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Abstract:

BACKGROUND: Aflatoxin B1 (AFB1) is a toxic metabolite
produced by Aspergillus speciesthat contaminates awide range of
agricultural products. OBJECTIVES: This study was designed to
develop a rapid and highly sensitive immunoassay method in
microarray format for quantitative detection of AFB1 to evaluate
thepotential of microarray platformfor high-throughput screening,
which can be beneficial in food and feed industry. METHODS:
Following successful optimization, using an indirect competitive
immunoassay in dot blot format, AFB1-bovine serum abumin
(AFB1-BSA) conjugate was contact-printed onto 16 isolated sub-
arrayson multi-pad nitrocel lul ose coated slides; subsequently used
in competitivebinding assays. RESULTS: Using the aforemention-
ed assay, AFB1 wasdetermined from 15 pg/g to 3.04 ng/g working
range with detection limit (LOD) of 1 pg/g. To evaluate assay
performance in real food matrices, the authors spiked wheat
samples with different concentration of AFB1. After extraction,
workingrangesof 0.11-4.15ng/gwithdetectionlimit of 30pg/gwas
determined. Good recoveries(94+9%) were obtained, demonstrat-
ing accurate detection of AFB1 concentrations in wheat samples.
Assay procedurecompletedin3hours. CONCLUSIONS: Theresults
indicated that the proposed devel oped assay in microarray format
could be used for rapid and sensitive detection of AFB1lin wheat

samples.
Introduction

Aflatoxin B; (AFB,) is a toxic metabolite
produced mainly by Aspergillus flavus and A.
parasiticus. AFB; waslisted asaGroup | carcinogen
by the International Agency for Research on Cancer
(IARC) (IARC, 2002). It is a potent carcinogen,
teratogen, andmutagen (Speijersand Speijers, 2004).
Aflatoxins can affect a wide range of vegetable
commodities such as ceredls, nuts, peanuts, fruits,
oilseeds, and dried fruitsboth in the field and during
storage (Doradimoset al., 2000). The most common
aflatoxin exposure is consumption of grains con-
taminated by aflatoxin-producing fungal strains
during growth, harvest, or storage (Bakirci, 2001,
Lopezetd., 2001).

European Community legislation has established
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a maximum level of 2 ug/kg (2ppb) of AFB; in
foodstuffs (Anklam et al., 2002); Levels above that
result in toxic manifestations, which in turn leads to
liver cancer (hepatocellular carcinoma), whichisthe
fifth most commonly occurring cancer throughout
the world and the third greatest cause of cancer
mortality (Parkinet a., 2001).

Aflatoxin production occurs in a wide range of
foods and because of its harmful effects on humans
and animals, several methods and techniques have
been devel oped for Aflatoxin determination over the
last few years. There are well-established methodo-
logies for analyzing aflatoxins in many different
foodstuffs; e.g., thin-layer chromatography (TLC),
high-performance liquid chromatography (HPLC),
overpressure-layer chromatography (OPL C), immune
affinity chromatography (IAC), and near infrared
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spectroscopy (NIR) (Li etal., 2009).

These methods typically require skilled operators,
extensivesamplepretreatment, and expensiveequip-
ments (Strokaand Anklam, 2002; Papp et ., 2002).

The goal of more recent studies has been to
simplify and expedite the method of detection while
attempting to maintain or improve sensitivity.

