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Paper-based electrochemical (bio)sensors: where we are and where we are going
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— Biosensors and Bioelectronics 156 (2020) 112033
rach, R S Contents lists available at ScienceDirect

—
-
Biosensors and Bioelectronics
1 ELSEVIER e e iee
m
Carbon black as an outstanding and affordable nanomaterial for 8
~, electrochemical (bio)sensor design

)
~

Fabiana Arduini “" , Stefano Cinti, Vincenzo Mazzaracchio *, Viviana Scognamiglio a.
.) Aziz Amine , Danila Moscone "

* University of Rome “Tor Vergata®, Department of Chemical Science and Technologies, Via della Ricerca Scientifica, 00133, Rome, Italy
" SENSE4MED via Renato Rascel 30, 00128, Rome, ltaly
© University of Naples Federico II, Department of Pharmacy, Naples, ltaly
4 Institute of Crystallography, Department of Chemical Sciences and Materials Technologies, Via Salaria Km 29.3, 00015, Monterotondo Scalo, Rome, Italy
* Faculty of Sciences and Techniques, Hassan Il University of Casablanca, Morocco
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Electrochemical Detection for Paper-Based
Microfluidics

Wijitar Dungchai,! Orawon Chailapakul,** and Charles S. Henry*¥

Sensor Research Unit, Department of Chemistry, Faculty of Science, Chulalongkorn University,
Patumwan, Bangkok, 10330, Thailand, Center of Excellence for Petroleum, Petrochemicals, and Advanced Materials,
Anal. Chem. 2010, 82 3-10 Chulalongkorn University, Patumwan, Bangkok, 10330, Thailand, and Department of Chemistry, Colorado State

University, Fort Collins, Colorado 80523-1872
chemistry (RE)-ASSURED criteria:

feature
Affordable
Pepor Bised Acalytioat Deviosa | e Sensitive

bt e specific
b“":”:h:“"’“‘f User-friendly

S o Rapid and Robust
Equipment-free

Delivered to those who need it

i ses. (To listen to a podcast about this
feature, please go to the Analytical Chemistry multimedia
page at pubs.acs.org/page/ancham/audio/index.html.)

The first step in proper prevention and treatment of disease is
accurate diagnosis, but diagnostic technologies that are successful
in the economically developed world often are difficult to use in
develonis ses. Peook B RN

op
cannot afford even modestly expensivetests, and basici

ture—i.e, relisble power, refrigeration, and trained personnel—is
often not available.' * Curreatly, diagnosis usually requires a
trained healthcare worker to recogaize symptoms o interpret
analyses. By developing effective technologies in healthrrelated
diagnostics for developing countries and coupling these techaolo-

5o
o)y, World Health
%Y Organization
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Preparation of paper-based devices for -
reagentless electrochemical (bio)sensor strips
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ELSEVIER - | 80 -+
Bismuth-modified electrodes for lead detection E) 40 - | g) Sweat (05/1 U-g/m I—)
Fabiana Arduini & &, Josefina Quintana Calvo, Giuseppe Palleschi, Danila Moscone, Aziz Amine = I b
S 20 . (40 3 9719 % and 9611 %.
A S . 4 ) - —
0 05 115 214 ~d =58 ] e E

[Zn(11)] / ug mL'E /V (vs. Ag/AgCl)

Sustainable monitoring of Zn(IT) in biclogical fluids using office paper @w

Stefana Cinti*, Benedetta De Lellis, Danila Moscone, Fabiana Arduini®
Tar Ve, Depermnese r— 00133 same, aty
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BoNT/B
BoNT/G  TeNT

BoNT/D BoNT/C

BoNT/F

We designed our biosensor using synthetic
peptide of a length of 14 aminoacids (Cys-Ahx-
Lys-Thr-Arg-lle-Asp-Glu-Ala-Asn-GIn-Arg-Ala- ®

70-
e Thr-Lys(Methylene blue)-Met) containing the =™ i ! X o0 ; !

cleavage sites of the toxins between GIn and %6" < A %5" s \

Arg for BoNT/A, and between Arg and Ala for 5 A P \ | Ch i |

BONT/C. The peptide labelled with the 2" g 57 5

electrochemical probe was immobilized on e » LT e

AuNP-modified electrode surface for the ¢ & & & 5 o I S T R

detection of BONT/A and BoNT/C. [ BoNTIAL T {BeTie T
y=(31.7+1.1)+(29+2)x,R*=0.954  y=(23.1+1.3)+(24.2+2.4)x R2=0.912
LOD = 10 pM LOD =10 pM

