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Aflatoxins and microcystin are toxins that are
produced by fungi Aspergillus and algal Microsystis.
They are commonly found in foods, cereal products,
and water, which cause toxic effects and cancer in
human and animal. Antibodies specific to aflatoxin Bl
were generated from rabbits immunized with AFBI-
bovine serum albumin (BSA). By using these
antibodies, this work presents a rapid and sensitive
competitive direct enzyme-linked immunosorbent assay
(cdELISA) and a gold nanoparticle
immunochromatographic strip method for detecting AFB1
in food and feed samples. In the rapid cdELISA, AFBI
at a concentration of 0.15 ng/ml causes 50%
inhibition (IC50) of binding AFBl-horseradish
peroxidase to the antibodies. Effective on-site
detection capability of AFBl is also developed based
on a rapid and sensitive antibody-gold nanoparticle
immunochromatographic strip method. This strip has a
detection limit of 2.0 ng/ml for AFBI in food and
feed samples. Additionally, the entire analysis is
completed within 10 min. Closely examining 36 food
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and feed samples by cdELISA reveals that 20 are
contaminated with AFB1 from 1.3~234 ng/g. Results of
20 contaminated samples further analyzed with
immunochromatographic strip assay correlate well with
those obtained from cdELISA. The proposed cdELISA and
immunochromatographic strip methods are highly
sensitive to the rapid screening of AFB1 in food and
feed samples.

aflatoxin Bl ; microcystin, ELISA,
Immunochromatography
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Aflatoxins and microcystin are toxins that are produced by fungi Aspergillus and algal Microsystis. They
are commonly found in foods, cereal products, and water, which cause toxic effects and cancer in human and
animal. Antibodies specific to aflatoxin B1 were generated from rabbits immunized with AFB1-bovine
serum albumin (BSA). By using these antibodies, this work presents a rapid and sensitive competitive
direct enzyme-linked immunosorbent assay (cdELISA) and a gold nanoparticle immunochromatographic
strip method for detecting AFB1 in food and feed samples. In the rapid cdELISA, AFB1 at a concentration
of 0.15 ng/ml causes 50% inhibition (1Csp) of binding AFB1-horseradish peroxidase to the antibodies.
Effective on-site detection capability of AFBL1 is also developed based on a rapid and sensitive
antibody-gold nanoparticle immunochromatographic strip method. This strip has a detection limit of 2.0
ng/ml for AFBL1 in food and feed samples. Additionally, the entire analysis is completed within 10 min.
Closely examining 36 food and feed samples by cdELISA reveals that 20 are contaminated with AFB1
from 1.3~234 ng/g. Results of 20 contaminated samples further analyzed with immunochromatographic
strip assay correlate well with those obtained from cdELISA. The proposed cdELISA and
immunochromatographic strip methods are highly sensitive to the rapid screening of AFB1 in food and

feed samples.
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2.1 Materials.
Aflatoxin B1, bovine serum albumin (BSA), ovalbumin (OVA), AFB1, AFB2, AFG1 and AFG2 analytical
standard solution (10 ug/ml, Certified Reference Material from Supelco; Bellefonte, PA, USA), gelatin,
bovine serum albumin (BSA), sodium bicarbonate, N, N-dicyclohexylcarbodiimide (DCC),
N-hydroxysuccinimide (NHS), and Ferund's complete adjuvant were obtained from Sigma Chemical Co.
(St. Louis, MO, USA). Carboxymethoxylamine hemihydrochloride (CMO), ammonium sulfate, sodium
chloride, and sodium azide were obtained from Aldrich Chem.Co. (Milwaukee, WI, USA). N,
N-dimethylformamide, sodium phosphate, hydrochloric acid, boric acid and Tris were obtained from J. T.
Baker (Phillipsburg, NJ, USA). TLC Silica gel 60 F254 plate, Tween 20 and disodium tetraborate (borax)
were obtained from Merck (Darmstadt, Germany). Ferund's incomplete adjuvant, goat anti-rabbit 1gG -Fc
and goat anti-rabbit peroxidase conjugate were obtained from Pierce Chemical Co. (Rockford, IL, USA).
Horseradish peroxidase (HRP) was obtained from Roche. HRP substrate solution 3, 3', 5,
5'-tetramethylbenzidine (TMB) was obtained from Neogen Corp. (Lexington, KY, USA). Microtiter plates
and strips (low and high protein binding) were obtained from Nunc (Roskilde, Demark). ELx 50 ELISA
washer was purchased from Bio-Tek instruments (Winooski, VT, USA). Vmax automatic ELISA reader
was purchased from Molecular Devices Co. Colloidal gold (40 nm in diameter) was obtained from
BBInternational (Cardiff, United Kingdom). A Easypack Developer's Kit consisted of three pads (sample,
conjugate release and absorbent pads) and one nitrocellulose membrane plate with membrane pore size 5
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uM and the Easy Printer (model LPM-02) for drawing the test line and control line of membrane were
purchased from MDI Membrane Technologies (Ambala, India ). All other chemicals and organic solvents
used were of reagent grade or better.

