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Cytochrome c (Cyt c) and horseradish peroxidase (HRP) were co-immobilized on graphene oxide 

(GO)-chitosan (CHIT) modified Au electrode and the electron-transfer between the two proteins was 

investigated. The GO-CHIT nanocomposite was assembled on an Au electrode which covered by a 

mixed self-assembled monolayer of mecraptoundecanoic acid (MUA) and 6-mercapto-1-hexanol 

(MCH) and coated with Cyt c. The GO-CHIT nanocomposite as a novel electrochemical platform 

designed by combining the biocompatibility of CHIT and the conductivity of GO was used for the 

immobilization of the redox enzymes. Based on electrostatic interactions, the Cyt c-HRP/GO-

CHIT/Cyt c/MUA-MCH/Au electrode was constructed by a layer-by-layer technique. Electron transfer 

and electrocatalytic performances of the modified electrode were investigated. Results showed that 

direct electron transfer has been established for the bi-protein system and the average rate constant of 

electron transfer ks, (Cyt c - HRP) =2.63 s
-1

 was larger than those values at the electrodes modified with 

single protein (ks, (Cyt c) =1.44 s
-1

, ks, (HRP) =1.53 s
-1

). The bi-protein modified electrode exhibited good 

electrocatalytic response to reduction of oxygen (O2) and hydrogen peroxide (H2O2), suggesting that a 

third-generation biosensor could be obtained for the detection of O2 and H2O2.  
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1. INTRODUCTION 

The preparation and characterization of electrode-bound redox protein have attracted more and 

more attention because it can provide a platform for the insight into physiological electron transfer 

process as well as the further development of amperometric biosensors and bioelectrocatalytic systems 

[1-5]. A large number of works were carried out to arrange protein on an electrode surface successfully 

[6-10], but there is a need to increase the functional density beyond the monolayer arrangement for 
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enhancing the sensitivity of biosensor. To achieve this aim, proteins immobilized on vertically aligned 

carbon nanofibers [11] and protein multilayers within a ployelectrolyte [12, 13] and DNA [14] by 

layer-by-layer arrangement have been developed. However, in thicker films or multilayers, generally 

only protein molecules near the electrode surface are electroactive.  

Recently, many efforts were focused on the enlargement of the signal in biosensor by 

constructing artificial signal chains [15-17]. For example, a novel amperometric biosensor based on the 

simultaneous entrapment of acid phosphatase (AcP) and polyphenol oxidase (PPO) into anionic clays 

was developed for the specific detection of As(V) [15]. The functioning principle of the bi-protein 

electrode consisted of the successive hydrolysis of phenyl phosphate into phenol by AcP, followed by 

the oxidation of phenol into electro-active o-quinone by PPO. The detection of As(V) was based on its 

inhibitory effect on AcP activity toward the hydrolysis of phenyl phosphate into phenol. Another novel 

biosensor was made by simultaneous immobilization of glucose oxidase (GOD) and horseradish 

peroxidase (HRP) in an electropolymerized pyrrole (PPy) film on a single-wall carbon nanotubes 

(SWNT) coated electrode for glucose detection [17]. In this construction, the glucose could be 

oxidized into gluconic acid by GOD, followed by the reduction of O2 into H2O2, which could be 

further reduced into H2O by HRP. A new type of signal chain based on the mixed proteins consisted of 

cytochrome c (Cyt c) and blue copper enzyme has been developed [18-21]. Cyt c is a basic redox heme 

protein comprising only 104 amino acids and plays an important role in the living organisms by 

receiving electrons from Cyt c reductase and delivering them to Cyt c oxidase [22, 23]. As a well-

characterized electron-transfer protein, Cyt c has been used extensively as a test system for direct 

electron transfer (DET) of redox proteins or for communication in a protein stack by assembling it 

with other proteins in a matrix [24-26]. The DET is known to be strongly dependent upon a 

combination of interfacial electrostatic and chemical interactions. In the new type of signal chain based 

on the mixed proteins consisted of Cyt c and blue copper enzyme, the electron produced in which the 

blue copper enzyme catalyzed the substrate could transfer to electrode by Cyt c. The signal chain is 

formed by the electron transfer between proteins. The studies prove that it is possible to assemble Cyt 

c and blue copper enzyme directly through layer-by-layer technique and will stimulate progress in the 

multilayer design of even more complex biomimetic signal cascades that take advantage of direct 

communication between proteins. 

