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Phycotoxins as toxic food contaminants

Phycotoxins — highly dangerous metabolites of microalgae and cyanobacteria
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Immunoassays (Ag + Ab = Ag:ADb)
Enzyme-Linked ImmunoSorbent Assay (ELISA)
Lateral Flow Immunoassay (strip-test)
Immunosensors

Fluorescence Polarization Immunoassay (FPIA)



Traditional methods of phycotoxins’ detection

» Instrumental analytical techniques including HPLC and MS

+ highly specific and sensitive;

- require expensive equipment, complex procedures of sample preparation before
analysis, can be implemented only in laboratory conditions by a qualified
personnel

Immunoanalytical methods of phycotoxins’ detection

> Enzyme-linked immunosorbent assay (ELISA) » Immunochromatographic analysis

(lateral flow immunoassay)
+ highly sensitive and specific

- time-consuming (2-3 hours) + highly sensitive and specific, rapid
N (10-20 min), simple, cheap, and stable,
% ’ suitable for point-of-care usage without

- (e any additional equipment




Lateral flow immunoassay (immunochromatography)
(strlp-test)
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* Test-strip contains all reactants for the assay
* Contact of sample and test-strip initiates all processes of the assay and signal generation
e The assay can be implemented without additional stages

e The assay results may be estimated without additional equipment (visually) §



Lateral flow immunoassay

Production of test systems

1. Obtaining the immunoreagents 2. Appling of the components 3. Assembling of a multimembrane
on the membrane carriers composite and cutting it
into individual test strips

U All reactants are applied on membranes before the assay
U Contact of a sample and a test strip initiates all further processes

U The assay can be carried out without any additional reactants and manipulations

U The assay results may be estimated visually without any additional equipment



Methods for increasing LFIA sensitivity

1. Variations in the physicochemical properties of labels
(composition, shape, size, etc.)

2. Increasing the amount of a label in test strip zones

Original approach proposed in our study

The analysis of MC-LR is implemented in the indirect competitive format based on the
use of magnetic particles (MPs) as a colored label for secondary antibodies and, at the
same time, a carrier for peroxidase tag immobilized on their surface to enhance

colorimetric analytical signal by the colored product of the enzymatic reaction
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LFIA formats:
1 - LFIA without amplification
2 — LFIA with peroxidase amplification

3 — LFIA with peroxidase amplification and
reducing concentrations of immonpreagents
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Analytical parameters of the test systems:

1 — instrumental LOD/cutoff = 13/550 pg/mL;
signal amplitude = 2250 RU

2 — instrumental LOD/cutoff = 14/550 pg/mL;
signal amplitude = 9200 RU

3 — instrumental LOD/cutoff =2/50 pg/mL;
signal amplitude = 7500 RU

The assay duration was 17 min “Q’J
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Sample preparation before the analysis

)

)

Sample
homogenization

’ Extraction of
MC-LR with LFIA

Tested samples: acetic acid

. Dissolution of
Elshrlmps ’ [ Centrifugation ] [ the residues ] ’

in buffer

U squids

L mussels [ Supernatants ]
evaporation

U octopuses



Detection of microcystin-LR in seafood

Recoveries of MC-LR from seafood samples

Saulds )| shriimp=§[Smus=cEfioctopie: _
Mussels Shrimps  Octopuses Squids
— 1 023 .016 +
- ———— 0.021 + 0.003/ 0.023 0.022 + 0.001/ 0.016
101+ 15 el 110+5.0 ity
- 115 +5.0 - 80+ 10
ab ab ab ab 0.0071 0.011+ 0.0093 + 0.0092 +
0.0015/ 0.001/ 0.001/ 0.0015/
71+ 15 110 £ 10 93+ 10 92+15

Scans of test strips
after the determination of MC-LR in seafood

a—0.01 ng/g; b-0.02 ng/g of MC-LR



Preparation and characterization

of the specific reagents for the LFIA of domoic acid

Characteristics of the produced anti-DA

monoclonal antibodies
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Calibration curve of DA in the ELISA
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LFIA of domoic acid

Calibration curve of DA in the LFIA
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Detection of domoic acid in seawater
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DA concentration

Recoveries of DA from seawater

Detected DA + SD (ng/mL)/Recovery * SD (%)
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Detection of domoic acid in seafood

Sample preparation before the analysis: short 15-min procedure

Sample Extraction with . . Supernatant is
. » Centrifugation .
homogenization water—methanol used for analysis

Tested samples: Detected DA + SD (ng/g)/Recovery * SD (%)

. Shrimps Octopuses Mussels
O shrimps
0.62 + 0.09/ 0.48 + 0.10/ 0.58 + 0.08/
L mussels
124 + 18 96 + 20 116 + 16
O octopuses 1.24+0.16/  1.08+0.15/ 1.1+0.13/
124 + 16 108 + 15 110 + 13
1.86 + 0.36/ 1.78 + 0.50/ 2.24 +0.44/
93+18 89 + 25 112 22