Immunological techniques have been used for a
long time for the detection and identification of
Aflatoxinin different assays. Antibody based detec-
tion methods for AFB; include standard immunoas-
says coupled to colorimetric (Garden and Strachan,
2001; Delmulle et al., 2005; Xiulan et a., 2005),
electrochemical (Ammida et al., 2004) or surface
plasmon resonance (Daly et al., 2000; Dunne et al.,
2005) detection, aswell as enhanced immunoassays
such as the enzyme-linked immunosorbent assay
(ELISA) (Bhattacharya et al., 1999; Pal and Dhar,
2004; Leeet ., 2004). Dot blotisasimpletechnique
to detect proteins. Itisaquick assay inwhich sample
proteins are spotted on a membrane and hybridized
with an antibody that actsasaprobe. Dot blot results
give semi-quantitative measurements of the spotted
proteins. Therefore, inthisstudy, adot bl ot technique
has been used for initial optimization towards
development of sensitive microarray format for
detection of AFB;. To achieve microarray optimiz-
ation, an immunoassay was applied on the spotted
polyvinylidene difluoride (PVDF) membrane. A
simpledot bl ot techniqueofferssignificant savingsin
time and can be used for designing the layout of
microarray. Thus, using these findings, a toxin
microarray has been developed for rapid and sensi-
tive detection of AFB;. The efficacy of thismicroar-
ray assay waseval uated infood samplesusing spiked
wheat flour asamodel of real matrices.

M aterialsand M ethods

16-pad nitrocellulose coated slides and incub-
ation chambers were purchased from Whatman Int.
Ltd. AFB, standard solution (2ug/mL) in acetonitrile
was purchased from Sigma. AFB;-bovine serum
abumin (AFB;-BSA), monoclonal anti- AFB1
antibody (Mab), sheep anti mouse IgG -Cy3 (Ab2-
Cy3), andgoat anti mousel gG- Alkalinephosphatase
(Ab2-AP) wereobtainedfrom Sigma-Aldrich.Alexa
Fluor® 647 Goat Anti-Mouse IgG was purchased
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from Invitrogen. All other chemicals were of
analytical grade (A.R.) and purchased from Sigma-
Aldrich.

Assay optimization using dot blot: Onevolume
of AFB1-BSA (400-10 pg/mL), phosphate buffered
saline (PBS) (as the negative control), monoclonal,
and secondary antibodies (as internal control) were
spotted on pre- activated PVDF membrane to
optimizemicroarray layout according totheschemes
intheFigurel, 2and 3. The spotted membraneswere
stored at 4°C overnight for further application.

A simple indirect immunoassay procedure was
performed onthe spotted membranes. After blocking
for 1h in 5% (w/v) low-fat milk prepared in tris-
buffered saline-T (150mM NaCl, 10 mM TrissHCL
pH 7.5, 0.05% v/v Tween 20), membranes were
washed threetimeswith TBS-T for 5min. Then, Mab
wasappliedindifferentdilutions; 1:10000, 1:20 000,
and 1:30 000 (from 33 mg/mL concentration) and
incubated for 1 h. Following 3 washes, two different
detection methods were applied by using two
secondary antibodies. Ab2-APwastested indilution
series of 1:1000, 1:5000, and 1:10 000 (1mg/mL).
Ab2-Cy3 was tested in dilution series of 1:500,
1:5000, and 1:10 000 (1mg/mL). The secondary
antibodies were incubated for 45 min. Additional
stepswere applied for thoseAb2-APsthat were used
in the detection method. The membrane was
equilibrated inAttoPhos® buffer (1200mM Tris-HCL
pH 9.5, 1mM MgCl2) for 10 mins, thentransferredto
al:40dilutionof AttoPhos® substrateinitsbuffer and
incubatedinthedark for 5mins. Inthedetection step,
all themembraneswerescanned using L A S3000 Fuji
imager (Figure 1 and 2) or G: BOX (SYNGENE)
(Figure3).

Contact printing and immobilization of toxin
microarray: Q-Array System (Genetix) wasusedto
generate microarrays. 16-pad nitrocellulose coated
FAST dlides were used as reacting chips (Figure 4).
An image of each identical subarray is shown in
Figure 1A. The identical layout of sub-arrays is
shownin Figure 1B. The printing design of each sub
array consisted of 32 replicates of AFB1-BSA, 8
replicates of mouse Ab2-Cy3 (printing control), 4
replicates of monoclonal anti- AFB; antibody
(internal control), and 4 replicatesof BSA 2%inPBS
(negative control). After printing, the microarray
dideswerestoredinaslidebox at 4°Cfor at least 24

1JVM (2014), 8(2): 135-142



Kamkar, A.

hbeforeuse.