2.2 Preparation of various aflatoxin B1 conjugates
Preparation of Aflatoxin B1-CMO

The method used by Chu, Hsia, and Sun (1977) for preparing aflatoxin-CMO was modified to allow for
conjugating to carrier protein or enzyme. A typical experiment began with 10 mg aflatoxin B1 plus 15 mg
carboxymethoxylamine hemihydrochlortide (CMO), which was dissolved in 6 ml reflux solution (1.0 ml
pyridine, 4.0 ml methanol, 1.0 ml water) in a round bottom flask. ~After the reaction mixture was gently
refluxed for 2.5 hr with continuous magnetic stirring, the flask was wrapped in aluminum foil and kept at
room temperature overnight. A rotary evaporator was used to concentrate the reaction mixture to about 1 ml,
then the remaining 1 ml mixture and aflatoxin B1 standard were spotted onto TLC plate. TLC plate were
developed in chloroform:methanol (9:1) plus 1.5% acetic acid, and observed under UV light at 365 nm long
wavelength. The derivative was then removed from the TLC plates and re-dissolved in chloroform, which
was centrifuged for 5 min to remove silica gel residues. The aflatoxin B1-CMO was air dried for
conjugation.
Conjugate of aflatoxin B1 to BSA, OVA and HRP for ELISA

Aflatoxin B1-CMO was conjugate to OVA and HRP by adding water-soluble carbodiimide (EDC) and

NHS under the following conditions. Freshly prepared EDC (1.0 mg of EDC in 0.01 ml of DMF) and NHS
(0.8 mg of NHS in 0.01 ml DMF) solutions were prepared and added to an aflatoxin B1-CMO solution (0.5
mg aflatoxin B1-CMO in 0.13 ml of DMF).The reaction was kept at room temperature for 2 hr with
continuous magnetic stirring. Than, the mixture was divided into two vials each contained 75 pl of reaction
mixture. The BSA or OVA (1.5 mg of BSAor OVAin 1.0 ml of 0.1 M NaHCOQOs, pH 8.3) and HRP (1.5 mg
of HRP in 1.0 ml of 0.1 M NaHCOsg, pH 8.3) solutions were prepared and dividedly added to two vials
dropwise, and kept at room temperature for another 2 hr with continuous magnetic stirring. After the
reaction, the above two reaction mixtures were dialyzed against 2 liter of 0.01M phosphate buffer
containing 0.15 M NaCl [phosphate-buffered saline (PBS), pH 7.5] for 72 hr with two exchanges of buffer.
After the dialysis, the mixture was collected for the ELISA analysis.

