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Abstract 

A highly sensitive electrochemical immunosensor for detection of 

typical bladder cancer biomarker-nuclear matrix protein 22 (NMP22) was 

developed by using reduced graphene oxide-tetraethylene pentamine 

(rGO-TEPA) and trimetallic AuPdPt nanoparticles (NPs). rGO-TEPA was 

used as the ideal material for signal amplification and AuPdPt NPs 

immobilization due to its excellent conductivity and large surface area. 

An effective platform was constructed for antibodies anchoring by using 

AuPdPt NPs, which kept the antibodies’ high stability and bioactivity. 

Moreover, AuPdPt NPs could accelerate the electron transfer and enhance 

the signal response, which assisted by the synergistic effect of the three 

different metals (Au, Pd and Pt). The proposed immunosensor showed 

satisfied performance such as simple fabrication, low detection limits 

(0.01 U/mL), wide linear range (from 0.040 to 20 U/mL), short analysis 

time (2 min), high stability and selectivity in the detection of NMP22. 

Furthermore, the proposed immunosensor was employed to test real urine 

samples with satisfactory results. 

Keywords�Nuclear matrix protein 22; Reduced graphene oxide; 

Tetraethylene pentamine; AuPdPt nanoparticles; Electrochemical 

Immunosensor. 
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1. Introduction 

Bladder cancer is a common type of tumor in the urinary system [1], it 

has an increasing incidence and a high rate of recurrence in recent years 

[2]. However, if bladder cancer can be diagnosed and treated at an early 

stage, the survival rate of patients can be improved [3, 4]. The level of 

NMP22 in healthy person is less than 10 U/mL while would increase 

among the 80% of bladder cancer patients [5, 6]. Therefore, developing a 

low cost, sensitive and rapid method for the detection of NMP22 is an 

important subject in analytical chemistry. 

Reduced graphene oxide (rGO), a monolayer of carbon atoms packed 

into a close, honeycombed and two-dimensional lattice, has been used in 

electrochemical immunosensors for signal amplification due to their 

unique advantages such as high surface area-to-volume ratio, high 

conductivity, good biocompatibility and electronic properties [7-9]. 

However, rGO tends to form irreversible agglomerates through strong �-� 

stacking and Van der-Waals interactions [10, 11], which influences the 

stability of immunosensors. Thus, great efforts have been made to 

increase the stability of rGO through covalent functionalization [12, 13]. 

A novel rGO-related nanomaterial, rGO-tetraethylene pentamine 

(rGO-TEPA), was prepared based on the combination of rGO and TEPA 

through covalent bonding, which not only keeps the rGO’s excellent 

properties but also promotes the rGO’s stability. In addition, large 
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numbers of amino groups are existed on the rGO-TEPA, which can form 

covalent bonds with other materials to enhance the performance of 

immunosensor. Thus, rGO-TEPA can ensure the direct and stable 

immobilization of trimetallic AuPdPt nanoparticles and antibodies 

conjugates (AuPdPt NPs-Ab) in the immunosensor fabrication process. 

The AuPdPt NPs was synthesized in aqueous solution at room 

temperature through a one-step efficient auto-programmed procedure [14]. 

It possesses many outstanding properties, such as excellent electrical 

conductivity and good biological compatibility, which could 

tremendously improve the sensitivity and stability of the electrochemical 

immunosensor. 

The aim of this work is to exploit advanced nanomaterials and prepare 

a simple electrochemical immunosensor for sensitive detection of NMP22. 

Greatly amplified sensitivity was achieved after rGO-TEPA modified on 

the electrode, and the AuPdPt NPs successfully immobilized antibodies 

and strengthen signal response further. This immunosensing method is 

simple and sensitive, which could provide potential applications for the 

ultrasensitive detection of NMP22. 
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2. Materials and Methods 

2.1. Reagents and apparatus 

Nuclear matrix protein 22 (NMP22) and nuclear matrix protein 22 

antibodies (Ab) were purchased from Shanghai Guyan Technology 

Company Limited (China). rGO-TEPA was purchased from Nano Innova 

Technologies Company Limited (Spain). Potassium ferricyanide, HAuCl4, 

K2PtCl4, Na2PdCl4 and ascorbic acid (AA) were purchased from 

Sinopharm Chemical Reagent Beijing Company Limited (China). 

