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Outline

Antibody-based Enzyme-based
assay assay
Fluorescence Fluorescence
detection detection

Colorimetric
detection

Simple design, reliable chemistry, application to real challenge,
generic platform where possible




System development

Autonomous
platform

Development for
aquatic environment
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Reliable chemistry
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response

Suitable detection
Good analytical performance

Stable in environment for
continuous deployment
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Autonomous System: Integrated

sensor with comms/telemetry
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e Algal toxins & emerging contaminants
e Microcystin
e Antibody development for new toxins
e Device design & development




Sensor platform Integration Plan

Antibody/Recognition Element
development

Microcystin
Domoic

Azaspiracid Acid

Stability/affinity selection studies

Antibody re-engineering for enhanced
performance

Immobilisation studies

On-plate assay development

SPR analysis

Platform Construction

Sensor chip design optimization
and fabrication

Channels

Actuators
Valves
Sensors

Surface
chemistries

Prototype development and
Preliminary assay studies using
Microcystin Ab And Ag

Integration of MRE’s onto biosensor
platform

System Integration &
Pilot Studies

Validation of biosensors using real
samples and reproducibility/stability
analysis




Generation of antibody-based biosensors
using
recombinant antibody technology




Methodologies

Development of anti-microcystin recombinant antibodies
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Azaspiracid
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e ScFv library
successfully
constructed

* Preparation of
conjugates underway
for biopanning

* Polyclonal antibodies
successfully isolated



New emerging chemicals —

Recombinant antibody generation




Diclofenac
Mecoprop

Carbamezapine
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Recombinant antibody-based microfluidic sensor

Bio-panning X5 to »
select highest

PCR amplification of afﬁnlty binders
) VH and VL antibody
g
Avian immunization fragments
with MC-LR-BSA ngatlon into vector

and display of scFvs
on bacteriophage

e Diclofenac,
mecoprop and
carbamapazine
were
conjugated to
proteins and
were
immunised into
an avian host.

* Immune
response was
identified using
a polyclonal
ELISA.

Recombinant
antibody
generation

* Genetic
material was
then isolated
for use in the
production of
recombinant
antibodies
(rAbs).

e Generation of
three immune
antibody
libraries for
each chemical

Antlbody
identification

* Phage display
and bio-
panning will be
used to isolate
most potent
binders.

¢ They will be
tested in matrix
and cross-
reactivity
studies.

o Affinity tested
using SPR.

Microfluidic disc

* The antibodies
and chemical
conjugates will
be incorporated
onto a
microfluidic
disc- based
immunosensor.




Recombinant antibody assessment

—*Diclofenac

“*Mecoprop

~*-Carbamapezine

Normalised Abs @ 450nm




Centrifugal sensing platforms



Fluidic movement on rotating platform

Direction
of

particle

Particle sedimentation
through a fluid on anti-
clockwise rotating disc

Forces on acting on a
rotating disc



ToxiSense microfluidic System




Single assay proof of concept using pneumatic pressure valving
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ToxiSense — optical arrangement

Photodiode

Emission Only at
541nm

| Optical filter - p—

=
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Laser source

e Excitationat
| 434nm

Captured
fluorescent
antibody

Microfluidic reservoir




Analysis of capture raw optical data generated
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Lab-On-A-Disc platform

* Poly(methyl methacrylate)
(PMMA) (Red) ( Radionics™) and
pressure sensitive adhesive
(PSA) (Green)(Adhesives
Research Inc. ™)

e Easily modifiable

* Microcystin-LR detection: Proof
of concept

 Low sample size, cheap to
manufacture




Some microfluidic valve solutions

Valve
loaded

Heat actuation system

Plastic

SN |

Melted/
Liquid actuation system Dissolved
Dissolvable valve
film Water

droplet

Pressure sensitive

adhesive N) )
e

£






' EU Water

Framework
Directive (WFD)

Phosphate limit:
0.1 mgL?

e Nutrients in Agriculture

e Phosphate

e Selection of wet chemical method
e Design of sensor
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-i—._;S Phosphate sensor | sy
;,

Molybdenum yellow method:

Sample + reagent —> yellow product

PO, + Ammonium molybdate + Vanadium

> Vanadomolybdophosphoric acid

BaRe /7larine [nstitute SeaChange &\ DCU
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g._;i\. Phosphate sensor Il s
' Molybdenum blue method:

