Optical and Electron microscopy  

The optical, SEM, TEM and HR-TEM images obtained for the graphene film have been 

shown in Fig.2. Optical image Fig.2(a) shows that graphene film is homogeneous in large area 

with wrinkles on its surface. The SEM image Fig. 2(b) shows the presence of few multilayer 

(ML) islands (darker regions) over the uniform single layer (SL) graphene film. Further, for the 

TEM investigation, graphene film was transferred from Cu foil to lacey carbon coated TEM grid. 

TEM analysis reveals that graphene film is uniform with folded layers in few regions Fig.2(c). 

HR-TEM image shown in Fig.2(d) confirms the presence of 2-3 layers in graphene film, which is 

consistent with Raman and AFM results. 
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Fig.2. (a) Optical image of graphene film transferred on SiO2/Si substrate, (b) SEM image 

showing uniform film of graphene (c) TEM image of graphene film transferred on lacey carbon 

coated TEM grid where darker region showing folded graphene layer and lighter region 

indicating the uniform monolayer graphene, (d) HR-TEM image showing bilayer and trilayer 

graphene films. 

 

3.2. AFM analysis 

AFM micrograph of graphene (transferred from Cu foil to SiO2/Si wafer) has been shown 

in Fig.3(b). In the AFM image, number of wrinkles are visible that may have been emerged 

during the synthesis due to the wide difference in thermal expansion coefficient of Cu and 

graphene (Chae et al. 2009). Wrinkles in graphene film may also occur during the transferring 

ML

SL



9 

 

process. The thickness profile measurement shown in Fig.3(c) indicates that graphene is 3 layers 

thick (~1.6 nm) (Novoselov et al. 2004). 

 

Fig.3. (a) Raman spectra of single and multi-layer graphene, (b) AFM image of graphene, (c) 

Thickness profile of graphene layer. 

3.3. Raman Spectroscopic Analysis 

Raman spectroscopy of the as-grown graphene on Cu foil was performed using 514 nm 

laser excitation to observe the quality and thickness of graphene film and results have been 
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-1
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-1
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-1
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In the case of single layer graphene, 2D band has Lorentzian shape with FWHM ~42±2 

cm
-1

. Also the intensity ratio of 2D and G band is found to be greater than 2 (i.e. I2D/IG>2), which 

confirms the presence of single layer graphene (Ferrari et al. 2006; Malard et al. 2009).
 
In 

multilayer graphene 2D band has FWHM ~ 56±2 cm
-1

 and the intensity ratio of 2D and G band 

is less than 1 (i.e. I2D/IG˂1), which confirms the presence of multilayer islands (darker regions of 

SEM image) over the single layer graphene on Cu foil. 

3.4. FT-IR Analysis 

FT-IR spectra of bare Cu, Graphene/Cu, PBSE/Graphene/Cu and anti-

CEA/PBSE/Graphene/Cu films have been shown in Fig.4. There are no functional groups 

present on Cu and Graphene/Cu films. However, in the case of PBSE functionalized 

Graphene/Cu film (PBSE/Graphene/Cu), peaks at 1154 cm
-1

, 1268 cm
-1

 correspond to C-O 

stretching. Peaks at 1407 cm
-1

, 1335 cm
-1

 and 1514 cm
-1

 are due to O-H bend, symmetric and 

asymmetric stretching of N-O group of PBSE, respectively. The peak at 2928 cm
-1

 has been 

assigned to the C-H stretching. After immobilization of anti-CEA on PBSE/Graphene/Cu film 

characteristic peaks of amide-I and amide-II have been found at 1568 cm
-1

 and 3240 cm
-1

, 

respectively (Singh et al. 2013). These amide peaks confirm the functionalization of anti-CEA on 

PBSE/Graphene/Cu electrode. 
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Fig.4. FT-IR spectra of (a) bare Cu film, (b) Graphene/Cu film, (c) PBSE/Graphene/Cu film (d) 

anti-CEA/PBSE/Graphene/Cu film. 
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and a weak peak at 286.8 eV is due to the C-N bond present in PBSE. In the anti-

CEA/PBSE/Graphene/Cu electrode (Fig. 5c), the binding energy peaks were almost similar to 

the spectra of the PBSE/Graphene/Cu electrode. Moreover, an additional dominant wide peak 

seen at 287.9 eV is attributed to the amide bond formation between PBSE terminated graphene 

sheet and the NH2 terminated Fab (fragment, antigen-binding) region of anti-CEA (Fig.1) (Singh 

et al. 2017). The fitting of the XPS spectra of C1s peaks binding energies (eV) and relative 

atomic percentages (%) of various functional groups present in PBSE/Graphene/Cu and anti-