In this paper, a novel design for the fabrication of a bi-protein electrode to realize direct 

electrochemistry of Cyt c and HRP co-immobilized on graphene oxide (GO)-chitosan (CHIT) 

nanocomposite was developed and the electron transfer in the co-immobilized Cyt c and HRP on GO-

CHIT was investigated. Chitosan (CHIT) possesses distinct chemical and biological properties [27] 

owing to the existence of amino and hydroxyl groups [28-30]. CHIT is considered to be a promising 

material to modify electrode surface as well as a very good matrix for enzyme or biomacromolecule 

immobilization [28] due to its biocompatibility, good stability, high permeability toward water, 

excellent film-forming ability. Grapheme oxide (GO) has attracted great attention in recent years [31-

33] owing to its large specific surface area, abundant oxygen-containing surface functionalities such as 

epoxide, hydroxyl, and carboxylic groups, and high water solubility and have been an ideal substrate 

for enzyme immobilization [34]. The experimental results demonstrated that such an electrochemical 

platform not only preserved the native structure of the immobilized enzyme but also exhibited good 
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electron-transfer properties. Moreover, under the design of co-immobilization, a great enhancement of 

electron transfer was achieved. 

 

 

 

2. EXPERIMENTAL  

2.1. Reagents  

Cytochrome c (Cyt c, 98%), horseradish peroxidase (HRP, type X, 250 units mg
-1

) and chitosan 

(CHIT, 75% deacetylation), 11-mecraptoundecanoic acid (MUA, 95%) and 6-mercapto-1-hexanol 

(MCH, 97%) were purchased from Sigma and used as received. Graphite power (99.95%, 325 mesh) 

was purchased from Aladdin and used as received. The other reagents were purchased from Beijing 

Chemical Reagent Factory (Beijing, China) and were of analytical reagent grade. A series of phosphate 

buffer solution (PBS, 0.2 M) were prepared by mixing solution of 0.2 M Na2HPO4 and 0.2 M 

NaH2PO4 and used as supporting electrolyte. All solutions were prepared with ultra-pure water purified 

by a Millipore-Q System (18.2 M cm). A Cyt c solution (400 μM) and HRP solution (75 μM) were 

prepared in 0.2 M PBS (pH 7.0).  

 

2.2. Preparation of GO-CHIT nanocomposite 

Synthesis of GO: GO was synthesized according to previous methods [35]. Briefly, graphite 

powder (1.0 g) was dispersed into 23 mL concentrated H2SO4 (18.0 M) in ice bath. Then, KMnO4 (3.0 

g) was gradually added into above solution under continuous vigorous stirring at the temperature 

below 20 °C. After that, the ice bath was replaced by an oil bath and the mixture was heated to 35 °C 

for 30 min under continuous stirring. Then, ultra-pure water was slowly added into above solution, 

which produced a rapid increase in solution temperature up to a maximum of 100 °C. The reaction was 

maintained at 98 °C for a further 15 min, and terminated by sequential addition of more distilled water 

(140 mL in total) and H2O2 (30%, 10 mL). The solid product was separated by centrifugation at 5000 

rpm and washed initially with 5% HCl until SO4
2-

 ions were no longer detectable with BaCl2. Finally, 

the solid product was washed three times with acetone and dried overnight at 65 °C. 