Pluronic F127 ((PEO)100(PPO)65(PEO)100, MW=12600) and bovine serum 

albumin (BSA, 99%) were purchased from Sigma (USA). All other 

chemicals were of analytical reagents grade and used without further 

purification. Phosphate buffer solution (PBS) containing 5 mmol/L 

potassium ferricyanide was used as electrolyte solution in the 

electrochemical experiment. The clinical urine samples were from Jinan 

Shizhong People’s Hospital. The clinical urine samples were centrifuged 

at 3000 rpm for 20 min for pretreatment. Ultrapure water was used 

throughout the experiments. 

Electrochemical measurements, including cyclic voltammetry (CV) 

and differential pulse voltammetry (DPV), were performed on a 

CHI760D electrochemical workstation (Shanghai Chenhua Instruments 

Company, China). Transmission electron microscope (TEM) images were 
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collected with holey carbon TEM grids on a JEM-2100 microscope 

operated at 200 kV (Japan). Energy dispersive spectroscopy (EDX) was 

recorded by JEOL JSM-6700F microscope (Japan). A conventional 

three-electrode system was used for all electrochemical measurements: a 

glassy carbon electrode (GCE, 4 mm in diameter) as the working 

electrode, a saturated calomel electrode as the reference electrode and a 

platinum wire electrode as the counter electrode. 

 

2.2. Preparation of PdPt nanocrystals 

The PdPt nanocrystals were prepared according to the procedure that 

previously reported [15]. Pd nanocubes were synthesized firstly by 

adding a Na2PdCl4 solution into a mixture solution of AA, KBr and KCl. 

In a typical experiment, 105 mg PVP, 60 mg AA, 185 mg KCl and 600 

mg KBr were dissolved in 8.0 mL water in a three-necked flask. The flask 

was heated to 80 ˚C in an oil bath with magnetic stirring for 10 min. 

Afterwards, a 3.0 mL aqueous solution containing 57 mg Na2PdCl4 was 

added, the reaction was maintained at 80 ˚C for 3 h. The as-prepared Pd 

nanocubes were obtained and collected by centrifugation. After washed 

three times with water, the Pd nanocubes were redispersed in 11 mL water. 

Then, 4 mL of the aqueous dispersion of Pd nanocubes was added into 28 

mL of the aqueous solution containing 133.2 mg of PVP and 1200 mg of 

KBr. The mixture was heated to 90 ˚C while stirring with a magnetic stir 
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bar, and a 12 mL aqueous solution containing 14 mg of H2PtCl6 was 

added to the mixture dropwise. The reaction mixture was kept at 90 ˚C 

for 12 h. The solution was centrifuged and washed three times with water. 

 

2.3. Preparation of AuPd nanoparticles 

The AuPd nanoparticles were synthesized according to the literature 

with minor modifications [16]. Briefly, 20 mmol/L H2PdCl4 was prepared 

with 10.6 mg PdCl2 and 0.6 mL of 0.2 mol/L HCl in 2.4 mL water by 

ultrasonication for over 30 min and then cooled to 4 ˚C in an ice bath. 

Subsequently, 1.5 mL of 20 mmol/L H2PdCl4 was injected into Au seeds 

(60 mL) under stirring. A mass ratio of 25% excess H2PdCl4 was required 

to ensure perfect coating. Subsequently, 10 mmol/L AA aqueous 

solution4 ˚C was slowly added into the above solution dropwise under 

stirring. The color of the mixture turned to black/brown within minutes. 

The mixture was stirred continuously for 30 min after the addition of AA. 

The resulting solution was then centrifuged and washed with water for 

three times. Finally, the samples were dried in a vacuum at room 

temperature. 

