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To High Throughput Screening (HTS), a homogeneous fluorescence polarization immunoassay (FPIA) was
developed for the quantitative determination of ochratoxin A(OTA) using a Victor® (PerkinElmer). The
homologous tracer, fluorescein-labelled OTA-EDF were synthesized and a specific OTA antibody has been
used in the development of the method. It allowed the determination of OTA in the concentration range
0.5-200 ng/ml, with the detection limit of 0.3 ng/ml. The method developed was highly specific and
reproducible. OTA spikes in unpolished rice extracts were determinable by FPIA with good recovery. For
naturally contaminated unpolished rice samples some disagreement was observed between the results
obtained by FPIA and HPLC, which could be related to the a little matrix effect observed for FPIA. Further
research is needed to validate the procedure. On the basis of these initial resuits, this FPIA appears to meet
the performance criteria for OTA screening of food samples without a complicated clean-up.
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In today’s changing world, safety and security have
generally remained basic human needs. Ensuring the safe-
ty of food has been a major focus of international and na-
tional action over the last years. Both microbiological and
chemical hazards are of concern. Among chemical hazards,
the contamination of food and feed by mycotoxins (foxic
metabolites of fungi), fishery products by phycotoxins
(toxins produced by algae) and edible plant species by
their significant sources of food-borne illnesses[38]. Of
these three categories of natural toxins, most attention has
been directed to mycotoxins until now. In several parts of
the world, mycotoxins currently represent a major food
safety issue.

The knowledge that mycotoxins can have serious effects
on humans and animals has led many countries to estab-
lish regulations on mycotoxins in food and feed in the last
decades to safeguard the health of humans, as well as the
economical interest of producers and traders. The first lim-
its for mycotoxins were set in the 1960s for the aflatoxins.
By the end of 2003, approximately 100 countries had devel-
oped specific limits for mycotoxins in foodstuffs and feed-

stuffs, and the number continues to grow. Despite the dif-
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ficulties, mycotoxin regulations has been established in
many countries during the past decades, and newer regu-
lations are still being issued[5]. National regulations have
been established for a number of mycotoxins such as the
naturally occurring aflatoxins, trichothecenes deoxy-
nivalenol, diacetoxylscirpenol, T-2 toxin and HT-2 toxin,
the fumonising By, B, and Bs; agaric acid; the ergot alka-
loids; ochratoxin A; patulin phomopsins; sterigmatocystin
and zearalenone [2,7,12,24,25,26, 31,34,36,37]. Among them,
the ochratoxin A (OTA) is a mycotoxin produced by sev-
eral Aspergillus and Penicillium species on different agricul-
tural commodities. It has carcinogenic, mutagenic, im-
munosuppressive, nephrotoxic and teratogenic properties.
The occurrence of OTA in food and feed ha been reported
worldwide[11,13,22]. The regulation of mycotoxins in
Korea, the limits were established guideline levels for afla-
toxin By, My in all foods and patulin mostly in fruit prod-
ucts such as apple juice, but not OTA, yet[9]. But a sig-
nificant increase in the number of countries that have spe-
cific regulations for OTA at levels ranging from 1 to 50 1
g/kg in foods and from 5 to 300 pg/kg for animal
feeds[35].

Cereals are considered the major source of human ex-
posure to OTA. Many countries have set a limit for ochra-

toxin A in cereals, many others for cereal products, and



various have set separate(different) limits for both. Setting
mycotoxin regulations is a complex activity, which in-
volves many factors and interested parties. Various factors
play a role in decision-making processes focused on setting
Hinits for mycotoxins. These include scientific factors to as-
sess risk {such as the availability of toxicological data),
food consumption data, knowledge about the level and
distribution on mycotoxins in commodities, and analytical
methodology. The first two factors provide the necessary
information for hazard assessment and exposure assess-
mient  respectively, the main ingredients for risk
assessment. The exposure assessment were undertaken
within the distribution of the concentration of mycotoxins
in products. So the data for the level and distribution on
mycotoxins in commodities, that is an important factor to
be considered in establishing regulatory. Rice (Oryza sativa
L. is an important food crop worldwide along with wheat
and corn, and has been major food in several countries of
Asia including Korea since ancient times. Rice is a staple
food as well as the main source of carbohydrate in the diet
of the people. The daily intake of rice by Korean was sur-
veyed in 1998 remains as high as ever end accounts for
about 19% of the Korean total diet, or more than 70% of
Korean diet of cereals and grain products|[10]. Despite the
importance of rice as a staple food and the reported occur-
rence data of mycotoxins, there is only a little information
on the incidence of fungal flora in Korean rice[15,21].

