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Ochratoxin Production by Aspergillus Species
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Ochratoxin production was tested in 172 strains representing species in sections Fumigati, Circumdati,
Candidi, and Wentii of the genus Aspergillus by an immunochemical method using a monoclonal antibody
preparation against ochratoxin A. Ochratoxin A was detected in Aspergillus ochraceus, A. alliaceus, A. sclero-
tiorum, A. sulphureus, A. albertensis, A. auricomus, and A. wentii strains. This is the first report of production of
ochratoxins in the latter three species. Ochratoxin production by these species was confirmed by high-
performance thin-layer chromatography and by high-performance liquid chromatography. The chemical meth-
ods also indicated the production of ochratoxin B by all of the Aspergillus strains mentioned above.

Ochratoxin A (OA) is a mycotoxin which was discovered in
1965 as a secondary metabolite of Aspergillus ochraceus strains
(21, 27). In subsequent years, several other Aspergillus and
Penicillium species were described as producers of this toxin,
including strains of seven species of Aspergillus section Circum-
dati (A. ochraceus, A. alliaceus, A. ostianus, A. sclerotiorum, A.
sulphureus, A. melleus, and A. petrakii) (5, 11), A. glaucus (sec-
tion Aspergillus) (4), A. niger, A. awamori, A. foetidus, and A.
carbonarius (section Nigri) (1, 24), and some Penicillium spe-
cies (3, 6, 17, 26).

OA was proved to exhibit nephrotoxic, immunosuppressive,
teratogenic, and carcinogenic properties (14, 23). OA contam-
ination of green coffee beans and other plant products such as
barley, wheat, and bread is a serious health hazard throughout
the world (23, 25); the tolerable daily intake of OA is 5 to 16
ng kg of body weight ! (22). OA was also detected in body
fluids of animals and humans (8, 30) and is the causative agent
of Danish porcine nephropathy (23). OA was also frequently
cited as the possible causative agent of Balkan endemic ne-
phropathy (13), although recently, other nephrotoxic Penicil-
lium metabolites have been suggested to be responsible for this
toxicosis (15).

Here we describe the results of our survey on the occurrence
of OA in several Aspergillus species that came from different
culture collections or were isolated from OA-contaminated
green coffee beans.

MATERIALS AND METHODS

Strains. Sixty-one A. fumigatus strains (19), 45 other isolates representing 15
species of section Fumigati (29), 60 strains representing the 18 species of section
Circumdati (Table 1), three A. wentii strains, and three A. candidus strains were
tested for OA production. The identity of these strains was determined by the
methods of Raper and Fennell (18) and Kozakiewicz (12). The strains were
maintained on malt extract agar slants.

Immunochemical tests. The strains were grown in stationary cultures in 30-ml
quantities of YES (2% yeast extract, 15% sucrose) medium at 30°C for 10 days
in the dark. For immunochemical screening, the method described by Téren et
al. (24) was applied. The Toxiklon OA enzyme immunoassay kit (Agricultural
Biotechnology Centre, Godollo, Hungary) was used for the detection of OA in
our experiments. Direct competitive enzyme-linked immunosorbent assays
(ELISAs) were performed as described earlier (9).

TLC. High-performance thin-layer chromatography (TLC) from cleaned con-
centrated extracts was carried out as described previously (24). OA was identified
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under UV light (360 nm) as bluish-green fluorescent spots with the same mobility
as that of an OA standard (Makor Chemicals, Jerusalem, Israel). The fluores-
cence of OA spots from both the standard and the extracts changed to deep blue
on treatment of chromatograms with NaHCO; (5% NaHCOj; in 17% ethanol).

