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Abstract: A graphene-based electrochemical biosensor was developed for the detection of matrix
metalloproteinase 2 (MMP-2) endopeptidase, whose expression can be significantly related to the
occurrence, metastasis, and prognosis of cancer. A specific anti-MMP-2 aptamer was successfully
immobilized on the surface of electrochemically reduced graphene oxide via a pyrene-based linker,
enabling the specific capture of MMP-2. The sensor was able to detect 1 ng mL−1, with an overall
detection time of less than 20 min. Moreover, the aptamer-based biosensor showed good specificity
toward different unspecific proteins.
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1. Introduction

Matrix metalloproteinases (MMPs) are a family of extracellular Zn2+-dependent
endopeptidases [1]. Due to their involvement in several aspects of cancer development,
MMPs have been regarded as a hallmark of cancer [2]. In particular, MMP-2 is made by
stromal cells, and it can be found on both stromal and cancer cell membranes [2]; therefore,
its overexpression is significantly related to the occurrence, metastasis, and prognosis of
cancer [3]. One of the electrochemical biosensing solutions for MMP-2 detection involves a
sandwich assay performed on an electrode surface by using graphene-oxide micro-flakes
functionalized with a detection antibody and horseradish peroxidase (HRP), resulting
in a detection limit of 0.11 pg mL−1 [4]. Mishyn and co-workers developed an MMP-2
aptasensor with gold interdigitated electrodes (IDE) functionalized with CVD graphene,
which was modified with an anti-MMP-2 aptamer. By using differential pulse voltammetry
(DPV), a limit of detection of 100 pM (920 pg mL−1) was obtained [5].

Here, we report the development of an electrochemical biosensing platform for the
detection of MMP-2 based on graphene oxide-coated gold interdigitated electrodes and a
specific anti-MMP2 aptamer.

2. Materials and Methods

Clean gold interdigitated electrodes (ED-IDE1-Au, Micrux, Gijón, Spain) were treated
with APTES ((3-aminopropyl) triethoxysilane) (Sigma Aldrich, St. Louis, MO, USA) so-
lution to activate the glass surface. A graphene oxide thin film was prepared via spin
coating with subsequent electrochemical reduction to obtain a conductive reduced GO
film. 1-pyrenebutyric acid N-hydroxysuccinimide ester (PBASE, Sigma Aldrich, USA)
in N,N-dimethylformamide (DMF, Sigma Aldrich, USA) was incubated on the electrode
to activate rGO sheets for the immobilization of the anti-MMP2 aptamer (Metabion AG,
Planegg, Germany). Finally, 0.05% w/w BSA in water was incubated to block the remaining
free surface. MMP-2 (pre-activated human, Sigma Aldrich, USA) was serially diluted from
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a stock solution to obtain a concentration range of 1 ng mL−1 to 100 ng mL−1 in 1× PBS.
All electrochemical measurements were performed on a Biologic VMP 3e Multichannel
potentiostat (Seyssinet-Pariset, France), using 5 mM of K3[Fe(CN)6]/K4[Fe(CN)6] (Sigma
Aldrich, USA; Fluka, Barcelona, Spain) in 0.1 M KCl (Sigma Aldrich, USA).

3. Discussion

An rGO-based aptasensor was characterized electrochemically by CV and EIS after
each step of the functionalization protocol. As shown in Figure 1A, a distinct oxidation
peak was observed for bare gold and the rGO-functionalized electrode, while the peak
drastically diminished after each step due to the presence of layered molecular structures
that significantly reduced the electron and mass transfer between the electrode and redox
probe [6]. As a proof of concept, the developed biosensor was tested to various MMP-2
concentrations prepared in 1× PBS. As presented in Figure 1B, the EIS data showed that the
impedance increased as the concentration increased until 100 ng mL−1, where saturation
was observed. The biosensor showed a good dynamical range between 1 and 50 ng mL−1.
In addition, the aptasensor showed excellent selectivity with respect to other immuno-
responsive proteins, such as IL-6 and IL-10.
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Figure 1. (A) Graphene-based aptasensor assembly characterization via CV; (B) EIS spectra of
different MMP-2 concentrations in 1× PBS.
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