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ABSTRACT: In this work, a nanocomposite of Zr-trimesic acid MOF
(MOF-808) with carbon nanotube (CNT) was synthesized through an in
situ formation of MOF-808 on the activated CNT. The synthesized
materials were characterized by powder X-ray diffraction, transmission
electron microscopy, X-ray photoluminescence spectroscopy, Brunauer−
Emmett−Teller, Fourier transform infrared spectroscopy, and Raman
spectroscopy. The protein compatible nature with high surface area and
electrocatalytic ability of MOF-808 was utilized to construct an
immunosensor for ultra low-level detection of the ovarian cancer biomarker,
carbohydrate antigen 125 (CA 125). The mutual benefit of each constituent
of the MOF-808/CNT composite was capable of producing highly
enhanced electrochemical properties. A glassy carbon electrode modified
with MOF-808/CNT was used as a platform to fabricate a label-free
electrochemical immunosensor. The antibody binding sites of MOF-808/
CNT were enriched by functionalization with streptavidin. The immunosensor exhibited two linear determination ranges of 0.001−
0.1 and 0.1−30 ng·mL−1, and the calculated limit of detection was 0.5 pg·mL−1 (S/N 3). The immunosensor showed excellent
reproducibility and selectivity. The patient serum sample analysis was cross-verified with the electrochemiluminescence method with
a relative error of 105−110%.
KEYWORDS: metal−organic framework, MOF-808, biosensor, cancer diagnosis, immobilization, streptavidin

1. INTRODUCTION

Ovarian cancerous tumor shows external symptoms in
advanced stages.1 The epithelial antigen, carbohydrate antigen
125 (CA 125), is a biomarker protein for cancer, especially
ovarian cancer.2 Therefore, simple, low-cost trace level
detection of CA 125 has potential importance in the routine
clinical screening for early detection and prognosis of ovarian
cancer. Many attempts have been made for the detection of
CA 125 using different approaches such as enzyme-linked
immunosorbent assays,3,4 surface plasmon resonance,5 color-
imetry,6 mass spectroscopy,7 and so forth. Each of these
methods has pros and cons. Here, we have used an
electrochemical immunosensor because of its simplicity, high
inherent sensitivity, and portability. Immunosensors are robust
sensing and monitoring tools with high specificity.8 The quest
is on for sensor signal amplification using advanced material
platforms for the electrochemical immunosensor to detect
protein biomarkers in clinical samples.9,10 The electrochemical
immunosensor platform based on advanced materials with
biocompatibility, electrical conductivity, and high surface area
with enhanced electrocatalytic activity can produce better
analytical performances in all terms for clinical sample analysis.
Till now various materials were used as a base for the

fabrication of immunosensor or immunoassay transducers viz.
Au,11 Ag nanoparticles,12 conducting carbon polymer,13

porous silica,14 graphene composites,15 and carbon nanotube
(CNT) composites.16

Metal−organic framework (MOF) is a coordination
polymer, made of the consecutively linked organic linker
with the inorganic metal ion in a highly oriented structure. It
has some fascinating properties such as an ultra-high surface
area with abundant tunable pores, dense catalytic sites, and
appropriate functional groups at the surface.17−19 However,
MOFs are inherently poor conductors and have low stability in
water medium. Currently, huge progress has been made to
synthesize new stable MOFs, investigating their applications in
the field of different catalytic processes, gas adsorption/
separation, supercapacitors, chemical sensors, fuel cells, and
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batteries.20−22 However, there has been little research on the
protein molecule immobilization on the MOF matrix for the
electrochemical immunosensor. MOFs can incorporate bio-
molecules and even enhance their stability and activity.23−25