HPLC. Benzene extracts used for TLC were evaporated and redissolved in
appropriate amounts of methanol. The high-performance liquid chromatography
(HPLC) apparatus used was a Hewlett-Packard HP1090 Series II equipped with
a binary solvent delivery system, an autoinjector, an autosampler, a temperature-
controlled column compartment, a diode array UV detector, and a fluorescence
detector (HP1046A; excitation, 333 nm; emission, 450 nm). BST RUTIN C,3 BD
columns (BioSeparation Techniques, Budapest, Hungary; 250 by 4 mm; particle
size, 10 pm) were used. For fluorescent detection, the mobile phase, which
consisted of an isocratic program of 57% acetonitrile, 41% water, and 2% acetic
acid, was pumped at a rate of 1 ml/min (1).

For the confirmation of OA production, diode array detection was used. The
analytes were eluted at a constant flow rate (1.5 ml/min) with a gradient con-
taining solvent A (methanol-isopropanol, 9:1), and solvent B (acidified bidistilled
water with HCI [pH 2.1]). The program used was the same as that described
earlier (30).

RESULTS AND DISCUSSION

ELISAs. Altogether, 172 Aspergillus strains were tested for
OA production by the immunochemical test. Among these,
none of the Aspergillus section Fumigati strains produced de-
tectable amounts of OA. OA production was also not observed
by the ELISA method in two A. petrakii, one A. sepultus, one A.
robustus, one A. quercinus, one A. ostianus, one A. ochraceoro-
seus, two A. insulicola, one A. elegans, one A. lanosus, two A.
bridgeri, one A. campestris, one A. dimorphicus, and three A.
candidus strains (Table 1). Hesseltine et al. (11) reported OA
production in some A. petrakii and A. ostianus strains; the
collection strains examined during this study did not produce
this mycotoxin. Nine of the 27 A. ochraceus strains, including
two strains isolated from Ugandan green coffee beans (Table
1), produced OA. The seven A. ochraceus strains isolated from
Zairean coffee beans did not produce this toxin. The OA con-
tents of Ugandan and Zairean green coffee samples were 4.8
and 9 pg kg, respectively. One of five A. alliaceus, one of
three A. sclerotiorum, and one of two A. sulphureus strains
examined produced OA in YES liquid medium (Table 1);
these species were earlier described as OA-producing species
(5, 11). In addition, A. albertensis strains, one of three A.
auricomus strains, and two A. wentii strains were found to be
OA positive (Table 1); these species have not been described
previously as producers of this mycotoxin. We also purified a
sclerotium-free isolate from A. albertensis which produced ap-
proximately the same amount of OA as that of the sclerotial
strain (Fig. 1). A. wentii IMI 017295, which produced OA, has
an origin isogenic to that of 4. wentii ATCC 1023, which did
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TABLE 1. The Aspergillus strains examined in this study®

