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Rapid and Sensitive Detection of the Activity of ADAM17 using 
Graphene Oxide-based Fluorescent Sensor 

Youwen Zhang, Xiaohan Chen, Golbarg M Roozbahani, Xiyun Guan* 

A disintegrin and metalloproteinase 17 (ADAM17) has become a novel biomarker and potential therapeutic target for the 

early detection and treatment of human cancers. In this work, by covalently attaching fluorescent labeled ADAM17 

substrate peptide (Pep-FAM) molecules to carboxylated graphene oxide (cGO), and monitoring the cleavage of the peptide 

substrate by ADAM17, we developed a cGO-Pep-FAM fluorescent sensor for the rapid, sensitive and accurate detection of 

ADAM17.  The sensor was highly sensitive with a detection limit of 17.5 picomolar.  Furthermore, the sensor was selective: 

structure similar proteases such as ADAM9 and MMP-9 would not interfere with ADAM17 detection.  In addition, 

simulated serum samples were successfully analyzed.  Our developed cGO-Pep-FAM sensing strategy should find useful 

applications in disease diagnosis and drug screening.

1. Introduction 

ADAMs (short for a disintegrin and metalloproteinase) play 

important roles in cell surface remodeling, ectodomain shedding, 

regulation of growth factor availability, and mediating cell-cell and 

cell-matrix interaction in both normal development and 

pathological states such as Alzheimer’s diseases, arthritis, cancer, 

and cardiac hypertrophy.1 As a member of ADAM family, a 

disintegrin and metalloproteinase 17 (ADAM17) is also known as a 

tumor necrosis factor-α-converting enzyme.2 An increased 

expression of ADAM17 has been found in various inflammatory 

diseases such as rheumatoid arthritis (RA), Crohn’s disease, 

pulmonary inflammation, endotoxin shock, multiple sclerosis and 

myocardial infarction.1-3  Recent studies showed that ADAM17 was 

highly expressed in many human tumors and can promote tumor 

invasion and metastasis.4 For example, significantly enhanced 

expression of ADAM17 was found in hepatocellular carcinoma than 

non-cancerous liver tissues.5 It was also demonstrated that 

ADAM17 was involved in the progression of breast, ovarian, and 

colorectal cancers.6-8 Therefore, ADAM17 has become a novel 

biomarker and potential therapeutic target for the early detection 

and treatment of human cancers.9 Thus far, two major approaches 

have been used for ADAM17 detection.  One is enzyme-linked 

immunosorbent assay (ELISA), while the other is western blotting.  

These two methods, although sensitive, are time-consuming, which 

contain complicated steps such as multi-steps of washing / 

immunoblotting and incubation, and usually take hours or even 

days to provide results.10, 11 Furthermore, another limitation of 

them is that they only detect protease abundance but could not 

measure protease activity.12, 13 However, proteases are often tightly 

regulated on a post-translational level leading to a potentially 

significant divergence of abundance and activity.  Hence, it is 

important to develop a simple, rapid and sensitive method for 

detection of the activity of ADAM17. 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1. The principle of detecting ADAM17.  The cleavage of the 

peptide substrate by ADAM17 releases a dye-labeled short peptide 

fragment into the solution, thus producing fluorescence. 

 

In our previous study, we have successfully developed a graphene 

oxide (GO) based fluorescence resonance energy transfer (FRET) 

biosensing platform for the detection of HIV-1 protease activity.14  

Due to the unique heterogeneous structure (coexistence of π state 

sp2 carbon clusters and σ state sp3 C-O matrix),15 GO not only 

provides a broad absorbance from 200 nm to 800 nm, but also 

supplies a mass of chemical binding sites for further modification.16  

Note that, one requirement for the development of highly sensitive 

FRET sensors is the delicate matching of fluorophore and quencher 

(i.e., the overlap of the emission spectrum of the fluorophore and 

the absorption spectrum of the quencher). The capability of a 
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quencher to cover a broad range of absorbance spectra has the 

advantage of constructing a fluorescent sensor to detect multiple 

analytes in one sample without employing multiple different 

quenchers.17 Furthermore, both theoretical calculation and 

experiments have demonstrated that GO was an efficient quencher 

for various fluorophores with the quenching distance reaching as 

far as 30 nm.18 Compared with other fluorescent quenchers such as 

quantum dots, which typically allow less than 10 nm distance 

between donor and acceptor, such a long quenching distance offers 

unique opportunities to detect large biomolecules and study 

biomolecule-biomolecule (e.g., protein-antibody) interactions.19-21 

In this work, by attaching a dye labeled ADAM17 substrate peptide 

to the GO surface, and monitoring the cleavage of the substrate by 

ADAM17 (Scheme 1), we accomplished quantitative ADAM17 

detection with good sensitivity, great simplicity and high 

reproducibility. 

