CHAPTER 4: Influence of halogen salts on the production of ochratoxins by 4. ochraceus

CHAPTER 4

Influence of Halogen Salts on the Production of the
Ochratoxins by Aspergillus Ochraceus Wilh.

This chapter comprises a collaborative study between the School of Chemistry and
Biochemistry, University of Potchefstroom; Foodtek (CSIR) and Department of
Biochemistry, Imperial College of Science, Technology and Medicine, London. The
development of some of the methodology used in this chapter is related in Chapter 10. This
chapter was recently accepted for publication by the Journal of Food and Agricultural
Chemistry. The purpose of the project was firstly the biopreparation of the halogen
derivatives (bromo-ochratoxin B, fluoro-ochratoxin B and iodo-ochratoxin B) of OTA and

secondly to study the influence of halides on OTA production.

Contribution made by the candidate

The candidate was responsible for the design, planning and conducting of the experiments
done in South Africa. The candidate was assisted with the microbiological part of the work
by Ms. Annelie Liibben and dr. Gert Marais (Foodtek). The candidate did the processing of
the data and the results of the work done in South Africa and in London, and the writing of
the publication. Prof. Peter Mantle (Imperial College) was responsible for writing the results
and discussion of the work done in London. Prof. Peter Mantle and Prof. Pieter Steyn
(University of Stellenbosch) made invaluable contributions in the proof-reading and

compilation of the paper.
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Influence of halogen salts on the production of the
ochratoxins by Aspergillus ochraceus Wilh.

ABSTRACT

The first report of the biological production of bromo-ochratoxin B (Br-OTB) by Aspergillus
ochraceus Wilh. is presented as well as a study of the influence of potassium bromide,
potassium iodide, potassium fluoride and potassium chloride on the production of ochratoxin
A and ochratoxin B. Potassium fluoride and potassium iodide inhibited the growth of the
fungus, whereas potassium chloride substantially stimulated the production of ochratoxin A in
shaken solid substrate fermentation on whole wheat or shredded wheat, generally giving high
yield of ochratoxins. Increasing levels of potassium bromide led to a decline in ochratoxin A
production and an increase in bromo-ochratoxin B, ochratoxin B and 4-hydroxyochratoxin B.
Nevertheless, 4. ochraceus was much less versatile in elaborating bromo-analogues than other
fungi, which produce metabolites containing chlorine. Analysis included amino-propyl solid
phase extraction column cleanup, followed by quantitative analysis on reversed phase HPLC
using fluorescence detection and employing N-(5-chloro-2-hydroxybenzoyl)-phenylalanine as

internal standard.

Keywords: Ochratoxin A, bromo-ochratoxin B, (4R)-hydroxyochratoxin B, Aspergillus
ochraceus Wilh., Solid phase extraction.

INTRODUCTION

Ochratoxin A (OTA) is a nephrotoxic, carcinogenic, teratogenic and immunogenic
mycotoxin, produced mainly by isolates of Aspergillus ochraceus, Wilh. and Penicillium
verrucosum (Van der Merwe et al., 1965, Frisvad, 1989). OTA is a frequent contaminant in
cereals, coffee (Pittet er al., 1996), wine (Majerus and Ottender 1996), spices and beer
(Speijers and Van Egmond, 1993). OTA is the cause of Danish porcine nephropathy (Krogh
et al., 1988) and is implicated as a cause of kidney diseases amongst humans, viz Balkan
endemic nephropathy in the Balkans and Chronic interstitial nephropathy in North Africa
(Creppy et al., 1993). Ochratoxin B (OTB) the des-chloro analogue of OTA is approximately
ten times less toxic than OTA (Xiao et al., 1995), and is hydrolysed 200 times faster than
OTA by carboxypeptidase A (Doster and Sinnhuber, 1972). The halogen-group is evidently
important in the toxicity of the ochratoxins (see Figure 1 for the structures). Preliminary tests
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in kidney cells have indicated that bromo-ochratoxin B (Br-OTB) is more toxic than OTA
(Creppy, 1999). The question is if the chlorine or bromine group plays a direct role in the
toxicity or if it is the change in the compound’s ability to chelate iron, to bind to DNA or the
ability of enzymes to cleave the toxin that causes the variation in biological activity of the
ochratoxins.

This conundrum has been investigated by our concerted efforts to produce the fluoro-, bromo-
and iodo analogues of OTA which could provide invaluable information on structure-function
relationships and the mode of action of the ochratoxins.