Synthesis of GO-CHIT nanocomposites： GO-CHIT nanocomposite was prepared as followed 

[36]. GO was dissolved in 20 mL of ultra-pure water and treated with ultrasound for 45 min. CHIT 

solution of 1.0 wt % was prepared by dissolving CHIT in 0.5 vol% aqueous acetic acid solution. Then 

GO solution was added into the CHIT solution and stirred for 24 h to produce a homogeneous GO-

CHIT solution. 

 

2.3. Preparation of the HRP-Cyt c/GO-CHIT/Cyt c/MUA-MCH/Au electrode  

The pretreated gold (Au) electrode with a diameter of 2 mm was firstly immersed in a mixed 

ethanol solution of 100 μM MUA and 1.0 mM MCH for 10 h. Then, the electrode was rinsed by 

ethanol and ultra-pure water to remove off weakly bound molecules, respectively. Then, 5 μL Cyt c 
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solution was casted onto the surface of MUA-MCH modified electrode and the resulted electrode was 

kept at 4 ºC for 4 h. After it was rinsed by ultra-pure water, 5 μL of GO-CHIT nanocomposite (1.0 

mg/mL) was dropped on the Cyt c/MUA-MCH/Au electrode and the resulted electrode was kept at 4 

ºC for 4 h. Subsequently, it was rinsed by ultra-pure water. Finally, 5 μL of Cyt c-HRP mixture with 

different ratio (nCyt c/nHRP) was dropped onto the GO-CHIT/Cyt c/MUA-MCH/Au electrode to 

construct the Cyt c-HRP/ GO-CHIT/Cyt c/MUA-MCH/Au electrode. The procedure for the modified 

electrode construction was shown in Fig. 1. When the resulted electrodes were not in use, they were 

stored at 4 ºC. 
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Figure 1. Schematic representation of the construction procedure for the Cyt c-HRP/GO-CHIT/Cyt 

c/MUA-MCH/Au electrode and the direct electron transfer between immobilized bi-protein and 

the underlying Au electrode. 

 

2.4. Preparation samples for UV-vis spectroscopy  

A quartz substrate was cleaned by firstly immersed in a solution of H2SO4 (98%, w/v) and 

H2O2 (30%, w/v) with a volume ratio of 7/3 for 30 min. Then, it was flushed with ultra-pure water and 

dried in air at room temperature. After that, the same amount of cyt c , HRP and the mixture of cyt c 

and HRP were dropped on three quartzs respectively and kept at 4 ºC for 4 h.   

 

2.5. Apparatus 

All electrochemical experiments were performed by a CHI 750D electrochemical workstation 

(CH Instruments, Shanghai, China) using a conventional three-electrode system with a platinum wire 
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as the auxiliary electrode, a bare or modified Au electrode as the working electrode, and a saturated 

calomel electrode (SCE) as the reference electrode. The cyclic voltammetric experiments were 

performed in a quiescent solution. The amperometric experiments were carried out in a continuous 

stirring solution using a magnetic stirrer. UV–vis spectra were obtained by using a Lameda35 UV–vis 

spectrometer. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Spectroscopic analysis of the interaction between the proteins of Cyt c and HRP 

UV–vis absorbance spectroscopy is usually employed to characterize the conformational 

change of protein and the interaction between protein and other composition [37]. Fig. 2 shows the 

UV-vis spectra of Cyt c (curve a), HRP (curve b) and the mixed proteins (curve c) immobilized in GO-

CHIT nanocomposite on a quartz substrate. It can be seen that each of them has an absorption peak at 

about 280 nm which is the absorption of the conjugated double bond in the residue of aromatic amino 

acids (such as tyrosine, tryptophan, phenylalanine) in the protein.  
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Figure 2. UV-vis spectra of Cyt c (a), HRP (b), and Cyt c-HRP (nCyt c/nHRP=32:9) (c) on GO-CHIT 

modified quartz slide at room temperature. 

