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# < ! Polyclonal antibodies for ochratoxin A (OTA) were generated
from rabbits after immunizing the animals with OTA conjugated with
v-globulin. Using these antibodies, a competitive direct enzyme-linked
immunosorbent assay were used for the characterization of the
antibodies and for analysis of the toxin in different food samples.

GRIEES & A A F P R SR
23
FRELAR
FI* k2 3R B - PR ISR R, # R B2 ﬁ’ﬁiﬂi%'}-’rﬁ%ﬁ
e e TR
B
A 28 i
1=
¥ LEFFAEASFEHB-N -0 - PEIEHIEELAE - FEE

F%é%ﬁ%ﬁw(%ﬁﬁﬁ%ﬂ@)

2.7 FAFIEFFTAY G

FE{ FrmB T FEIZARP G o

KL AL G FEER -



FHBEATPEL R LT YRS R
85 A R L RIS TR B R Pl

Analysis of ochratoxins in food and studies on its toxicological mechanism
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Abstract

Polyclonal antibodies for ochratoxin A
(OTA)were generated from rabbits after the
animals had been immunized with either
OTA-y-globulin or OTA- keyhole limpet
hemocyanin (KLH). A competitive direct
enzyme-linked immunosorbent assay
(cdELISA) and a competitive indirect ELISA
(ciELISA) were used for the characterization
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of the antibodies and for analysis of OTA in
various agricultural commodities. The
antibody titers in the serum of rabbits
immunized with OTA-y-globulin were
considerably higher than those in rabbits
immunized with OTA-KLH. The antibodies
from the rabbits immunized with
OTA-y-globulin were further characterized.
In the cdELISA, the concentrations causing
50% inhibition (ICso) of binding of
OTA-horseradish peroxidase to the
antibodies by OTA, ochratoxin B (OTB), and
ochratoxin C (OTC) were found to be 0.90,
110 and 0.54 ng/mL, respectively. When 10
to 250 ng/g of standard OTA was spiked to
soybean samples and then extracted with
50% aqueous methanol, the recovery rate of
OTA was found to be 85.9% in the cdELISA .
Analysis of OTA in various agricultural
commodities showed that 12 of the 20
examined samples were contaminated with
OTA at levels from 16 to 160 ng/g. The
efficacy of cdELISA was also confirmed by
the high-performance liquid
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Ochratoxin A (OTA)(Fig.1.) is a
naturally occurring toxic metabolite
produced primarily by Aspergillus ochraceus
and Penicillium verrucosum. It has been
found as a common contaminant of cereals or
in other products like coffee beans, nuts,
wine, and animal organs (/-3). Numerous
studies have revealed the role of OTA as a
major causative factor in mycotoxic porcine
nephropathy in many European countries (4,
3). Toxicological studies indicate that OTA
is a teratogenic, mutagenic and carcinogenic
mycotoxin, which is generally absorbed from
the gastrointestinal tract in animals and has
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strong toxic effects on their livers and
kidneys. (1, 2, 4-7). Although acute renal
failure due to inhalation of OTA in human
has been rarely reported (8), OTA, with a
long half-life of 840 h in human blood, is
frequently found at high levels in serum
samples obtained from people living in
regions where Balkan Endemic Nephropathy
occurs. OTA is also associated with an
increased incidence of tumors of the upper
urinary tract in human (9-77). The
International Agency for Research on Cancer
(IARC) has classified OTA as a possible
human carcinogen (group 2B). The European
Union has also enacted a regulatory limit for
the levels of OTA in cereals (5 pg/kg),
roasted coffee (5 pg/kg) and instant coffee
(10 ng/kg) (12,13).

To help minimize the risk of human and
animal exposure to OTA, extensive research
has been conducted to develop sensitive and
specific methods for detection of OTA in
food and feed samples. High-performance
liquid chromatography (HPLC) fluorescence
detection with good accuracy and
reproducibility is most widely employed for
monitoring OTA (/4-18). However, HPLC
methods require highly qualified personnel
and extensive sample cleanup as well as
expensive equipment. Development of
immunochemical approaches has led to more
simple and rapid methods to monitor and

quantify OTA in contaminated food and feed.