2. Experimental Section 

2.1  Chemicals and Reagents.  

ADAM9 and ADAM17 were purchased from R&D Systems 

(Minneapolis, MN), while the 5-FAM labeled ADAM17 protease 

substrate peptide (Pep-FAM) with a sequence of NH2-

CALNNLAQAVRSSSARK(5-FAM) (95.22% pure) was ordered from 

WatsonBio Sciences (Houston, TX). All the other chemicals, 

including graphene oxide and MMP-9 were obtained from Sigma-

Aldrich (St. Louis, MO).  ADAM17 and its substrate peptide were 

dissolved in HPLC-grade water (ChromAR, Mallinckrodt Baker). The 

stock solution of ADAM17 was prepared at 200 μg mL-1 and kept at 

-80 °C before and after immediate use, while that of the peptide 

substrate was prepared at a concentration of 1 mM and stored at -

20 °C before and after use.  Two buffer solutions were used in this 

study: (1) MES buffer (containing 100 mM 2-(N-morpholino)-

ethanesulfonic acid, pH 6.0); and (2) Tris buffer, which was 

consisted of 50 mM Tris, 15 mM NaCl, and 5 μM ZnCl2 with the 

solution pH adjusted to 7.5 using HCl.  

2.2  Instruments.  

Fluorescence spectra were obtained at λex/em = 492/515 nm by using 

a luminescence spectrophotometer (LS50B, PerkinElmer, Waltham, 

MA, USA). Infrared (IR) spectra were recorded from 1000 cm-1 to 

4000 cm-1 with an infrared spectrophotometer (NEXUS 470 FT-IR, 

Thermo Nicolet, Waltham, MA, USA) equipped with pressed KBr 

pellets.  UV-vis absorption spectra (from 200 nm to 800 nm) were 

collected using a UV-Vis-NIR spectrophotometer (Varian Cary 500 

Scan, Agilent, Santa Clara, CA, USA). Raman experiments were 

performed in the range of 2000 cm-1 -1000 cm-1 using a confocal 

Raman spectrometer with a 514 nm laser as the excitation source 

(Renishaw, United Kingdom).  

2.3  Synthesis of cGO-Pep-FAM.  

Production of cGO-Pep-FAM sensor was carried out using GO as 

starting material and based on two step reactions.  The first step 

was involved with a well-documented technique, i.e., use of 

chloroacetic acid to transform unreactive hydroxyls of the GO 

surface into carboxylate groups under strongly basic conditions 22, 

while the second step took advantage of carbodiimide coupling 

reaction with EDC and sulfo-NHS.  Briefly, 4 mg mL-1 GO suspension 

was mixed with 4.8 g NaOH and 4 g ClCH2COOH, and sonicated until 

the hydroxyl groups of GO were converted to carboxyl groups. The 

resultant solution was neutralized by HCl (1 M), and purified by 

repeated rinsing with water until carboxylated GO (cGO) could be 

well dispersed in water.  Then, cGO (1 mg mL-1, 50 μL) was 

dispersed in 1.0 mL of MES buffer (100 mM, pH 5.2).  20 μL of 200 

mM 1-ethyl-3-(-3-dimethylaminopropyl) carbodiimide 

hydrochloride (EDC) and 100 μL of 200 mM N-

hydroxysulfosuccinimide (Sulfo-NHS) were added to the cGO 

suspension and sonicated for 30 min under an ice-water bath. The 

resulting mixture was centrifuged at 12,000 rpm for 10 min, and the 

supernatant was discarded. After washing the precipitate for three 

more times to remove excess EDC and Sulfo-NHS, it was dispersed 

in 1.0 mL of MES buffer and adjusted to pH 7.4 with NaOH, followed 

by addition of 50 μL peptide substrate (1 mM).  The mixture was 

stirred at room temperature for 2 hours in darkness. The product 

was purified by repeated centrifugation and rinsing with distilled 

water three times to remove the unreacted peptide, and then 

rinsing with 20 μL bull serum albumin (BSA, 20 mg mL-1) three times 

to remove non-specifically absorbed peptide on the GO surface. The 

final product was dispersed in 1 mL water and stored in a 

refrigerator at 4 °C.  Note that the molar ratio of the peptide 

substrate Pep-FAM to cGO used to prepare the cGO-Pep-FAM 

sensor as described above was determined from the fluorescence 

quenching experiment.  Under this experimental condition, 

fluorescence quenching efficiency was relatively high (90%), while 

the amount of cGO consumed was relatively small (Supplementary 

Material, Fig. S1). 

