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©  The Insight Centre for Data Analytics &

Insnghte s 5f|

Foundation
Ireland For what's next

A world leading SFI Research Centre

lnS|ght

Insight is one of the biggest data analytics centres in Europe. It undertakes high-
impact research, seeks to derive value from Big Data and provides innovative
technology solutions for industry and society by enabling better decision-making.

with €88 million (ca.50% Industry) in funding, Insight has 400

researchers across areas such as connected health, decision analytics, social
media analytics, smart cities and the semantic web.

http://www.sfi.ie/sfi-research-centres/insight/

2nd Phase funding approved (ca. €50 million SFI) commencing autumn 2019
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Internet of (Biochemical) Things 10scT

* Bridging the Molecular and Digital Worlds

— Emergence of ‘Internet of Analytical Things’, Internet of
‘Molecular Things’, ‘Internet of Biochemical Things’

 Long-Term “Deploy and Forget” use model

— Embedded ‘smartness’

« Sensing (temperature, light-level, imaging, vibration)

« Communications (wireless)

« Power (10-year battery life-time, energy scavenging capability)
— Awareness of

« Surrounding environment

* Internal (functional) condition
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Keynote Article: Anal. Chem., 76 (2004) 278A-286A

( iMRlernet

Ron Ambrosio & Alex Morrow, IBM TJ Watson



@ Calixarene lonophores — controlling the selectivity e
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NO DRIP/EASY APPLICATION

H3C_O_(”:_CH2_
O

IVI OE Gaillimh
[ NUI Galway




OE Gaillimh

Neutral Carrier Based lon-Selective

Electrodes, D.Diamond, Anal. Chem. Symp.
Ser., 25 (1986) 155.

A sodium lon-Selective Electrode based
on Methyl p-t-Butyl Calix[4]aryl Acetate as
the lonophore, D.Diamond, G.Svehla,
E.Seward,and M.A.McKervey, Anal. Chim.
Acta., 204 (1988) 223-231
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©  Blood Analysis; Implantible Sensors e
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In 1985, the use model for reliable
in-vivo continuous monitoring with | =
an implantable chemical sensor was """
restricted to a day or two

1985: Catheter Electr Eupp :
intensive care- function for 24 hrs p 2, X
Dr. David Band, St Thomas’s 0 15 20 25
[Na*] mM lon Chromatography
Hospital London
Anal. Chem., 64 (1992) 1721-1728.

Ligand (and variations of) used in many
clinical analysers for blood Na* profiling
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© The (broken) promise of biosensors..... &

IB I O S E N S O R S\ ngh Technology, Nov. 1983, 41-49
i THEMATINGOF B |
| BIOLOGYAND ELECTRONICS W
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Sometime within the next three or four years, a physician will insert a centimeter of
- e platinum wire into the bloodstream of a diabetic patient.

| S;;‘;‘;.:if,:"’:ﬁ‘,:}:,ﬁ:z e | AL jts tip will be a barely visible membrane containing a bit of enzyme.

wire !I'Ilﬂ

a centimeter of plat
s o i == {| Hair-thin wires will lead from the other end of the platinum to an insulin reservoir

inum to l n reser-

aane | implanted in the patient’s abdomen.
and sha A O ¥ puc i |. nte

m{‘\huli\ nl M'\:uuclbdumil nm ical reaction
1l begin at the tip of the wire. .-'\ !.»

Within seconds, a chemical reaction will begin at the tip of the wire.........

| adhere to the me mh ne and be at-
tacked by lho n me, f rming hydrg
u-\‘n |)e-mx:d.f l} r| 1 ct rr

| eronie il migrate o a thin oxide || And (by implication) it will work for years reliably and regulate glucose through

~ In medicine .‘“d in{ taadback to insulin pump

a wide range of big
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©  After Ca. 40 years — Dominant Use (£

Model is Finger Prick Sampling
e.g. Diabetes: ca. 7% of world population
USA: population 300 million
Ca. 20 million diabetics

Personal control of condition using finger prick test =>
blood sample + glucose biosensor

Say four measurements
per day = 80 million/day

Per year = ca. 30 Billion
measurements/yr

Each sensor used ONCE
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O Abbott Freestyle ‘Libre’ e

The days of routine glucose testing with
lancets, test strips and blood are over.?

Welcome to flash glucose monitoring!

How to use the FreeStyle
Libre System

The FreeStyle Libre system utilises advanced technology that is easy to

LY g ®

1 Apply sensor « ‘Small fibre’ used to access
—— interstitial fluid
« Athin flexible sterileﬁbrp; (5mm long) s inserted just below the A ° Data downloaded at IeaSt

skin. Most people reported that applying the sensor was painless®

+ The 14-day sensor stays on the back of your upper arm and \
automatically captures glucose readings day and night.