CEA/PBSE/Graphene/Cu films have been summarized in Table S1 in supplementary part. The 

relative atomic percentage of the C=O group present in the PBSE terminated graphene sample 

reduces from ~18.5% to ~12.3 % in the anti-CEA/PBSE/Graphene/Cu sample, indicating the 

removal of succinimide ester (see the supplementary information Fig S2) during covalent 

bonding with NH2 terminated Fab region of anti-CEA. Further, the relative atomic percentage of 

the C-N bond present in PBSE/Graphene/Cu sample increased from ~2.4% to ~19.8 % in anti-

CEA/PBSE/Graphene/Cu sample. This may be attributed to the presence of amide bond in the 

polypeptide chain of antibody (anti-CEA) and amide bond formation between aminated antibody 

and PBSE terminated graphene. 
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Fig.5. (a) N1s spectrum of PBSE modified graphene and C1s XPS spectrum of (b) 

PBSE/Graphene/Cu (c) anti-CEA/PBSE/Graphene/Cu. 
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double layer capacitance (Cdl) or also replaced with constant phase element (CPE) of a Faradic 

reaction and charge transfer resistance (RCT) (Randles 1947). The plot obtained between real and 

imaginary values of impedance is called Nyquist plot and the diameter of semicircle in the 

Nyquist plot gives the magnitude of charge transfer resistance (RCT) (Moisel et al. 2008). 

Fig.6(a) shows the Nyquist plot of Cu, Graphene/Cu, PBSE/Graphene/Cu and anti-

CEA/PBSE/Graphene/Cu electrodes. The value of RCT for Graphene/Cu is found to be 1.1 KΩ 

which is lower than that of the Cu electrode (5.6 KΩ). This result indicates that deposition of 

graphene over Cu electrode enhances the charge transfer from solution to the electrode due to 

high conductivity and electrochemical behavior of graphene, which increases the permeability of 

[Fe(CN)6]
3-/4-

 to the surface of Graphene/Cu electrode. Thus, the modified surface can be 

correlated with the charge transfer resistance confirming the deposition of graphene over Cu 

electrode. It can be seen that RCT value for PBSE/Graphene/Cu electrode (2.1 KΩ, curve c) is 

larger than Graphene/Cu (1.1 KΩ, curve b) electrode. This increase in the RCT value is attributed 

to the hindrance in charge transfer after PBSE binding. Further, the value of RCT (733.5 Ω, curve 

d) of the anti-CEA/PBSE/Graphene/Cu immunoelectrode is lower than the PBSE/Graphene/Cu 

electrode (2.1 KΩ, curve d). The decrease in the value of RCT may be attributed to the spatial 

orientation of the antibody molecules that perhaps stimulates charge transfer rate to the antibody 

immobilized surface.  

3.6. Electrochemical impedimetric response of the BSA/anti-CEA/PBSE/Graphene/Cu 

immunoelectrode: 

The electrochemical response studies (Fig.6(b)) were conducted on BSA/anti-CEA/ 

PBSE/Graphene/Cu immunoelectrode as a function of carcinoembryonic antigen (CEA) 

concentrations (1-100 ng mL
-1

) in phosphate buffer saline (PBS, 50 mM, pH 7.4, 0.9% NaCl) 

using EIS. The magnitude of RCT was found to be increased after addition of CEA which may be 
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attributed to the formation of electrically insulating immunocomplex, produced from the specific 

antigen-antibody interaction (CEA - anti-CEA immunocomplex) blocking electron transfer. 

Fig.6(c),(d) show the calibration curves obtained between RCT and CEA concentrations, 

revealing linearity from 1-25 ng mL
-1

 having sensitivity of 563.4 Ω ng
-1 

mL cm
-2

 with a 

correlation coefficient of 0.996. Detection limit of the biosensor has been calculated using 

equation (S1) and LOD is found to be 0.23 ng mL
-1

. 

 

Fig.6. (a) Electrochemical impedance spectra of Cu, Graphene/Cu, PBSE/Graphene/Cu, anti-CEA/ 

PBSE/Graphene/Cu. (b) Electrochemical response studies of BSA/anti-CEA/PBSE/Graphene/Cu 

bioelectrode obtained as a function of CEA concentrations (1-100 ng mL
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respect to CEA concentrations (d) calibration plot between RCT recorded at various CEA 

concentrations. 

3.7. Reproducibility, selectivity and stability studies: 

The reproducibility of the BSA/anti-CEA/PBSE/Graphene/Cu immunoelectrode was 

investigated by measuring the EIS response in the presence of CEA (25 ng mL
-1

) on four 

independently fabricated immunoelectrodes under identical conditions (Fig. 7(a)). The 

reproducibility is evaluated in terms of relative standard deviation (RSD). An average RCT of 

1850.1 Ω with a RSD of 3.20 % has been found (Fig. 6(b)), which is within the acceptable error 

range under the tested conditions, suggesting a good reproducible assay. 