6 P Pom————

5 $ gﬂ Biosensors and Bioelectronics
i ELSEVIER fournsl homapage: -5 v s o et
~ 4
-
c L]
g 3 Paper-based electrochemical peptide sensor for on-site detection of =
= botulinum neurotoxin serotype A and C
o Veroaica Caratelli”, Silvia Fillo, Nino D'Amore ", Omella Rossetto ', Marco Pirazzini*,

1 Maria Moccia® ile ', Florigio Lista', Fabiana Arduini

R
0

=3
o
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Two consecutive quasi-reversible reductions are observed
in the potential range studied. The first reduction peak
6 3 (0.32V versus SCE) 1s smaller than the second is (0.17V
- + —_ versus SCE). The reduction peak at 0.1-0.2V was |1
7H3PO4 + 12M07024 + 51 H - 7PM0]2040 + 36H20 but difﬁmﬂt}ta reproduce duEetn an apparent adsmptﬂfi
phenomenon [11]. In order to choose the best potential to
be applied for amperometric determination of phosphate, a
hydrodynamic voltammogram was recorded in the potential

PMOQOia + nH* + ne - [Hn PM012040]3_ range 0.5-0.1V versus Ag/AgCl (Fig. 3). Despite of the

hizh current nse at 0.1-0.2'V, we observed high noise

for futther study. €. Quintana et al. Talanta 63

2 X
20 1 (2004) 567-574

1 4
10 -

o -

< < o

2 10 - f
-20 - V' /

-4 ~ - - . v r

0,0 0,2 0,4 0,6 0,0 0,2 0,4 0,6
ENV E/V

Cyclic voltammetry using bare SPE and CB-SPE in H,SO, 0.1 M+ KCI 0.1 M solution with molybdate (1 mM) in the absence and in the
presence of phosphate 0.01 mM, 0.05 mM, 0.1 mM, 0.2 mM, scan rate 50 mV/s

D. Talarico, F. Arduini *, A. Amine, D. Moscone, G. Palleschi, Talanta 141 (2015) 267-272.
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Phosphate Detection through a Cost-Effective Carbon Black + ] 6 3 o
Nanoparticle-Modified Screen-Printed Electrode Embedded in a c -0.251 < of - -
Continuous Flow System E ‘[ [Phosphate] / uM
Daria Talarico,”* Stefano Cinti,"* Fabiana Arduini,*" Aziz Amine,* Danila Moscone, 5 . _600 T T T T
and Giuseppe Palleschi’ U -0‘75 II I r . 0 1000 2000 3000 4000
0 2500 5000 7500 Time/s
Time/s
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40 20
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3 -100 - # Measures
801 0.4 0 0.4 0.8
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50
< [Phosphate] T 40
== o Cyclic voltammograms of CB- < o
e " based ink screen-printed onto =3
g < paper modified with 10 L £ 40 - - - Dist.Water
3 -50 1 gzo containing 100 mM @ —— Dist.Water + PO,
S o molybdate, 100 mM S 801 - - - RiverWater
O[Ph ]°°h - . . —— RiverWater + PO,”
100 . osphate] / uM potassium chloride, and 100
-0.4 0 0.4 0.8 mM sulfuric acid 120 7 3 iy 08

Potential /V (vs. Ag/AgCl)

Potential / V (vs. Ag/AgCl)

S.Cinti, D. Talarico, G. Palleschi, D. Moscone, F. Arduini, Analytica Chimica Acta, 919 (2016) 78-84
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Enzymatic biosensors
for substrate measurement for inhibitor measurement
(e.g. glucose detection using (e.g. organophosphorus pesticide
glucose oxidase-based biosensor) detection using acetylcholinesterase
-based biosensor)

substrate

substrate

substrate

inhibitor

product

A. Amine, F. Arduini, et al Biosensors and Bioelectronics 76 (2016) 180—194
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» RIVER WATER WASTEWATER

(o)
o

River water Paraoxon WENTE
Recovery % added Water

[Paraoxon]

Recovery %

Inhibition / %
S

s 89+ 8 25 ppb 92 £ 8
0 20 40 60 80 100
[Paraoxon] / ppb
1% = (1.740.2) x + (4.4+1.3) 94+8 50 ppb 96 £ 7
R?2=0.987
LOD =3 ppb
(10% of inhibition)
Linear range up to 25 ppb S. Cinti, C. Minotti, D. Moscone, G. Palleschi, F. Arduini.

