Author’s Accepted Manuscript

The principal internatioaal Journal devoted to research, design, development and
bioelectonies

Uniform sensing layer of immiscible enzyme-
mediator compounds developed via a spray aerosol
mixing technique towards low cost minimally
invasive  microneedle  continuous  glucose
monitoring devices

‘applcation of bosensors and

Siamak Samavat, Jonathan Lloyd, Laura O’Dea,
Wei Zhang’ Emily Preedy’ Stephen Luzio, Kar www.elsevier.comylocate/bios
Seng Teng

PII: S0956-5663(18)30555-4
DOI: https://doi.org/10.1016/j.bi0s.2018.07.054
Reference: BIOS10643

To appear in:  Biosensors and Bioelectronic

Received date: 17 May 2018
Revised date: 18 July 2018
Accepted date: 25 July 2018

Cite this article as: Siamak Samavat, Jonathan Lloyd, Laura O’Dea, Wei Zhang,
Emily Preedy, Stephen Luzio and Kar Seng Teng, Uniform sensing layer of
immiscible enzyme-mediator compounds developed via a spray aerosol mixing
technique towards low cost minimally invasive microneedle continuous glucose
monitoring devices, Biosensors and Bioelectronic,
https://doi.org/10.1016/1.bios.2018.07.054

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.


http://www.elsevier.com/locate/bios
https://doi.org/10.1016/j.bios.2018.07.054
https://doi.org/10.1016/j.bios.2018.07.054

Uniform sensing layer of immiscible enzyme-mediator compounds developed via a spray
aerosol mixing technique towards low cost minimally invasive microneedle continuous
glucose monitoring devices
Siamak Samavat®, Jonathan Lloyd®, Laura O’Dea® Wei Zhang®, Emily Preedy?® Stephen

Luzio® and Kar Seng Teng™*

®College of Engineering, Swansea University, Bay Campus, Fabian Way, Swansea SA1 8EN,
UK.

®Institute of Life Sciences, Swansea University, Singleton Campus, Singleton Park, Swansea,
SA2 8PP, UK.

*Corresponding author: k.s.teng@swansea.ac.uk

Abstract

In this study, a uniformly mixed sensing layer of typically immiscible compounds, such as
tetrathiafulvalene (TTF) mediator and glucose oxidase (GOXx) enzyme, was developed using a
simultaneous spray deposition technique ideal for mass production of glucose sensors at low
cost while exhibiting enhanced amperometric response. For comparison, the sensors were
fabricated via three different methods: conventional drop-cast of TTF and GOx compounds in
subsequent layers (DL), spray deposition of the compounds in subsequent layers (SL), and
spray mixing of the compounds as one uniform layer (SM). Uniformity of the sensing layers
was investigated via Scanning Electron Microscopy (SEM) and Energy Dispersive X-Ray
Spectroscopy (EDX) techniques demonstrating an even distribution of the TTF and GOx
throughout the sensing layer for the SM sensors. The amperometric studies showed a
significantly larger maximum current response, Inax and sensitivity for the SM sensors as
compared to the SL and DL sensors. The significantly better performance of the SM sensors
correlated well with the even distribution of TTF and GOx throughout the sensing layer,
resulting in enhanced electron transfer and redox reaction between GOx and TTF. The SM
spray technique was then applied to deposit a uniformly mixed sensing layer on to 3D
microneedle arrays to provide minimally invasive continuous glucose monitoring (CGM). In-
vivo studies showed amperometric response from the microneedle CGM device was
compatible to changes in blood glucose levels measured via the standard finger prick tests.
Importantly, the deposition technique is suitable for mass production of the microneedle
CGM at very low cost.
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