« The sensor is water resistant and can be worn while bathing,
swimming and exercising’

once every 8 hrvia 1s
contactless scan (1-4 cm)

"« Waterproof to 1 metre
. [ Replace every 2 weeks]

© Most people did not feel any discomiont under the skin while wearing the
FreaStyle Libre sansor. In a study conductad by Abbott Diabetes Care,
83.4% of patiants surveyed (n=30) strongly agree or agres that while
wearing the sensof, they did not feel any discomion under their skin. [29
persons have finished the siudy: 1 porson terminatad the study afier 3 days
due to skin kritations in the amea where the sensor touched the skin.]

T Sensor is water-resistant in up to 1 metre (3 foet) of water for a maximum
of 30 minutes
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Welcome to Nightscout ~ Setup Guides ~ FAQs  Links Map  Labs  Privacy

Nightscout Foundation ~ Contact

2) NIGHTSCOUT
7 #WeAreNotWaiting

http://www.nightscout.info https://www.dexcom.com

Welcome to Nightscout

What is the Nightscout project?

LJd

Nightscout (CGM in the Cloud) is an open source, DIY project that allows real time access
to a CGM data via personal website, smartwatch viewers, or apps and widgets available
for smartphones.

Nightscout was developed by parents of children with Type 1 Diabetes and has continued to be
developed, maintained, and supported by volunteers. When first implemented, Nightscout was
a solution specifically for remote monitoring of Dexcom G4 CGM data. Today, there are
Nightscout solutions available for Dexcom G4, Dexcom Share with Android, Dexcom Share/G5
with iOS, and Medtronic. Nightscout also provides browser-based visualization for #openAPS
users and Loop users. The goal of the project is to allow remote monitoring of a TID's glucose

level using existing monitoring devices.
|

Disclaimer

All information, thought, and code described
here is intended for informational and
educational purposes only. Nightscout
currently makes no attempt at HIPAA privacy
compliance. Use of code from github.com is
without warranty or support of any kind.
Please review the LICENSE found within
each repository for further details. Use
Nightscout at your own risk, and do not
use the information or code to make
medical decisions.

Support Nightscout

Your contributions help the developers
purchase test equipment, webspace, cables,
and other tools that drive this project
forward. Received donations are managed
by The Nightscout Foundation. Click here to
donate.

Please consult with your tax professional
regarding deducting donations.
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Nightscout

Developed by coders
& engineers within
the T1 Diabetes
Community & friends

Developing APPs

Accessing real-time
data from diabetes
monitors|(Dexcom)|
wearable glucose
sensors)

User groups formed,
self-funded

Use disclaimers, no
warranty, not for
making therapeutic
decisions
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THE IRISH TIMES ...

NEWS SPORT BUSINESS OPINION LIFE & STYLE CULTURE

Companies » Health & Pharma | Financial Services | Agribusiness & Food | Energy & Resot

Abbott to add 500 new jobs at Donegal
healthcare plant

US healthcare giant employs almost 3,000 people in the Republic

@ Mon, Jul 23, 2018, 15:35 Updated: Mon, Jul 23, 2018, 20:33

Peter Hamilton

[ J
[ J
Abbott's Donegal site manufactures test strips used in its lood glucose-monitoring meters. Photegraph: [ ]
Tim Boyle/Bloomberg
US healthcare giant Abbott plans to create 500 jobs in Donegal as it expands
its existing manufacturing facility there.
With nearly 3,000 employees across nine sites in the Republic, Abbott’s ()

operations here include manufacturing nutritional products and creating
diagnostic tools for physicians.

Abbott Jobs &

Macromolecules 1990, 23, 4372-4377

Synthesis, Characterization, and Properties of a Series of
Osmium- and Ruthenium-Containing Metallopolymers

Robert J. Forster and Johannes G. Vos’

School of Chemical Sciences, Dublin City University, Dublin 9, Ireland
Received November 27, 1989; Revised Manuscript Received February 16, 1990

1989: Forster and Vos
series of papers on Os/Ru
bipy/PVP

1990s: Heller develops
foundational ideas

2004: Abbott acquires
Therasense ($1.2bn)

2018: Abbott Jobs
announcement
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O Long-Term Biochemical Monitoring? &

Duration qf Use Model

Years ( Fully Fu_nctlo‘nm\gj
e | [ WOS Search 26/08/2019
“Graphene AND
Weeks Biosensor OR Chemical

Days | 1 Sensor”
i =0, 178 papers

rrrerrre
Hours -—| Sallva AnaIyS|s }]
Single Use

None/External Extent of ‘Invasiveness’

Fulfy
Implantable
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© February 4, 2019 &

WWW.Nnano-magazine.com Nano O oo i

THE MAGAZINE FOR SMALL SCIENCE

email announcing

‘The graphene biosensor
that could provide early
lung cancer diagnosis’

‘The wonder-material
graphene could hold the
key to unlocking the next
generation of advanced,

early stage lung cancer
d iag nNOS iS ? The graphene biosensor that could provide early lung cancer
diagnosis

The wonder-material graphene could hold the key to unlocking the next generation of advanced, early
stage lung cancer diagnosis.
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http://www.nano-magazine.com/

2500 -

f-MLG

Nanoscale, 2019, 11, 2476 e

Intensity (arb. un.)