2.3. Production of polyclonal antibody

The schedule and methods of immunization were the same as those described by Yu, Chi, Liu, and Su
(2005). The rabbit was injected intradermally at multiple sites on the shaved back (about 30 sites) with
500 pg of immunogen (aflatoxin B1-BSA conjugate) in 1 ml of 0.01M PBS mixed with 1 ml of Freund
Complete adjuvant. For booster injections, the same amount of immunogen was mixed with an equal
volume of incomplete Freund adjuvant and injected subcutaneously at 4 sites on the thigh of the rabbit.
The antisera were precipitated with (NH4).SO, to a final concentration of 50% and 35% in sequence by
using a 100% saturated (NH,4)>SO, solution. The precipitate was redissolved in distilled water equal to
half of the original volume and than dialyzed against 2 | of PBS for 72 hr at 4 °C with two changes of
buffer. Final added 0.01 M PBS to the original volume.

2.4. Characterization of polyclonal antibodies

CiELISA

A CiIELISA was used to characterize anti-aflatoxin B1 antiserum. Briefly, each well of a microtiter plate
(plate 269620; Nunc) was coated with 0.1 ml of aflatoxin B1-OVA (1: 10,000 dilution in 0.01 M PBS) and
kept at 37°C 1 hr or at 4 °C overnight. After the plate has been washed with PBS-Tween (0.35 ml per well;
0.05% Tween 20 in 0.01 M PBS) using an automated ELISA washer (Elx 50, Bio-Tek), blocking the plate
by added 0.17 ml of gelatin-PBS (0.17 ml per well; 0.1 % gelatin in 0.01 M PBS) and incubated at 37 °C
for 30 min. The plate was washed as described above, and 0.05 ml of aflatoxin B1, B2, G1 and G2
standard with concentrations from 0.01 ng/ml to 10 ng/ml or samples were added to each well, and then,
the anti-aflatoxin B1 antiserum (1:5000 dilution in 0.01 M PBS; 0.05 ml per well) was added to all wells
and incubated at 37°C for 1 hr. After incubation, the plate was washed again, and 0.1 ml of goat anti-rabbit
IgG-HRP conjugate (1:20000 dilution) was added and kept at 37°C for 50 min. The plate was washed four
times with PBS-Tween again, and 0.1 ml of TMB substrate solution was added. After about 10 min kept at
room temperature, 0.1 ml of 1 N hydrochloric acid was to stop the reaction. Absorbance at 450 nm was
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determined in a Vmax automatic ELISA reader.

Rapid cdELISA

The anti-aflatoxin B1 antibody was diluted in 0.01 M PBS (1:10000, 1 ug/ml), and 0.1 ml of the diluted
form was coated onto each well. After the plate had incubated at 37°C for 1 hr or at 4°C overnight, it was
washed four times with PBS-Tween followed by blocking with BSA-PBS (0.17 per well; 0.1 % BSAin
0.01 M PBS) at 37 °C for 20 min. The plate was washed again and 0.05 ml of aflatoxin B1, B2, G1, and G2
standards with concentrations from 0.01 ng/ml to 10 ng/ml or samples were added to each well, and than,
the aflatoxin B1-HRP conjugate (1:10,000 dilution in 0.01 M PBS; 0.05 ml per well) was added to all wells
and incubated at 37°C for 15 min. The plate was washed four times with PBS-Tween, and 0.1 ml of TMB
substrate solution added. After kept at room temperature in the dark for 10 min, the reaction was terminated
by adding 0.1 ml of 1 N HCI. The absorbance at 450 nm was determined in the Vmax automatic ELISA
reader.

2.5. cdELISA of food and feed samples contaminated with aflatoxins

Thirty six different brand names of food and feed samples including coffee, red yeast rice and corn based
feed purchased from local stores were subjected to determine their AFB1 levels. Briefly, each grinding
sample (10 g) was shaken with 100 ml of extract solvent (methanol/water, 80/20, v/v) for 10 min. After
centrifugation at 14000 x g for 5 min, the supernatant solution was aspirated was passed through a 0.45 um
syringe filter and 1 ml of clear extract, diluted with 9 ml of 0.01 M PBS was directly subjected to cdELISA.
For on-site immunochromatographic strip assay, the 0.1 ml of clear middle solution was aspirated and
diluted with 0.2 ml of PBS for the test.

