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Antibacterial Cellulose Paper Made with Silver-Coated

Gold Nanoearticles

The survival curve
of E. coli exposed
to Au and Au-Ag
NPs. E. coli were
continuously
exposed to
different NP-
coated cellulose
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Paper Devices
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Smartphone Based Colorimetric Detection/Diagnosis

Selection of Selection of Processes notice
detection target detection platform

Incubation

App for
medical care

Image capture

Result readout



Diagnostics for the Developing World:

Microfluidic Paper-Based Anglxgical Devices
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Patterned Paper as a Platform for Inexpensive,

Low-Volume, Portable Bioassays
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Paper-Based Devices Fabrication

Device layout Wax printing Spot area
formation
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Method (References)  Channel (ym) Barrier (ym) Advantages Disadvantages =% Smh=
Photolithography (10} 186 + 13 248+ 13 Can pattern a wide variety of papers up to Hydrophilic areas exposed to polymers and
360 um in width. solvents.
Plotting (30) ~1000* ~1000* Hydrophilic channels not exposed to polymers or  Requires a customized plotter.
| 7 solvents; hydrophobic barriers are flexible.
Inkjet etching (31) 420 = 50 —" Reagents can be inkjet printed into the test Requires a customized inkjet printer; hydrophilic
zones using the printer areas exposed to polymers and solvents,
Plasma etching (32) ~1500* — Useful for laboratories equipped with a plasma  Hydrophilic areas exposed to polymers and
cleaner that wish to make many replicates of a solvents; metal masks must be made for each
few simple patterns. pattern; cannot produce arrays of free-standing
hydrophobic patterns.
Cutting (29) 1000° 700° Hydrophilic channels not exposed to polymers Devices must be encased in tape; cannot
or solvents. produce arrays of free-standing hydrophilic
patterns.

Wax printing [33,34) 561 £ 45 850 + 50 Rapid (~5 minutes); requires only a commercially The design of the patterns must account for the
available printer and hot plate; hydrophilic spreading of the wax in the paper.
channels not exposed to polymers or solvents.




Introduction to Microfluidic Paper-Based

Analytical Devices (LPADS)
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A) Image of a 96-zone plate after application of a range of volumes (1-55
ML) of solutions of aqueous dyes in alternating zones. B) Image showing
the 96-zone plate with volumes of liquid up to 55 pL that were completely
contained by the hydrophobic barrier. C) Image of a 384-zone plate after
application of 1-10 pL of the same solutions as in (A). D) Image showing
the 384-zone plate with volumes of fluid up to 10 pL that were contained
by the hydrophobic barrier. E) Image of a 96-zone plate with a serial
dilution. F) Correlation of the absorbance values from a microplate reader
and the gray scale values from an image acquired using a desktop
scanner for the paper plate shown in (E).
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Colorimetric Quantitative Detection on a Paper Device
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A On-Site Hg?* Sensing Strategy

“* Mercury affects the nervous, immune, and digestive systems and causes
damage to the brain as well as kidneys and lungs of human beings.
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Analytical Chemistry, 2014, 86, 6843-6849



UV-Vis Spectrometer VS. Smartphone for Hg?* Sensing
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Conventional Detection Methods of Tuberculosis
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http://oxfordimmunotec.com/international/products-solutions/healthcare-professionals/tuberculosis/
The CIBA Collection of Medical lllustrations. Vol. 7, pp. 205
http://www.visualphotos.com/image/1x6006724/sputum_sample_slides_for_tb_diagnosis_ethiopia
http://www.pasthorizonspr.com

N. Engl. J. Med., vol. 363, pp. 1005-1015, 2010.

L

(I'here iS an urgent need fo?
accurate and cost effective
diagnostic platform to end

the disease spread.