Species OA content (pg ml~1)® Strain (source and/or origin)*
A. albertensis™ 250 ATCC 58745 (ear swab; Edmonton, Canada)
A. albertensis 250 UAMH 2976 (ear swab; Edmonton, Canada; nonsclerotial strain)
A. albertensis 250 UAMH 2976 (ear swab; Edmonton, Canada)
A. alliaceus - ATCC 10060 (Macrobasis albida; United States)
A. alliaceus - FRR 3814 (Great Barrier Reef; Queensland, Australia)
A. alliaceus - FRR 4340 (kemiri nuts; Indonesia)
A. alliaceus - NRRL 4181 (soil; Australia)
A. alliaceus™ 12 IMI 126711 (soil; Australia)
A. auricomus - FRR 3944 (peanuts; Indonesia)
A. auricomus - FRR 3945 (mung beans; Thailand)
A. auricomus™ - IMI 172277 (P. Biourge)
A. auricomus 5-7 FRR 3819 (peanuts; Queensland, Australia)
A. bridgeri - IMI 259060
A. bridgeri® - RMF 7745 (soil under Atriplex gardneri; Wyoming)
A. campestris™ - IMI 259099 (soil; North Dakota)
A. candidus - SZMC 0565 (soil; Hungary)
A. candidus - SZMC 0897 (Agricultural Service of Békés-Csongrad, Szeged, Hungary)
A. candidus™ - IMI 091889 (C. Thom)
A. dimorphicus™ - IMI 131553 (garden soil; Bihar, India)
A. elegans™ - IMI 133962 (A. Blochwitz)
A. insulicola - NRRL 6138
A. insulicola™ - ATCC 26220 (soil; Aves Island, Venezuela)
A. lanosus - IMI 226007 (soil; Calicut University, Kerala, India)
A. ochraceoroseus™ - IMI 223071 (soil; Ivory Coast)
A. ochraceus™ - IMI 016247
A. ochraceus 240 FRR 3846 (moldy soybeans; Australia)
A. ochraceus +(ND) Al (air-borne contaminant; Szeged, Hungary)
A. ochraceus +(ND) A2 (air-borne contaminant; Szeged, Hungary)
A. ochraceus - A3 (air-borne contaminant; Szeged, Hungary)
A. ochraceus +(ND) FRR 543 (moldy hay; Queensland, Australia)
A. ochraceus +(ND) ICMP 939 (insect; Auckland, New Zealand)
A. ochraceus +(ND) NRRL 3714
A. ochraceus +(ND) 306 (D. Bhatnagar)
A. ochraceus - FRR 3815 (Great Barrier Reef; Queensland, Australia)
A. ochraceus - FRR 60 (high-moisture prunes; New South Wales, Australia)
A. ochraceus - ICMP 2043 (rotting bulb, Caladium sp.)
A. ochraceus - NRRL 405
A. ochraceus - O1 (green coffee beans; Uganda)
A. ochraceus - 02 (green coffee beans; Uganda)
A. ochraceus +(ND) O3 (green coffee beans; Uganda)
A. ochraceus +(ND) O4 (green coffee beans; Uganda)
A. ochraceus - O5 (green coffee beans; Uganda)
A. ochraceus - 06 (green coffee beans; Uganda)
A. ochraceus - O7 (green coffee beans; Uganda)
A. ochraceus - Z1 (green coffee beans; Zaire)
A. ochraceus - Z2 (green coffee beans; Zaire)
A. ochraceus - Z3 (green coffee beans; Zaire)
A. ochraceus - Z4 (green coffee beans; Zaire)
A. ochraceus - Z5 (green coffee beans; Zaire)
A. ochraceus - Z6 (green coffee beans; Zaire)
A. ochraceus - Z7 (green coffee beans; Zaire)
A. ostianus™ - IMI 015960 (C. Wehmer; CBS 103.07)
A. petrakii - NRRL 416 (D. Hanzawa [A. melleus])
A. petrakii® - IMI 172291 (Leptinotarsa decemlineata; Hungary)
A. quercinus™ - IMI 235600 (soil; India [4. melleus])
A. robustus - NRRL 6362
A. sclerotiorum - ATCC 16892 (fruit of Malus sylvestris; United States)
A. sclerotiorum 0.8-1 FRR 4491 (soil; Chaing Mai, Thailand)
A. sclerotiorum™ - IMI 056673 (rotting apple; Oregon)
A. sepultus”™ - ATCC 58705 (loess 1 m below surface; Iowa)
A. sepultus™ - IMI 294498 (loess 1 m below surface; Iowa)
A. sulphureus - ICMP 1717 (S. Davidson 6586; from P. Meredith)
A. sulphureus +(ND) IMI 211397 (soil; Mysore, India)
A. wentii® - ATCC 1023 (soybeans; Indonesia)
A. wentii® 0.05-0.1 IMI 017295 (soybeans; Indonesia)
A. wentii 0.05-0.1 IMI 371128

“ The Aspergillus section Fumigati strains, none of which produced detectable amounts of OA, are listed in the tables of references 19 and 29.

& Symbols: —, did not produce OA as measured by ELISA; +(ND), OA production was observed in the ELISAs but the amount of OA was not determined by HPLC.