 

The Cyt c has two obviously characteristic absorption bands at about 408, and 527 nm (curve a 

in Fig. 2), respectively. As we known, the active Cyt c has a Soret bond at 410 nm and a weak Q bond 

at 530 nm, both of them are produced by the chromophore of porphyrin [38]. And the wavelength and 

the intensity of the adsorption peak are sensitive to the conformation of the protein, especially at the 
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Soret bond [38]. Thus the blue shift (from 410 nm to 408 nm) of Soret bond indicated that Cyt c was 

strongly adsorbed on the quarz. The HRP has two characteristic absorption bands at about 402 and 527 

nm (curve b in Fig. 2), respectively. After these two proteins were co-immobilized on GO-CHIT 

nanocomposite, the two adsorption bands were observed at 406 and 527 nm, respectively (curve c in 

Fig. 2). Furthermore, these adsorption bands were obviously enhanced, especially at Soret bond. The 

intensity of Cyt c at Soret bond has some connection with the dipole moment of transition produced by 

the π-π* at the porphyrin ring [39], and accordingly the change of the symmetry properties of the 

porphyrin ring originated from the change of the conformation of the protein would do effect on the 

intensity at Soret bond. The change of the symmetry properties of the porphyrin ring would do effect 

on the change of the coordination in axial direction of the heme and then influence the 

microenvironment of the heme. The adsorption of the mixed proteins has a blue shift (from 408 nm to 

406nm) at Soret compared to Cyt c. These results suggested that the interaction between Cyt c and 

HRP resulted in the change of the conformation of the proteins. 

 

3.2. Electrochemical behaviors of the bi-protein modified electrodes 

Fig.3 shows the cyclic voltammograms (CVs) of the different electrodes in 0.2 M nitrogen-

saturated PBS (pH 7.0) at a scan rate of 100 mV s
-1

. No redox peak was observed at the MUA-

MCH/Au electrode (curve f in Fig. 3).  
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Figure 3. CVs of different electrodes in 0.2 M PBS of pH 7.0: Cyt c-HRP/GO-CHIT/Cyt c/MUA-

MCH/Au (a), Cyt c/GO-CHIT/Cyt c/MUA-MCH/Au (b), HRP/GO-CHIT/Cyt c/MUA-

MCH/Au (c), GO-CHIT/Cyt c/MUA-MCH/Au (d), Cyt c/MUA-MCH/Au (e) and MUA-

MCH/Au (f) electrode. Scan rate: 100 mV s
-1

.  
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A pair of quasi-reversible peak with a peak-to-peak separation (ΔEp) of 66 mV was obtained 

for the Cyt c/MUA-MCH/Au electrode (curve e in Fig. 3), which suggests that Cyt c is a good protein 

for electron transfer and can be used as a test system for direct electron transfer (DET) of redox 

proteins or for communication in a protein stack by assembling it with other proteins in a matrix [23-

25]. After the GO-CHIT nanocomposite adsorbed on the Cyt c/MUA-MCH/Au electrode, the GO-

CHIT/Cyt c/MUA-MCH/Au electrode (curve d in Fig. 3) showed a pair of stronger redox peak and the 

current was increased as compared to the Cyt c/MUA-MCH/Au electrode, suggesting that the electron 

transfer was promoted by the GO-CHIT nanocomposite. It was noticeable that after the Cyt c and HRP 

were co-immobilized on the GO-CHIT/Cyt c/MUA-MCH/Au electrode, the peak current of Cyt c-HRP 

/GO-CHIT/Cyt c/MUA-MCH/Au electrode increased obviously and the ΔEp reduced to 71 mV (curve 

a in Fig. 3). As a control experiment, two other electrodes modified with single protein, either Cyt c or 

HRP, were constructed in the same way and their electrochemical behaviors (curves b, c in Fig. 3) 

were investigated. Results showed that the peak currents for the two electrodes were much smaller and 

the ΔEp were larger than the bi-protein electrode. It was confirmed that the co-immobilized Cyt c and 

HRP has greatly promoted the electron transfer between proteins and electrode, possibly due to the 

interaction between Cyt c and HRP, resulting in a favorable orientation of protein molecules which 

was helpful for its DET.  

