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Abstract

Immunoassays are a valid alternative to the more expensive and time consuming quantitative HPLC or GC'- 2 methods for the screening detection
of hazardous mycotoxins in food commodities. In this protocol we show how to fabricate and interrogate an electrochemical competitive Enzyme
linked immunomagnetic assay based on the use of magnetic beads as solid support for the immunochemical chain® and screen printed electrodes
as sensing platform.

Our method aims to determine the total amount of HT-2 and T-2 toxins, mycotoxins belonging to the trichothecenes family and of great concern for
human health*. The use of an antibody clone with a cross reactivity of 100% towards HT-2 and T-2 allows to simultaneously detect both toxins with
similar sensitivity®.

The first step of our assay is the coating step where we immobilize HT2-KLH conjugate toxin on the surface of magnetic beads. After a blocking
step, necessary to avoid non-specific absorptions, the addition of a monoclonal antibody allows the competition between immobilized HT-2 and free
HT-2 or T-2 present in the sample or dissolved in a standard solution.

At the end of the competition step, the amount of monoclonal antibody linked to the immobilized HT-2 will be inversely proportional to the amount of
toxin in the sample solution.

A secondary antibody labeled with alkaline phosphatase (AP) is used to reveal the binding between the specific antibody and the immobilized HT-2.
The final measurement step is performed by dropping an aliquot of magnetic bead suspension, corresponding to a specific sample/standard
solution, on the surface of a screen-printed working electrode; magnetic beads are immobilized and concentrated by means of a magnet placed
precisely under the screen-printed electrode. After two minutes of incubation between magnetic beads and a substrate for AP, the enzymatic
product is detected by Differential Pulse Voltammetry (DPV) using a portable instrument (PalmSens) also able to initiate automatically eight
measurements within an interval of few seconds.

Protocol

1) Blocking coated Magnetic Beads:

Proceed as follow to block Coated Magnetic beads:

1. Prepare a set of 2 ml Eppendorf tubes;

2. Homogenize (shaking but not vortexing) coated magnetic beads (see the appendix for preparation of coated magnetic beads) using the
sample rotating mixer;

3. Immediately after homogenization, pipette 10 pl of coated magnetic beads into each separate Eppendorf tubes;

4. Add 1ml of skimmed milk blocking solution into each Eppendorf tube of the set;

5. Let magnetic beads incubate for 30 min at room temperature on the rotating sample mixer;

6. Remove blocking solution: to do so place the tube in magnetic particle concentrator with the magnetic part put on for 2 min (see magnetic
beads sticking on the lateral wall of the tube); carefully pipette off the supernatant, leaving beads undisturbed;

7. Add 1 ml of PBS buffer + NaN3 + BSA as storage solution for each tube;

8. Store coated and blocked magnetic beads at 4°C (please note that coated magnetic beads are stable for at least 2 months at 4°C);

2) Immunological chain on magnetic beads for construction of the calibration curve and
sample analysis

Proceed as follow to have magnetic beads ready for the measurement:

Take one Eppendorf tube (2 ml) of coated and blocked solution for each sample extract you are going to analyze;

Take an extra Eppendorf tube for each working calibrant solution;

Homogenize magnetic beads for 2 min on the rotating sample mixer before use;

Remove storage liquid using magnetic particle concentrator;

Wash magnetic beads three times with PBS/BSA washing solution. Remove washing liquid;

Competition step: Add for each tube containing the washed magnetic beads, 200ul of sample extract prepared; use one magnetic bead tube
for each sample. Repeat the same procedure for each standard solution. Add 200 pl of monoclonal antibody solution to each magnetic bead
tube. Let magnetic beads incubate for half an hour on the rotating sample mixer at room temperature;

7. Remove from Eppendorf tubes the solution used for the competition-step;
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8. Labeling step: Add 400pl of labeled secondary antibody to each magnetic bead Eppendorf tube. Let magnetic beads incubate for half an hour
on the rotating sample mixer at room temperature;

9. Remove labeling solution from Eppendorf tubes;

10. Wash magnetic beads three times with PBS/TWEEN® 20 washing solution. Remove the liquid;

11. Resuspend with 100l of DEA buffer each aliquot of magnetic beads. Now the magnetic beads are ready for electrochemical measurement
step;

3) Assembly of PalmSens with Multiplexer (Mux) options

Please note: enzymatic product of substrate hydrolysis fouls the electrode surface; for this reason a new electrode is needed for each
measurement.

