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Towards graphene based label-free sensors for cardiovascular risk biomarker detection
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We report on our progress towards the development
of label-free chemical vapour deposition graphene
field effect transistor (GFET) immunosensors for the
sensitive detection of Fibrinogen, a well-known
biomarker of cardiovascular disease (CVD). GFET
sensors are low cost, have fast response and are
portable for point-of-care (PoC) applications and could
therefore revolutionise early diagnosis of a range of
diseases. Initial proof-of-concept tests using the GFETs
have been conducted wusing human chorionic
gonadotropin (hCG), a glycoprotein risk biomarker of
pancreatic cancer as well as pregnancy. The GFET
sensors were fabricated on Si/SiO2 substrate using
photolithography with evaporated chromium and
sputtered gold contacts. GFET channels were
functionalised with a linker molecule to immobilise anti-
hCG antibody on the surface of graphene. The binding
reaction of the antibody with varying concentration
levels of hCG antigen demonstrated the limit of
detection of the GFET sensors to be below 1 pg/mL
using four-probe electrical measurements. We also
show that annealing can significantly improve the
carrier transport properties of GFETs and shift the
Dirac point (Fermi level) with reduced p-doping in
back-gated measurements. In addition, we are also
developing multiplex circuits to enable simultaneous
detection of a panel of biomarkers to increase
confidence in the state of the measured disease and
enable prognostic monitoring. The developed GFET
biosensors are generic and could find applications in a
broad range of medical diagnostics in addition to
cardiovascular and cancer, such as neurodegenerative
(Alzheimer’s and Parkinson’s) and environmental
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