Enhanced conirol of antibody anchoring in graphene-based biosensors

Riccardo Pinotti’

Gabriele Giagu?, Zein Muhammad |hda Hamlu Liwaissunati2, David Pandcek3, Manuela Iglesias?,
Telma Domingues!, Stefano Gianvittorio4, Andres Lesch4, Francesco Paolucci?, Michal Otyepkas,
Jesus Mosquera’, Giovanni Valenti2, Alejandro Criado!.

ICICA-Centro Interdisciplinar de Quimica e Bioloxia, Rua as Carballeiras, Universidade da Coruna, A
Coruna, 15071 Spain.

2Department of Chemistry “Giacomo Ciamician”, University of Bologna, Via Piero Gobetti 85, 40129
Bologna, Italy.

3Czech Advanced Technology and Research Institute (CATRIN), Palacky University Olomouc,
Slechtitel§ 27, 77900 Olomouc, Czech Republic.

4Department of Industrial Chemistry “Toso Montanari”, University of Bologna, Via Piero Gobetti 85,
40129 Bologna, Italy.

Contact email: riccardo.pinotfti@udc.es

Abstract: Point-of-care diagnostics are based on portable biosensors, therefore their
improvement is crucial for reducing the burden on national healthcare systems.
Immunosensors are one of the key classes of biosensors due to the highly specific antigen-
antibody interactions. Different materials can serve as signal transducers, in particular
graphene and its derivatives, owing to their high surface area, excellent electron transport,
and unique electronic properties, which are key to enhancing sensor sensitivity.[1] In
addition to its properties, graphene derivatives can be formulated info conductive inks,
enabling the fransition from rigid devices to flexible electronics through inkjet printing.[2]

To improve biosensor sensitivity, antibody bioconjugation to the sensor surface is one of the
most critical steps. The current gold standard is based on amidation reactions, which
exploit free amine groups on antibody side chains and carboxylic acid groups on the
surface, whether intfrinsically present or infroduced by chemical modification.[3] Despite its
efficiency, it leads to antibody clustering and random orientation, thus decreasing the
anfigen recognition and therefore reducing the biosensor performance.

In this work, we focused on the development of a chemically modified graphene-based ink
incorporating hydrazide functional groups. This enables controlled antibody immobilization
through selective reactions with aldehydes obtained by oxidizing the glycan moieties on
the heavy chain of the antibody. This strategy allows an improved antibody orientation and
decreased clustering, therefore minimizing antibody inactivation.[4] Finally, the ink viscosity
and surface tension were optimized to meet the stringent requirements of inkjet printing,
and the resulting physicochemical properties were comprehensively evaluated.
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Figure 1: Different bioconjugation approaches for antibodies.
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