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Abstract

ABSTRACT

Tetrodotoxin (TTX) is a nonpeptidic neurotoxin with a high rate of food poisoning
mortality (60%) that has been associated with the consumption of diets from puffer fish
and mud snails harbouring TTX-producing bacteria. As this neurotoxin has no known anti-
dote and could not be mitigated by cooking, the only way for safety appears to be the
detection of TTX-contaminated fishes at the points of harvest and control. The overall aim
of this study was to develop amperometric and impedimetric sensors for TTX based on
ionophores and aptamer immobilised on the modified conducting electroactive polyaniline
(PANI)/electrode. The undoped polyaniline and poly(4-styrenesulfonic acid) (PSSA)
doped electroactive polyanilines were prepared in perchloric acid/acetonitrile and
phosphoric acid respectively by electrochemical oxidative polymerisation. Two types of
electropolymerisation were applied to prepare the neutral and p-doped PANI-PSSA films
composites. The dynamic electroinactivity of TTX was studied which revealed that TTX is
not electrochemically active on bare Au, GC, Pt, PG, Ni, Ti and BDD (Boron doped-
diamond) electrodes in acetate buffer pH 4.8. Using ion transfer voltammetry and UV-Vis
analysis, the complexation of TTX with two neutral ionophores (sodium ionophore X
(NaX) and dibenzo-18-crown6 (B18C6)) was investigated. The cyclic voltammograms
(CVs) recorded from ion transfer voltammetry presented no redox peak and no
increasing/decreasing current was observed which indicates that no TTX ions transfer from
the liquid to the organic phase. In addition, the absorption spectra of the mixture of
TTX/NaX and TTX/B18C6 presented the same absorption bands recorded for NaX and
B18C6 respectively. Three absorptions bands at 250.4, 278.3, and 370.6 nm for NaX and
two at 222.03 and 274.10 nm for B18C6 were observed before and after mixing TTX with
NaX and TTX with B18C6 separately. No chemical reaction occurred between the TTX

and both ionophores, therefore, sodium ionophore X and dibenzo-18-crown-6 did not form
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a complex with TTX. Thus, TTX ion sensor cannot be developed based on these two
neutral compounds. The electrodynamics of the PANI and PRSIBA films
electropolymerised on the bare precious metal electrodes were also investigated through
various electrochemical techniques. Cyclic voltammetry (CV) and electrochemical
impedance spectroscopy (EIS) studies in sodium phosphate (SPB) and acetate (OAc)
buffer revealed that both neutral and p-doped films synthesized were thin (thickness L < 5
nm in acetate buffer and L < 10 nm in sodium phosphate buffer) film polymers. In SPB pH
7.04, the CVs of both polymer films presented one redox couple which occurred at
separation potentialAE, > 200/n mV and the ratidp/ipd was~ 1 which indicated a
reversible electrode reaction system. In OAc buffer pH 4.8, CVs presented two redox
couples which peaked at separation potentials and the ratio of ciga@fibdu| = 0.9 for

the second redox peak indicating the irreversibility of the reaction occurring at that specific
potential. UV-Vis, FL and FTIR studies were used as spectroscopic signatures for the
comparison of neutral and p-doped PANI-PSSA conductivity. Scanning electron
microscopy (SEM) and transmission electron microscopy (TEM) images revealed an
influence of the ending potential for electropolymerisation of the PSSA dope aniline.
Biosensors containing p-doped PAIRISSA were interrogated I and/or EIS in OAc

buffer medium. P-doped PSSA-PANI/Glutaraldehyde/Aptamer biosensor gave rise to
sensors for TTX which obeyed the absorption isotherm of BET (Brunauer Emmett Teller)
with an estimated constant of BETof 1.72 ng nif and a concentration of TTX adsorbed

by a monolayer of 0.002 ng thiThe linear range of the biosensors for TTX detection was
0.06 — 0.74 ng rill. The sensitivity of the biosensor for TTX was 226.4nl ng'and the

limit of detection (LOD) was calculated to be 0.12 ng'ml
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Chapter 1: Introduction

INTRODUCTION

1.0 Background of this study

Fish such as shellfish are nutritionally and economically valuable, and million tonnes of
protein consumed annually by humans worldwide comes from marine species. Looking at
the entire international trade in fisheries’ products where three-quarters are fish and a
guarter is shellfish, the total value is estimated to be a billion dollars per annum [1]. Food
poisoning occurs when contaminated food or water is ingested. The poison in fish firstly
from bacteria can cause food poisoning, either directly or by the toxins they produce.
Secondly, parasites such as giardia lamblia can also cause food poisoning through
contaminated produce and water. Apart from the high quality protein, and essential ammo
acids, Omega-3 fatty acids are an unsaturated acid that is thought to reduce inflammation
throughout the body as it lowers the cholesterol level, which reduces the risk of heart
disease, particularly sudden cardiac death. According to Gallacher (2000)“people have
been encouraged to choose seafood as healthy food, particularly important in northern
Europe, where deaths from coronary heart disease in 1986 ranged from 245 to 625
annually per 100,000 men”.[2]

The 1993 Chemical Weapons Convention defines “toxin,” as “any chemical which through
its chemical action on life processes can cause death, tempo