Connect a PC laptop to PalmSens through the serial cable;

Connect the 9-DIN plug of CH8 Multiplexer with PalmSens.

Connect serial cable of Eight channel Mux electric contact with CH8 Multiplexer;

Place electrode strip on the eight magnet block. Pay attention to place each magnet under each working electrodes (of note, the need of a
single magnet for each electrode is imperative otherwise the magnetic particle will not be concentrated on the working electrode area);

5. Plug in electrodes strip into eight channel Mux electric contact;

POD=

For DPV measurement use the following parameters in the appropriate boxes:
E begin: 0 (V);E end: 0.6 (V); E step: 0.016 (V); E pulse: 0.0339 (V); E conditioning: 0 (V); E deposition: 0 (V); Scan rate: 0.1 (V/s); T pulse: 0.06
(s); T conditioning: O (s); T deposition: O (s); T equilibration: 8 (s).

4) Enzymatic reaction and Electrochemical Measurement

1. Homogenize by gently shaking each Eppendorf tube containing magnetic beads ready for electrochemical measurement step in order to
obtain a well dispersed suspension of magnetic beads;

2. Pipette from each Eppendorf, immediately after homogenization, an aliquot of 20 pl of the magnetic bead dispersion onto the corresponding
working electrode surface. For each electrode of one strip use 20 pl of magnetic beads taken from different Eppendorf tubes (e.g. for eight
electrode use eight different Eppendorf);

3. Add 80 pl of enzymatic substrate solution on the first electrode. Start 2 min count down. After 14 sec, add 80 pl of enzymatic substrate
solution on the second electrode. After further 14 sec, add 80 pl of enzymatic substrate solution on the third electrode. Proceed at the same
time interval (14 seconds) till the last electrode (that means: drop each aliquot of substrate with intervals of 14 sec). The interval time of 14
sec is calculated as the time required by the potentiostat to perform the measurement; of note, the 80 pl solution on each sensor should cover
the working, reference and counter electrode. Moreover, the solutions for each sensor should not come into contact with solutions of
neighboring electrodes.

4. After the 2 min count down from the first addition of enzymatic substrate solution, start the electrochemical measurement;

5. Use the PalmSens Lite software to obtain current peaks (uA) for each solution.

5) Calculation

Establish a calibration curve using a logistic 4 parameters equation and calculate the concentration of total HT-2/T-2 toxin amount in nanograms
per millilitre for each Eppendorf tube containing unknown sample.

The experimental data, peak height (uA) against the concentration of the calibrants (ng/ml), have to be fitted using a non-linear four-parameter
logistic (4-PL) equation plot (1) (using Sigma Plot 8.0 or Kaleidagraph). The nonlinear 4-PL model is usually adopted to describe ligand binding
assays(LBAs) 6.
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a, b, x0, y0 are logistic parameters as given by the Sigma Plot curve fit programme.
Use the explicated formula to calculate the content of HT-2/T-2 toxin total amount in the diluted sample extract solution
1

a b
X=X,°'|— -1
,\"' B }"‘(,

)

x is the mass concentration of the total amount of HT-2/T-2 toxins in the diluted extract solution, calculated from the logistic 4 parameters
equation in nanogram per milliltre (ng/ml)

y is the current value in pA obtained for the unknown sample

Appendix
6) Coated Magnetic Beads

Proceed as follow to have Coated Magnetic beads:

Washing procedure
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1. Homogenize tosylactivated Dynabeads® M-280 (stock solution 2 x 109 beads/ml) by shaking and vortexing (max speed) for 1 min (avoid
foaming) (please note the concentration of magnetic beads needs to be always the same to ensure reproducibility in the measurement);

2. Immediately pipette 1 ml of the above homogenized beads into a 2 ml Eppendorf tube;

3. Place the tube in magnetic particle concentrator with the magnetic part put on for 2 min (see magnetic beads sticking on the lateral wall of the
tube);