The selectivity of the fabricated sensor has been examined by monitoring the RCT 

responses of immunoelectrodes in presence of different interferents present in blood serum such 

as KCl (8.38 mM), CYFRA-21-1 (2.0 ng mL
-1

) and CTnI (10.0 ng mL
-1

) as shown in Fig 7(c). 

Upon addition of 1.0 ng mL
-1

 CEA, the significant change in the RCT value of immunoelectrode 

was found. However, upon successive addition of the KCl, CYFRA-21-1 and CTnI interferents, 

no prominent changes in RCT values have been observed. This indicates that the BSA/anti-

CEA/PBSE/Graphene/Cu immunoelectrode specifically interacts with CEA and the response is 

not affected due to the presence of other potential interferents. 
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Fig.7. (a), (b) EIS responses of four independently fabricated BSA/anti-CEA/PBSE/Graphene/Cu 

electrodes in presence of 25.0 ng mL
-1

 CEA and their RCT values, respectively, (c) and (d) 
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Selectivity study of BSA/anti-CEA/PBSE/Graphene/Cu electrode in presence of different 

interferents such as: KCl, CYFRA-21-1 and CTnI (e) Storage stability of BSA/anti-

CEA/PBSE/Graphene/Cu electrodes at regular interval of 5 days till 35 days. 

The storage stability of the BSA/anti-CEA/PBSE/Graphene/Cu immunoelectrode has also 

been monitored by measuring EIS response in presence of 25.0 ng mL
-1

 CEA with a regular 

interval of 5 days (Fig. 7(e)). The immunoelectrode retains its activity upto 30 days with the 

decrement in RCT of 6.13% when stored in refrigerated conditions at 4 ºC. After 35 days, 12.37 

% decrement in RCT values was found, this indicates that the storage stability of the fabricated 

immunoelectrodes is 30 days. 

Table1. Comparison of sensing behavior of proposed bioelectrode with the other reported works. 

S.N

o. 

Substrate Materials Fabrication 

Method 

Detection 

Method 

Linear Range Detection 

Limit 

Referen

ce 

1 GCE MWCNT, 

Chitosan, 

Glutaraldeh

yde, 

THAMP, 

Ferroceneca

rboxylic 

acid, 

Dopamine, 

AuNPs, 

HRP 

Drop cost CV, EIS 0.01 – 80 ng 

mL
-1

 

0.002 ng 

mL
-1

 

(Feng et 

al. 2015) 

2 Si/SiO2 HRP, 

AuNPs, 

Carboxylic 

magnetic 

beads, 

Graphene, 

Hexacyanof

errate 

Drop cost EIS 5-60 ng mL
-1

 5.0 ng mL
-1

 (Jin et 

al. 2014) 

3 GCE AuNPs, 

MWCNTs,

Chitosan  

Drop cost CV, EIS, 

DPV 

0.3-2.5 ng mL
-

1
 and 2.5-20 ng 

mL
-1

 

0.01 ng mL
-

1
 

(Huang 

et al. 

2010) 

4 GCE AuNPs, Dip coating CV, EIS, 1 fg mL
-1

 – 10 0.015 fg (Liu and 
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PATP, 

hexacyanofe

rrates 

DPV ng mL
-1

 mL
-1

 Ma 

2013) 

5 Cu film Graphene Dip Coating EIS 1.0 – 25.0 ng 

mL
-1

  

 

0.23 ng mL
-

1
 

Present 

Work 

The comparison of present work with the other reports (shown in Table-1) suggests that 

our biosensor is highly sensitive, selective and linear in the physiological range. 

4. Conclusions 

In the present study, we have fabricated anti-CEA/PBSE/Graphene/Cu immunosensing 

platform for sensitive and specific detection of cancer related biomarker CEA using EIS 

technique. Graphene has been synthesized on Cu film using CVD technique and anti-CEA has 

been immobilized over it using PBSE as a linker. The EIS studies of the fabricated electrodes 

reveal the sensitivity of 563.4 Ω ng
-1 

mL cm
-2 

with detection limit of 0.23 ng mL
-1

, which meets 

the requirements of clinical diagnosis of cancer. Due to high sensitivity, specificity, ease of 

fabrication, and short analysis time this biosensor could be applied as potential candidate for 

clinical diagnosis of cancer at its early stage. It would be interesting to utilize this bioelectrode 

equipped with specific recognition elements for detection of other biomolecules too. 
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