 

2.4. Preparation of AuPt nanochains 

8.5 mg sodium borohydride was dissolved in 20 mL water and then 

added dropwise into 40 mL aqueous solution containing 8.5 mg NiCl2 
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and 50 mg polyvinylpyrrolidone (K30). After that, 20 mL of 0.05 mol/L 

HCl solution containing 0.0024 g H2PtCl6 and 0.0010 g HAuCl4 was then 

quickly added into it. The solution was mixed by sonication for 30 min 

and kept under constant stirring at 60 ˚C for 2 h. All steps were performed 

in N2 atmosphere and washed three times with ultrapure water . 

 

2.5. Preparation of trimetallic nanoparticles-Ab conjugates 

In brief, 2.5 mL of 20 mmol/L HAuCl4, 2.5 mL of 20 mmol/L 

Na2PdCl4, 4.0 mL of 20 mmol/L K2PtCl4 and 0.1 g pluronic F127 were 

placed in a small beaker, then 1 mL of 0.4 mmol/L AA was quickly added 

under stirring and continuous for 1 h at room temperature. After the 

reaction was finished, the obtained product was collected by 

centrifugation at 10000 rpm for 20 min, followed by consecutive washing 

with ultrapure water and dried for further use. The collected AuPdPt NPs 

were added to the Ab solution (1 mL, 100 �g/mL). After vibration for 24 

h, the Ab could bond strongly on the surface of AuPdPt NPs [17-19]. 

After centrifuging and washing with PBS, the AuPdPt NPs-Ab was 

re-dispersed in PBS and stored at 4 ˚C before use. 
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2.6. Fabrication of the immunosensor 

Figure 1 showed the fabrication process of the immunosensor. GCE 

was polished with 1, 0.3, and 0.05 �m alumina powder sequentially, and 

then washed and dried at room temperature. Afterwards, 6 �L of 

rGO-TEPA solution was dropped on the surface of GCE and dried at 

room temperature. Then 6 �L of AuPdPt NPs-Ab solution was added onto 

electrode surface and dried in refrigerator at 4 ˚C. After washed with PBS 

(pH 7.35), the electrode was incubated in 1 wt% BSA solution to 

eliminate the nonspecific binding for the antigens. Finally, the modified 

electrode (GCE/rGO-TEPA/AuPdPt NPs-Ab/BSA) was washed with PBS 

(pH 7.4) before incubation of NMP22. 

Figure 1 

2.7. Immunosensor procedure for detection of the NMP22 

A label-free immunosensor was used for determination of NMP22. (1) 

The electrode (GCE/rGO-TEPA/AuPdPt NPs-Ab/BSA) was incubated 

with 6 �L of different concentrations of NMP22 for 60 min, followed by 

washing with PBS. (2) The electrochemical detection was performed in 

PBS containing 5 mmol/L potassium ferricyanide. (3) The DPV scan 

from�-0.2 to�0.8 V with amplitude of 50 mV (a pulse width of 0.2 s, a 

sampling width of 0.0167, a quiet time of 2 s and a pulse period of 0.5 s) 

was performed to record the peak current signals for detection of NMP22.  
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3. Results and discussion 

3.1. Characterization of rGO-TEPA and AuPdPt NPs 

The TEM image (Figure 2a) showed the wrinkled flake-like structure 

of large rGO-TEPA. The rGO-TEPA remained separated and no 

aggregation was observed, indicating its high dispersibility and stablity. 

Therefore, rGO-TEPA could form a homogeneous and stable film on the 

GCE surface. The photos taken after 15 minutes' standing showed better 

stability of rGO-TEPA than rGO. As shown in Figure 2c, as-prepared 

AuPdPt NPs were well-defined dendritic nanoparticles and strikingly 

uniform in shape, with an average diameter of ~30 nm. EDX analyses 

(Figure 2d) showed that the sample consisted of Au, Pd and Pt elements.  