Microarray assay: The spotting chamberswere
fixed on each dide and an indirect competitive
immunoassay wasperformedoneachsubarray. First,
the chipswere blocked with BSA 2% in PBS (100puL
per sub array) to minimizethenonspecific binding of
the AFB; to the chips. They were then incubated at
room temperature for 1 h. Subsequently, the chips
were washed thoroughly (100pL per sub array) two
times with PBST. Standard solutions of AFB; at
different concentrations were prepared in BSA 1%
PBS0.01% (v/v) Tween 20, mixed with monoclonal
anti-AFB1 (0.19ug/mL, diluted in BSA 1% PBS
0.01% (v/v) Tween 20) and then pre-incubated at
37°Cfor 20 min, before applicationto each sub array
(50 pL per sub array). The chips were incubated at
37°C for 30 min. After incubation, the chi ps were
washed (100pL per subarray) threetimeswith PBST
(eachwashfor 3min).

The secondary antibody, Alexa Fl uor® 647 anti-
mouse 1gG (I mg/mL) was diluted 1:5000 (v/v) in
BSA 1%- PBS- 0.01 % (v/v) Tween and added to the
subarrays (50 uL per sub array). The chips were
incubatedat 37°Cfor 45. After threewashes, thechips
were centrifuged at 3000rpm for 3 min at 4°C and
scanned using confocal microarray reader (Genepix
4000B) at a wavelength of 635 nm. The total assay
procedurewas completedin 3 hours.

Food Samplepreparation: Wheat flour samples
were artificially contaminated by adding 100 pL of
AFB; standard solutions (0, 0.1, 1 and 10 pg/mL) to
5 g of sample. The extraction method used was a
modification of the method used by Strachan and
Garden (Garden and Strachan, 2001). Tothisend, 15
ml methanol-water (80: 20) was added to 5 g of
sample. The suspension was vortexed for 1 min and
then centrifuged at 4000g for 15 min. The agueous
layer was diluted 1 in 10 for the assays. The
concentrationof AFBlindiluted sampleextractswas
measured by referenceto acalibration curveand was
used to estimate the concentration in the original
sample.

Dataextraction and analysis: Quantitative data
wasextracted using Genepix Pro 5.1 software (Axon
Instruments), generating thevalue™" meanforeground
minus mean background” intensity for each spot,
appliedfor analysis. Finally, calibration graphswere
handled with Origin 6.0. Standard curves generated
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fromonechipinparallel andwererepeatedtwotimes.

Results

Dot blot optimization: Each microarray has a
layout that should be set up and designed properly.
Therefore, AFB,-BSA, PBS (as negative control),
and a primary and two secondary antibodies (as
internal controls) were spotted to establish the
optimum design for future use on a microarray
platform. Theconcentration of 100ug/mL wassel ect-
ed asthe optimal concentration for AFB;-BSA, asit
was the lowest concentration that was detectable
using thedilution of both primary and secondary abs.
(Figurel,2and3). Thedilutionof 1: 5000 of Mabwas
the only dilution that could be detected by Ab2-AP
and nothing was detected by Ab2-Cy3 (Figure 1).
Although all dilutions of spotted secondary anti-
bodies have been detected with imager, using Ab2-
APasthedetection method the signal swerestronger.
With regard to the final result of spotting dilutions, a
1:100 dilution of both Mab (330ug/mL) and
secondary antibodies (10ug/mL) was chosen for the
positivecontrols(Figure 1).

Antibodiestitrations. Antibody detection dways
plays an important role in an indirect immunoassay
system; therefore, the conditions for using two
different secondary Abs, Ab2-AP, andAb2-Cy3were
optimized (Figure 2). As It was expected, Ab2-AP
was more sensitive than Ab2-Cy3, asthe dilution of
1:10000(v/v) for Cy3hasmadeaweak signal butwas
strong enough for Ab2-AP. Thus, the dilution of
1:5000 (0.2 pg /mL) was established as the optimal
detection dilution for use in fina format of
microarray design.

