
Development	
  of	
  op,cal	
  sensor	
  
technology	
  for	
  	
  

environmental	
  applica.ons	
  of	
  	
  
nutrients,	
  bacteria	
  and	
  algal	
  toxins.	
  

	
  

Fiona	
  Regan	
  

Europt[r]ode	
  March	
  20-­‐23	
  2016,	
  Graz	
  





Outline	
  

• Algal	
  toxins	
  
• MicrocysEn	
  
• AnEbody	
  
development	
  
for	
  new	
  toxins	
  

• Device	
  design	
  	
  
&	
  development	
  

• E-­‐coli	
  
• Freshwater	
  and	
  
bathing	
  water	
  

• Chemical	
  assay	
  
development	
  

• System	
  &	
  
protocol	
  design	
  

• Nutrients	
  in	
  
Agriculture	
  
• Phosphate	
  
• SelecEon	
  of	
  
wet	
  chemical	
  
method	
  

• Design	
  of	
  
sensor	
  

Simple	
  design,	
  reliable	
  chemistry,	
  applicaEon	
  to	
  real	
  challenge,	
  
generic	
  plaQorm	
  where	
  possible	
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assay	
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Enzyme-­‐based	
  
assay	
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MulEdisciplinary	
  approach	
  to	
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  design	
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  performance	
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  for	
  	
  
conEnuous	
  deployment	
  
	
  
	
  
	
  



Autonomous	
  System:	
  Integrated	
  
sensor	
  with	
  comms/telemetry	
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• Device	
  design	
  	
  &	
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Sensor	
  plaQorm	
  IntegraEon	
  Plan	
  

PlaQorm	
  ConstrucEon	
  AnEbody/RecogniEon	
  Element	
  
development	
  

Saxitoxin	
  
MicrocysEn	
  

Surface	
  	
  
chemistries	
  

Sensor	
  chip	
  design	
  opEmizaEon	
  
	
  and	
  fabricaEon	
  

Channels	
  
Actuators	
  
Valves	
  
Sensors	
  

Prototype	
  development	
  and	
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  assay	
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  using	
  	
  

MicrocysEn	
  Ab	
  And	
  Ag	
  

Stability/affinity	
  selecEon	
  studies	
  

On-­‐plate	
  assay	
  development	
  

SPR	
  analysis	
  

Azaspiracid	
  

AnEbody	
  re-­‐engineering	
  for	
  enhanced	
  
performance	
  

ImmobilisaEon	
  studies	
  

IntegraEon	
  of	
  MRE’s	
  onto	
  biosensor	
  
plaQorm	
  

System	
  IntegraEon	
  &	
  
Pilot	
  Studies	
  

ValidaEon	
  of	
  biosensors	
  using	
  real	
  
samples	
  and	
  reproducibility/stability	
  

analysis	
  

Domoic	
  
Acid	
  



GeneraEon	
  of	
  an,body-­‐based	
  biosensors	
  
using	
  	
  

recombinant	
  an,body	
  technology	
  
	
  
	
  



Methodologies 	
  	
  
Development	
  of	
  anE-­‐microcysEn	
  recombinant	
  anEbodies	
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Domoic	
  Acid	
  Chicken	
  Serum	
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•  ScFv	
  library	
  
successfully	
  
constructed	
  	
  

	
  
•  PreparaEon	
  of	
  

conjugates	
  underway	
  
for	
  biopanning	
  

•  Polyclonal	
  anEbodies	
  
successfully	
  isolated	
  

	
  

Azaspiracid	
  



New	
  emerging	
  chemicals	
  –	
  
Recombinant	
  anEbody	
  generaEon	
  



Diclofenac	
   Mecoprop	
  

Carbamezapine	
  



ImmunisaEon	
  

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

•  Immune	
  
response	
  was	
  
idenEfied	
  using	
  
a	
  polyclonal	
  
ELISA.	
  	
  

Recombinant	
  
anEbody	
  
generaEon	
  

• GeneEc	
  
material	
  was	
  
then	
  isolated	
  
for	
  use	
  in	
  the	
  
producEon	
  of	
  
recombinant	
  
anEbodies	
  
(rAbs).	
  	
  

• GeneraEon	
  of	
  
three	
  immune	
  
anEbody	
  
libraries	
  for	
  
each	
  chemical	
  

AnEbody	
  
idenEficaEon	
  

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

• They	
  will	
  be	
  
tested	
  in	
  matrix	
  
and	
  cross-­‐
reacEvity	
  
studies.	
  

• Affinity	
  tested	
  
using	
  SPR.	
  	
  

Microfluidic	
  disc	
  

• The	
  anEbodies	
  
and	
  chemical	
  
conjugates	
  will	
  
be	
  incorporated	
  
onto	
  a	
  
microfluidic	
  
disc-­‐	
  based	
  
immunosensor.	
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pCombX3SS	
  
	
  

Recombinant	
  anEbody-­‐based	
  microfluidic	
  sensor	
  



Recombinant	
  anEbody	
  assessment	
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Centrifugal	
  sensing	
  plaQorms	
  



Disc	
  Hydrodynamic	
  forces	
  for	
  par,cle	
  sedimenta,on	
  

Forces	
  on	
  acEng	
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  a	
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  disc	
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through	
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  fluid	
  on	
  anE-­‐
clockwise	
  rotaEng	
  disc	
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of	
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Fluidic	
  movement	
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  rotaEng	
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ToxiSense	
  microfluidic	
  System	
  



Single	
  assay	
  proof	
  of	
  concept	
  using	
  pneumaEc	
  pressure	
  valving	
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ToxiSense	
  –	
  opEcal	
  arrangement	
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Lab-­‐On-­‐A-­‐Disc	
  plaXorm	
  