To determine OTA levels in foodstuffs and biological
fluids, a variety of methods have been proposed|16,27,35],
the most widely employed being high-performance liquid
chromatography (HPLC, reversed-phase or direct), using
different clean-up procedures such as liquid-liquid parti-
tion, solid-phase extraction (SPE) and immunoaffinity chro-
matography, detected by fluorescence (excitation 330-340
nin, emission 460-470 nm) or, more recently, by tandem
mass  spectrometry|1,4,14,18,29,30,33].

methods for the most part are expensive, laborious, time

However, these

censuming, and require sophisticated equipment and com-
plicated clean-up procedure. Recently, analysis using im-
munochemical methods especially enzyme-linked im-
munosorbent assay (ELISA), are gaining wide acceptance
for the routine use on analysis of mycotoxins for many
samples because of the sensitivity, specificity, rapidity,
simplicity and cost effectiveness{3,17]. However, ELISA is
a heterogeneous method and separation of free and anti-

body-bound analyte, as well as long reaction time (1-2 h),
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is needed; in addition, this method involves multiple
washing steps. A very promising way for the sim-
plification of immunoassays for routine applications is a
shift from heterogeneous methods(with separation) to ho-
mogeneous assays(without separation). Fluorescence polar-
ization immunoassay (FPIA) is the most extensively used
homogeneous technique, which meet the requirements of a
simple, reliable, fast and cost-effective analysis. The theory
and applications of these method to the determination of
different compounds, including pesticides, infectious dis-
ease and mycotoxins, have been described in several books
and review|6,8]. Recently, the use of FPIA for the determi-
nation of fumonisins, deoxynivalenol and aflatoxins in
grains has been reported [19,20,28].

This paper focuses on the determine the occurrence of
ochratoxin A in unpolished rice by developed rapid detect-
ing method, FPIA.

Materials and Methods

Chemicals

OTA and other toxins used for cross-reactivity studics,
1-ethyl-3-(3-dimethyl-aminopropyljcarbodiimide hydro-
chloride (EDC), N-hydroxysuccinimide (NHS), fluorescein
isothiocyanate (FITC, Isomer I), Tween 20, common sol-
vents and salts were purchased from Sigma Co. (St. Louis,
MO, USA). Thin-layer chromatography (TLC) plates (Silica
gel 60, fluorescent, 1 mm, 20x20 cm) were obtained from
Merck Co. (Darmstadt, Germany). All chemicals and or-
ganic solvents were of reagent grade or higher. Water used
in all experiments was purified with Aquamax- Ultra sys-
tem (Yonglin, Korea). Fluoresceinthiocarbamyl ethylenedi-
amine (EDF) was synthesized from FITC and ethylenedi-
amine as described previously by Pourfarzaneh et al. [23]
with modifications[20]. Sodium borate butfer (BB, 0.05 M,
pH 9.0) was used for all FPIA experiments. Standard sol-
utions of OTA and cross-reactants were prepared by dilu-
tion of stock solutions of these compounds (I mg/ml, in
methanol).

Sample preparation

Unpolished rice samples were taken from fields in
Gyeongnam and Gyeongbuk provinces, South Korea,
which cultured 2005. Unpolished rice sample were first an-
alysed by HPLC and found to be OTA negative. One gram
of dried ground blank sample was spiked with up to dif-
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ferent concentrations of OTA (10, 50 and 100 ng/g) and
then extracted with 10 volumes (10 ml) of meth-
anol/ultra-pure water (3:2, v/v) by shaking for 30 min at
room temperature. Extracts were centrifuged at 3000 rpm
for 10 min, the supernatants were subsequently diluted
two-fold with the assay buffer(BB) and tested in the FPIA
without further purification. Analyzed in triplicate by
FPIA. Blank and naturally contaminated unpolished rice
samples were prepared as described above but not spiked
with OTA.

