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The principle of biosensors
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Developing and validating the biosensors
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Tetrodotoxins in puffer fish
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Tetrodotoxins in shellfish
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Colorimetric assays and electrochemical biosensors

On plates On electrodes

bt o] H
o] TN, 9
HRP-labelled secondary antibody “4)?4 \

Anti-TTX antibody

QUEEN'S
UNIVERSITY
BELFAST

FS
Q3 o 3
o
>
=T
b ! o
=y F TT
E FoT X
2
= <
=

Ethylendiamine

Dithiol-carboxylated

{
O(i
/
{
§
d
% self-assembled monolayer

A
[

Maleimide-activated plate




conditioning sample addition rinsin
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Use of magnetic beads as supports
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Analysis of samples with immunosensing tools

Puffer fish from Spain Puffer fish juveniles from Greece
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Table 2 _
TTX equivalent contents (mg TTX equiv./kg tissue) in L. sceleratus by LC-MS/MS, LC- TTX contents (ug TTX/kg tissue)
HRMS and mELISA.
Electrochemical immunosensing tool LC-HRMS mELISA
X LC-MS/MS X LC-HRMS mELISA
M#1 2878 2077 2327
Gonads 25.95 33.55 M#2 1395 478 1520
Liver 3.08 28.30 S#1 2588 1239 2773
Skin 1.65 3.50 S#2 2780 1188 3175
Muscle 1.01 2.53 O#2 2882 733 10834




Analysis of samples with immunosensing tools

[ ] [ ] [ ]
Shellfish from The Netherlands Human body fluids from New Caledonia
Razor clams
30 TTXs (ng/mL)
2 o LC-MS/MS mELISA
® Hours 4,9- 5,6,11- TTX equiv. TTX equiv. TTX
5 20 after TTX 4-epiTTX anhydro trideoxy (applying (applying i
£ ingestion TTX TTX TEFs) CRFs) equiv:
Eg Pt#1 17 217.4 101.2 108.3 1008.2 246.3 217.4-318.6 211.1
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Cell-based assay (CBA)

Assay development and analysis of puffer fish

Na* Na* h
Na* TT)(F-\1 Na* Na
N2a cells
BLOCKED VGSC ACTIVE VGSC without O/V
Na* 6 ) Positive control:
Na 100% Viability
O/V Combinations (mM)  Cell Viability (%)  ICsp (ng/mL)  Saturation Plateau (%) :;:r:ﬂ't; it Toxic offect: Cell viability
0.5/0.05 28 + 2 8.65 57 +1 onN increases with increasing
TTXs concentration
0.45/0.045 29+ 2 3.55 63 +2 Negative control:
0.4/0.04 21+2 1.07 78 +3 20% Viability
0.35/0.035 2042 1.67 72 4+ 3
0.3/0.03 50 +2 2.69 68 + 2 [TTX+] [ [TTX-]
0.2/0.1 38+ 1 2.37 86 + 4

0.125/0.2 20+1 1.65 102 £ 3




Automated patch clamp (APC)

Assay development and analysis of puffer fish
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Toxicity equivalency factors (TEFs) vs. cross-reactivity factors (CRFs)
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Toxicity equivalency factors (TEFs) vs. cross-reactivity factors (CRFs)
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Tetrodotoxin (TTX) 11-norTTX-6(S)-ol 11-deoxyTTX 6,11-dideoxyTTX 5,11-dideoxyTTX 5,6,11-trideoxyTTX
CBA APC Immunoassay

TEFs TEFs CRFs
| 11-norTTX-6(S)-ol || 0.404 —| 11-norTTX-6(S)-ol || 0.238 —| 11-norTTX-6(S)-ol || 0.103
e 11-deoxyTTX 0.139 — 11-deoxyTTX 0.107 — 11-deoxyTTX 0.202
— | 5,11-dideoxyTTX 0.750 — | 95,11-dideoxyTTX 0.027 — | 95,11-dideoxyTTX 0.015
—»| 6,11-dideoxyTTX NA — | 6,11-dideoxyTTX 0.035 —» | 6,11-dideoxyTTX 0.016
—»| 5,6,11-trideoxyTTX 0.011 —| 5,6,11-trideoxyTTX 0.001 —| 5,6,11-trideoxyTTX 0.001




Aptamer/antibody-based assay

Colorimetric (plates)
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Visual & colorimetric (LFA)
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Colorimetric assays and electrochemical biosensors

With magnetic beads on electrodes Portable potentiostat and smartphone
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Colorimetric assays and electrochemical biosensors

With magnetic beads on electrodes
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Simplified colorimetric assay

ORIGINAL STRATEGY SIMPLIFIED STRATEGIES

STRATEGY A
STRATEGY B

COMBINATION OF TWO MBs CONJUGATES
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Analysis of samples with immunosensing tools
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Cell-based biosensors for CTXs/TTXs

N\

A Resuspended :
3 cells , Incubation Wash to
| Addition of remove
ﬂ 100,000 \  \ ﬂ unbound @
v cellslelectrode/ JJL 37 °C ~ cells
2h

Wash to
< remove the
, excess of MTT

Cyclic voltammetry and
chronoamperometry



2500

2000

1500

1000

Current intensity (nA)

500

0

CTRL (+) LowON  CTX

V. louti

High O/V

TTX L. sceleratus

Trying to improve
reproducibility




Detecting the toxin producers with DNA sensors and dipsticks
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Capture of toxins in seawater

Cyclodextrin polymers for toxin capture
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Capture of toxins in extracts

Cyclodextrin polymers for sample clean-up and pre-concentration
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Summarising
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