Although several groups have developed
immunoassays for OTA detection (/9-24),
most of the assays rely on the competitive
indirect ELISA (ciELISA) in which
OTA-protein conjugates were coated onto
microplates as solid phase. Compared with
the competitive direct ELISA (cdELISA), the
ciELISA is more time-consuming. To
effectively analyze OTA levels in various
agricultural commodities, in the present
study a new method for the production of
polyclonal antibodies against OTA was
developed, and a sensitive cdELISA was also
established.

= ~ Results

Production of Polyclonal Antibodies.
Sera collected from rabbits immunized with

OTA-y-globulin or with OTA-KLH were
subjected to the indirect ELISA (iELISA).
Typical titration curves of antibody titers
obtained from an OTA-y-globulin immunized
rabbit over a period of 15 weeks are shown
in Figure 2. Antibodies against OTA were
detected in the sera of rabbits as early as 6
weeks after initial immunization. The
antibody titer increased progressively with
time and the highest titer was found in the
sera of rabbits at the 15th week after two
subsequent immunizations. The antibody
titers of the rabbits immunized with
OTA-KLH were found to be considerably
lower than those of the rabbits immunized
with OTA-y-globulin. much less for the
antiserum obtained from
OTA-y-globulin-immunized rabbits (1:1000
dilution) than those from
OTA-KLH-immunized ones (1:500 dilution),
the 15th week antiserum from rabbits
immunized with OTA-y-globulin was used in
the subsequent studies. In the cdELISA, the
concentrations causing 50% inhibition (ICs)
of binding of OTA-HRP with the antibodies
by OTA, OTB and OTC were found to be
0.90, 110, and 0.54 ng/mL, respectively
(Figure 3). The relative cross-reactivities of
the antibodies to OTB and OTC were
calculated to be 0.8 and 167, respectively.
Similar results were also obtained in the
ciELISA, in which OTA-OVA was coated on
the wells of ELISA plates to serve as
solid-phase antigen. The concentrations
causing 50% inhibition of binding of
antibodies to the solid-phase OTA-OVA by
free OTA, OTB, and OTC were found to be
10, 168, and 5 ng/mL, respectively (Figure
4). The relative cross-reactivities of the
antibodies to OTB and OTC in the ciELISA
were calculated to be 6.0 and 200,
respectively. Citrinin and L-phenylalanine,
two molecules with chemical structures
similar to a part of OTA molecule, at a
concentration of 100 pg/mL, did not inhibit
the binding of marker antigens with the
antibodies in either ELISA system (data not
shown).

Recovery of OTA Added to Soybean by
cdELISA.



To investigate the recovery rate of OTA
in cdELISA, OTA were first spiked into
soybean samples at concentrations from 10 to
250 ng/g and then the samples were extracted
with 50% aqueous methanol for recovery
analysis. As shown in Table 1, the recovery
rate for 10-250 ng/g of spiked OTA was
ranged from 79.2 to 95% and the overall
average was calculated to be 85.9% (CV,
6.5%).

Analysis of OTA in Various Agricultural
Commodities with cdELISA.

Twenty samples were collected from
local food stores and subjected to cdELISA
for OTA determination; the results are
presented in Table 1. Twelve of the 20
examined samples were found to be OTA or
OTA analogs positive with levels ranged
from 16 to 160 ng/g. Among eight examined
corn samples, sample 1 had the highest level
of OTA at 63 ng/g, but OTA in samples 3, 4
and 8 were below the detection limit.
Buckwheat sample 10 was found to have the
highest level of OTA at 144 ng/g among four
selected cereal samples. In addition, bean
samples 13 and 16 had OTA levels at 74 and
43 ng/g, respectively. One of three examined
coffee samples contained 160 ng/g of OTA,
but the other two were free of OTA.