Biosensors and Bioelectronics, 2017, 93, 46-51

RSD = 9% (25 ppb)
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Type of pesticide Type of inhibition Reference

Organophosphorus insecticides Butyrylcholinesterase  Irreversible Arduini et al.,
(e.g. Paraoxon) Microchim.
Acta, 2010,
170, 193.
Phenoxy herbicides Alkaline phosphatase = Reversible Mazzei et al.,
(e.g. 2,4 J. Electroanal.
dichlorophenoxyacetic acid) Chem., 2004,
574, 95.
Triazine herbicide Tyrosinase Reversible Tortolini et
(e.g. Atrazine) al., Sens.
Actuat. B,
2016, 224,
552.
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[Paraoxon] tested: 2, 5, 10, 20, 50, 100 ppb, in Aniene river water.

2

Current/ uA
o =
(9] —_ [9,]

o

[ R

40 60 80
Time /s

100

80 |

Inhibition / %

20

Recovery study: 10 ppb 90+ 1%
20 ppb 88+2%

60 |
40 |

[BChE] =20 mU
[Substrate] = 10 mM

20 40 60 80 100
[ Paraoxon]/ppb

[Atrazine] tested: 10, 20, 50, 100, 200, 300, 500 ppb, in Aniene river water.

Current/ uA
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1 of . .
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Recovery study: 50 ppb 80+ 4%
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[2,4 D] tested: 50, 100, 200, 400, 600, 800, 1000 ppb, in Aniene river water.

Current / uA

5 55
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4

£ 45

< ¥
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2 35
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£
1] =5 [ ALP] = 50 mU
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y T - y 15 . .
0 20 40 60 80 100 0 400 800 1200
Time/s [ 2,4 Dichlorophenoxyacetic acid ] / ppb
LOD =50 ppb
Recovery study: 100 ppb 86+ 4%
200 ppb 93 +2%
Biosensors and Bioelectronics 126 (2019) 346-354
Contents lists available at ScienceDirect
Biosensors and Bioelectronics
journal homepage: www.elsevier.com/locate/bios
Origami multiple paper-based electrochemical biosensors for pesticide m
detection kit

F. Arduini®", S. Cinti®, V. Caratelli*, L. Amendola®, G. Palleschi®, D. Moscone®

* Department of Chemical Science and Technologies, University of Rome Tor Vergata, Via della Ricerca Scientifica, 00133 Rome, Italy
* ArpaLazio, Via Giuseppe Saredo 52, 00173 Rome, ltaly
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Electrochemistry Communications 47 (2014) 63-66

Contents lists available at ScienceDirect

Electrochemistry Communications

journal h twww.el ier.com/locate/el

Short communication

Carbon black assisted tailoring of Prussian Blue nanoparticles to tune sensitivity
and detection limit towards H,0, by using screen-printed electrode

Stefano Cinti *°, Fabiana Arduini ***, Giada Vellucci *®, Ilaria Cacciotti , Francesca Nanni ¢, Danila Moscone *°

* Dipartimento di Scienze e Tecnologie Chimiche, Universita di Roma Tor Vergata, Via della Ricerca Scientifica, 00133 Rome, Italy

® Consorzio Interuniversitario Biostrutture ¢ Biosistemi ‘INBS", Viale Medaglie d'Oro, 305, Rome, ltaly

© Universita degli Studi di Roma *Niccold Cusano”, UdR INSTM, Via Don Carlo Grocchi 3, 00166 Rome, Italy

¢ Dipartimento di Ingegneria dellTmpresa, Universita di Roma Tor Vergata, UdR INSTM Roma-Tor Vergata, Via del Politecnico 1, 00133 Rome, Italy
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Neda Baghe:ri,V Vincenzo Mazzaracchio,” Stefano Cinti,* Noemi Colozza, Concetta Di Natale,
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