MOF-808 is highly stable, and it has shown an effective
affinity toward protein molecules25,26 because of the large
coordination numbers, flexible geometries, oxophilicity, and
increased Lewis acidity of Zr(IV).27 It is composed of
[Zr6O4(μ3-OH)4(formate)6] clusters and trimesic acid
(BTC3−) linkers. According to the previously reported27−29

work, the “formate” within the zirconium clusters can be
replaced by the treatment with 1 M HCl to coordinate −OH
and H2O ligands. Consequently, all of the Zr−OH(OH2) sites
in MOF-808 should also be available through the large
hexagonal windows to form an adduct with carboxylate or
nonbonded electron pair present in the protein structure.28

Based on the above discussions, here we have enhanced the
electrical conductivity of MOF-808 by making a composite
with a multiwall CNT. The synthesized MOF-808/CNT was
used to fabricate a label-free electrochemical immunosensor for
CA 125. The biosensor working principle is based on the
distinguishing hindrance created by specific antibody−antigen
binding on mass diffusion of redox probe [Fe(CN)6]

4−/
[Fe(CN)6]

3− to the electrode surface. The MOF-808/CNT
modified GCE electrode can produce appropriate high density
immobilizing sites from Zr−OH(OH2) and enhanced
interfacial charge transfer through the CNT backbone. The
anti-CA 125 binding sites were heightened by functionalization
with streptavidin (SA) on the MOF-808/CNT surface. The
combined merits of each constituent of MOF-808/CNT lead
to the generation of a biocompatible surface with enhanced
electrochemical properties. The analytical methods were
optimized to get better performances for the detection of
CA 125 in terms of linear determination range, sensitivity,
selectivity, reproducibility, and finally successful application in
the practical sample.

2. EXPERIMENTAL SECTION
2.1. Preparation of Activated CNT. 500 mg of CNT was added

to an 80 mL mixture of 3:1 (v/v) concentrate H2SO4 and HNO3. The
mixture was stirred for 1 h at room temperature. Then, 500 mL of
cold Millipore water was added carefully without forming excess heat
and was stirred for another 2 h. Once the residue settled down, the
clear upper part was decanted out. This process was done three times.
Then, the activated CNT (AC-CNT) was collected by centrifugation
at 10,000 rpm and washed with 10 mL of distilled water three times.
Finally, the obtained AC-CNT was dried at 70 °C in a hot air oven.
2.2. Synthesis of MOF-808. MOF-808 was synthesized by the

method reported elsewhere with some modifications.29 Briefly, 0.1747
mg of anhydrous ZrCl4 (0.75 mM) and 0.0525 mg of trimesic acid
(0.25 mM) were added to a 45 mL of 1:1 (v/v) binary mixture of
formic acid and N,N′-dimethylformamide (DMF) in a 250-mL round-
bottom flask. Then, the whole mixture was sonicated for 10 min, and
a clear solution was formed. After that, it was refluxed at 140 °C for 2
h, followed by cooling down at room temperature. The obtained
white precipitate was washed with DMF (10 mL × 3) and methanol
(10 mL × 3) by centrifugation at 8000 rpm. The collected white
residue was dried at 70 °C for 12 h in vacuum.
2.3. Synthesis of MOF-808/CNT. 100 mg of AC-CNT was

added to 60 mL of 1:1(v/v) binary mixture of formic acid and DMF.
A uniform dispersion was obtained by sonication for 30 min. Then,
0.1747 mg of anhydrous ZrCl4 (0.75 mM) and 0.0525 mg of trimesic
acid (0.25 mM) were added to the above dispersion and sonicated for
another 30 min followed by reflux for 2 h at 140 °C. The obtained
grey mass was collected (8000 rpm) and washed with DMF (10 mL ×

4) and methanol (10 mL × 3), followed by vacuum drying at 70 °C
for 12 h. The amount of CNT was optimized to get the best
performance (Figure S1).

2.4. Activation of MOF-808/CNT and MOF-808. 250 mg of the
synthesized materials (MOF-808/CNT or MOF-808) were taken in a
100-mL round-bottom flask. After that, 55 mL of DMF and 5 mL of
concentrated HCl were added. The obtained suspension was
sonicated for 5 min followed by incubation at 80 °C for 24 h. After
that, the suspension was cooled down to room temperature and
washed with DMF (10 mL × 3) and methanol (10 mL × 2). The
obtained grey powder was dried at 80 °C in vacuum.