¢ Abbreviations: ATCC, American Type Culture Collection, Rockville, Md.; FRR, CSIRO Food Research Culture Collection, North Ryde, New South Wales,
Australia; ICMP, International Collection of Microorganisms from Plants, Manaaki Whenua, New Zealand; IMI, International Mycological Institute, Egham, Surrey,
United Kingdom; NRRL, Agricultural Research Service Culture Collection, Peoria, Ill.; RMF, Rocky Mountain Herbarium, Fungi, University of Wyoming, Laramie;
SZMC, Szeged Microbiological Collection, Szeged, Hungary; UAMH, University of Alberta, Microfungus Herbarium and Collection, Edmonton, Alberta, Canada.

4T, type strain.
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FIG. 1. High-performance TLC of some of the strains examined. Lanes: 1,
A. ochraceus FRR 3846 (1 pl of extract applied); 2, A. albertensis ATCC 58745
(1 pl); 3, A. albertensis UAMH 2976 (nonsclerotial strain; 1 wl); 4, A. insulicola
ATCC 26220 (5 pl); 5, OA plus OB standard; 6, A. auricomus FRR 3819 (5 pl);
7, A. wentii IMI 017295 (15 pl). A. insulicola does not produce OA, as proved by
ELISAs. The positions of OA and OB are indicated.

not produce detectable levels of OA. A possible explanation
for this observation is that A. wentii ATCC 1023 has lost its
ability to produce OA during maintenance of the culture by
periodic transfer, as observed in the cases of some other As-
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pergillus strains (10). Similar observations were made in two
isogenic black Aspergillus strains, A. niger NRRL 3122 and A.
niger ATCC 10577, which displayed different double-stranded
RNA profiles (28). We should mention that 4. wentii ATCC
1023 exhibited different growth rates and macromorphologies
than A. wentii IMI 017295 did on different culture media (data
not shown). Consequently, it cannot be ruled out that A. wentii
ATCC 1023 represents another A. wentii isolate, one which
replaced the original strain isolated from Indonesian soybeans.

TLC. The ability to produce OA in ELISAs was confirmed
by TLC. OA production was observed in all strains which were
positive for OA production in ELISAs (Fig. 1). In addition,
ochratoxin B (OB) was also observed in all OA-producing
Aspergillus strains, including those of A. albertensis, A. aurico-
mus, and A. wentii (Fig. 1).

HPLC. For quantification of OA, an HPLC apparatus
equipped with a fluorescent detector was used. Extracts were
considered positive if they yielded a peak at a retention time
identical to that of standard OA (Fig. 2). The amounts of OA
observed in A. albertensis ATCC 58745, A. auricomus FRR
3819, and 4. wentii IMI 017295 were 250, 5 to 7, and 0.05 to 0.1
ng ml~ !, respectively (Table 1). The amount of OA produced
by A. albertensis strains was comparable to that observed in
some A. ochraceus strains (Table 1) (10). A. auricomus FRR
3819 produced similar amounts of OA as that found in A.
alliaceus and A. sclerotiorum strains earlier (10), while A. wentii
proved to be a low OA producer, similar to A. glaucus and the
black Aspergillus strains (1, 4, 24).

OA production in A. albertensis, A. auricomus, and A. wentii
was also confirmed by HPLC comparing the UV spectra as
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FIG. 2. HPLC:s of cleaned, concentrated extracts of A. albertensis ATCC 58745 (a), A. auricomus FRR 3819 (b), and an OA standard (c). The retention times were

5.91 and 4.01 for OA and OB, respectively.
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recorded with a diode array detector. The retention times
(18.75 at 330 nm) and UV spectra were similar to that of the
OA standard in all strains tested (data not shown).