Diagnosis of Tuberculosis Using Colorimetric Gold

Nanoparticles on a Paper-Based Analytical Device
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Diagnosis of Tuberculosis Using Colorimetric Gold

Nanoparticles on a Paper-Based Analytical Device
~

07
®  TBoegaine i
o TB T)??IA ; : 13 nnrﬁall'-.-a A
{ 1 I | . ' a 010
- L i
I o = -
* g™ 008
- = — X
- L3 .
L] 3
£ 04 o TE et
= Rl
-t T dsDiA
=17 E .
i . T o 006 concentration
13 i Z q=¢ I
= —
- = GM E| TH negive
: : !  m M e m e 2 ——TE DA L8 0 el
85 40 Y5 - - ot -t e al W = ——TE LA L5 10 el
Temperature (°C) - =TI INA L3 L el
sl delHA (02 { ——TErea L85 100 el
- ———TE DA L35 1 gl
. I'B nceative O TI A 105w 10 ngiml
= B UI‘:.-\ ®  TO negutive m—T kA ]9 10 ngml

ny T |2 Um ¥ T T T
| d S 400 500 600 700 500 900

Wavelength (nm)

—_—
>
o=
B
O t I
o
O

o

—
——
.
—_—
-
Abs 610/320 nm
=
—
|
He

[
I 1.04
nl
P ‘ t
: > 2 i
60 120 18 21 30 Gl =
- - F) g
Tiene (5) U | N 1 | N G G | E 1.03
= 4
0.4 =
*  TB negulive % ) '
038 1 T o TIBDNA & 1021 e
0.3 4 e
g o0x4q 1 T 3 ¢
IR I ¢ 1 =
= B o
E 0y 1 |
£ oo | : - F S ST S S
? 1 P +-® P %__r\.
SR RN LA AN R AN SN
0.24 4 I{Q, ~ by iR :\{,:] . *, A
0.22 : . . TB DNA concentration (ng/mL)
L5 20 5 3 33

Length (mer)



On-Site Drug Detection

B
s In 2012, the Food and Drug Administration of Taiwan reported that 60% of
reported drug abusers aged below 19 years old were addicted to ketamine.

Invasive
Infection risk
Need trained and licensed personnel

L%/MS“ or GC-MS/MS

Sample preparation? - Expensive
Time consuming processes
Adulteration » Bulky size of equipment
@  Power sources
Urine test? requirement

There is an urgent need for frontline officers to
identify drug-impaired drivers at the roadside.

1. jessefeatonby.blogspot.com
2. www.wisegeek.org

3. www.skalar.com

4. agilent.com




Proposed Operation Processes |
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Clinical Tests - pPADs and LFAs
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Surface- I\/Iodlfled Cellulose Paper and ItS
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Polystyrene Sulfonate Penicillamine-Copper Nanocluster
Aggregates for H,S Sensing on PADs
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Determination of Gold lons in Human Urine Using Genetically
Engineered Microorganisms on a Paper Device
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Label-Free Fluorescent Copper Nanoclusters for Genotyping
Deletion &
Tsung-Ting Tsai, Chung -An Chen, Natalie Yi-Ju Ho, Yang, and Chien-Fu Chen TI.W‘ r K 22
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Optical Image Analysis Based on Deep Learning
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Signal Amplified Gold Nanoparticles for Disease Diagnosis
on a Paper-Based Analytical Device

Cellulosa substrate

Washing Antlgan
BSA Blocking and I
and addition of  * Aoty

addition of probe substrate

Srreptavidin-HRP
e

R LU A R L =SS Biat nyla'.cd DNA

Pipette samples on Antibody Colorimetric '
testing zones conjugated signaling = Colrmsatricsignaling

N
]
1
]
]
]
]
1
1
1
1
1
]
]
]
]
1
1
1
1

7

(A) s (C)
f} g & Au-pancprobes paper-besed ELISA
,ﬂ S Conventional paper-based ELISA 26 2 Conventional paper-based ELISA i E
yN
.- 24 4
LIRS E
2.2
EEREREEEE
= 204
I
- [ ]
€ 5
(B) s @ ACS Sensors, 2018, 3,
&3 16 ] 174-182
2 & §
- '\‘?5;5/ 1.4 o § §
¢ ::.;}@7\” Au-nanoprobes paper-based ELISA -
N
Lz 2y 8§ &3 ¢ °
T RTSROREITN 1oL
0

o|0|efeofn]e]s]s] T e o
KLK3 concentration (ng/mL)



Development a Stacking Pad Design for Enhancing the
Sensitivity of Lateral Flow Immunoassay
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Scientific Reports, 2018, 8, 17319



Three-dimensional origami paper-based device for
portable Immunoassay applications

O Microfluidic Paper-Based
Analytical Devices (LPADS)
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Paper-Based Enzyme-linked Immunosorbent Assay




