Field-effect transistors for rapid on-site disease diagnostics
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Abstract

Field-effect transistors (FETs) based on large-area graphene [1, 2] and other two-dimensional (2D)
materials such as MoS: [3, 4] and WSe: [5] can potentially be used as highly sensitive, low-cost and
flexible biosensors in future point-of-care (POC) diagnostic devices. However, there have been few
attempts to use these devices for quantifying molecular interactions and to compare their performance
to established sensor technology. Here, gold-coated graphene FETs are used to measure the binding
affinity of a specific protein—antibody interaction. [6] Having a gold surface gives access to well-known
thiol chemistry for the self-assembly of linker molecules. The results are compared with potentiometric
silicon-based extended-gate sensors and a surface plasmon resonance system. The estimated
dissociation constants are in excellent agreement for all sensor types as long as the active surfaces are
the same (gold).

Furthermore, using the model pathogen Bovine Herpes Virus-1 (BHV-1) this study employs an
extended-gate field-effect transistor (FET) for direct potentiometric serological diagnosis.[7] BHV-1 is a
major viral pathogen of Bovine Respiratory Disease (BRD), the leading cause of economic loss ($2
billion annually in the US only) to the cattle and dairy industry. To demonstrate the sensor capabilities
as a diagnostic tool, BHV-1 viral protein gE was expressed and immobilized on the sensor surface to
serve as a capture antigen for a BHV-1-specific antibody (anti-gE), produced in cattle in response to
viral infection. The gE-coated immunosensor was shown to be highly sensitive and selective to anti-gE
present in commercially available anti-BHV-1 antiserum and in real serum samples from cattle with
results being in excellent agreement with Surface Plasmon Resonance (SPR) and ELISA. The FET
sensor is significantly faster than ELISA (<10 min), a crucial factor for successful disease intervention.
This sensor technology is versatile, amenable to multiplexing, easily integrated to POC devices, and
has the potential to impact a wide range of human and animal diseases.

Finally, tunneling field-effect transistors based on vertical stacks (heterostructures) of 2D materials will
be discussed.[8] These band-to-band tunneling devices have a fundamentally different working
principle, and can overcome the thermionic turn-on limit (or subthreshold swing) of conventional field-
effect transistors,[9] which can potentially enable fast und ultra-sensitive biosensors.
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