Fig. 2 Characterization of the graphene
— —1 films. SEM images of the top view of the
sy 1-MLG (a) and p-MLG (b) samples on
— PVC. Raman spectra of the f-MLG

*"¢ 1 (c) and p-MLG (d) performed using a

= | 532 nm laser excitation system with a
40x microscope objective, and 10 s
[ e | integration time for the single scan.

2451

1500 2000 2500 3000
& -1,
Raman shift (cm )

Fig. 3 The schematic representation of the
two-point measurement concept (a) for the in
situ electrical characterization of VOC-
induced graphene electrodes (c, d);

electron-induced reorientation of acetone o) of - @) 10 poms
while applying =1 V (b). [ —oms — s
The |y, versus V curves of the flat and 27 [

dc

patterned graphene electrodes influenced ¥
with exposure to 1.4-3.3x10° ppm of VOC

solutions: ethanol (c), isopropanol (d) and ] < ] . ]
acetone (e) A ¥ ] _' T Bl BE T 94 10 o5 00 05 1o
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Response Curves to ‘cancer marker’ VOCs in breath (e-Nose)

Fig. 4 Sensitivity identification of f-MLG (a) and p-MLG (e) electrodes at various concentrations of cancer marker solutions (ethanol - @,
isopropanol — «, and acetone - ¢). Changes in the value of sheet resistance (AR, for f-MLG (b-d) and p-MLG (f-h) as a function of CM
concentration,|

a) 30l e ; b)s!| 1€) 30/ 1d) 30 N
251 ..e- Ethanol : 25+ 25+ 25 |
W— % - Isopropanol
g e i 20+ 20} 20:
g 15 "-" 15 + 15 + 15+
w -* -
10 . . 10 o 10} 10+
<l . = A
s iy & 5 5t 5k
Y I ole . | ol ofe
-5 - 't. . . 'S X 2 5 5 5 L
0 1 2 3 0 1 2 3 0
TT r I — —— — r—
€)sof i ] f)so: 18) 30} 1h) 5!
25 | . .9 -Ethanol 25+ 4 25 25}
? - -4 -Isopropanol !
é 20 - 4 -Acetone S — 20 ¢
3 15 o
- AR TEEEE
5 10+ r
5| 2
-:..’.’..
0o .
s L - ‘
0 | 2 3

C ppm, x10°

Massive concentrations (0-30%!), no selectivity, bare graphene (no
surface functionalization), no humidity studies.......
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O ‘The Sceptical Chemist’ (1661) e
‘Chymico-Physical Paradoxes’

cmmco PHYSICAL
beubxs & Paradoxcs it

Touching the
ﬁacmlsr's PRINCIPLES

; P-éogm%lk FF I C A L; ' 4
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9 Control of membrane interfacial
exchange & binding processes
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@ Direct Sensing vs. Reagent
Based LOAC/ufluidics

sample
Direct Sensing LOAC Analyser S :" blan |
BL BL
outside world N

reagents

source
sample, i
- >

_ standard
signal \I!

s % waste

/ ldetector

molecular interactions Reaction manifold

il OE Gaillimh
=10 NUI Galway




O Bioinspired Devices @

* Functional (Bio)Materials OR Materials that
can mimic characteristics of biological
systems

— Self-awareness of condition

— Some capacity for self-maintenance/self repair

* Hierarchy of behaviours
— Routine internalized maintenance for minor issues

— Escalation to external intervention for more serious
issues (detect, report, request intervention)
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© Photoswitchable Soft Actuators &
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O Photo-actuator polymers as
microvalves in microfluidic systems

(TthsCHa

P+

/ |\
H3C(HzC)s | (CH;)sCH4
(CH3)sCH;

o >
'PMMA W »
PDMS
trihexyltetradecylphosphonium
dicyanoamide [Pg ¢ ¢ 14]*[dca]

lonogel-based light-actuated valves for controlling liquid flow in micro-fluidic manifolds, Fernando Benito-Lopez, Robert
Byrne, Ana Maria Raduta, Nihal Engin Vrana, Garrett McGuinness, Dermot Diamond, Lab Chip, 10 (2010) 195-201.
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Experimental set up for PID Control

Laptop & Software

Valve actuates: e
flow changes | ;

Vary power ﬁ

to LED

Fluigent flow
Sensor

Compare Flow signal
to set point: Apply PID

M OE Gaillimh
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O Photo-Controlled Flow Rate