2.6. Preparation of antibody-gold nanoparticle probe

The 5 ul of anti-aflatoxin B1 antibody (1 mg/ml) was dissolved in 1 ml of boric acid-borax buffer (pH
8.0), and this antibody solution was added dropwise to 2 ml of the gold nanoparticle (40 nm in diameter)
solution with gentle stirring. The mixture was reacted for 1 hr at room temperature and blocked with 400 pl
filtered BSA for 30 min. After the reaction, the mixture was centrifuged at 14,000 rpm for 30 min at 4°C,
and then the supernatant was discarded, and the gold pellets were resuspended by adding 200 pl of 20 mM
Tris-buffer saline (pH 8.0) with 1 % BSA and 0.1 % sodium azide. These anti-aflatoxin B1
antibody-colloidal gold probes were stored at 4°C until use.

2.7. Preparation of immunochromatographic strip for AFB1
An immunochromatographic strip consisted of three pads (sample, conjugate release, and absorbent

pads) and one nitrocellulose membrane with test and control zones. The test and control zones of the
nitrocellulose membrane were drawn with 0.25 ul of AFB1-OVA (0.1 mg/ml) conjugate and 0.5 pl of goat
anti-rabbit IgG antibody (0.1 mg/ml), respectively. The treated nitrocellulose membrane with a plastic
backing plate was dried for 10 min at the room temperature. The AFB1 antibody-gold nanoparticle probe (3
ul/strip) was added to an untreated glass-fiber membrane to be used as a conjugate release pad. The
conjugate release pad was air-dried for 5 min at 37°C. The release pad was pasted on the plate by
over-crossing 4 mm with the NC membrane. The sample pad was also pasted on it by over-crossing 6 mm
with release pad. The absorbent pad was passed on the other side of the plate. The whole assembled plate
was cut lengthways with an automatic cutter and divided into strips (4 mm x 75 mm) by cutting machine .
These assembled strips were kept in 4°C refrigerator in a sealed plastic bag until use.

2.8. Assay of aflatoxin B1 in food and feed samples by Immunochromatographic strip
The assay was carried out by adding sample solution, and the certificated standard aflatoxin B1 solution
by serial dilution (0-10 ng/ml) into microplate wells. Subsequently, the immunochromatographic strips
were dipped into the wells vertically. In order to characterize and define the cutoff level for each selected
concentration, more than n=5 measurements were tested in our strip detection system. The sample solution
or standard aflatoxin B1 solution (0.3 ml) were applied to the sample pad and migrated up the membrane.
The strip test was allowed to develop color for 10 min, and the test results were determined visually.

=. 2% (Results)
3.1 Production and characterization of antibodies.



Antibody titers were determined using an indirect ELISA with AFB1-OVA coated onto ELISA plates.
Antibodies against AFB1 were initially detected in the sera of rabbits after the 6th week of the first
immunization. The antibody titers increased gradually over time, and the highest antibody titer was
observed in the sera of rabbits 15 weeks after two subsequent immunizations. Additionally, the specificity
of the antibodies was determined using both the competitive indirect and direct ELISA methods. According
to Fig. 1A, the antibodies displayed a higher affinity for AFB1, Moreover, according to this figure, the
concentrations causing 50% inhibition (ICso) of binding of AFB1-HRP with the antibodies by AFB1, AFB2,
AFG1, and AFG2 were 0.15, 0.55, 0.32 and 3.83 ng/ml , respectively. Based on the ICs, values, the relative
cross-reactivity of antibodies to AFB1, AFB2, AFG1 and AFG2 was determined as 100, 28, 49, and 4,
respectively. Asimilar pattern of cross reactivity was obtained in the CiELSA, in which AFM1-OVA were
coated onto the wells of the ELISA plate to function as the solid-phase antigen. Finally, the 1Cso values of
binding of antibodies to AFB1-OVA by free AFB1, AFB2, AFG1 and AFG2 were obtained to be 0.30, 1.32,
0.78 and 5.68 ng/ml, respectively (Fig. 1B).