2.5. Preparation of the Electrode. The bare GCEs were
polished with 0.3 μm followed by 0.05 μm α-Al2O3 slurries on
chamois leather to make a mirrorlike surface. After that, the polished
GCEs were sonicated in ethanol, followed by distilled water for 2 min
to clean the surface of any possible particle adhering to the surface.
Finally, 10 μL of 1 mg·mL−1 MOF-808/CNT or CNT or MOF-808
dispersed in 5% (w/w) chitosan solution was added dropwise on the
surface of GCEs and dried in desiccators at room temperature.

2.6. Electrochemical Measurements. All the electrochemical
experiments were done by a three-electrode setup. The used three-
electrode system includes a Pt counter electrode, a KCl saturated Ag/
AgCl reference electrode, and a GCE working electrode. The GCE
modification and all the functionalization steps were monitored by
cyclic voltammetry (CV) and electrochemical impedance spectrosco-
py (EIS). The linear determination ranges were investigated by
differential pulse voltammetry (DPV), after nonspecific sites of the
fabricated sensor bovine serum albumin (BSA)-blocked electrodes
were incubated with 10 μL of CA 125 solution with different
concentrations by dipping the electrodes in a 5 mM [Fe(CN)6]

3−/
[Fe(CN)6]

4− solution with 0.1 M KCl. The quantitative analysis was
examined by a decrease in the peak current of DPV with the increase
of the CA 125 concentration. The parameters for DPV measurements
were as follows: the potential range −0.2 to 0.6 V, potential increment
0.004 V, pulse amplitude 0.05 V, the pulse width 0.2 s, sample width
0.0167 s, and the pulse period 0.5 s.

2.7. Fabrication of the Immunosensor. The complete
fabrication produced is presented graphically in Scheme 1. 10 μL of

200 μg·mL−1 SA aqueous solution was added dropwise on the MOF-
808/CNT/GCE. 30 min later, it was washed with phosphate-buffered
saline (PBS) of pH 7.0 and air-dried. Then, 10 μL of 10 μg·mL−1 of
anti-CA 125 was added dropwise on SA/MOF-808-CNT/GCE and
incubated for 30 min at 26 °C and finally washed carefully with PBS
(pH 7.0). After that, the anti-CA 125/SA/MOF-808/CNT/GCE
electrode was incubated with 10 μL of BSA (1% w/w) for 40 min at
26 °C to cover the nonbounded open active sites and washed with
PBS (pH 7.0). Finally, the electrode was incubated with 10 μL of
different concentrations of CA 125 for 25 min at 26 °C, followed by
washing with PBS and then measuring the electrochemical signals. All
the experimental conditions were optimized to get the best result.

Scheme 1. Illustration of Stepwise Fabrication of the
Immunosensor
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3. RESULTS AND DISCUSSION

3.1. Characterization. The crystalline nature and the
successful synthesis of MOF-808, MOF-808/CNT, and AC-
CNT were investigated by powder X-ray diffraction (PXRD)
technique (Figure 1A). Both MOF-808 and MOF-808/CNT
showed sharp peaks indicating the formation of a highly
crystalline structure. The PXRD pattern of MOF-808 showed
the peaks at 4.4, 8.3, and 8.7° corresponding to (111), (311),
and (222) crystalline plane. This is in good agreement with the
previously reported work.28−30 The diffraction pattern of the
activated CNT showed a shift and broad peak compared to the
pristine CNT of the (001) and (002) plane peaks. This is due
to the formation of a carboxylate group upon oxidation.31 A
combined pattern of individual peaks was observed in the case
of the composite material, MOF-808/CNT.
The specific surface area of MOF-808 and MOF-808/CNT

was analyzed after activation by the Brunauer−Emmett−Teller
(BET) method. The nitrogen adsorption−desorption iso-
therms of MOF-808 and MOF-808/CNT are presented in
Figure 1B. Both the synthesized materials showed a type-IV
curve.32 This is a common phenomenon for mesoporous
materials. The BET surface areas of MOF-808 and MOF-808/
CNT were found as 1646 and 1475 m2·g−1, respectively. The
pore diameter was calculated using the Barrett−Joyner−
Halenda method. The value of the pore diameter for both
the materials was 2.1 nm.
The successful synthesis of each material was investigated by