 

Figure 2 

 

Figure 3A shows the electrochemical DPV signals of the electrodes 

that modified with different materials. The peak current signal was 

obtained at 0.2 V. As expected, AuPdPt NPs modified GCE (curve e) 

displayed the highest peak current signal, which was higher than those of 

AuPt nanochains (curve b), PdPt nanocrystals (curve c) and AuPd NPs 

(curve d) modified GCEs. The improved electrochemical property of 

AuPdPt NPs might mainly be ascribed to the synergy of the three kinds of 



 11 

metals, which can perform better conductivity than the bimetallic 

nanomaterials [20, 21]. Hence, the used AuPdPt NPs can enhance the 

sensitivity of the immunosensor. 

 

Figure 3 

 

3.2. Characterization of the fabrication of the immunosensor 

The stepwise assembly of the electrochemical immunosensor was 

monitored by CV in PBS (pH 7.4) containing 5 mmol/L potassium 

ferricyanide (Figure 3B). A pair of well-defined redox peaks were 

observed on GCE (curve a) and this quasi-reversible one-electron redox 

peak is attributed to the transformation between Fe(CN)6
4- and Fe(CN)6

3-. 

After the rGO-TEPA was immobilized on the surface of GCE, the peak 

current was significantly increased (curve b). The result demonstrated the 

excellent electroconductivity of rGO-TEPA that is beneficial for 

improving the sensitivity of the immunosensor. With the immobilization 

of AuPdPt NPs-Ab on the electrode surface, the peak currentdecreased 

(curve c). This indicated that the electron transfer was hindered, which 

was attributed to the non-conductivity of Ab. The modification of BSA 

resulted in the further decrease of the current response (curve d). This is 

because the attachment of biological macromolecule protein BSA to the 

immunosensor further restricts the access of Fe(CN)6
4−/3− redox probes to 
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the electrode surface. With the further immobilization of 2 U/mL of 

NMP22 for 60 min, a remarkable decrease of current was observed (curve 

e). This major decrease in the current response is attributed to the 

formation of immunocomplex which blocks the tunnel for mass and 

electron transfer. That indicated the electrode was well-modified. 

3.3. Optimization of experimental conditions 

In order to obtain the best analytical performance for NMP22, 

experimental conditions were optimized (Figure 4). The concentration of 

rGO-TEPA is an important parameter affecting the response of the 

immunosensor. Figure 5a showed the effect of different concentrations of 

rGO-TEPA for the detection of 8 U/mL NMP22. With an increasing 

concentration, the current response increased sharply and reached a top 

value at 2 mg/mL. Therefore, 2 mg/mL was used as the performed 

concentration of rGO-TEPA. The electrochemical signal was also related 

to the concentration of AuPdPt NPs. As shown in Figure 4b, a significant 

increase of the peak current was observed between 1.0 and 6.0 mg/mL, 

for convenience, 3.0 mg/mL of AuPdPt NPs was used. Figure 4c showed 

the dependence of potassium ferricyanide concentration on the peak 

current. With the increasing of potassium ferricyanide concentration, the 

peak current increased and reached a maximum response at 5.0 mmol/L. 

The pH value of electrolyte was an important factor to the current 

response. The performance of the immunosensor was evaluated in the 
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electrolyte with different pH values (from 5.55 to 9.18, Figure 4d). The 

experimental results showed that the maximum current response was 

obtained at pH 7.4. This might resulted from the influence of pH on 

protein denaturation, and highly acidic or alkaline surroundings would 

damage the immobilized protein [22]. Thus, pH 7.4 PBS was appropriate 

for our subsequent test.  

 

Figure 4 

 

3.4. Performance of the immunosensor 

Under the optimum conditions, the current change of DPV at 0.2 V to 

different concentrations of NMP22 was recorded and shown in Figure 5. 

In Figure 6, the ordinate is difference value of peak current between 

GCE/rGO-TEPA/AuPdPt NPs-Ab/BSA and GCE/rGO-TEPA/AuPdPt 

NPs-Ab/BSA/NMP22. The calibration curve showed good linear 

relationship between difference value of peak current and concentrations 

of NMP22 (0.040 - 20 U/mL) with a low detection limit (0.01 U/mL, S/N 

= 3). The equation of the calibration curve was Y = 4.171 + 8.737 X, r = 

0.9948.  