3.2. Analysis of AFB1 in food and feed samples with cdELISA

The efficacy of cdELISA for monitoring AFBL1 in food and feed products was evaluated by collecting
36 brand names of food and feed samples from local stores and then subjecting them to cdELISA. Table 1
summarizes the cdELISA results, indicating that 20 of the 36 examined samples were AFB1 positive with
levels ranging from 1.3~234 ng/g. Of those, sample 3 contained with the highest toxin level at 234 ng/g.
Additionally, sample 9 had the lowest toxin level at 1.3 ng/g. Additionally, sample 1, 2, 3, 4, 18, and 19
were contaminated with a toxin level ranging from 65.0~234 ng/g, which exceeded the US-FDA (20 ng/g)
and Taiwan-FDA (15 ng/g) regulatory limits of AFB1 in food.

3.3. Construction of the immunochromatographic strip method
A one-step immunochromatographic strip method for on-site detection of AFB1 in food and feed

samples was constructed using antibodies specific to AFB1. This method assumes that aflatoxins in the
sample compete with AFB1-OVA conjugate for binding with the colored antibody-gold nanoparticles. A
situation in which the aflatoxins concentration in the sample exceeds a specified amount implies that the
toxin occupies all binding sites of antibody-gold conjugates in the “conjugated pad” area. Consequently, in
terms of the test zone, no free antibody-gold conjugate is available for binding with AFB1-OVA. Therefore,
the red line on the test zone is absent, indicating a positive result. Next, in this study whether the assay
performed properly is verified by constructing a control zone with a goat-anti-rabbit secondary antibody.
Under accurate operations, the control zone should always display a red color line, regardless of the
presence or absence of aflatoxins. Therefore, an aflatoxin-free sample should display two red lines on the
membrane, whereas a toxin positive sample should have only one red line (Fig. 2.)

3.4. Detection limit of immunochromatographic strip method for AFB1
Various concentrations of the AFB1 analytical standard (0-10 ng/ml) were applied on

immunochromatographic strips, in which AFB1-OVA was absorbed on the test line. The cutoff level of
AFB1 for our strip was characterized and defined by measuring each toxin concentration at least five times.
According to Fig. 3, a positive sample with a concentration exceeding 2 ng/ml fails to produce a visual red
line in the test zone. This finding suggests that AFB1 at a concentration as low as 2 ng/ml is sufficient to
occupy all antibody-gold conjugates and prevent the conjugates from binding with AFB1-OVA in the test
zone. Conversely, a sample containing AFBL1 less than 1.0 ng/ml forms a visible red line on the test zone,
implying that the detection limit of strip is approximately 1~2 ng/ml. The control line always has a red line
regardless of the presence of aflatoxins in samples, thus confirming the development of a correct test strip.

3.5. Analysis of AFB1 in food and feed samples with immunochromatographic strip assay method

The immunochromatographic strip assay performed in this was completed within 10 min. AFB1
contamination in the food and feed samples examined by cdELISA were analyzed by applying strips.
According to Fig. 4, samples 1, 2, 3, 4 and 18, which displayed AFBL1 levels ranging from 7.24 ng/ml (72.4
ng/g) to 23.4 ng/ml (234 ng/g) in cdELISA (Table 1), yielded a positive result, with only one red line on the
control zone of the immunostrip. Sample 19, which contained 6.5 ng/ml (65 ng/g) of AFBL, displayed a
weak red line in the test zone and a clear red line in the control zone, indicating positive/negative symbols.
(Table 1), Above analytical results of food and feed samples in Fig. 4 are expressed as positive/negative
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symbols in Table 1 for comparison with cdELISA.
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Table 1. ELISA and Immunochromatographic Strip Analysis of AFB1 in Food and Feed

Samples

Samples ELISA (ng/ml)  ELISA(ng/g)® Immunochromatographic strip assay®

1. 9.21 92.1 +
2. 11.20 112.0 +
3. 23.40 234.0 +
4 8.44 84.4 +
5 0.17 1.7 —
6 0.42 4.2 —
7 0.82 8.2 —
8 0.29 2.9 —
9 0.13 1.3 —
10 0.62 6.2 —
11 0.56 5.6 —
12. 0.71 7.1 —
13 0.97 9.7 —
14 0.96 9.6 —
15 0.75 7.5 —
16 0.39 3.9 —
17 0.67 6.7 —
18 7.24 72.4 +
19 6.50 65.0 +
20 0.93 9.3 —

& Samples were duplicate and each sample extract was analyzed in triplicate.