Different dilutions of Mab were applied on the
final figure of designed chip. Although the Ab2-AP
was more sensitive, further optimization was carried
out using Ab2-Cy3 as detection method because the
final microarrays format adapts to the florescent
detection. The images showed that the dilution of
1:30000(1.1pg/mL) canstill detect AFB, and canbe
used as a starting point for further optimization on
expensive microarray surfaces(Figure 3).

Utilizing the dot blot technique, the concentr-
ations of 100 pg/mL of AFB1-BSA, 330ug/mL of
Mab and 10pg/mL of secondary antibodies (as
positivecontrols) werechosenfor designing thefinal
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Table 1. Estimation of LOD for AFB1 detection using antibody-based microarray assay.

Matrix Standard curve LOD (ng/g) Working range (ng/g)
Buffer y=2.1386+ 1.2023/(1+(x/0.3708"2.1386))-1.2023,R2=0.98 0.001 0.015-3.04
Wheat y=4.0836+ 0.3898/(1+(x/1.0089"0.7033))-0.3898,R2=1 0.03 0.11-4.15

Table2. Measurementsof AFB1inwheat samplesby antibody-based microarray assay . Each extraction valuewasrepresented theaverage
value of 16 measurementson each sub-array. Each sub-array measurement wasrepeated two times.

AFB1 measured after extraction (ng/g)

Sample(ng/g) AFB1 spiked First extraction  Second extraction (Mean+ SD) R.S.D. (%) Recovery (%)
Wheat 2 2.01 1.9+0.15 7.87 95.3
20 16.02 17.01+1.39 8.19 85.06
200 206.28 203.04+4.58 225 101.52

feature of microarrays on suitable surface. For
developing the immunoassay, the dilution of 1:30
000(v/v) of Mab can be used as a starting point for
further optimization. The dilution of 1:5000(v/v) of
secondary antibodies was established as the
optimum.

Optimization on microarray: To establish the
working range in the microarrays format, further
titration starting from 1.1 pg/mL concentration of
Mab antibody was performed. The four final
optimized concentrationsof monoclonal antibody on
the sub arrays performance were evaluated by
generating standard competition curves for AFB;
(Figure3).All theexperimental datawerefittedusing
non-linear four-parameter logistic calibration plot.
The four-parameter logistic (Fare et al., 1996) is
given by the equation:

f (x)= a-d/1+(x/c)>+d

inwhich and arethe asymptotic maximum and
minimumvalues, thevalueof attheinflectionpoint
(1C50), and thedope. Comparison of thecalibration
curves generated using the toxin microarray indicat-
ed that the dilution of 1: 170 000 (v/v) (0.19 ug/mL)
isoptimal for quantitativedetectionof AFB1. Several
microarrays were screened without competitors in
order to evaluate the experimental variation in spot
intensities among each array. Relative standard
deviation no higher than 10 % was observed. The
variation acrossthedidewasaffected by thedistance
of the dide from microtitre plate and the exact
location on the slide. Therefore, a non-contact form
of printing the variation should be overcome.

Calibration curves: In Table 1, the result of
calibration curves, the equations for estimation of
limit of detection (LOD) values (equivalent to 1C10)
andworkingrangesareshown. Each concentration of
AFB; had 32 replicates in a sub array and each sub
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array value representing two time measurements.
Thelogistic correlation coefficient (R2), which was
above 0.98, indicated the excellent analytical per-
formance of this optimized toxin microarray assay
method. Theresultsreveal that thismicroarray assay
can detect the pure toxin at a level of 1 pg/mL. It
should be pointed out that the sensitivity of assay in
wheat sampleswas 30 pg/mL,, i.e. near 30fold higher.
The reduction of sensitivity for AFB1 detection in
real samplesisexplainableduetofood matrix effect;
nonethel ess, this assay achieves adequate sensitivity
for applicationsin food samples.