The effect of scan rate on the electrochemical behaviors of bi-protein electrode was 

investigated (Fig. 4). Fig. 4A shows the CVs of the electrode of Cyt c-HRP /GO-CHIT/Cyt c/MUA-

MCH/Au (nCyt c/nHRP=32:9) in 0.2 M PBS (pH 7.0) at different scan rates. It could be seen that both 

anodic and cathodic peak currents were linearly proportional to the scan rate in the range from 50 to 

900 mV s
-1

 (Fig. 4B).  
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Figure 4. (A) CVs of the Cyt c-HRP/GO-CHIT/Cyt c/MUA-MCH/Au electrode at different scan rates 

(from inner to outer 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 

800, 850 and 900 mV s
-1

) in 0.2 M PBS (pH 7.0). (B) Plot of ipeak versus scan rate (υ), (C) Plot 

of Epeak versus log υ and (D) Plot of Epa and Epc versus log υ.  
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This suggested the electrochemical behaviors of co-immobilized proteins was typical of a 

surface-controlled quasi-reversible process. Using Laviron’s expressions for the surface-confined 

electroactive species, it is possible to determine the apparent electron transfer rate constant (ks) as well 

as the transfer coefficient (α) between the mixed proteins and the underlying electrode. For this 

purpose changes of the anodic and cathodic peak potential were studied versus the logarithm of scan 

rates (as shown in Fig. 4C). It can be seen that, with the increasing of scan rates, the oxidation peak 

shifts to more positive potentials, while the reduction peak shifts to more negative potentials. Fig. 4D 

shows that when the scan rates changed from 600 mV s
−1

 to 900 mV s
−1

, the values of Ep were 

proportional to the logarithm of the scan rate which is in agreement with the Laviron’s theory [41]: a 

plot of Ep versus logυ yields two straight lines with slopes of -2.3RT/αnF and 2.3RT/(1-α)nF for the 

cathodic peak and for the anodic peak, respectively. Thus the average value of α could be estimated as 

0.61 which was used in the subsequent studies. Under these conditions the average kinetic parameter ks 

could be obtained as 2.63 s
-1

 according to equation ks=αnFυ/RT [41]. 

 

Table 1. Some important parameters for various resulted gold electrodes. 

 

Various resulted electrodes ΔEp( mV) ipa (nA) ipc (nA) ks (s
-1

) 

Cyt c-HRP/GO-CHIT/Cyt c/MUA-MCH/Au 71 424 -403 2.63 

Cyt c/GO-CHIT/Cyt c/MUA-MCH/Au 75 347 -369 1.44 

HRP/GO-CHIT/Cytc/MUA-MCH/Au 78 332 -319 1.53 

 

For Cyt c/GO-CHIT/Cyt c/MUA-MCH/Au and HRP/GO-CHIT/Cyt c/MUA-MCH/Au 

electrodes, the values of ks (ks,Cyt c=1.44 s
-1

 and ks,HRP=1.53 s
-1

 respectively) estimated in the same way 

are obviously smaller than that of the mixed proteins modified electrode. The larger value of ks of 

mixed proteins indicates that the co-immobilized proteins show good reversibility of the electron 

transfer process. Some important parameters were also summarized in Table 1. The co-immobilized 

electrode has a larger value of ks, (Cyt c - HRP) might be ascribed to the following factors. First, the 

electron transfer rate (ks) of the two proteins was strongly dependent on their conformation at the 

electrode surface. The interaction between HRP and Cyt c might result in an optical conformation to 

facilitate electron transfer. Second, the electron produced from one protein could transfer to electrode 

surface by the other protein. Last, the interaction between HRP and Cyt c might result in porous 

structure, which was helpful for the diffusion of electrolyte between proteins and electrode surface, 

which might improve the electron transfer. 