Fourier transform infrared spectroscopy (FTIR) (Figure 1C).
The AC-CNT showed typically two sets of the band from
900−1730 to 2700−3800 cm−1. In the first region, the peak at
1570 cm−1 is attributed to the CNT backbone and all other
bands represent the carboxylate group produced by the
oxidation of nitric acid.31 The second part contains two
peaks attributed to O−H groups. The FTIR spectrum of
MOF-808 contains the signature peak at 658 cm−1 for the Zr−
O bond in Zr nodes. The peaks from 1375 to 1675 cm−1 were
generated because of the carboxylate groups and the aromatic
rings within the trimesic acid ligands. The broadband at 3476

cm−1 is attributed to the replaceable −OH groups attached to
Zr nodes. Finally, the MOF-808/CNT FTIR spectrum
contains the combined nature of both the constituents with
an overlap of the slightly shifted peaks. This indicates the
successful formation of the MOF-808/CNT composite. The
Raman spectra (Figure 1D) of AC-CNT consisted of typical D
(1354 cm−1) and G (1588 cm−1) peaks with an overtone of G-
mode, namely, 2D (2629 cm−1). The small peak at 2944 cm−1

originated from the defects formed by oxidation. The spectrum
of MOF-808 showed peaks mainly corresponding to the
trimesic acid ligands. The peak at 810 cm−1 is attributed to the
out-of-plane deformative mode of C−H groups. The peaks at
1005, 1364, and 1592 cm−1 come from the aromatic CC
mode of vibration. The intense sharp big peak at 1473 cm−1

corresponds to the CO2
− groups. The spectral signature of

composites, MOF-808/CNT contains overlapped and com-
bined peaks of both the constituents. All these discussions
collectively indicate the successful formation of the nano-
composite between MOF-808 and CNT.
The morphology of the synthesized materials was examined

by scanning electron microscopy (SEM) and transmission
electron microscopy (TEM). SEM of MOF-808 depicted
nanometer-sized cubic-shaped particles (Figure 2A). This is
also supported by TEM (Figure 2B). The MOF-808/CNT
showed a cubic MOF-800 anchored on the CNT matrix
(Figure 2C). The size of the MOF particle in the MOF-808/
CNT is relatively smaller than the individual MOF-808. The
TEM image showed the formation of MOF cubes along the
CNTs (Figure 2D). The EDX mapping images show that Zr,
C, and O are distributed uniformly over the entire architecture
(Figure 2F−H). The CNT in the HAADF-STEM image
(Figure 2F) and C-mapped image is in good correlation. All
these above discussions imply the successful synthesis of MOF-
808 and CNT composites.

3.2. Electrochemical Studies. The electrochemical
properties of the MOF-808-modified GCE (MOF-808/GCE)
were investigated by CV and EIS (Figure S2a,b), and the
obtained results were compared with the same of the CNT-

Figure 1. (A) PXRD pattern and (B) nitrogen adsorption and desorption isotherms measured at 77 K. Inset: pore size distribution; (C) FTIR; and
(D) Raman spectrum.
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modified GCE (CNT/GCE) and bare GCE. The CV redox
peak currents were increased at MOF-808/CNT/GCE
compared to bare GCE and CNT/GCE by 2.8 and 1.5
times, respectively. The charge transfer capabilities of the
electrodes were investigated by EIS. The impedance spectrum
is commonly presented in the form of the Nyquist plot, which
is composed of the semicircle portion at higher frequencies and
the linear portion at lower frequencies.33 The semicircle
diameter of the Nyquist plot can be quantified as the charge
transfer resistance (Rct). The Rct value for the bare GCE,
CNT/GCE, and MOF-808/CNT/GCE was found as 131, 47,
and 81 Ω, respectively. The electrochemical surface area of the
electrodes was calculated by the Randles−Sevcik equation34

