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SFI - Minister Bruton launches €88 million SFl research centre, bringing new insights to Data Analytics
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MINISTER BRUTON LAUNCHES €88 MILLION SFI RESEARCH

NEWS AND RESOURCES

CENTRE, BRINGING NEW INSIGHTS TO DATA ANALYTICS

Press Releases

Insight Centre for Data Analytics
- Biggest single research investment ever by Science Foundation
- Biggest coordinated research programme in the history of the state

« Focusis on ‘big data’ related to health mformatlcs and pHeaIth
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Media Gallery The Centre will receive funding of €58 million from the Department of Jobs, Enterprise and Innovation through SFI's

Research Centres Programme, along with a further contribution of €30 million from 30 industry partners. Insight
represents a new approach to research and developmentin Ireland, by connecting the scientific research of

Ireland’s leading data analytics researchers with the needs of industry and enterprise.
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Keynote Article: August 2004, Analytical Chemistry (ACS)
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Dermot Dia\or[,Anal. Chém., 76 (2004) 278A*286A
(Ron Ambrosio & Alex Morrow, IBM TJ Watson)



©  Blood Analysis; Implantible Sensors 8
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Ligand (and variations of) used in many
clinical analysers for blood Na* profiling
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O Apple, iWatch & Health Monitoring 8

Independent.ie’7 ...

May 7 2014

B «’ : ‘Over the past year, Apple has snapped up at
Apple hiring medical device staff, least half a dozen prominent experts in

shares break 5600 mark biomedicine, according to LinkedIn profile changes.
IGA comments 7 242 | Pena

\chnology, an

ngled out last

How will they. integrate
biosenSing With the graph a vision of

" -Su level
IWatCh u e e ? i:ntge?jrdeev?cses

" e bio-sensing
space,” said Malay Gandhi, chief strategy officer at
Rock Health, a San Francisco venture capital firm
that has backed prominent wearable-tech startups,
such as Augmedix and Spire.
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O Freestyle
Navigator

Combines microfluidics with

a micro-dimensioned

filament sampling unit which
is designed to minimise

advance.

Wireless communications

used to harvest data

continuously, and relay to

carers and specialists.
Enables trending,
aggregation, warning....

ccccccc

B

Navigator

Enter Search

Indications and Important Safety Information

FreeStyle Navigator®

Target is for several days (up to 7) continuous
monitoring; then replace

Know The FreeStyle Navigator System

The sensor is placed on the back of your upper arm

Features & Benefits or your abdomen, and is held there with a special

Atiny filament 5mm long—as thin as several strands
of hair—goes just under the skin. It measures the
glucose level in the interstitial fiuid, which flows
between the cells, and it's similar to measuring the

e &
A Promise for Lifs

Site Map | Contact Us
¥ IFU (Full Version)

The receiver is like a little computer. It stores all your
glucose readings, for up to 60 days, and it gives you
an accurate picture of what your glucose is doing.
You can program it to predict out-of-range highs and
lows based upon thresholds you set, and it lets you

know with alarms’ if any are heading towards high
and lows 5o you can take action to avoid them.

The receiver is also the only CGM device on the
market to have a built-in blood glucose meter for
convenient calibration—no need for a separate

Adhesive Support Mount

Use model is good — short periods of use, regular |
replacement, coulometric detection (no calibration if v
the enzyme reaction is specific)

Transmitter

—rre il —
ma\'igalor'

Receiver
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Google Contact Lens \;/

United States Patent Application 20140107445 Google Smart Contact Lenses Move

o ‘likely to leverage Google Glass*®

. Novartls now worklng W|th Google

Use modelis 24 hours max, then
replace;

infrastructure;

https //plus google.com/+GoogleGlass/posts/9uiwXY42tvc

*Google Glass project has been
abandoned! (Jan 15 2015) see

Biosensors & Bioelectronics, 2011, 26, 3290-3296. http://www.gmanetwork.com/news/story/

360331/scitech/technology/google-s-smart-
contact-lenses-may-arrive-sooner-than-
you-think




5-"Phy3|cal Transducers —low cost, rellable
. low power demand, long life-time

Thermistors (temperature), movement, location,

power,, light level, conductivity, flow, sound/audio,é

;"Chemlcal Sensors — more compllcated
. need regular calibration, more costly to
. implement

Electrochemical, Optical, ..
*.organics...