The ratio of Cyt c and HRP on GO-CHIT nanocomposite played an important role in electron 

transfer between mixed proteins and underlying electrode. As shown in Fig. 5, a remarkable change of 

peak currents was observed as the ratio of nCyt c/nHRP varied from 16/9 to 16/1. The peak current of the 

co-immobilized proteins increased gradually with the increase of nCyt c/nHRP ratio and reached the 

maximum at 16:3. When the ratio of nCyt c/nHRP continued to further increased, the peak current turned 

to be decreased gradually. The results suggested that the peak current depends strongly on the ratio of 

nCyt c/nHRP. When the ratio of n Cyt c/n HRP was 16:3, the electron transfer between the proteins and 
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electrode was fastest. The phenomenon may be ascribed to the following factor. When HRP get in 

touch with Cyt c, Cyt c had a change in the coordination in axial direction of the heme and then 

changed the microenvironment of the heme which was a favorable conformation for electron transfer.  
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Figure 5. Effect of the ratio of nCyt c / nHRP (16:9, 8:3, 32:9, 16:3, 8:1, 32:3, 16:1 ) on the redox peak 

current of the Cyt c-HRP/GO-CHIT/Cyt c/MUA-MCH/Au electrode in 0.2 M PBS (pH 7.0) at 

room temperature. Scan rate: 100 mV s
-1

.  

 

3.3. Electrocatalysis of the bi-protein modified electrode toward H2O2 and O2 

The electrocatalytic behaviors of the co-immobilized Cyt c and HRP modified electrode 

towards oxygen (O2) and hydrogen peroxide (H2O2) were investigated. The Cyt c-HRP/GO-CHIT/Cyt 

c/MUA-MCH/Au electrode showed a good electrocatalytic property to reduction of O2 as shown in 

Fig. 6A. When the scan rate was 5 mV s
-1

, a small current was observed in 0.2 M PBS of pH 7.0 in the 

presence of N2 (curve a in Fig. 6A). However, the peak current obviously increased in the presence of 

air (curve b in Fig. 6A) and O2 in 0.2 M PBS of pH 7.0 (curve c in Fig. 6A). The experiment showed 

the dependence of the reduction current on the oxygen content in solution at low scat rate, suggesting 

the constructed Cyt c-HRP/GO-CHIT/Cyt c/MUA-MCH/Au electrode could be used to electrocatalyze 

the reduction of O2. 

Fig. 6B showed the bioelectrocatalytic response of Cyt c-HRP/GO-CHIT/Cyt c/MUA-

MCH/Au electrode towards H2O2 in 0.2 M PBS (pH 7.0). It could be seen that with the increasing of 

H2O2 concentration (varied from 0 mM to 0.03 mM ), the reduction peak current increased obviously, 

while the oxidation peak current decreased accordingly (curves a–d in Fig. 6B), showing a typical 

electrocatalytic reduction process of H2O2.  
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Figure 6. (A) CVs of the Cyt c-HRP/GO-CHIT/Cyt c/MUA-MCH/Au electrode (nCyt c/nHRP=32:9) in 

N2-saturated (a), air-saturated (b) and O2-saturated (c) 0.2 M PBS (pH 7.0) at the scan rate of 5 

mV s
-1

. (B) CVs of the Cyt c-HRP/GO-CHIT/Cyt c/MUA-MCH/Au electrode in 0.2 M PBS 

(pH 7.0) with 0 (a), 0.01 (b), 0.02 (c) and 0.03 (d) mM H2O2. Scan rate: 50 mV s
-1

. 

 

The most appropriate working potential suited for the bioelectrochemical catalytic reduction of 

H2O2 at the Cyt c-HRP/GO-CHIT/Cyt c/MUA-MCH/Au modified electrode was further estimated. 