•  Poly(methyl	
  methacrylate)	
  
(PMMA)	
  (Red)	
  	
  (	
  Radionics™)	
  and	
  
pressure	
  sensi9ve	
  adhesive	
  	
  
(PSA)	
  (Green)(Adhesives	
  
Research	
  Inc.	
  ™)	
  

	
  
•  Easily	
  modifiable	
  

•  MicrocysEn-­‐LR	
  detecEon:	
  Proof	
  
of	
  concept	
  

	
  
•  Low	
  sample	
  size,	
  cheap	
  to	
  
manufacture	
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Pressure	
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Some	
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3-­‐day	
  disc	
  8	
  	
  Test	
  assays	
  per	
  day	
  



• Nutrients	
  in	
  Agriculture	
  
• Phosphate	
  
• SelecEon	
  of	
  wet	
  chemical	
  method	
  
• Design	
  of	
  sensor	
  

•  EU	
  Water	
  
Framework	
  
DirecEve	
  (WFD)	
  

•  Phosphate	
  limit:	
  
0.1	
  mg	
  L-­‐1	
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PO4
3-­‐	
  +	
  Ammonium	
  molybdate	
  +	
  Vanadium	
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Sample	
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  product	
  
	
  
	
  

Phosphate	
  sensor	
  II	
  

Reduced	
  

Molybdenum	
  blue	
  method:	
  
	
  



�  Poor	
  stability	
  (1	
  week)	
  

�  Smaller	
   linear	
   range	
   (0.01	
   –	
  

2.0	
  µg	
  L-­‐1	
  P)	
  

�  More	
   difficult	
   to	
   automate	
  

(Two	
  step	
  reacEon)	
  

�  Lower	
  LOD	
  

	
  

SelecEon	
  of	
  method	
  

28	
  

�  High	
  stability	
  (>1	
  year)	
  

�  Widest	
   linear	
   range	
   of	
   all	
  

methods	
  (0.1	
  –	
  20	
  µg	
  L-­‐1	
  P)	
  

�  Easiest	
   to	
   automate	
   (Single	
  

step	
  reacEon)	
  

�  Improve	
   LOD	
   by	
   increasing	
  

path	
  length	
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  sensor	
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Microfluidic	
  Chip	
  
ReacEon	
  occurs	
  on	
  a	
  microfluidic	
  chip;	
  
µL	
  volumes	
  
	
  
	
  



Sensor	
  Data	
  



Centrifugal	
  microfluidic	
  device	
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SelecEon	
  of	
  method	
  for	
  centrifugal	
  system	
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OpEcal	
  path	
  length	
  study	
  

LED	
  
(B)	
  
Laser	
  
(A)	
  

Photodiode	
  B	
  

Photodiode	
  A	
  

OpEcal	
  path	
  length	
   34	
  



Centrifugal	
  microfluidic	
  device	
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Portable	
  NutriSense	
  system	
  

Black	
  3D	
  printed	
  box	
  

Motor	
  to	
  be	
  incorporated	
  
for	
  disc	
  rotaEon	
  

OpEcal	
  detecEon	
  system	
  
is	
  aligned	
  on	
  the	
  stage	
  

Electronics	
  stored	
  
beneath,	
  away	
  from	
  
wet	
  chemistry	
   36	
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• E-­‐coli	
  
• Freshwater	
  and	
  bathing	
  water	
  
• Chemical	
  assay	
  development	
  
• System	
  &	
  protocol	
  design	
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Inland waters

Parameter E x c e l l e n t 

quality

Good quality S u f f i c i e n t 

quality

Reference methods of 

analysis

1 Intestinal Enterococci (cfu/

100mL)
200(*) 400(*) 330(*)

ISO 7899-1 or ISO 

7899-2

2
Escherichia coli (cfu/100mL) 500(*) 1,000(*) 900(**)

ISO 9308-3 or

ISO 9308-1

Coastal and transitional waters

Parameter E x c e l l e n t 

quality

Good quality S u f f i c i e n t 

quality

Reference methods of 

analysis

1 Intestinal Enterococci (cfu/100 

mL)
100(*) 200(*) 185(*)

ISO 7899-1 or ISO 

7899-2

2
Escherichia coli (cfu/100mL) 250(*) 500(*) 500(**)

ISO 9308-3 or

ISO 9308-1

Drivers


(*)	
  Based	
  upon	
  a	
  95-­‐percenEle	
  evaluaEon,	
  (**)	
  Based	
  on	
  a	
  90-­‐percenEle	
  evaluaEon.


(*)	
  Based	
  upon	
  a	
  95-­‐percenEle	
  evaluaEon,	
  (**)	
  Based	
  on	
  a	
  90-­‐percenEle	
  evaluaEon.


Ø 2006/7/EC	
  BWD	
  



Drivers


Culture-­‐Based	
  	
  

Laborious
 Expensive 


Time Consuming

(18-72 h) 


Not suitable when  
Immediate action 

required!


Ø Need for early warning  technologies 




Background – Enzyme based methods


β-D-Glucuronidase

(GUS)


GUS extraction


GUS activity measurement


Colilert 18


Chromocult
 3M Petrifilms


Substrate uptake 




Outputs


q 	
  ConEnuous	
  fluorometric	
  method	
  for	
  the	
  measurement	
  of	
  
GUS	
  acEvity.	
  	
  
	
  
q 	
  Sample	
  preparaEon	
  protocol	
  to	
  maximise	
  GUS	
  recovery	
  
from	
  E.	
  coli	
  contaminated	
  samples	
  
	
  
q 	
  Sensing	
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Observations


v 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. 



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



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


v Bathing water monitoring May-September 2016 Dublin Bay
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