Recovery in food samples. The recovery
analysis of artificially contaminated wheat flour
sampleshasbeen shownin Table 2. Good recoveries
(94+9%), demonstrating thesuitability of thepropos-
edassay for accuratedeterminationof AFB1 concentr-
ationinwheat sampleswasobtai ned. Each extraction
valueindicated theaverage of 16 measurements. The
recovery values were represented the mean val ue of
two extraction procedure repeated on two different
days. The precision was estimated by calculating the
relative standard deviation (% R.S.D) for replicate
measurements.

Discussion

In recent years, the development of array-based
biosensors and microarray technology has offered
using them in various applications, including the
study of disease, drug discovery, genetic screening,
clinical diagnostic, and food screening. Antibody-
based microarraysprovideapowerful tool that canbe
used to generate rapid and detailed expression
profiles of a defined set of analytes in complex
samples, and they are potentially useful for generat-
ing rapid immunological assays of food contamin-

1JVM (2014), 8(2): 135-142



Kamkar, A.

B

Ab2-AP
1:10 000 (v/v)
AFBI-BSA 400 300 200 100 10 .

“" 9@ @ 0 O

raaseE ) 10 Blot 1
1:5000 1:10000 1:20 000 1:40 000 1:50 000

Mab (v/v) .. O O O

1:100 1:500 1:1000 1:5000 1:10 000

Ab2 (v/v) Ab2-Cy3
““o0 @ 0O O 1:10 000 (v/Av)

Blot 2

Figure 1. Optimization of microarray feature using dot blot.
(A)The illustration of the spotted elements and related
concentrations; AFB1-BSA, BSA 2%inPBS, MabandAb2on
eachblot hasbeen shownincartoons. (B) Correspondingimage
of spotted blots. A 1:10 000 (v/v) dilution of Mab and Ab2-AP
or Ab2-Cy3 has been applied for immunoassay detection.

A Ab2-AP B Ab2-Cy3

1: 1000 (v/v)

1: 500 (v/v)

400300 200 100

AFB1-BSA
(igiml) Q@O0 Bl

1: 5000 (v/v)
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400300 200100
AFB1-BSA .‘Qo Blot 2
(hg/ml) AL

1: 10 000(v/v) 1: 10 000 (v/v)
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(ng/ml)

AFB1-BSA ..QO

Figure 3. Primary antibody titration using dot blot. (A) The
illustration of the spotted feature on each blot has been shown
in cartoons. (B) Corresponding image of spotted blots. Three
different dilutions of Mab were applied on each blot for
immunoassay detection.

ants.
Therearedifferentissuesthat should beaddressed
for optimal microarray performance, e.g., thetypeof
antibody molecules, solid supports and binding
chemistries, detection system, blocking reagents,
stability of printed antibodies, sensitivity and
labeling strategies, specificity and cross-reactivity,
immunoassay format, analysis of microarray data,
and normalization (Parro, 2010). Considering all
these factors looks challengeable and has made this
technology complicated. Most of the microarray
reagentsand equipments(e.g., buffers, solid Support-
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Mab (v/v)
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200 100 50| pBS [ Mab Ab2-Cy3! 1:20 000
00000 O
. . ’ O O O Blot 2
0000 O
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Blot 3

Figure2. Secondary antibodiestitrationusingdot blot. (A) The
illustration of thespotted el ementson each blotin cartoons. (B)
Corresponding image of spotted blots. From left to the right,
ADb2-APand Ab2-Cy3wereappliedinthreedifferent dilutions
on each blot for immunoassay detection.