Simultanious detection of Domoic Acid & Okadaic Acid

Domoic Acid

Double strip-test

\ o . .
Domoic acid DA-protein \](/ Anti-DA
I AN IS ' (oA) . conjugate antibody

4 Okadaic acid OA-protein Y Anti-OA
]r D * (OA) * conjugate antibody

Olga D. Hendrickson, Elena A. Zvereva, Olga N. Solopova, Anatoly V. Zherdev,
Peter G. Sveshnikov, Sergei A. Eremin, Boris B. Dzantiev. Double
Immunochromatographic Test System for Sensitive Detection of Phycotoxins
Domoic Acid and Okadaic Acid in Seawater and Seafood. Micromachines 2022,
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Matrix Added Quantity Measured Quantity Recovery
(ug/g) + SD (ug/g) +1 8D (%)
20 174+13 874 + 6.4
Scallops 8 67 0.7 B34+092
3.2 28+0.2 888 7.3
20 232+16 1162+ 7.8
Tiger shrimps 8 92+04 1147 £ 53
32 28+03 1151 £ 88
20 182+12 91.0 £ 5.8
Whelks 8 71+11 888 +13.9
3.2 2602 80.8 + 5.0
20 206 09 1029 £ 45
Octopuses 8 9902 1233+ 27
32 37+03 1164 £ 82
20 221+03 1106 £17
Mussels 8 9.6+03 119.8 £ 3.2
3.2 4003 1241 £78
20 229 %30 1145 £15.0
Mussels 8 8912 111.9 £ 147
32 38+01 120.0 £ 3.1
Okadaic acid
Added quantity Measured quantity Recovery
(ng/g) + 5D (ng/g) + 15D (%)
320 265.3 + 320 829+10
Scallops 160 1307 £ 6.2 B1.7 £ 3.9
80 719 +52 89.9 + 6.5
320 2057 + 464 924 + 145
Tiger shrimps 180 165.3 +£9.1 103.3 £ 57
80 89319 1Mle£24
320 2915 + 25.6 911+ 8.0
Whelks 160 1718 £9.3 107.4 £ 58
80 662 + 6.1 BL7 7.6
320 376.6 = 48 117.7 £15.0
Octopuses 160 190.2 £ 229 1189 £ 143
80 884174 1105 £ 93
320 3804 + 182 1217 £ 57
Mussels 160 1843 £ 24 1152 £ 15
80 974 +37 1218 £ 456
320 3949 £ 134 123.4 b}
Crabs 160 1624 £ 189 101.5 + T
80 842101 1052 £ 126
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FPIA

Among immunoassay techniques,

-luorescence fluorescence polarization
. . immunoassay (FPIA) is the most
Polarization extensively used homogeneous
technique, which meets the
mmuno requirements of a simple, reliable,

fast and cost-effective analysis

Assay



Detection of Fluorescence
Polarization
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F. Perrin, J. Phys. Radium, 7 (1926) 390-401.

1 Perrin (8) showed in his equation that the P value can be ex-
pressed as a function of such factors as temperature and viscosity
together with molecular parameters as follows

"3 40T

_,_...(___ ( (2)

observed value of fluorescence polarization

a constant (maximal value of P obtained in a rigid medium)
gas constant

absolute temperature

viscosity (poise)

relaxation time of fluorescence excitation(s)

molecular volume

‘\E



Principle of Fluorescence Polarization

Fast rotation Slow rotation

Low Fluorescence Polarization High Fluorescence Polarization
¢



FPIA — competitive immunoassay

»  HIGH concentration of Ag - LOW fluorescence polarization (mP)
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»  LOW concentration of Ag - HIGH fluorescence polarization (mP)
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Performance of FPIA




FPIA — Fluorescence Polarization ImmunoAssay

Iy

N\l In f . - Load:
7N\ EH ;‘ QO = m}'—'— 10 uL sample

Sample Polarizator Fast rotation Slow rotation 0.1 mL tracer solution
low mP value High mP value .
mp 0.1 mL antibody
/ Polarizator 201 4. 3 mix
' 210 \ d P
.> z o] \ and measure m
/l\ et 150 k-
- .y Time for assay <10 min
=
No separation steps
@ No washing steps
Fast rotati Simple and quick
astrotation Slow rotation Cost effective
Low Ifluo.rescence High Fluorescence Stable tracer
PoIarlzatlon I _ Ih Polarization H|gh precision
Vv

Stability of the
IV + I h Ag = antigen, An = analyte, Ab = antibody, F =fluorescein standard curve %I



new FP instrument — Sentry-300
https://ellielab.com/sentry-300/

SINGLE TUBE READER
Accepts 10x75 and 12x75 borosilicate glass test tubes

STANDALONE OPERATION

Includes a 32-bit microprocessor-controlled internal computer

INTERNAL BATTERY
Includes a 2700 mAh internal battery for lengthy
independent operation

SINGLE WAVELENGTH

Standard equipment includes a fluorescein filter set (485/535 nm)

¢




Fluorescence Polarization ImmunoAssay for Okadaic Acid

EDF-OKA tracer
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Conclusions

LA sensitive and rapid indirect LFIA for the detection of MC-LR, OA and DA with AuNPs-
based colorimetric detection of the assay results was developed.

L Simple and quick quantitative FPIA for OA was developed.

The analytical characteristics of developed methods not only meet official regulations
but also exceed the requirements for the sensitivity. The methods; universality makes
the proposed techniques promising bioanalytical platforms for the monitoring of
various food contaminants.

This research was funded by the Russian Science Foundation (grant number 20-43-07001)
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