® 1 ml of aliquot of extract solution contained 0.1 g of sample.
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Figure 1. (A). Cross-reactivity of anti-aflatoxin B1 antibodies with aflatoxin B1 (@) , aflatoxin B2 (O)
aflatoxin G1(m) and aflatoxin G2 (L) in a competitive direct ELISA (cdELISA). All data were obtained
based on the average of three sets of experiments. The absorbance of the control, AO, with no toxin present,
was 2.4. (B). Cross-reactivity of aflatoxin B1 antibodies with aflatoxin B1 (@) , aflatoxin B2 (O) aflatoxin
G1(m) and aflatoxin G2 () as determined by a competitive indirect ELISA (CIELISA). All data were
obtained based on the average of three sets of experiments. The absorbance of the control, A0, with no toxin

present, was 2.0.
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Absorbent pad:

Control zone
(Goat anti-rabbit IgG). ’

Testzone (AFB1-OVA)y —»

Conjugate pad (Antibody--

gold nanoparticle
conjugate).

Sample pade ———»

Negativeo Positive.

Figure 2. Schematic illustration of immunochromatographic strip. C, control zone (Goat anti-rabbit IgG); T,
test zone (AFB1-OVA).

11



10 5 2 1 01 0 ng/ml

o e R S S

Figure 3. Detection limit of aflatoxin B1 with immunochromatographic strip. A series of dilution (0-10
ng/ml) of certificated standard AFB1 was dissolved in PBS. A concentration higher than 2.0 ng/ml of
AFB1 led to the disappearance of a red line at the test zone.
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Figure 4. Detection of AFB1 with immunochromatographic strip in control and 20 contaminated samples. A
control strip containing PBS indicates that two red line on the membrane, verifying that it is AFB1 negative.
Sample 1, 2, 3, 4, and 18 containing AFB1 higher than 2.0 ng/ml showed only one red line on the membrane
indicating that they are AFB1 positive.
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Development of a Monoclonal Antibody against Okadaic Acid and Its Application in
Enzyme-linked Immunosorbent Assay and Gold Nanoparticle Immunochromatographic Strip

Chun-Tse Hung, Biing-Hui Liu, Feng-Yih Yu*
Department of Biomedical Sciences, Chung Shan Medical University, Taichung, Taiwan

Abstract:

Okadaic acid (OA) is a toxin that accumulates in bivalves and causes diarrheal shellfish
poisoning. A monoclonal antibody (mADb) specific to okadaic acid (OA) was produced from a
stable hybridoma cell line, 6B1A3, generated by the fusion of P3/NS1/1-AG4-1myeloma cells
with spleen cells isolated from a BALB/c mouse immunized with OA-y-globulin. The 6B1A3
mADb belongs to the immunoglobulin G1 (K chain) isotype. A competitive direct enzyme-linked
immunosorbent assay (CdELISA) and a competitive indirect ELISA were established for antibody
characterization. The concentrations causing 50% inhibition of binding of OA-horseradish
peroxidase to the antibody by OA were found to be 0.075 ng/mL in the cdELISA. A sensitive and
rapid mAb-based gold nanoparticle immunochromatographic strip was also developed using this
mADb. This strip has a detection limit of 5 ng/mL for OA and can be completed in 10 min. Closely
examining 20 seafood samples by cdELISA revealed that 17 were slightly contaminated with OA,
with a mean concentration of 0.45 ng/mL. Analysis of OA in seafood samples revealed that data
obtained from immunochromatographic strip were in a good agreement with those obtained from
cdELISA. The mAb-based cdELISA and immunochromatographic strip assay established in this

study were sensitive and accurate for rapid screening of OA in seafood samples.
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