3. Results and discussion 

3.1  Infrared, Raman, UV-vis Spectroscopy and Fluorescence Spectra.  

The chemical structures of GO, cGO and cGO-Pep-FAM samples 

were confirmed by infrared spectroscopy (FT-IR).  As shown in Fig. 

1a and Supplementary Material, Fig. S2, characteristic absorption 

peaks appeared at 3400 cm-1 (stretching vibration of -OH), 1722 cm-

1 (stretching vibration of C=O), and 1580 cm-1 (stretching vibration 

of C=C), revealing the presence of -OH, C=O and C=C functional 

groups on GO. After activation of GO with chloroacetic acid, cGO 

showed a stronger absorption band at 1634 cm-1, which indicated 

the formation of carboxylate moieties COO- in comparison with GO. 

After conjugation of the peptide with cGO, a strong characteristic 

band appeared at 1655 cm-1 (stretching vibration of CO-NH) with an 

increased small peak near 2900 cm-1 (stretching vibration of CH2), 

which indicated the successful formation of covalent bond between 

cGO and the peptide molecule. The structure of cGO was also 

characterized by Raman spectroscopy. As depicted in 

Supplementary Material, Figure S3, cGO showed a strong Raman 

shift at 1344 cm−1 and 1587 cm−1, corresponding to the D- and G-

bands, respectively. It should be noted that the high intensity ratio 

of D band and G band indicated a more amorphous carbon 
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structure.23 The significant difference between the structures of 

GO, cGO and cGO-Pep-FAM was also supported by our UV-vis 

experiments.  For example, as shown in Fig. 1b, the cGO-Pep-FAM 

sample (50 μg mL-1) had much larger absorbance values in the 

visible region than cGO (50 μg mL-1), and showed a small peak at 

492 nm.  This peak was located at a similar position to that of 5-

FAM labeled peptide (Pep-FAM), which was not observed with the 

GO and cGO samples.  Moreover, the huge difference between the 

Raman spectra of cGO and cGO-Pep-FAM provided further evidence 

for the difference in their structures.  In addition, fluorescence of 

the free substrate peptide Pep-FAM, cGO, mixture of cGO and Pep-

FAM, and covalently-conjugated cGO-Pep-FAM were recorded at 

λex/em = 492/515 nm.  As shown in Fig. 1c, these four samples 

produced significantly different fluorescence intensities, again 

indicating the quite different structures among them. 

 

Figure 1. Characterization of cGO-Pep-FAM sensor. (a) FT-IR spectra 
of GO, cGO and cGO-Pep-FAM; (b) UV-Vis absorbance spectra of 
GO, Pep-FAM, cGO, and cGO-Pep-FAM; (c) fluorescence spectra of 
Pep-FAM, cGO, cGO / Pep-FAM mixture, and covalently-conjugated 
cGO-Pep-FAM.  With the exception of Pep-FAM (50 µM), the 
concentrations of GO, cGO, and cGO-Pep-FAM used in Fig. 1b were 
50 μg mL-1 each, while those of Pep-FAM, cGO, and cGO-Pep-FAM 
used in Fig. 1c were 5 μM, 1 μg mL-1, 1 μg mL-1, respectively. An 
enlarged view of the FTIR spectra in the region from 1500 cm-1 to 
2000 cm-1 was displaced in Supplementary Material, Fig. S2.

 

3.2  Effect of Solution pH on the cGO-Pep-FAM Sensor. 

Although covalently conjugated GO sensors are more resistant to 

various experimental conditions than non-specific adsorption-based 

graphene sensors, they are still slightly affected by solution pH 

since fluorescein has four species (i.e., cation, neutral, monoanion, 

and dianion) with the dominant component changing with the pH 

of the solution.24 To find an appropriate pH for sensitive detection 

of ADAM17, the fluorescence intensities of the 0.5 μg mL-1 

covalently-conjugated cGO-Pep-FAM sensor were investigated at a 

series of pH values ranging from 1 to 13.  As a control, a mixture of 

cGO (0.5 μg mL-1) and peptide (0.5 μM) was also prepared.  Our 

experimental results (Fig. 2) showed that, with an increase in the 

solution pH, the background fluorescence intensity of cGO-Pep-

FAM gradually increased (but didn’t change much until pH 10), 

while that of the mixture of GO and Pep-FAM increased drastically. 