In conclusion, the immunochemical method based on the
application of a monoclonal antibody preparation against OA
proved to be a useful tool for the screening of OA production
among aspergilli. The sensitivity of the method revealed OA
production by seven Aspergillus species (Table 1), three of
which have not been previously described as OA producers. 4.
wentii strains are often included in the inoculum (“koji”) used
in the production of different soy products (18) and also used
in the fermentation industry for the production of gluconic and
malic acids (20), B-glucosidases (2), and pectin-degrading
preparations (7). Contamination of these preparations with
emodin has recently been observed (7). According to our sur-
vey, ochratoxins might also pose problems when such prepa-
rations are used in the food industry. A. wentii has recently
been assigned to Aspergillus section Cremei on the basis of
sequence analysis of the large rRNA subunit (16). It would be
worthwhile to test other species in this section for OA produc-
tion.

ACKNOWLEDGMENTS

This research was supported by a grant (F014641) from the Hun-
garian Scientific Research Fund (OTKA). E. Rinyu has received a
grant (Foundation for Hungarian Sciences) from the Hungarian Credit
Bank.

We thank the Agricultural and Biotechnological Center (G6dollo,
Hungary) for supplying us with the Toxiklon ELISA kit. The excellent
technical assistance of E. Petrina and I. Csatlos is acknowledged. We
also thank M. Christensen, D. Bhatnagar, J. P. Tewari, J. I. Pitt, and
S. W. Peterson for providing us with Aspergillus strains.

REFERENCES

. Abarca, M. L., M. R. Bragulat, G. Castella, and F. J. Cabanes. 1994. Och-
ratoxin A production by strains of Aspergillus niger var. niger. Appl. Environ.
Microbiol. 60:2650-2652.

. Berka, R. M., N. Dunn-Coleman, and M. Ward. 1992. Industrial enzymes
from Aspergillus species, p. 155-202. In J. W. Bennett and M. A. Klich (ed.),
Aspergillus. Biology and industrial applications. Butterworth-Heinemann,
Boston.

. Bridge, P. D., D. L. Hawksworth, Z. Kozakiewicz, A. H. S. Onions, R. R. M.
Paterson, M. J. Sackin, and P. H. A. Sneath. 1989. A reappraisal of terver-
ticillate penicillia using biochemical, physiological and morphological fea-
tures. I. Numerical taxonomy. J. Gen. Microbiol. 135:2941-2966.

. Chelkowski, J., R. A. Samson, M. Wiewiorowska, and P. Golinski. 1987.
Ochratoxin A formation by isolated strains of the conidial stage of Aspergillus
glaucus Link ex Grey (= Eurotium herbariorum Wiggers Link ex Grey) from
cereal grains. Die Nahrung 31:267-270.

. Ciegler, A. 1972. Bioproduction of ochratoxin A and penicillic acid by mem-
bers of the Aspergillus ochraceus group. Can. J. Microbiol. 18:631-636.

. El-Banna, A,, J. I. Pitt, and L. Leistner. 1987. Production of mycotoxins by
Penicillium species. Syst. Appl. Microbiol. 10:42-46.

Ju—

S8}

w

~

W

(=}

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

APPL. ENVIRON. MICROBIOL.

. Flannigan, B. 1986. Mycotoxins and the fermentation industries, p. 109-114.

In B. Flannigan (ed.), Spoilage and mycotoxins of cereals and other stored
products. CAB International, London.

. Gareis, M., E. Mirtlbauer, J. Bauer, and B. Gedek. 1988. Bestimmung von

Ochratoxin A in Muttermilch. Z. Lebensm.-Unters.-Forsch. 186:114-117.

. Gyongyosi, H. A., I. Barna-Vetré, and L. Solti. 1996. A new monoclonal

antibody detecting ochratoxin A at the picogram level. Lett. Appl. Microbiol.
22:103-105.

. Harwig, J. 1974. Ochratoxin A and related metabolites, p. 345-367. In

I. F. H. Purchase (ed.), Mycotoxins. Elsevier Scientific Publishing Company,
Amsterdam.

. Hesseltine, C. W., E. E. Vandegraft, D. I. Fennell, M. L. Smith, and O. L.