4. Carefully pipette off the supernatant, leaving beads undisturbed;

5. Remove the Eppendorf tube from the magnetic particle concentrator and resuspend the beads in 1 ml of 0.1 M borate buffer pH 9.5. Mix
gently for 2 min in the rotating sample mixer for 2 min;

6. Pipette off the supernatant;

7. Pipette 1 ml of borate buffer solution into the Eppendorf tube. Magnetic beads are now ready for coating step;

Coating procedure

8. Add 600 ml of HT-2 conjugated with KLH (Keyhole Limpet Hemocyanin) stock solution to 1 ml of magnetic beads) (final HT-2-KLH
concentration of 375 mg/ml); incubate magnetic beads and HT-2-KLH solution for 20h at 37°C* with slow tilt rotation on rotating sample mixer;

9. After incubation place the tube in the magnetic particle concentrator and pipette off the supernatant;
Wash coated beads two times with 1 ml of PBS/BSA buffer solution. Between each washing remove PBS/BSA solution. All washing step
were performed setting magnetic beads and PBS/BSA on rotating mixer for 5 min;

10. Wash magnetic beads once using 1 ml of TRIS/BSA buffer solution. Remove TRIS/BSA solution. Carry out this step by setting magnetic
beads and TRIS/BSA buffer on rotating mixer for 4 h at 37°C*;

11. Wash magnetic beads once using 1ml of refreshed (kept in the fridge at 4°C) PBS/BSA buffer solution. Remove PBS/BSA solution. Carry out
this step setting magnetic beads and PBS/BSA buffer on rotating mixer for 5min at room temperature;

12. After washing step remove all washing liquid and add 1 ml PBS buffer + NaN3 + BSA as storage liquid;

13. Store coated magnetic beads at 4°C (please note that coated magnetic beads are stable for at least 2 months at 4°C);

*For this purpose the mixer is placed in oven equipped with a hole which allows the insertion of the cable for the power supply. Alternatively the
mixer could be placed in a thermostated room at 37°C.

7) Sample preparation and extraction

25 g of finely ground sample (baby food or breakfast cereals) are weighed into a blender jar and extracted with 100 ml of acetonitrile/water
solution (86/14) for 3 min in a high-speed blender. After centrifugation at 4000 rpm (3000 g) for 5 min, 8 ml of supernatant were taken and purified
with Mycosep column, 4 ml of the cleaned extract were dried under nitrogen flow. Dried samples can be stored at -30 °C up to several months.

8) Sample reconstitution

Breakfast cereals

Reconstitute the dried breakfast cereal extract (cereal based food destined for adult consumption) with 40 ml of PBS pH 7.4. In this way a sample
with a concentration of toxin equal to the supposed legal limit (200 ng/g) will give in the measurement step a signal falling in the middle of the
working range.

Baby food

Reconstitute the dried baby food extract (cereal based food destined for infant consumption) with 4 ml of PBS. In this way a sample with a
concentration of toxins equal to the supposed legal limit (20-25 ng/g) will give in the measurement step a signal falling in the middle of the
working range.

Discussion

The use of antibodies as biomolecular recognition probe has seen a widespread use for sensing technologies; immunochemical detection
methodologies, such as ELISAs and MEIAs, are, nowadays, among the most used and applied platforms in many laboratories”.

While these approaches achieve exceptional sensitivity and specificity, a primary objective of many research groups in the last years has been
the improvement and optimization of their performances.

In this protocol we have shown how to fabricate and interrogate an electrochemical immunosensor for mycotoxin detection. We believe the use of
electrochemistry to develop immuno-based sensors will prove to be of increasing importance in the future. This is due to the inherent advantages
of electrochemical detection over the optical one. Electrochemistry is in fact less prone to interferences and has proven remarkably robust against
the non-specific adsorption and perform well even when challenged in complex sample matrixes such as breakfast cereal and babyfood.
Moreover, electrochemistry is more suitable to miniaturization and to multi-array adaptation.

The coupling of such approach with magnetic nanoparticles have also improved the analytical performances and have proven to be particularly
suited for contaminants detection in food samples.
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