(Supporting Information, Table S1). It was found that the
MOF-808/CNT/GCE possesses a larger electrochemical
surface area (0.243 cm2) and charge transfer capability
among these three electrodes. All these results can be
attributed to the combination of high electrical conductive
CNT with a high specific surface area and densely populated
Zr nodes catalytic sites of the MOF-808. All these character-
istics with an inherently protein compatible environment at the
MOF-808 should facilitate the noncovalent attachment of the
biomolecules on the electrode surface and enhance the sensor
signal.
Each step of the immunosensor fabrication was charac-

terized by CV, EIS, X-ray photoluminescence spectroscopy

(XPS), and static contact angle measurements (Figure 3). CVs
and EIS were done in the presence of 5 mM [Fe(CN)6]

3−/
[Fe(CN)6]

4− with 0.1 M KCl. One SA can form selective,
noncovalent bonding with four biotin moieties. Owing to this
fact, the biotinylated antibody was used. Each biomolecular
immobilization on the MOF-808/CNT/GCE increments
hindrance on the mass diffusion of [Fe(CN)6]

3−/[Fe(CN)6]
4−

at the electrode surface and degrades charge transfer.
Eventually, it leads to a decrease in the peak current and an
increase in charge transfer resistance by each fabrication step.
CV for each immobilization is presented in Figure 3A. Upon
each consecutive immobilization of biomolecules on the MOF-
808/CNT/GCE, the redox peak currents were decreased in
the order as follows: (b) MOF-808/CNT/GCE > (c) SA/
MOF-808/CNT/GCE > (d) anti-CA 125/SA/MOF-808/
CNT/GCE > (e) BSA/antibody/SA/MOF-808/CNT/GCE >
(f) CA 125/BSA/antibody/SA/MOF-808/CNT/GCE. This is
according to the anticipated order with the respective
immobilization steps. The result of the EIS measurements is
presented in Figure 3B. The Nyquist plots showed that the Rct

value increased upon consecutive immobilization on the MOF-
808/CNT/GCE platform with (c) SA (166 Ω) < (d) anti-CA
125 (238 Ω) < (e) BSA (272 Ω) < (f) CA 125 (307 Ω). The
EIS outcome is in good correlation with CV investigation. The
immunosensor fabrication process was further verified with the
static contact water angle measurement at ambient temper-
ature by the sessile drop method. The protein compatibility of
the platform depends on the hydrophobicity. Figure S3 shows
the contact angle of (a) bare GCE (66.9°), (b) MOF-808/
CNT/CGE (47.5°), (c) SA/MOF-808/CNT/CGE (39.7°),
and (d) anti-CA 125/SA/MOF-808/CNT/CGE (31.4°). The
hydrophobic MOF-808/CNT leads to a decrease in the
contact angle value as compared to the bare GCE. The
biomolecules, SA, and anti-CA 125 are reasonably hydro-
phobic. Further decrease in the contact angle was observed for
obvious reasons. The hydrophobic environment of the
biosensor can provide a favorable bioactive environment for
the loaded antibody molecules. The XPS investigation of the
immunosensor fabrication process showed an incremental
increase in the N 1s peaks (Figure S4) upon each biomolecule
functionalization step. This indicates successful immobilization
of the biomolecules. The XPS observations are consistent with
the CV, EIS, and static contact angle measurement. Therefore,
all the above discussion indicates the successful fabrication of
the targeted immunosensor.

Figure 2. SEM images of (A) MOF-808 and (C) MOF-808/CNT;
TEM images of (B) MOF-808 and (D) MOF-808/CNT; and (E−H)
HAADF-STEM image (scale bar: 500 nm) and EDX elemental
mapping.