 

Figure 5 

 



 14

To the further development of techniques, lowering the detection limit 

is a major criterion for successful application. Table 1 showed a 

comparison of this method with the other electrochemical immunosensors. 

It can be seen that the detection limit of this immunosensor is 

significantly lower than other methods, it presumably because of that the 

rGO-TEPA had excellent conductivity for greatly accelerate the electron 

transfer. Besides, owing to its excellent biocompatibility and large 

specific surface area, AuPdPt NPs showed great antibodies-loaded ability. 

Hence, the proposed immunosensor provides a stable immobilization and 

sensitized recognition platform for NMP22 and possesses promising 

application in clinical sample.  

 

Table 1 

 

3.5. Specificity, reproducibility and stability of the immunosensor 

The specificity played an important role in analyzing biological 

samples. The current of the immunosensor response to uric acid, glucose, 

AA and BSA were tested. 8 U/mL of NMP22 solution containing 400 

ng/mL of interfering substance were measured by the immunosensor and 

the results were shown in Figure 6. The peak current signal variation due 

to the interfering substances was less than 2.7%, indicating the specificity 

of the immunosensor was acceptable. 
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Figure 6 

 

To evaluate the reproducibility of the immunosensor, a series of five 

electrodes were prepared for the detection of 10 U/mL NMP22 and the 

results were showed in Figure 7A. The relative standard deviation (RSD) 

of the measurements for the five electrodes was 2.1%, suggesting the 

precision and reproducibility of the proposed immunosensor was quite 

good [23]. 

Figure 7 

To test the stability of the immunosensor, the immunosensor was stored 

in refrigerator at 4 ˚C. The current response of the as-prepared 

immunosensor was decreased for 4.0% after one week storage. After four 

weeks, the current of the immunosensor decreased to about 87% of its 

initial value (Figure 7B). The good stability can be ascribed to two 

reasons: firstly, rGO-TEPA and AuPdPt NPs exhibited excellent stability; 

secondly,the Ab firmly attach to the AuPdPt NPs surface. 

3.6. Real sample analysis 

To demonstrate the potential clinic application for the as-prepared 

immunosensor, two human urine samples were analyzed by using the 

proposed immunosensor and the results were shown in Table 2. The 

original NMP22 content in urine samples were determined by 
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enzyme-linked immunosorbent assay (ELSEA) simultaneously. The 

RSDs were less than 3 %, implying good accuracy of the as-prepared 

immunosensor for NMP22. The recoveries were calculated to be 99.37 % 

and 100.89 %, respectively, indicating that the proposed method exhibits 

great potential as a reliable technique for the determination of NMP22 in 

real samples. 

Table 2 

To demonstrate further practical application of the immunosensor, two 

urine samples were examined by the proposed electrochemical 

immunosensor and ELISA method. Table 3 showed the results of the two 

methods studied. The relative deviation between these two methods was 

from -6.63% to -4.94%, which proved that the present immunosensor 

might provide a feasible alternative tool for determining NMP22 in 

human urine for routine clinical diagnosis. 

Table 3 

4. Conclusions 

In conclusion, an immunosensor for NMP22 based on rGO-TEPA and 

AuPdPt NPs was proposed and exhibited low detection limit, good 

sensitivity and excellent selectivity. The rGO-TEPA played an important 

role in establishing a fast electron transfer path to facilitate direct electron 

transfer. AuPdPt NPs have large specific surface area, good 

biocompatibility, high conductivity and electronic properties, which 
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greatly increase the probability of antibody-antigen interactions and 

beneficial for improving sensitivity of the immunosensor. The proposed 

strategy could provide a stable immobilization and sensitized recognition 

platform for NMP22, which could also be applied to the determination of 

other biomarkers. 
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Figure captions 

Figure 1. Schematic representation of the preparation of the 

immunosensor. 