Hence, the effect of the solution pH on cGo-Pep-FAM was much less 

significant than that on cGO / Pep-FAM mixture due to the covalent 

conjugation. Furthermore, cGO-Pep-FAM biosensor had smaller 

background fluorescence intensity values than the non-specific 

adsorption-based cGO / Pep-FAM mixture at all the pH values 

investigated, and hence it is more suitable for use as sensing 

element for ADAM17 detection.  Due to the low background noise 

and high signal to noise ratio of the cGO-Pep-FAM sensor at pH 7.5 

as well as the optimum enzyme activity25 of ADAM17 under this 

condition, a buffer solution with a pH of 7.5 was used in the 

remaining experiments.  

 
Figure 2. Effect of solution pH on fluorescence intensities of cGO-
Pep-FAM and mixture of cGO and Pep-FAM.  The concentrations of 
cGO-Pep-FAM, cGO, and Pep-FAM used were 0.5 μg mL-1, 0.5 μg 
mL-1, and 0.5 μM, respectively.  Each data point represents the 
average from three replicate analyses ± one standard deviation. 

 

3.3  Effect of Incubation Time on ADAM17 Detection.  

To optimize the experimental condition for ADAM17 detection, the 

effect of reaction time on ADAM17 cleavage of the peptide 

substrate was investigated.  For this purpose, a mixture sample, 

which contained 0.5 μg mL-1 cGO-Pep-FAM, 100 ng mL-1 ADAM17 

and Tris buffer, was prepared.  Then, the mixture was incubated at 

37 °C for a period of time ranging from 0 to 120 min, followed by 

fluorescence measurement.  The experimental results were 

summarized in Fig. S4 (Supplementary Material).  We could see that 

the fluorescence intensity of the mixture sample increased with an 

increase in the reaction time until 60 minutes, after which the 

fluorescence signal began to saturate.  To achieve rapid detection 

of ADAM17, 60 min was chosen as the optimum reaction time and 

used in all the subsequent experiments. 

3.4  Dose Response Curve for ADAM17.  

Utilizing the current physical conditions (i.e., pH 7.5, 60 min 

reaction time, and 37 °C incubation temperature), dose response 

curve for ADAM17 detection was constructed by monitoring the 

interaction between the cGO-Pep-FAM solution (0.5 μg mL-1) and 

ADAM17 at various concentrations, ranging from 5 to 200 ng mL-1.  

The fluorescence intensity of each mixture sample was collected in 

the range of 500 nm to 600 nm (excited at 492 nm).  Our 

experimental results (Fig. 3a) showed that the fluorescence 

intensity of the mixture was linearly correlated with ADAM17 

concentration, indicating that the peptide substrate (NH2-

CALNNLAQAVRSSSARK(5-FAM)) attached to the GO surface was 

being cleaved by ADAM17.  In addition to a wide dynamic range 

(linear regression with the ADAM17 concentration ranging from 5 

to 200 ng mL-1, R2 = 0.9998), this ADAM17 sensor also showed a 

detection limit (defined as the ADAM17 concentration 

corresponding to three times the standard deviation of blank signal) 

of 0.91 ng mL-1, which is equivalent to 17.5 pM.  Such a detection 

limit is better than that (2 ng mL-1) obtained with ELISA26, and more 

than good enough for analyzing ADAM17 in clinical samples (note 
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that the mean serum level of ADAM 17 in patients with colorectal 

cancer is 2.09 ng mL-1 27, 28).  

 

Figure 3. cGO-Pep-FAM detection of ADAM17. (a) Fluorescence 

spectra of cGO-Pep-FAM in the presence of ADAM17 at various 

concentrations; and (b) plot of fluorescence intensity versus analyte 

species, showing the selectivity of the cGO-Pep-FAM sensor.  The 

inset in Fig. 3a displays the dose-response curve for ADAM17.  The 

fluorescence intensity values in Fig. 3b were background corrected, 

which were obtained by subtracting the blank fluorescence 

intensity from that of the analyte species.  Experiments were 

performed by incubating cGO-Pep-FAM suspension solutions (0.5 

µg mL-1, Tris buffer, pH 7.5) with ADAM17 or other species for 60 

min at 37 °C, followed by measuring their fluorescence intensities 

with λex/em = 492/515 nm at room temperature.  The concentrations 

of MMP-9, ADAM9, ADAM17, and HSA used in Fig. 3b were 100 ng 

mL-1, 100 ng mL-1, 100 ng mL-1, and 10 µg mL-1, respectively. Each 

data point represents the average from three replicate analyses ± 

one standard deviation. 