L,

7
Step Change: ~1 pl/min
6 Precision: ~17 nL/min
5
Q
)
S_ 4
g =
[ E 3 Pt Range |Average Flow Rate (uL/min) |SD Flow Rate (uL/min)
QE" —:"_ 300-800 3.8063 0.0241
5 ~ 1300-1800 47876 0.0165
© 2 2300-2800 5.7682 0.0128
> 3300-3800 [ 4.7900 F 0.0173
1 4300-4800 3.8096 0.0128
mean SD 0.0167
0 1 1 1 1 : 1 : 1 1 1 : 1 1 1 1 : 1 1 1 1
0 1000 2000 3000 4000

2021. doi:10.1039/c71c00368d.

Time (seconds)

C. Delaney, P. McCluskey, S. Coleman, J. Whyte, N. Kent, D. Diamond, Precision control of flow rate in
microfluidic channels using photoresponsive soft polymer actuators, LAB ON A CHIP. 17 (2017) 2013
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https://doi.org/10.1039/c7lc00368d

©

Some figures of merit e

12
hBubble
10 A h
k= m H n n h n n n Switching 0.0-10.0 pL/min
€ g - n= 15 points sampled behind
E the initial small overshoot
@ 6 - ‘ Averages (n=10)
ey
© mean 10.0028
S 4 Mean SD 0.0323
£ Error Mean 0.0028
2 %RSD 0.3235
J %RE mean 0.0279
O 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 { 1 1 1 1 1 1 1 1 1 i
0.00 5.00 10.00 15.00 20.00
time (min) Switching 5.0-10.0 pL/min
Bubble n= 30 points sampled
12 Mean %RE (5=true) 0.780
_10 ‘ Mean %RE (5.039=true) 0.098
£ . Average of mean 5.039
3 SD Mean 0.006
£ 6 %RSD 0.120
3 A Mean %RE (10=true) 0.372
* Mean %RE (10.037=true) 0.102
2 Average of mean 10.037
0 SD Mean 0.012
0 100 200 300 400 500 600 700 800 900 1000 [%RSD 0.124
Time (s)
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Flow Rate

6
4
2
u L I L Il : L I L Il : : L 1 L L : L 1 L L :
0 500 1000 1500 2000 2500 3000
Time (s)
—Flowrate (uL/min) —PWM/10

Over a period of 50 min constant maintenance of 10 yL/min flow rate
there is no discernable change in LED power = diagnostic information
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9 Multiplexing: [0 - w
Valve Arrays Qﬁ

Irgacure 819 (1%) SPA-8 (1%)

(A)

[0)

D,
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Flowrate (uL) Flowrate (uL) Flowrate (ul) giowrate (uL)
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(@ Photocontrol of Assembly and Subsequent e
Switching of Surface Features

IEBAPPLIED MATERIALS

CLINTERFACES

Www.acsami.org
ACS applied materials & interfaces, 6 (2014) 7268-7274 pm

Photoswitchable Ratchet Surface Topographies Based on Self- a)

Protonating Spiropyran—NIPAAM Hydrogels

Jelle E. Stumpel Bartosz Zloikowslu ¥ Larisa Florea,* Dermot Diamond,* Dirk J. Broer,* "%

and Albertus P. H. J. Schenning®™$
— o}
O Ak

SPA, 1 mol% NIPAAM, 91-92 mol%

a)
Light source \)LOH /\n’ \n/\ m
\l/ \l/ \l/ \l/ \l/ acrylic acid, 5 mol% MBIS, 1-2 mol% Darocur 1173, 1 mol%

A=455nm_

High crosslink density

Low crosslink density

b ) 0 0.5 1 15 2 2.5mm
) \
] -
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S &
Flexible creation of p-dimensioned features in
flow channels using in-situ photo-polymerisation

Ntf2 pillars speed x3 DCA lines speed x4

With Dr Peer Fischer, Fraunhofer-Institut fiir Physikalische Messtechnik
(IPM), Freiburg

Binding behavior can also be modulated using light

il OE Gaillimh
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© Sugar-Responsive Soft Hydrogels

og] ™ Fructose |
’ ® Glucose -
o 120 mol % PBA
= 0,61
©
2 04 .
= | o
(D) = ()
= 02 °
7)) [ ]

C.M. Daikuzono, C. Delaney, H. Tesfay, L. Florea, O.N. Oliveira, A. 001 ®
Morrin, D. Diamond, Impedance spectroscopy for monosaccharides
detection using responsive hydrogel modified paper-based
electrodes, Analyst. 142 (2017) 1133-1139. doi:10.1039/c6an02571d. Concentration (mM)

o 1 2 3 4 5
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9 Merging of Materials, Devices and Data e
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Inside: Implants/In-vivo

i

/ Sensorised
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