Sample + reagentl /™ intermediate
Intermediate + reagent2 =™ blue product

PO,> + Ammonium molybdate =™ molybdophosphoric acid

Molybdophosphoric acid Reduced _

BRRa //larine [nsiitize SeaChange &\ DCU

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn



Selection of method

High stability (>1 year)

Widest linear range of all
methods (0.1 —20 ug L't P)
Easiest to automate (Single

step reaction)

Improve LOD by increasing

path length

* Poor stability (1 week)

e Smaller linear range (0.01 —
2.0pugLtP)

* More difficult to automate

(Two step reaction)

e Lower LOD
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Autonomous phosphate sensor

Wireless communications Pumps

Battery

Microprocessor Microfluidic chip Reagent bottles

Sample/reagent inlets

‘/’/ Optical detection channel

LED_>.




Reaction occurs on a microfluidic chip;
uL volumes

Low Standard High Standard Waste
Sample
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SeaChange R DCU



Marine & Environmental
Sensing Technology Hub
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Centrifugal microfluidic device

Air vent

Reservoir

Detection
chamber

Microchannel
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Selection of method for centrifugal system

Vanadomolybdophosphoric acid 'yellow' methodAscorbic acid method Stannous chloride method  Hydrazine-stannous chloride method
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Optical path length study

Photodiode B

Photodiode A

>
Optical path length




Centrifugal microfluidic device

Ammonium molybdate,
potassium antimonyl
tartrate, ascorbic acid,
H,SO, Air vent

Reservoir

Detection
chamber

Microchannel
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Portable NutriSense system
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e E-coli
e Freshwater and bathing water
e Chemical assay development
e System & protocol design




Q} Drivers

»2006/7/EC BWD

Inland waters
Parameter Excellent| Good quality Sufficient| Reference methods of
quality quality analysis
1 Intestinal Enterococci (cfu/ ISO 7899-1 or ISO
200(*) 400(*) 330(*)
100mL 7899-2

Escherichia coli (cfu/100mL) 500(*)

ISO 9308-3 or
ISO 9308-1

(*) Based upon a 95-percentile evaluation, (**) Based on a 90-percentile evaluation.

Coastal and transitional waters

Parameter Excellent| Good quality Sufficient| Reference methods of
quality quality analysis
1 Intestinal Enterococci (cfu/100 ISO 7899-1 or ISO
100(*) 200(*) 185(*)

7899-2

mL)
Escherichia coli (cfu/100mL)

(*) Based upon a 95-percentile evaluation, (**) Based on a 90-percentile evaluation.

ISO 9308-3 or
ISO 9308-1




Not suitable when
Immediate action
required!

Laborious Expensive

Time Consuming
(18-72 h)

»Need for early warning technologies



& Background — Enzyme based methods
o

B-D-Glucuronidase

(GUS)

l

GUS extraction

l

GUS activity measurement

Chromocult 3M Petrifilms

S

Substrate uptake



] Continuous fluorometric method for the measurement of
GUS activity.

1 Sample preparation protocol to maximise GUS recovery
from E. coli contaminated samples

[ Sensing platform for E. coli detection in environmental
waters.

Sample GUS
Prepa ration Detection
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g Continuous Fluorometric Method for GUS
o

acid

Analyst

CHs
H,0
HO. O N CHs
;OO o "o k m +  D-Glucoronic
oH Y

View Article Online

PAPER -

CrossMark Continuous fluorometric method for measuring
B-glucuronidase activity: comparative analysis of
three fluorogenic substratesy

Cite this: Analyst, 2015, 140, 5953

Ciprian Briciu-Burghina, Brendan Heery and Fiona Regan*
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Q ColiSense (GUS Detection

o

il
Labelling




The Detection Platform
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a River and Seawater Samples
o

River water Seawater
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*Method developed and applied for the detection of E. coli from
environmental water samples and was successful in predicting E. coli
concentrations below the EU threshold for “excellent quality” < 1.5 h.

ssContinuous fluorometric method for the determination of GUD activity
has been developed (minimal sample manipulation, reagent consumption
minimised)

*Sample preparation protocol for recovery of GUS from  E. coli
contaminated environmental samples

**Bathing water monitoring May-September 2016 Dublin Bay
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