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Evaluation of ochratoxin A occurrence in coffee products and its effects on gene
expression and protein phosphorylation in human cells
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Abstract

Analysis of OTA with ELISA 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 chromatography method.
Treatment of various concentration of OTA from 5 to 25 uM. A significant decrease to 60% in
cell viability was observed when HEK 293 and MDCK cultures were incubated with OTA for
24 h at a concentration OTA 5 uM and up. Whether ochratoxin can activate the protein
phosphorylation/dephosphorylation in HEK 293 cell with the application of western blotting
techniques. The results showed that treatment of various concentration of OTA did not induce
ERK1/2 and p38 phosphorylation. The cDNA microarray was also used to study the effects of

ochratoxin A on gene expression profile. The gene expression profiles are studied right now.
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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, 5). Toxicological studies indicate that OTA is a
teratogenic, mutagenic and carcinogenic mycotoxin, which is generally absorbed from the
gastrointestinal tract in animals and has strong toxic effects on their livers and kidneys. (/, 2, 4-7).
Although acute renal failure due to inhalation of OTA in human has been rarely reported (§),
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
(9-11). 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 pg/kg)
(12,13).

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 sensitive cdELISA was used to analyze 20 different samples. On the other hand,

Mitogen-activated protein kinases (MAPKSs) are important signal-transducing enzymes
connecting cell surface receptors to critical regulatory targets within cells. Due to the widespread
nature of fungal species, OTA is considered unavoidable contaminants in foods and feeds. Some
mycotoxin, including FB1, have been shown to induce MAPK activation in various models.
Whether the OTA can activate the MAPK pathway or not were also carried out in the following

experiment.

= ~ Result
Cytotoxicity effects of OTA on HEK 293.

The cytotoxic effects of OTA on the HEK 293 as measured by the tetrazolium dye-based
MTT assay are shown in Fig.1. A significant decrease to 60% in cell viability was observed when
HEK 293 cultures were incubated with OTA for 24 h at a concentration OTA 5 uM and up. After
48 h of treatment, OTA at 5 and 10 uM caused a marked decrease in overall viability of the
cells to 70 and 30% of control level. Treatment of OTA at a concentration of 25 uM for 48 and

72 hr caused a dramatic decrease to in overall viability of the cells to 20% of control.

Cytotoxicity effects of OTA on MDCK



The cytotoxic effects of OTA on the MDCK as measured by the tetrazolium dye-based
MTT assay are shown in Fig.2. The MDCK cells are more susceptible to OTA treatment. A
significant decrease to 40% in cell viability was observed when HEK 293 cultures were
incubated with OTA for 24 h at a concentration OTA 10 and 25 uM. After 48 h of treatment,
OTA at 5, 10 and 25 uM caused a marked decrease in overall viability of the cells to 10% of
control level. Treatment of OTA at a concentration of 5 uM for 48 and 72 hr caused a dramatic

decrease to in overall viability of the cells to 4% of control.

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.

Effects on OTA on ERK1/2 activation in HEK 293 cells

The ability of OTA to activate ERK1/2 was investigated by exposing HEK 293 to various
concentrations of OTA in medium containing only 1% serum. The ERK1/2 was determined with
western blotting using antibodies specific for phospho-ERK1/2. From the western blotting result,

There is no significant ERK1/2 activation observed compared to solvent-treated control.

Effects on OTA on p38 phosphorylation in HEK 293 cells

The ability of OTA to activate p38 phosphorylation was also investigated by exposing HEK
293 to various concentrations of OTA in medium containing only 1% serum. The p38
phosphorylation was determined with western blotting using antibodies specific for phospho-p38.
From the western blotting result, There is no significant ERK1/2 activation observed compared to

solvent-treated control.
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Fig 1. The cytotoxic effect of ochratoxin

on Human embryonic cell H293. H293
were treated with various concentrations
of ochratoxin up to 72 h. Cell viability
was determined as metabolic integrity
using the MTT assay and expressed as

percentage of control.

Fig. 2. The cytotoxic effect of ochratoxin
on MDCK cell. MDCK cell were treated
with various concentrations of ochratoxin
up to 72 h. Cell viability was determined as
metabolic integrity using the MTT assay

and expressed as percentage of control.
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Table 1. ELISA and HPLC analysis of OTA in different agricultural commodities *

ELISA HPLC
samples source area  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 303 *

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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