Polym. Korea, Vol. 46, No. 3, pp. 342-347 (2022)
https://doi.org/10.7317/pk.2022.46.3.342

GOx &0| C|A3 IS ALESEH & 7[H =2F3A dM
HiS9 - Hif
ZAEd g &3k A
(2021 12¢ 28 Hr, 2022 29 159 4, 20229 2¢ 15 AH)

Sweat-based Glucose Biosensor Using a Disc Paper Immobilized
with Glucose Oxidase

Seung-Yeop Baek and Soo-Young Park’

Kyungpook University, 80 Daehak-ro, Buk-gu, Daegu 41566, Korea
(Received December 28, 2021; Revised February 15, 2022; Accepted February 15, 2022)

EE: B dAyores FdYEez dsk= DS-710 A= (Metrohm DropSens, Spain) ¢l 4k} 2532 a4
(glucose oxidase, 2.25 U disc') & ZA3}3F o] U2TE Yol U3)g vAG FFIX AME AZRs A=
Sk Fo] FFEIX AX= 27188 chronoamperometric(CA) WHOZE oF 20 uLe] Holl £3d FFIX29] oS
-0.155 Vel A7 0.0-4.0 mM3} FIZEE 0.0l mME S35 o). wahx] B Aol 7ast Fo] FF
A E 7H Aol A, thE BdlE A8 < e ] e HIRE Hhel 2 AlMeltt

Abstract: A non-invasive glucose biosensor based on a paper disc immobilized with glucose oxidase (2.25 U disc) was
developed to be used as a disposable patch on the commercially-available electrode (DS-710, Metrohm DropSens, Spain).
The developed glucose biosensor system showed 0.01 mM of limit of detection in the linear range of 0.0 to 4.0 mM when
the 20 pL sweat was used to measure a current at applied -0.155 V with a chronoamperometric (CA) method. Thus, this
cost-effective and disposable glucose biosensor system can be expandable to other enzyme systems.
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GOx (2.25 U dise™, 15 pL) )
immobilization Q Sweat Soaking -
Drying

9mm GOx
Paper disc paper disc
Patching a paper disc
O on the electrode .

Sweat-soaked
GOx paper disc

Paper disc- patched
on DS-710 electrode

Scheme 1. Schematics of preparation of the glucose oxidase (GOx)
paper disc patched on the Prussian-blue (PB)-doped electrode with
the photographic image of collecting sweat.
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glucose(&FF3 2>, Sigma-Aldrich, USA), 0.1 M phosphate
buffer saline(PBS, Bioneer, Koreays A3t HEE A=
2 7|EAFOE 2(silver), FNAF2=E 7 (carbon), 2]
Ao 2 73} ufj 7] A (mediator)2 Z2iA]QF E-F(Prussian
blue, PBY} =% DS-710(1=, Metrohm DropSens, Spain)
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QlE el HM=E. 1% & Ax3at7] S8l uric acid(UA,
Sigma-aldrich, USA), L-ascorbic acid(AA, Duksan, Korea),
L-lactic acid(LA, TCI, Japan), urea(urea, Sigma-Aldrich,
USA), calcium chloride(CaCl,, Yakuri, Japan), iron(Il)
chloride tetrahydrate(FeCl,4H,0O, Junsei, Japan), zinc nitrate
hexahydrate(Zn(NOs),-6H,0, Alfa Aesar, USA), magnesium
nitrate hexahydrate(Mg(NO;),-6H,0, Sigma-Aldrich, USAYE
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Table 1. Components of the Artificial Sweat Sample and
Their Respective Concentrations

Component Species Concentration (mM)
Lactate Lactic acid 20
Calcium CaCl, 1

Magnesium (Mg(NOs),6H,0 0.3

Iron FeCl,-4H,0 0.01
Zinc Zn(NOs), 6H,0 0.01
Urea Urea 15
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Figure 1. Cyclic voltammograms (CV, 0 to -0.3 V at 10 mV s™)
with the GOx paper disc (2.25 U disc™) on the electrode after drop-

ping the PBS samples (20 pL) containing glucose at different glu-
cose concentration (Cy).
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Figure 2. Measured currents of the chronoamperometric (CA)
curves with the GOx paper disc (2.25 U disc™) on the electrode after
dropping the PBS samples (20 pL) containing glucose (C,=1 mM)
at different applied potentials (vs. Ag/AgCl).
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Figure 3. Chronoamperometric (CA) curves (-0.155 V vs. Ag/
AgCl) with the GOx disc (2.25 U disc™) on the electrode after drop-

ping the PBS samples (20 pL) containing glucose at different glu-
cose concentration (C,).
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Figure 4. Measured current of the chronoamperometric (CA) curves
(-0.155 V vs. Ag/AgCl) as a function of glucose concentration (C,)
of the PBS samples (20 uL) with the GOx paper disc on electrode
prepared at different GOx concentration (Cgo,); inset is the photo-
graphic image of the electrode with water droplet on the disc at Cgoyx
>2.25U.
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Figure 5. Calibration curve of the measured current vs. concentra-
tion of glucose (C,) plot from the chronoamperometric (CA) curves
(-0.155 V vs. Ag/AgCl) with the PBS samples (20 pL) using the
GOx paper disc on electrode prepared at GOx concentration (Cgoy)
of 2.25 U disc™.
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Figure 6. Measured currents of the chronoamperometric (CA)
curves (-0.155 V vs. Ag/AgCl) with the PBS samples (20 pL) con-
taining glucose (Glu, 1 mM), lactic acid (LA, 20 mM), uric acid
(UA, 1 mM), ascorbic acid (AA, 1 mM), urea (1 mM), artificial
sweat (AS), and real sweat (RS) using the GOx paper disc on elec-
trode.
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Figure 7. Measured currents of the chronoamperometric (CA)
curves (-0.155 V vs. Ag/AgCl) with the PBS samples (20 uL) con-
taining glucose (1 mM) using the GOx paper disc on electrode at
different storage time at 4 °C and 25 °C.
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