HPLC Analysis of OTA.

To test the efficacy of the cdELISA
for OTA detection in various agricultural
samples, the OTA standard and selected
ELISA-positive samples were further
analyzed with a HPLC method. HPLC
chromatograms for OTA standard (5 ng),
buckwheat sample 10 and roasted coffee
sample 20 are shown in Figure 5. OTA
standard was well identified with a retention
time of 8.3 min under the isocratic elution
(Figure S5A). The extracts of sample 10 and
sample 20 also showed an OTA peak with a
retention time of 8.3 min (Figure 5B), and
the peak areas on the basis of calibration
curve were calculated to be 60 and 220 ng/g,
respectively. The levels of other examined
samples were below the HPLC detection
limit, which was around 0.01 ng of OTA per
injection (Table 2).

Chemical Confirmation of the Presence of
OTA in Samples by HPLC
To further assure the presence of OTA in

samples by HPLC, chemical derivatization of
OTA into its methyl ester form was
conducted with the boron trifluoride method
(32, 33). After derivatization and HPLC
analysis, the peak of standard OTA
decreased and the peak representing methyl
ester form of OTA appeared with a retention
time of 18.5 min (Figure 6A). The same
patterns were observed in the derivatized
coffee sample 20 (Figure 6B) and buckwheat
sample 10 (data not shown). These results
identified the existence of OTA in coffee
sample 20 and buckwheat sample 10.
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Figure 1. Structures of ochratoxin A
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Figure 2. Determination of antibody titers for a representative rabbit after immunization with
OTA-y-globulin by an OTA-OVA based iELISA. The antiserum was obtained 0 (&), 6 (L), 9
(M), 12 (O), and 15 (@) weeks after immunization.
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Figure 3. A. Cross-reactivity of anti-OTA antibodies with OTA (@), OTB (O) and OTC(A) in a
cdELISA. All data were obtained from the average of three sets of experiments. The absorbance
of the control, Ay, with no toxin present, was 2.0; B. Cross-reactivity of anti-OTA antibodies with
OTA (@), OTB (O) and OTC (A) as determined by a ciELISA. All data were obtained from the
average of three sets of experiments. The absorbance of the control, A, with no toxin present,

was 1.8.
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Figure 4. HPLC chromatograms of A. 5 ng of standard OTA and B. naturally contamination of
OTA in coffee sample 20 (thick line) and buckwheat sample 10 (thin line).
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Figure 5. HPLC chromatograms of chemical derivatization of standard OTA and coffee sample.
A. standard OTA (thin line) and methyl ester form of standard OTA (thick line). B. coffee sample
containing OTA (thin line) and methyl ester form of OTA (thick line).
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Table 1. ELISA and HPLC analysis of OTA in different agricultural commodities”

ELISA HPLC
Samples Source  OTA and analogs (ng/g £ SD) OTA (ng/g)
corn
1. Taiwan 63*5 ND
2. Taiwan 24 +3 *
3. Taiwan ND *
4. Imported 16+£3 *
5. Imported 27+ 4 *
6. Taiwan ND *
7. Taiwan 30+3 *
8. Taiwan ND *
selected cereals
9. Imported wheat 84 +4 ND
10. Imported buckwheat 144 + 8 60
11 Imported barley 35+3 *
12 Imported barley 43 +4 *
bean
13 Taiwan (black bean) 74 £6 ND
14 Taiwan soybean ND *
15 Taiwan soybean ND *
16 Taiwan (red bean) 43 £5 ND
17 Taiwan (green bean) ND *
coffee
18 Imported (green coffee ) ND ND
19 Imported (green coffee ) ND ND
20 Imported (roasted coffee) 160+ 9 220

*  Each sample was extracted twice and each extract was analyzed in triplicate

b ND, not detected or below the limit of detection

* Do not determine.
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