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Spectroscopic detection of Saxitoxin: an alternative to mouse bioassay
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Herein, we report the surface modification of quartz with a
coumaryl-aza-crown-6 derivative to detect Saxitoxin using
fluorescence enhancement through Photoinduced Electron
Transfer and the sensitivity with this system approaches the
limit of the mouse bioassay which is the current benchmark for
Saxitoxin detection.

Saxitoxin (Fig. 1) and a range of structurally related derivatives
produced by three marine dinoflagellate genera (Alexandrium,
Gymnodinium, and Pyrodinium) are responsible for paralytic
shellfish poisoning (PSP) in humans.! Where such algal blooms
precede or coincide with the harvest and consumption of filter-
feeding bivalve mollusks, serious human illness or fatalities may
occur.?® Manifestations of Saxitoxin poisoning in mammals
include oral paresthesia followed by cardiovascular dysfunction
and respiratory paralysis. The symptoms of PSP can be attributed
to Saxitoxin (STX) and its congeners binding to voltage-gated
sodium channels thereby blocking the influx of Na* ions. This
binding, subsequently, prevents nerve cells from producing action
potentials, which inhibits impulse conduction in excitable tissues,
e.g. muscle, peripheral nerve and brain tissues.*

Traditionally PSP toxins have been determined by a mouse
bioassay.” This method relies upon the time of death as the
determinant of the amount of the toxin present in the shellfish. The
detection limit by mouse bioassay is about 40 pg per 100 g
shellfish, which corresponds to injection of an approximately
micromolar solution of the toxin. The use of this procedure has
drawn much criticism regarding both the number of animals used
and the high cost of the experiment. In spite of these drawbacks
the mouse bioassay is still the most reliable way to detect and
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Fig. 1 Structure of Saxitoxin.
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quantify PSP toxins in shellfish. Other tests, including immuno-
logical assays (ELISA), HPLC-MS and membrane potential
measurements, have also been developed.®'® Although these
techniques are able to detect STX and are much more sensitive
than the mouse bioassay, their high cost and/or time consuming
nature are disadvantages for their implementation in standardized
protocols.

Fluorescent sensor molecules that possess a crown ether
receptor unit were found to be effective for signaling the presence
of Saxitoxin.!! These sensing molecules belong to the Photoinduced
Electron Transfer (PET) sensor family.'”> Our recent work with
coumarin based PET sensors has shown that the toxin can be
detected in buffered aqueous solution in the presence of Na*, K*,
and Ca*" ions."

Moreover, these coumarin sensors showed larger fluorescence
enhancement in the presence of the toxin than the anthracyl
derivatives.'*"” Monolayer studies with an amphiphilic coumaryl—
crown derivative revealed that detection of STX is possible even in
cases when only one layer of the sensing molecules is present on
the solid substrate, e.g. a Langmuir-Blodgett film on quartz
substrate.'”® Repeated exposure of solutions to these films,
however, leads to the loss of the sensor molecules from the surface
as they are only physically adsorbed on the substrate. Here we
report results with a sensor monolayer that is covalently bound on
a quartz substrate and used for Saxitoxin detection. A bromoalkyl
modified coumaryl-crown derivative was bound on thiol modified
quartz substrate by thioether formation (Fig. 2)."

The UV-Vis absorption spectrum of the modified quartz slide
showed the characteristic band for coumarin at 332 nm (Fig. 3).
The surface density of the sensor molecules can be estimated by
using the corresponding form of the Lambert-Beer equation
(eqn (1))

p=de! (M

For calculation, the absorbance was divided by two as the
surface density refers only to one side of the quartz substrate.
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Fig. 2 Covalently attached coumaryl-crown sensor on quartz surface.
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Fig. 3 Absorbance spectrum of PET sensor modified quartz slide.

Furthermore, the extinction coefficient for acetamidocoumaryl—
aza-crown (¢ = 16 398 M~ ' cm ') was used." This gave a surface
density of 2.2 molecules per 100 A In comparison, the limiting
molecular area obtained from a close packed monolayer of a
similar amphiphilic coumaryl-aza-crown at the air-water interface
is 2.6 molecules per 100 A.'® This implies 85% surface coverage by
the covalently attached sensor.

The coverage of the surface was also determined by ellipso-
metry.?! Fig. 4A shows the ellipsometric contrast image of the
modified quartz substrate from which the two-dimensional and
three-dimensional thickness maps were generated (Figs. 4B, 4C)
(optical model: refractive index, 1.55; extinction coefficient, 0.05).
The average thickness of the modified slide was estimated to be
20 + 1 A. This value, when compared with the energy minimized
molecular model (25.5 A) gives ~78% coverage, in approximate
agreement with the absorbance results.*

The covalently modified quartz slide was placed under a
bifurcated optical fiber and the fluorescence changes in the
presence of different Saxitoxin concentrations were tested (Agy =
332 nm, Jg, = 415 nm; Fig. 5).

Fig. 4 Ellipsometric contrast image of the surface of coumaryl-crown
modified quartz slide (A); the respective thickness-map in 2D (thickness
values are in nm) (B); lighter areas indicate higher surface thickness (C).
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Fig. 5 Fluorescence changes of the self-assembled monolayer in the
presence of Saxitoxin.

Saxitoxin was administered from 10~° to 10™* M concentrations
in 0.01 M phosphate buffer (pH = 7.4; [NaCl] = 0.137 M and
[KCI] = 0.0027 M). Fluorescence enhancement was observed with
a detection limit of 107> M STX concentration.

Although in our solution work a lower concentration was
detected (5 x 1077 M),"? the sensor monolayer is promising based
on its simplicity and nano-size dimension. The surface modifica-
tion was repeated ten times and from the absorbance data a
surface coverage between 70-80% was obtained. The variation in
surface coverage is given by the surface defects that are different
from slide to slide. The sensitivity of the assay is within one order
of magnitude of the mouse bioassay with our experimental design
using only one side of the modified slide. Approaching this
sensitivity would make it possible to fabricate an inexpensive and
reusable nanosensor device, which could serve as a substitute for
the currently used standard that requires the use of animals.
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