 

3.5  Selectivity and Specificity of the cGO-Pep-FAM Sensor. 

Two structure similar proteases, including ADAM 9 and matrix 

metalloproteinases 9 (MMP-9), were selected as potential 

interfering species to examine the cross-reactivity of the cGO-Pep-

FAM sensor.  Like ADAM17, ADAM9 and MMP-9 are also important 

cancer biomarkers.29, 30 For example, serum and tissue levels of 

MMP-9 are significantly higher in patients with pancreatic ductal 

adenocarcinoma than in patients with chronic pancreatitis and 

healthy controls,31 while plasma and/or tumor tissues from patients 

with pancreatic ductal adenocarcinoma have significantly elevated 

levels of ADAM9,32 which may predict shortened survival of 

patients.32,33 Furthermore, human serum albumin (HSA, an 

abundant serum protein) was tested to investigate the matrix 

effect.  The experimental results were summarized in Fig. 3b.  We 

could see that all these three samples produced significantly 

smaller fluorescence signals than ADAM17, thus suggesting the high 

selectivity and specificity of our cGO-Pep-FAM sensor. 

 

Figure 4. Effect of HSA on the fluorescence spectra of cGO-Pep-FAM 
in the presence of ADAM17 at various concentrations.  The inset 
displays the plot of fluorescence intensity versus ADAM17 
concentration.  Experiments were performed by incubating the 
mixtures of cGO-Pep-FAM suspension (0.5 µg mL-1, Tris buffer, pH 
7.5), HSA (400 μg mL-1), and ADAM17 at concentrations ranging 
from 5 ng mL-1 to 200 ng mL-1 at 37 °C, followed by measuring their 
fluorescence intensity with λex/em = 492/515 nm at room 
temperature.  Each data point represents the average from three 
replicate analyses ± one standard deviation. 

 

3.6  Simulated Serum Sample Analysis.  

Previous studies have shown that some molecules, especially 

proteins, could competitively bind to the GO surface, thus affecting 

the fluorescence signal 14.  In the previous selectivity section, we 

found that low concentrations of HSA would not significantly 

interfere with ADAM17 detection by our cGO-Pep-FAM sensor.  In 

order to accurately detect ADAM17 in serum, which contains large 

amounts of HSA, IgG, hemoglobin and fatty acids, and also has trace 

amounts of short DNA/RNA, small peptides, and other molecules, 

the effect of the concentration of HSA on the cGO-Pep-FAM sensor 

was further investigated.  Our experimental results (Supplementary 

Material, Fig. S5) showed that, with an increase in the 

concentration of added HSA, the background fluorescence intensity 

of the cGO-Pep-FAM suspension increased slightly until the 

concentration of HSA reached 200 μg mL-1, after which the 

fluorescence signal began to saturate.  To address the serum matrix 

effect, a modified dose response curve (Fig. 4) was constructed, 

where the interactions between the cGO-Pep-FAM solution (0.5 μg 

mL-1) and ADAM17 at various concentrations were held and 

monitored in the presence of 400 μg mL-1 HSA.  Then, 4 simulated 

serum samples, which were prepared by spiking 20 ng mL-1 to 200 

ng mL-1 ADAM17 into 20 μL human serum, were analyzed by the 

cGO-Pep-FAM sensor.  Our experimental results (Table 1) showed 

that these ADAM17-spiked serum samples could successfully be 

quantitated, supporting the feasibility of our developed cGO-Pep-

FAM sensor for potential clinical applications.  