Shotwell. 1972. Aspergilli as ochratoxin producers. Mycologia 64:539-550.

. Kozakiewicz, Z. 1989. Aspergillus species on stored products. Mycol. Papers

161:1-188.

Krogh, P., B. Hald, R. Plestina, and S. Ceovic. 1977. Balkan (endemic)
nephropathy and food-borne ochratoxin A: preliminary results of a survey of
foodstuff. Acta Pathol. Microbiol. Scand. Sect. B 85:238-240.

Lea, T., K. Steien, and C. Stgrmer. 1989. Mechanism of ochratoxin A-in-
duced immunosuppression. Mycopathologia 107:153-159.

Macgeorge, K. M., and P. G. Mantle. 1991. Nephrotoxic fungi in a Yugo-
slavian community in which Balkan endemic nephropathy is hyperendemic.
Mycol. Res. 95:660-664.

Peterson, S. W. 1995. Phylogenetic analysis of Aspergillus sections Cremei and
Wentii, based on ribosomal DNA sequences. Mycol. Res. 99:1349-1355.
Pitt, J. I. 1987. Penicillium viridicatum, Penicillium verrucosum, and produc-
tion of ochratoxin A. Appl. Environ. Microbiol. 53:266-269.

. Raper, K. B., and D. I. Fennell. 1965. The genus Aspergillus. The Williams &

Wilkins Co., Baltimore.

Rinyu, E., J. Varga, and L. Ferenczy. 1995. Phenotypic and genotypic analysis
of variability in Aspergillus fumigatus. J. Clin. Microbiol. 33:2567-2575.
Roehr, M., C. P. Kubicek, and J. Kominek. 1992. Industrial acids and other
small molecules, p. 91-131. In J. W. Bennett and M. A. Klich (ed.), Aspergil-
lus. Biology and industrial applications. Butterworth-Heinemann, Boston.
Scott, D. B. 1965. Toxigenic fungi isolated from cereal and legume products.
Mycopathol. Mycol. Appl. 25:213-222.

Scott, P. M. 1993. Mycotoxins. J. Assoc. Off. Anal. Chem. Int. 76:112-119.
Smith, J. E., and M. O. Moss. 1985. Mycotoxins. Formation, analysis and
significance. John Wiley & Sons, Chichester, England.

Téren, J., J. Varga, Z. Hamari, E. Rinyu, and F. Kevei. Immunochemical
detection of ochratoxin A in black Aspergillus strains. Mycopathologia, in
press.

Tsubouchi, H., K. Yamamoto, K. Hisada, Y. Sakabe, and S. Udagawa. 1987.
Effect of roasting on ochratoxin A level in green coffee beans inoculated with
Aspergillus ochraceus. Mycopathologia 97:111-115.

Turner, W. B., and D. C. Aldridge. 1983. Fungal metabolites II. Academic
Press Ltd., London.

van der Merwe, K. J., P. S. Steyn, and L. Fourie. 1965. Ochratoxin A, a toxic
metabolite produced by Aspergillus ochraceus Wilh. Nature (London) 205:
1112-1113.

Varga, J., F. Kevei, C. Vagvolgyi, A. Vriesema, and J. H. Croft. 1994. Double-
stranded RNA mycoviruses in section Nigri of the Aspergillus genus. Can. J.
Microbiol. 40:325-329.

Varga, J., E. Rinyu, L. Kiss, B. Botos, and Z. Kozakiewicz. Carbon source
utilization and isoenzyme analysis as taxonomic aids among toxigenic Neo-
sartorya species and their relatives. Acta Microbiol. Immunol. Hung., in
press.

Xiao, H., R. R. Marquardt, D. Abramson, and A. A. Frohlich. 1996. Metab-
olites of ochratoxins in rat urine and in a culture of Aspergillus ochraceus.
Appl. Environ. Microbiol. 62:648-655.