Figure 2. (a) TEM image of rGO-TEPA. (b) The stablity comparison of 

rGO-TEPA and rGO (c) TEM image of AuPdPt NPs. (d) EDX image of 

AuPdPt NPs. 

Figure 3. A: Differential pulse voltammograms obtained from GCE 

(curve a), AuPt nanochains modified GCE (curve b), PdPt nanocrystals 

modified GCE (curve c), AuPd nanoparticles modified GCE (curve d), 

AuPdPt nanoparticles modified GCE (curve e) in a PBS of pH 7.35 buffer 

solution containing 5 mmol/L potassium ferricyanide. B: Cyclic 

voltammogram obtained from different modified electrodes in a PBS of 

pH 7.35 buffer solution containing 5 mmol/L potassium ferricyanide, 

GCE (curve a), GCE/rGO-TEPA (curve b), GCE/rGO-TEPA/AuPdPt 

NPs-Ab (curve c), GCE/rGO-TEPA/AuPdPt NPs-Ab/BSA (curve d), 

GCE/rGO-TEPA/AuPdPt NPs-Ab/BSA/NMP22 (curve e). 

Figure 4. (a) The effect of the concentration of rGO-TEPA; (b) the 

concentration of AuPdPt NPs; (c) the concentration of potassium 

ferricyanide and (d) pH response of the immunosensor on DPV for the 

detection of 8 U/mL NMP22. 

Figure 5. (a) Calibration curve of the immunosensor toward different 

concentrations of NMP22, Error bar = RSD (n = 5). (b) Differential pulse 
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voltammetry responses of the immunosensor towards different 

concentration of NMP22. From outer to inner  0, 0.04, 2, 3, 6, 8, 10, 12, 

16, 18, 20 U/mL NMP22. 

Figure 6. Response of the immunosensor to (1) 8 U/mL NMP22, (2) 8 

U/mL NMP22+ 400 ng/mL uric acid, (3) 8 U/mL NMP22 + 400 ng/mL 

glucose (4) 8 U /mL NMP22 + 400 ng/mL AA, (5) 8 U /mL NMP22 + 

400 ng/mL BSA. 

Figure 7. A: Differential pulse voltammetry responses of five modified 

electrodes toward 10 U/mL NMP22. B: Differential pulse voltammetry 

responses of modified electrodes after 0 day (curve a), 1 week (curve b) 

and 4 weeks (curve c) storage toward 10 U /mL NMP22. 

 

Table 1 Comparison of different NMP22 electrochemical immunosensors. 

Electrode Materials Linear 

Range 

(U/mL) 

Detection 

limit (U/mL) 

Reference 

Gold electrode/Fe3O4-Au/CoPc/horse radish 

peroxidase-Ab/BSA/NMP22 

 

GCE/rGO-TEPA/AuPdPt 

NPs-Ab/BSA/NMP22 

2.4-400  

 

 

 

0.04-20  

1 

 

 

 

0.01 

[11] 

 

 

This work 
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Table 2 Assay results of clinical samples using the proposed methods. 

Content of NMP22 in 

the sample (U/mL) 

The addition 

content (U/mL) 

The detection 

content (U/ mL) 

RSD 

(%) 

Recovery 

 (%) 

1.56 1.00 2. 61, 2.48, 2.59, 

2.55, 2.49 

2.29 99.37 

3.19 2.00 5.22, 5.17, 5.31, 

5.32, 5.16 

1.45 100.89 
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Table 3 Comparison of NMP22 levels determined using proposed method and ELISA. 

Urine samples 1 2 

ELISA (U/mL) 1.62 3.47 

Immunosensor (U/mL) 1.54 3.24 

Relative deviation (%) -4.94 -6.63 
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Highlights 

GO-TEPA not only has the same property as rGO but also promote its water solubility 

AuPdPt NPs were used to immobilize antibodies and accelerate electron transfer 

Label-free immunoreactions are used to detect nuclear matrix protein 22 