For metal ions, pH,

:.~~’B|osensors the most challenging, very
. difficult to work with, die quickly, single
éshot (disposable) mode dominant use
model

5 Due to the delicate nature of biomaterials
enzymes antibodies..

S RO

4

Remote (Continuous) Sensing Challenges:
Platform and Deployment Hierarchies

Aijgejeas buiseaiou

j GaslAlr Sensing — easiest to reallse

Reliable sensors available, relatively low
cost

Integrate into platforms, develop IT

infrastructure, GIS tools, Cloud Computlng

 On-land Water/ Monitoring

More accessible locations

Target concentrations tend to be higher

. Infrastructure available

“'Marine Water

Challenging conditions
Remote locations & Limited infrastructure

Concentrations tend to be lower and tighteré
in range :




O Change in Electrode Function e
over Time

See Electrochimica Acta 73 (2012) 93-97

® optimised o
100 = 1day ’/
Day 0: y = 28.739x + 51.806 * 2days /
50 | R? = 0.99981 * 4days
Day 4: y = 28.020x + 48.261 0/
0 - R2 = 0.99705 29.2mV _—

s =43.1 mV/dec

6.5

50 {Day 8:y = 27.076x + 40.137
R? = 0.99892

EMF/mV

-100 - «=Q==\lean (new)
=== \ean (4-d) s =27.2mV/dec
-150 7 ~—1op=10 **
e={J=\lean (8-d)
-200 T T T T T T T T T T T r T r T T I . T . T . I
-1 10 9 8 -7 6 -5 4 -3 -2 -1 0 -9 -8 -7 6 -5 -4 -3

log a(Pb2+) log Pb **

Continuous contact with

stored in 10-°M Pb?*, pH=4 :
river water

PVC-membrane based ISEs
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© Chem/Bio-sensors do not stay in e
calibration long enough

» |f each sensor has an in- . 1 .
) ] ] ) ample, reagent in

calibration lifetime of 1
day....

 And these sensors are very Valves
reproducible.... o o 0 O O O

Sensors

- And they are very stable in (JC) )0 0)C)

storage (up to several years) | P e e e |

Then 100 sensors when used sequentially could provide
an aggregated in-use lifetime of around 3 months

But now we need multiple valves integrated into a
fluidic platform to select each sensor in turn

Al @
JCD

DUBLIN
S
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O How to advance fluid handling in LOC e
platforms: re-invent valves (and pumps)!

« Conventional valves cannot be easily scaled down -
Located off chip: fluidic interconnects required

— Complex fabrication
— Increased dead volume
— Mixing effects
 Based on solenoid action
— Large power demand
— Expensive

Solution: soft-polymer (biomimetic) valves fully integrated
into the fluidic system
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9 Photoswitchable Actuators ©

ABS

¥,

2.5 — Off (spiropyran)

== On (merocyanine)

400 450 500
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® Poly(N-isopropylacrylamide) &

* pNIPAAM exhibits inverse solubility upon heating
* This is referred to as the LCST (Lower Critical Solution Temperature)

« Typically this temperature lies between 30-35°C, but the exact
temperature is a function of the (macro)molecular microstructure

« Upon reaching the LCST the polymer undergoes a dramatic volume
change, as the hydrated polymer chains collapse to a globular
structure, expelling the bound water in the process

pNIPAAM
HsC

Hydrophilic Hydrophobic
CH3 ~o”

N
(A AT

OsNH NN
o 0/
~.7 o/ o~ A

o/ ¢ \0 o~ N \.
~ / \ — /o\
\0/ \ \
n
Hydrated Polymer Chains Loss of bound water

-> polymer collapse
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@ Reversible Photo-Switching of Flow &

Above: scheme showing switching process protonated MC-H* photoswitched
to SP triggering p(NIPAAM-co-AA-co-SP) gel contraction and opening of the
channel.

Right, Top: Photos of the valve in operation before (flow OFF) and after (flow
ON) one minute of blue light irradiation.

Right, Bottom: Flowrate and cumulative volume measurements showing
repeated opening and closing of microvalve: 1 min blue light irradiation opens
valve followed by ~5.5 min thermal relaxation to close.