Table 1. Recovery of ADAM17 from serum by use of the cGo-Pep-
FAM sensor.  Each value represents the mean of three replicate 
analyses ± one standard deviation. 
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1 20 19.0 ± 4.8 

2 50 49.0 ± 6.5 

3 100 106.8 ± 7.1 

4 200 199.1 ± 6.6 

4. Conclusions 

In summary, by covalently attaching fluorescently labeled ADAM17 

substrate peptide to the GO surface, and based on enzyme-

substrate cleavage reaction, we successfully developed a cGO-Pep-

FAM fluorescent biosensor for rapid and accurate detection of 

ADAM17.  The sensor was highly sensitive with a detection limit of 

17.5 picomolar.  Furthermore, the sensor was selective: structure 

similar proteases such as ADAM 9 and MMP-9 would not interfere 

with ADAM17 detection.  In addition, simulated serum samples 

were accurately analyzed.  It could be visualized that, with the same 

ADAM17 detection strategy, highly sensitive and selective sensors 

for a variety of other proteases could be developed by changing the 

peptide substrates.  These GO-based fluorescent sensors may find 

useful applications in many fields such as diagnosis of protease-

related diseases and high-throughput screening of drug candidates. 
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Table 1. Recovery of ADAM17 from serum by use of the cGo-Pep-FAM sensor.  Each value represents the mean of three replicate analyses 
± one standard deviation. 

Sample 

number 

Theoretical 

value (ng mL-1) 

Experimental value  SD 

(ng mL-1) 

1 20 19.0 ± 4.8 

2 50 49.0 ± 6.5 

3 100 106.8 ± 7.1 

4 200 199.1 ± 6.6 
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Scheme 1. The principle of detecting ADAM17.  The cleavage of the peptide substrate by ADAM17 releases a dye-labeled short peptide 

fragment into the solution, thus producing fluorescence. 
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Figure 1. Characterization of cGO-Pep-FAM sensor. (a) FT-IR spectra of GO, cGO and cGO-Pep-FAM; (b) UV-Vis absorbance spectra of GO, 

Pep-FAM, cGO, and cGO-Pep-FAM; (c) fluorescence spectra of Pep-FAM, cGO, cGO / Pep-FAM mixture, and covalently-conjugated cGO-

Pep-FAM.  With the exception of Pep-FAM (50 µM), the concentrations of GO, cGO, and cGO-Pep-FAM used in Fig. 1b were 50 μg mL-1 

each, while those of Pep-FAM, cGO, and cGO-Pep-FAM used in Fig. 1c were 5 μM, 1 μg mL-1, 1 μg mL-1, respectively. An enlarged view of 

the FTIR spectra in the region from 1500 cm-1 to 2000 cm-1 was displaced in Supplementary Material, Fig. S2. 
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Figure 2. Effect of solution pH on fluorescence intensities of cGO-Pep-FAM and mixture of cGO and Pep-FAM.  The concentrations of 

cGO-Pep-FAM, cGO, and Pep-FAM used were 0.5 μg mL-1, 0.5 μg mL-1, and 0.5 μM, respectively.  Each data point represents the average 

from three replicate analyses ± one standard deviation. 
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Figure 3. cGO-Pep-FAM detection of ADAM17. (a) Fluorescence spectra of cGO-Pep-FAM in the presence of ADAM17 at various 

concentrations; and (b) plot of fluorescence intensity versus analyte species, showing the selectivity of the cGO-Pep-FAM sensor.  The inset 

in Fig. 3a displays the dose-response curve for ADAM17.  The fluorescence intensity values in Fig. 3b were background corrected, which 

were obtained by subtracting the blank fluorescence intensity from that of the analyte species.  Experiments were performed by incubating 

cGO-Pep-FAM suspension solutions (0.5 µg mL-1, Tris buffer, pH 7.5) with ADAM17 or other species for 60 min at 37 °C, followed by 

measuring their fluorescence intensities with λex/em = 492/515 nm at room temperature.  The concentrations of MMP-9, ADAM9, ADAM17, 

and HSA used in Fig. 3b were 100 ng mL-1, 100 ng mL-1, 100 ng mL-1, and 10 µg mL-1, respectively. Each data point represents the average 

from three replicate analyses ± one standard deviation. 
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Figure 4. Effect of HSA on the fluorescence spectra of cGO-Pep-FAM in the presence of ADAM17 at various concentrations.  The inset 

displays the plot of fluorescence intensity versus ADAM17 concentration.  Experiments were performed by incubating the mixtures of cGO-

Pep-FAM suspension (0.5 µg mL-1, Tris buffer, pH 7.5), HSA (400 μg mL-1), and ADAM17 at concentrations ranging from 5 ng mL-1 to 200 ng 

mL-1 at 37 °C, followed by measuring their fluorescence intensity with λex/em = 492/515 nm at room temperature.  Each data point 

represents the average from three replicate analyses ± one standard deviation. 
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