S, etc.) are expensive; therefore, the need to use an
inexpensive method for initial optimizationsprior to
the actual microarray platform seems to be crucial.
Dotblotisasimpletechniquetodetect proteins. Thus,
in an attempt to devel op an antibody-based assay for
detection of AFB; in microarray format, dot blot
technique was applied for primary optimization.
Different concentrationsof AFB,-BSA, monoclonal
and secondary antibodies, sheep anti-mouse 1gG-
Cy3 conjugated (Ab2-Cy3), or goat anti mouse 1gG-
Alkaline phosphatase conjugate (Ab2-AP) (as
internal control) were spotted in series of dilution to
establish the optimum conditions for microarray
layout. The concentration of 100pg/mL was sel ected
astheoptimal concentrationfor AFB,-BSA, asitwas
thelowest concentrationthat wasdetectableusingthe
optimized immunoassay. For positive internal
controls, a 1:100 dilution of Mab (330ug/mL) and
secondary antibodies (10ug/mL), wasdetermined as
optimal (Figure 1 and 3).

The type of antibody molecules (polyclonal-
monoclonal, phage-display, Fab, affybodies, etc.)
and detection systems, label-dependent (e.g. fluore-
scence, chemol uminiscence, enzymatic, etc.) or label
free, aways plays an important role for optimal
antibody microarrays function. (Parro, 2010).
Minimum antibody titers of 1:30 000 (1.1 pg/mL) of
Mab and 1:5000 (0.2 pg/mL) for secondary
antibodies were established as suitable dilutions for
immunoassay. Ab2-APwasmoresensitivethanAb2-
Cy3as1:10000(0.1ug/mL) of Ab2-Cy3hasmadea
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Figure4. Imageof amicroarray chip. (A) Animageof aNitrocel lulosecoated slidecontaining 16 physically isol ated subarraysassembled
with reaction chamber has been shown. (B) A representing order of thelayout of each subarray hasbeen shownintable. Every subarray

was consisted of two replicates of thisprinting layout.

weak signal but was strong enough for Ab2-AP.
(Figure 2). For the final titration of monoclonal
antibody, only Ab2-Cy3 was used because of the
advantage of one step detection.

Inall of thestudi esdesigned to detect mycotoxins,
the LOD, which reflects sensitivity, is an important
parameter e.g., the LOD of AFB; was 3.00 ng/ml
using surface plasmon resonance (Daly et al., 2000),
12.5ng/gby ELISA infood stuffs(Sahaet a ., 2007),
0.16 ng/mL by HPLC (Ghali et a., 2009) and 1.00
ng/mL using LC/APPI-MS/MS (Capriotti et al.,
2010); 1ng/mL by novel selectiveimmunochromato-
graphic assay (Zhang et a, 2011); and 1 mg/kg by
lateral flow immunoassay (Anfossi etal., 2011).

Incomparisonwiththecurrent published methods
for aflatoxin detection, the LOD of our developed
method was 1 pg/mL, indicating the high sensitivity
of developed assay, which ismore sensitive than the
currently available commercial methods. Total assay
time was 3h, which indicates the rapid detection
ability of the proposed method. The performance of
the microarray assay in commodities was eval uated
using spiked wheat flour samples. The sensitivity of
thismethodwasdeterminedas30pg/g. Thereduction
of sensitivity inactual food samplesisexplainableby
the effect of food matrices. Therefore, further
investigation needs to be carried out to address this
issue. A good recovery (98+11%) indicates the ac-
curacy of the proposed assay for AFB1 detection in
real food sampl es. In conclusion, microarray techno-
logy hasthepotential tobeused asascreeningtool for
monitoring food sampleson alarge scale. Using this
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method, small quantitiesof reagentsand samplesare
required. In addition, parallel assayscan beperform-
ed for multiple analyses. Dot blot is a simple and
inexpensive technique which confirms the presence
or absence of a biomolecule. A successful dot blot
optimization can be considered as a significant cost
benefit step toward designing an effective microar-
ray. Futurework canfocusonlarger scaleapplication
of thismethod in commercial foodstuffs. Inaddition,
this method could be extended to detect other
foodborne hazards (such as food borne pathogens,
bacterial toxins, chemicals, antibioticsresidues, etc.)
onasinglechipformat.
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