Dynamic current responses for the successive addition of 10 μM H2O2 at Cyt c-HRP/GO-CHIT/Cyt 

c/MUA-MCH/Au modified electrode in PBS (10 mL) were recorded under various potentials (-100 

mV, -50 mV and 0 V) (supporting information). It can be seen that an increase in cathodic current was 
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noticed from −100 mV to 0 V. A highest current response was observed at 0 V. Hence, a working 

potential of 0 V was chosen for subsequent investigations to achieve high sensitivity and also to 

minimize possible interferences in the biosensing of H2O2. 

The amperometric responses of the different modified electrodes contained Cyt c /GO-

CHIT/Cyt c/MUA-MCH/Au (curve a in Fig 7), HRP/GO-CHIT/Cyt c/MUA-MCH/Au (curve b in Fig 

7), Cyt c-HRP/GO-CHIT/Cyt c/MUA-MCH/Au (curve c in Fig 7) (at 0 V) for successive addition of 

10 μM H2O2 were recorded in a stirred PBS (10 mL). The inset in Fig. 7 showed the calibration curve 

of the different modified electrodes respectively. The Cyt c-HRP/GO-CHIT/Cyt c/MUA-MCH/Au 

modified electrode responds effectively to the addition of H2O2 through current signals within 2 s. The 

linear range of the H2O2 detection was from 20 μM to 330 μM (R
2
 = 0.9991; n=34), and the detection 

limit was estimated to be 6.68 μM based on the criterion of a signal-to-noise ratio of 3.  
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Figure 7. Current response to successive addition of 10 μM H2O2 at Cyt c/GO-CHIT/Cyt c/MUA-

MCH/Au (a), HRP/GO-CHIT/Cyt c/MUA-MCH/Au (b), Cyt c-HRP/GO-CHIT/Cyt c/MUA-

MCH/Au (c) in 0.2 M PBS (pH 7.0). Inset：Calibration curve between current and the 

concentration of H2O2. Applied potential: 0 V.  

 

The selectivity of the sensor was measured by sequential additions of 5 μM H2O2, 4.0 mM 

ascorbic acid (AA) and 4.0 mM uric acid (UA) into the stirring 0.2 M PBS (pH 7.0) as shown in Fig. 8. 

The results indicated that AA and UA had no obvious interference on the detection of H2O2 at the 

studied concentration. 
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Figure 8. Typical steady-state response of Cyt c-HRP/GO-CHIT/Cyt c/MUA-MCH/Au to sequential 

addition of 5 μM of H2O2, 4.0 mM AA, 4.0 mM UA into the stirring 0.2 M PBS (pH 7.0). 

Applied potential: 0 V 

 

3.4. Reproducibility and stability of the bi-protein modified electrode 

The reproducibility of the current signal for the same electrode and for electrode-to-electrode 

was 4.21% and 4.62% (RSD, n = 10), respectively. When the electrode was stored in N2-saturated PBS 

(pH 7.0) for 2 weeks, there was no obvious change of current in the response to 10 μM H2O2.  

 

 

 

4. CONCLUSIONS 

A novel bi-protein (Cyt c and HRP) electrode was fabricated based on a nanocomposite of GO 

and CHIT through self-assembly method. An electron transfer protein of Cyt c was used as a test 

system for direct electron transfer (DET) of redox proteins and for communication in the HRP stacks 

by co-immobilizing it with HRP. The experimental results indicated that the biocompatible matrix 

supplied a necessary pathway for the co-immobilized proteins to achieve DET and promoted the 

electron transfer between the coexist proteins and underlying electrode. Furthermore, the co-

immobilized electrode exhibited a larger electron transfer rate constant compared to the electrode 

modified with single protein. The bi-protein electrode exhibited fast electron transfer and good electro-

catalytic activity toward the reduction of H2O2 and O2. The resulted biosensor exhibited a sensitive and 

fast amperometric response to H2O2 low detection limit and wide linear range. This approach revealed 

the communication between the proteins preliminary and would provide a new strategy for further 

study on the DET of other proteins and the development of biosensors.  
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