Preparation of immuno-reagents

The synthesis of fluorescein-labeled tracer, OTA-EDF and
purification of OTA-EDF were performed as described by
Shim ef al.[28]. The monoclonal antibody, CVL-MAB0029-
1(3C5) against OTA-bovine serum albumin(BSA) conjugate,
was purchased from Axxora Life Science Inc. (San Diego,
CA, UsA).

Fluorescence polarization immunoassay

Apparatus Measurements of fluorescence polarization
and intensity were performed using Victor’ multilabel
plate reader(PerkinElmer™ Life Sciences, Boston, MA,
USA). The fluorescence polarization was detected by milli-
polarity (mP) units and intensity were detected by conven-
tional units using OptiPlate™ 384 F (black, pinch bar de-
sign, PerkinElmer ™ Life Sciences, Boston, MA, USA) and
provided data processing software.

Dilution curves To 30 yl tracer solution (10 nM) in the
384-well, 30 pl of monoclonal antibody in various dilutions
was added, mixed and analyzed using fluorescence
polarization.

Competitive FPIA procedure 10 yl OTA standard solution
{or sample), 30 ul tracer solution and 30 ul monoclonal an-
tibody solution in optimal dilution were added sequen-
tially to the well with 12 channel micropippet and mixed
followed by measurement. Standard curves were plotted as
mP vs. logarithm of analyte concentration. Cross-reactivity
(CR) for different mycotoxins(analyte) was determined by
performing competitive assays and comparing the analyte
concentration giving half-maximal inhibition (ICs, ng /ml),
and calculated as:

% CR = (ICs for OTA + ICs for analyte) x 100.

OTA concentration in spiked samples was calculated af-
ter fitting the standard curve using the four-parameter lo-
gistic model using SigmaPlot(Version 9.0) and SOFTmax”

PRO(version 4.0).

HPLC

For the conform of the OTA concentration, re-
versed-phase high-performance liquid chromatography
(HPLC) method was used. The HPLC method used was an
adaptation of that described by Sibanda et al. [30]. For
HPLC, the samples were extracted with acetonitrile-water
(84:16) and the sample extracts were cleaning up using
NH; solid-phase clean-up method[30]. The HPLC system
consisted of a Waters™ 600 Controller and a Waters 610
Fluid Unit(Waters, Milford, MA, USA). The flow-rate was
1 ml per minute over a Spherisorb ODS II column (5 um
particule size, 250 mm x 4.6 mm id) at ambient
temperature. The mobile phase  used was acefoni-
tril/water/acetic acid (99:99:2). OTA detection was ach-
ieved by means of a Water 474 scanning fluorescence de-
tector (Waters, Milford, MA, USA) set at 333 nm excitation
and 460 nm emission wavelengths.

Results and Discussion

Optimization of assay conditions

The FPIAs were very simple to perform: the sample and
antibody were mixed. This solution was used as a blank,
and then the OTA-fluorescein tracer (OTA-EDF) was
added. After a short holding time at room temperature, the
fluorescence polarization signal (mP) was measured. The
interaction of the antibody with the tracer increased the
polarization signal. In the presence of unlabeled OTA, the
tracer and toxin competed for attachment to the antibody,
and the signal decreased in relation to the toxin content. In
common with the other immunochemical techniques FPIA
requires the production and characterization of immunore-
agents as well as the optimization and validation of an an-
alytical system. The antibody and tracer are key compo-
nents in the development of FPIA. Being a low molecular
weight compound (hapten), OTA, like most of the myco-
toxins, is not immunogenic and should be therefore con-
jugated to a carrier protein to elicit the immune response.
Thus OTA molecule was conjugated via the carboxyl
group to the carrier protein (BSA) and also to the amino
derivative of fluorescein (EDF) to be used as the immu-
nogen and competitor (homologous fluorescent tracer), re-
spectively (Fig. 1).