From: ‘Molecular design of light-responsive hydrogels, for in-situ generation of fast and
reversible valves for microfluidic applications ‘ Chemistry of Materials (2015), accepted.
Jeroen ter Schiphorst,™* Simon Coleman,** Jelle E. Stumpel,” Aymen Ben Azouz,* Dermot
Diamond™* and Albertus P.H.J. Schenning™"$

*tFunctional Organic Materials and Devices, §Institute for Complex Molecular Systems,
Eindhoven University of TechnologyEindhoven, The Netherlands

T INSIGHT Centre for Data Analytics, National Center of Sensor Research, Dublin City
University, Ireland
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In-situ Creation of Valve Structures

e Monomer mixture passed §
through the microfluidic 4
system |

fa T

e Blue light (450nm) surface
mount LED causes in-situ :
polymerisation of
photoresponsive gel O‘
around central pillar
support (left)

—————_ 1 —— WY VS caab o L
- 13
'} -
. . \ )
1

e Mask design (centre)
optimised to prevent
swelling into channels
from chamber (right).
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Optimisation of valve dimensions
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First example of actuating polymer gels as reusable valves for
flow control on minute time scales (up to 50 repeat actuations)
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‘Micro-Rose’

EHT = 14.64 kV Signal A = SE1 Date :23 Jan 2015 EHT =14.64 kv Signal A = SE Date :23 Jan 2015
WD =10.5mm Photo No. = 9753 Time :12:31:01 0.5 mm Photo No. = 9755 Time :12:33:11

EHT = 14.64 kv Signal A = SE1 Date :23 Jan 2015 Date :23 Jan 2015
WD =11.0mm Photo No. = 9763 Time :12:39:59 i Time :12:40:59




9 Chemotactic Systems

Published on Web 11/01/2010 (speed ~x4): channels filled with KOH (pH 12.0-12.3 + surfactant; agarose gel soaked in HCI
(pH 1.2) sets up the pH gradient; droplets of mineral oil or DCM containing 20-60% 2-hexyldecanoic acid + dye. Droplet
speed ca. 1-10 mm/s; movement caused by convective flows arising from concentration gradient of HDA at droplet-air
interface (greater concentration of DA- towards higher pH side); HDA <-> H* + DA-

Maze Solving by Chemotactic Droplets; Istvan Lagzi, Siowling Soh, Paul J. Wesson, Kevin P. Browne, and Bartosz A.
Grzybowski; J. AM. CHEM. SOC. 2010, 132, 1198-1199

Fuerstman, M. J.; Deschatelets, P.; Kane, R.; Schwartz, A.; Kenis, P. J. A.;Deutch, J. M.; Whitesides, G. M. Langmuir 2003,
19, 4714.

Hydrophobic Mineral Oil

Basic v/
HDA «— H* + DA-

In a pH gradient, DA is preferentially

transferred to the aqueous phase at
the more basic side of the drop.




® We can do the same with IL Droplets e

C14H2g

+0.09 » - ‘_‘i . —

+0.06
+0.04
+0.01
-0.02
-0.05
& 0.07
g -0.10
-0.13

I -0.15
-0.18

Trihexyl(tetradecyl)phosphonium chloride ([Pg ¢ 6 14][Cl]) droplets with a small amount of 1-
(methylamino)anthraquinone red dye for visualization. The droplets spontaneously follow the gradient

of the CI- ion which is created using a polyacrylamide gel pad soaked in 10-2 M HCI; A small amount of
NaCl crystals can also be used to drive droplet movement.

Electronic structure calculations and physicochemical experiments quantify the competitive liquid ion association and probe
stabilisation effects for nitrobenzospiropyran in phosphonium-based ionic liquids, D. Thompson et al., Physical Chemistry

Chemical Physics, 2011, 13, 6156-6168.




O 2D chemotactic droplet movement 8

) 4
X Speed x5
—_— .

« NaOH in petri dish; HCI with indicator dye added from tubes in sequence

* Droplet moves spontaneously towards acidic locations
* In 2/3 cases, the droplet enters the source tube

* Droplets can be loaded with monomeric units that polymerise inside the
tubing sealing off the source of the ‘leak’

The image -

cannot be R

displayed. Ar ot

Your = b =
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We must go from this:

9




® 7o Photo-Fluidics & Detection

]

* Fluidic handling completely integrated into the
microfluidic chip
— Valves actuated remotely using light (LEDs)
— Detection is via LED colorimetric measurements

— Photo-controlled uptake and release



9 And Ultimately — to Bioinspired e
Multi-Functional Fluidics

* In the future, the fluidic system will perform much more
sophisticated ‘bioinspired’ functions

— System diagnostics, leak/damage detection
— Self-repair capability
— Switchable behaviour (e.g. surface roughness, binding/release),

* These functions will be inherent to the channels and
integrated with circulating smart micro/nano-vehicles

— Spontaneously move under an external stimulus (e.g. chemical,
thermal gradient) to specific locations
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O Time to re-think the game!!! e

 New materials with exciting characteristics
and unsurpassed potential...

 Combine with emerging technologies and
techniques for exquisite control of 3D

morphology

* And greatly improved methods for
characterisation of structure and activity

a I
We have the tools — now we

need creativity!
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