Figure 3. (A) CVs and (B) EIS plots of different biomolecules functionalized steps at MOF-808/CNT/GCE in 5 mM [Fe(CN)6]
3−/4− containing

0.1 M KCl at a pH of 7.0 PBS; (a) bare GCE, (b) MOF-808/CNT/GCE, (c) SA/MOF-808/CNT/GCE, (d) anti-CA 125/SA/MOF-808/CNT/
GCE, (e) BSA/anti-CA 125/SA/MOF-808/CNT/GCE, and (f) CA 125/BSA/anti-CA 125/SA/MOF-808/CNT/GCE.
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3.3. Optimization of Immunosensor. Various parame-
ters of the immunosensor fabrication process were optimized
(Figure 4). The optimal assay for the immunosensor
fabrication was done by the CV current signal of the
immunosensor in PBS solution containing 5.0 mM [Fe-
(CN)6]

3−/[Fe(CN)6]
4− containing 0.1 M KCl. The electro-

chemical process and protein structure highly depend on the
medium pH. The immunosensor showed the highest current
value at a pH of 6.5 in 0.1 M PBS (Figure 4A). However, all
the experiments were carried out at a pH of 7.0 since the
protein structures and immune complex stability are highly
sensitive to medium pH. The incubation time is an important
parameter, as it can enhance the sensitivity and fasten the
fabrication process. The incubation time was investigated using
30 ng·mL−1 CA 125. Figure 4B shows a gradual decrease in the
anodic peak current with increasing incubation time up to 25
min and becomes steady afterward. Also, the amount of anti-
CA 125 and its binding time with SA/MOF-808/CNT were
optimized (Figure 4C,D). These are vital factors for the
immunological reorganization of CA 125. 2 μg·mL−1 of anti-
CA 125 showed the highest effective blocking toward the

penetration of the redox probe upon adduct formation with SA
(Figure 4D). The optimum binding time of anti-CA 125 with
SA was found as 30 min (Figure 4C). Figure 4B−D shows a
similar kind of pattern. In each case, the minima of current
values were reached by the highest blocking in mass transfer
owing to the surface binding. Also, there was a slight increase
in current after maxima in the above three cases. This is due to
the formation of a scabrous and uneven electrode surface by
superabundant agglomerations of antibody/antigen. All further
experiments were performed according to these optimized
conditions.

3.4. Voltammetric Determination of CA 125. The
quantitative measurement of CA 125 was done by incubating
different concentrations of CA 125 on the immunosensor.
DPV was employed to examine the analytical capabilities of the
fabricated immunosensor under optimized conditions (Figure
5). Figure 5A displays typical DPV detection of CA 125 in the
presence of [Fe(CN)6]

3−/4− probe. It can be noted that the
DPV peak currents were decreased with an increase in the CA
125 concentrations. This is due to the increased formation of
immunoconjugates on the immunosensor; as a consequence,

Figure 4. (A) Variation of CV anodic peak current with pH; (B) optimization of incubation time for antigen; (C) antibody binding time
optimization; and (D) amount of antibody optimization (n = 4 for each point).

Figure 5. (A) Differential pulse voltammograms of different concentration of CA 125 incubated immunosensor in 5.0 mM [Fe(CN)6]3−/
[Fe(CN)6]4− solution with 0.1 M KCl; top to bottom 0.001, 0.001, 0.05, 0.1, 1.0, 10, 20, and 30 ng·mL−1 and (B) corresponding calibration plot
concentration of CA 125 (ng·mL−1) vs peak current (μA).
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there is an incremental growth of hindrance toward the mass
transfer of the redox probe. The DPV oxidation current was
found to follow a linear relationship with the concentration of
CA 125 within the range of 0.001−0.1 and 0.1−30 ng·mL−1

with the linear regression eqs 1 and 2 (Figure 5B). The limit of
detection was calculated as 0.0005 ng·mL−1 (S/N 3). These
results indicate the excellent analytical performance of the
fabricated biosensor. Furthermore, the obtained analytical
performance was compared with the previously reported
immunosensor and is presented in Table 1. Various reported
immunosensors and methodology were included. The
analytical performances were better compared to the other
immunosensors. Especially the detection limit was better by
decimal places.