FPIA is a homogeneous assay technique based on differ-



ences in polarization of the fluorescence labeled species in
the free and bound fractions; it involves the competition
batween free analyte and tracer for binding to a specific
antibody. Hence, the tracer concentration is one of the key
parameters for the development and optimization of the
FPIA procedure, which influences the assay sensitivity
riarkedly. The tracer determines the intensity of emitted
polarized light and also contributes to the competition for
antibody binding. Thus, the lowest possible tracer concen-
tration, which permits the reliable detection of a label and
produces the minimum effect on the competition, should

be used to develop a sensitive assay. For OTA-EDF tracer
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Fig. 1. Chemical structure of OTA and fluorescein-labeled trac-
er OTA-EDF.
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the lowest concentration was approximately 10 nM in the
final reaction, corresponding to the total fluorescence in-
tensity of ~ 2000 fluorescent units, what was more than 30
times higher than the background signal for the borate
buffer.

The preliminary assessments of antibody binding to the
tracer were performed by FPIA using the dilution curves
obtained for monoclonal antibody, MAb-3C5. (Fig. 2).
MADb-3C5 gave the titer value (antibody dilution corre-
sponding to 50% binding of a tracer) of 1/5,000 and was
used for further assay development.

Analytical performance of the assay

Under the assay conditions optimized, the standard
curve for OTA detection by FPIA was obtained (Fig. 3).
Assay sensitivity, defined as 50% inhibition (ICso), was 4.24
ng/ml, while the detection limit, determined using
three-fold confidence interval of zero analyte dose signal,
corresponding to the average of 20 measurements, con-
verted into the concentration value, was 0.3 ng/ml The as-
say dynamic concentrations ranged from 05 ng/ml
inhibition) to 200 ng/ml
(corresponding to 80% inhibition). The FPIA was charac-

(cotresponding  to  20%

terized by good reproducibility; coefficients of variance
(CVs) ranged from 59 to 12.8 % for inira-assay and from
5 to 13.7 % for inter-assay. The assay with the use of MAb
was highly specific. As shown in Fig. 4, cross-reactivity to
other toxins, such as patulin, zearalenone, T-2 toxin, and
aflatoxin By was negligible (<0.1%). This results were more
sensitive, rapid, high thruput than reported by Shim ef
al.[28]. 1t could be the minimize of the immuno-reagent
and samples, the sensitivity is more increase.

Homogeneous immunoassay techniques like FPIA are
generally known to be less sensitive than heterogeneous
ones. The detection limit of the method developed was
higher than that for ELISA techniques or instrumental
methods. For instance, ELISA for OTA detection with the
use of polyclonal antibodies was reported to have the de-
tection limit of 0.1 ng/ml and 1Cs value of 5 ng/ml[32].
Being a rapid and simple method for screening of a large
number of samples, FPIA, however, has certain advantages
such as short assay time (4-6 min compared to hours); no
separation or washing since everything is performed in a
single step in comparison to excessive handling required in
ELISA; low cost.

Organic solvent interferences



1010 BBUAHLIX] 2006, Vol. 16. No. 6

380
360
340 A
320 4
300 4
280 4
260

240 A

Fluorescence Polarization (mP)

220

200

180 4 T
102 108 104 105

Antibody dilution time

Fig. 2. Dilution curve monoclonal antibod (MAb-3C5) using
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To estimate the utility of the method for the analysis of
extracts from different real samples such as foodstuffs and
feeds, the influence of several organic water miscible sol-
vents, commonly used for the extraction, on the assay per-
formance was studied. As illustrated in Fig. 5(a), using
OTA standard solutions in 10% organic solvents such as
DMF, ethyl acetate and acetonitrile resulted in a decrease
of maximum binding signal, as well as assay sensitivity,
compared to the FPIA standard curves with the use of
methanol and ethanol. OTA is usually extracted from
grains with methanol. It was shown that the near-optimal
standard curve could be obtained with the buffer contain-
ing up to 50% (v/v) methanol (Fig. 5(b)). Only using 100%
methanol standard solutions caused a slight effect on the
assay performance.