= − + =I C R43.884 40.506 ( 0.9943)CA 125 CA 125
2

(1)

= − + =I C R0.4886 35.3 ( 0.9846)CA 125 CA 125
2

(2)

3.5. Evaluation of Reproducibility, Selectivity, Stabil-
ity, and Application. To examine the reproducibility of the
fabricated sensor, ten immunosensors were incubated with 10
ng·mL−1 of CA 125, and DPVs were recorded in a 5.0 mM
[Fe(CN)6]

3−/[Fe(CN)6]
4− . The relative standard deviation

(RSD) for the measurements was calculated to be 2.2%. The
carcinoembryonic antigen, human IgG, α-fetoprotein, glucose,
and CA 19-9 were used as interferers to examine the selectivity.
Figure S5 shows a negligible decrease in the DPV peak current,
less than 5%, for the taken interferers compared to only CA
125. This is attributed to the high selectivity of the fabricated
sensor toward CA 125. To evaluate the specificity, the
proposed immunosensor was incubated with 10 ng·mL−1 of
each interfering agent, followed by measuring using DPV.
Figure S6 shows that the peak current of DPV toward the
interfering substances was close to the response of the blank
solution. However, the peak current for CA 125 (30 ng·mL−1)
was much lower than that of the interfering substances. To
estimate the stability, the immunosensors were stored at 4 °C
for 9 weeks while examining and measuring the CA 125 every
week (Figure S7). The immunosensor showed a negligible
decrease in the peak current (RSD 3.1). The results
demonstrated that the designed immunosensor has satisfactory
reproducibility, selectivity, and stability.
The practical applicability of the fabricated immunosensor

was investigated by measuring CA 125 within the patient
serum samples collected from Yangzhou University Hospital
and stored at 4 °C. 1 mL of serum sample was diluted 20 times
with PBS (pH 7.0) for stock (Figure S8 and Table S2). The
RSD for the serum analysis was between 97 and 103%.
Furthermore, the validity of the measured amount of CA 125
in the serum samples was cross-examined with the ECL
immunoassay reference method, which was conducted by

Yangzhou University Hospital. The obtained results showed an
acceptable relative error within 10% between these two
methods. Therefore, the fabricated immunosensor was highly
effective for the diagnosis of a clinical sample.

4. CONCLUSIONS
Here, we have demonstrated a SA-functionalized MOF-808/
CNT-based label-free electrochemical immunosensor platform
for CA 125 ovarian cancer biomarker detection. The target for
the improvement of MOF-808’s electroconductivity and
catalytic activity was achieved successfully by making a
composite with the CNT. The MOF-808/CNT-modified
GCE exhibited high electrochemical surface area (0.243
cm2), excellent charge transfer, and electrocatalytic properties.
Furthermore, the combination of biocompatibility and
fascinating electrochemical properties of MOF-808/CNT
produced an advanced immunoassay fabrication platform for
label-free CA 125 detection. This immunoassay strategy can be
easily achieved by immobilization of the captured antibodies
on MOF-808/CNT through a biotin-avidin system. Also, the
immunosensor showed a lower incubation time without losing
sensitivity. The developed immunosensor showed a wide linear
determination range (0.001−30 ng·mL−1) under the optimized
condition with the highest sensitivity (43.88 μA·ng−1·mL−1)
and an ultra-low detection limit of 0.5 pg·mL−1. In terms of
sensor properties, the fabricated sensor is reasonably
reproducible (RSD 99.3%), selective, and robust. The patient
serum sample analysis with the recovery of 105−110%
indicates that the fabricated sensor has a great potential for
clinical application. The MOF-808/CNT provides a universal
and promising avenue for the development of immunoassay
applications.
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