Application of the assay to the analysis of
unpolished rice samples and correlation with HPLC
The method developed was applied to OTA detection in
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Fig. 5. Effect of organic solvents on OTA FPIA performance:
(a) influence of the solvent type; (b) influence of the
methanol content.



unpolished rice samples. The analytical performance of an
irnmunochemical technique can be affected by various sub-
stances existing in complex matrices. To correct the matrix
etfect of the samples different approaches are preferable to
(1) sample clean-up, which is laborious, time-consuming,
and may affect the assay reproducibility and recovery, and
ta (2) dilution of the extract. One of the major advantages
of FPIA technique is its simplicity, so the second approach
was used. Two-fold dilution of the methanol extracts of
unpolished rice samples enabled to correct for matrix inter-
ferences with the assay performance. The optimum sample
volume of 10 ul was used.

Unpolished rice samples were spiked with OTA at 10,
51 and 100 ng/g level. OTA was extracted from samples
with methanol/ultra-pure water (32, v/ v), extracts were
subsequently diluted two-fold with the assay buffer and
submitted in triplicate to FPIA. The results (Table 1) were
also compared with those obtained for the same spiked
samples by HPLC. Method recoveries ranged from 110 to
84% in spiked samples (n=3 replicated triple). The de-
tection limit for HPLC was 5 ng/ml. Regression (1) of
peak area on concentration for both standards and spiked
simples were identical and these were 0.981 and 0.977,
respectively. The results of both methods correlated well
and were in a good agreement with the amounts spiked,
cemonstrating the applicability of the developed assay to
practical problems.

Sixteen contaminated unpolished rice samples were
treated as described above and submitted in triplicate to
FPIA and HPLC. Some results for the positive samples are
presented in Table 2. In two samples OTA was detected by
FPIA at the level around 12-20 ng/g, which correlated rea-
sonably well with HPLC. In four extracts OTA concen-
tration was found to be below the detection limit, and ten
samples were considered to be negative, according to
HPLC. Generally, the results obtained by FPIA for natu-
rally contaminated samples were in rather poor agreement
with those observed for HPLC. FPIA tended to over-
estimate results, even though good recoveries were ob-
scrved for spiked samples. It could be attributed to the
matrix interferences which were stronger in the case of
HPLC. It should be mentioned that the standard error was
usually higher for FPIA than for HPLC and the HPLC de-
tection limit is higher than FPIA, then that could not
recognize. So, in the first, the samples was screened by

rapid FPIA method, if some positive samples, that could
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Table 1. Recoveries of OTA from spiked unpolished rice sam-
ples by FPIA and HPLC methods

OTA concentration spiked Recovery (%)

(ng/g) FPIA HPLC
10 108 88
50 90 84
100 110 98

“Data are the means of triplicates

Table 2. Detection of OTA in real unpolished rice samples by
FPIA and HPLC methods

Ochratoxin A determined (ng/g)

Sample No. FPIA HPLC
Gyeongbuk 1 1.86 + 0.82 N* (<5
Gyeongbuk 2 053 + 0.07 N
Gyeongbuk 3 0.85 + 0.06 N
Gyeongbuk 4 N ( < 03) N
Gyeongbuk 5 2065 = 1.19 1723 = 021
Gyeongbuk 6 1.21 + 0.06 721 + 017
Gyeongbuk 7 157 + 016 N
Gyeongbuk 8 692 + 0.15 N
Gyeongnam 1 19.66 + 0.12 56 £ 021
Gyeongnam 2 N N
Gyeongnam 3 N N
Gyeongnam 4 N N
Gyeongnam 5 282 + 0.06 N
Gyeongnam 6 1.08 = 017 N
Gyeongnam 7 1282 = 0.35 1112 = 012
Gyeongnam 8 144 + 0.28 N

“Tt means that negative, which below than detection limits.

be conformed with HPLC.
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