The precedent of halogenation enzymes of Penicillium crustosum, Penicillium griseofulvum
and Penicillium nigricans readily accepting bromide ions to form bromo-analogues of
penitrem A (Mantle ez al., 1983) or griseofulvin (MacMillan, 1954) allowed expectation that
A. ochraceus might be similarly versatile.
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Figure 1: Structures of the ochratoxins

This paper relates the first report of the biological production of Br-OTB by South African
and Australian isolates of 4. ochraceus Wilh. and the effects of potassium bromide, potassium
fluoride, potassium chloride and potassium iodide on the dynamics of production of

ochratoxins. In addition, a number of minor metabolites of the South African isolate, e.g.
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ochratoxin o (OTa), ochratoxin f (OTB), (4R)-4-hydroxyochratoxin B [(4R)-OH-OTB], (4R)-
and (4S)-4-hydroxyochratoxin A [(4S)-OH-OTA and (4R)-OH-OTA], and. citrinin, were
identified. These metabolites were reported previously by Xiao et al., (1996). Methyl esters
of OTA and OTB (esterified at the phenylalanine carboxylic acid),‘ were recognised as

significant minor metabolites of the Australian isolate.

MATERIAL AND METHODS
Experiments done in South Africa

Solid-Phase Extraction (SPE) columns

Aminopropyl SPE columns, 500 mg (SUPELCO, 5-7014) were used in conjunction with a

vacuum manifold.

Thin layer (TLC) and column chromatography

A mobile phase of toluene/acetic acid (4:1) was used on Silica gel 60 F,sqa TLC plates
(Merck). The ochratoxins display very strong fluorescence upon UV illumination.
Preparative TLC was done on Silica gel 60 Fps4 2 mm plates (Merck).

Column chromatography was done with either Silica gel 60 (230-400 mesh ASTM, supplied
by Merck) or Sephadex LH20.

Instrumentation

A Hewlett Packard 1090, HPLC system, fitted with a diode array (HP 1090) and fluorescence
detector (HP 1100), autosampler and ChemStation sofiware was used. Separations were
achieved using a 4,6 mm x 150 mm, 5 pm, C;3 analytical column (Discovery Cys, SUPELCO)
fitted with a C;g3 guard cartridge (Spherisorb ODS-2, SUPELCO) and a mobile phase of |
water/methanol/acetic acid (50:60:2). Injection volume was 5 pl and flow rates of 1 ml/min
were used. The fluorescence detector was set at an excitation wavelength of 250 nm and an

emission wavelength of 454 nm.

LC-ES-MS

A VG Quattro IT - HPLC 1090 system was used with positive ionisation.
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NMR

A Bruker 500 MHz spectrometer was used for NMR analysis.

Safety

The ochratoxins are potent nephrotoxic compounds and should be handled with care.

Analysis of halogen content of Durum wheat

Durum wheat was digested according to the method of Havlin and Soltanpour (1980), to
determine its halogen content. The chloride content of the Durum wheat was determined by
the method of Weiss (1986), fluoride by the method of McQuaker and Gurney (1977) and the
bromide and iodide content of the wheat by ICP/MS analysis.

Preparation of the standards

OTA and OTB were obtained by cultivating 4. ochraceus (MRC 10582) on wet sterilised
Durum wheat (2.1 kg) at 25 °C for 14 days on a rotary shaker in 25 Erlenmeyer 500 ml flasks.
The wheat was soaked with chloroform/methanol (1:1, 200 ml per flask containing 80 g
wheat) and left at ca. 20 °C for 12 hrs and subsequently homogenised by blending at 3 000
rpm for 10 minutes, filtered, the residues thoroughly washed with chloroformy/methanol (1:1,
20 ml) and the filtrate evaporated under vacuum to dryness. The crude extracts (121.5 g)
were combined, resuspended in methanol/water (95:5, 3.5 1) and washed four times with
hexane (4 x 1,5 ). The methanol layer was evaporated to dryness and partitioned between 1
M sodium bicarbonate (3.5 I) and chloroform (2.5 ). The aqueous layer containing the
ochratoxins was acidified to pH 1 with 6 M hydrochloric acid and extracted three times with -
chloroform (1 I). The combined chloroform extracts were washed with water (2 x 0.5 1), dried
over anhydrous sodium sulphate and evaporated to dryness. The ochratoxin-containing
fraction (54.7 g) was separated on silica gel (1.5 kg, 70-230 mesh), on a column (1 m x 50
mm) with chloroform/acetic acid (97:3) as the mobile phase. The OTA and OTB containing
fractions were combined and the solvent evaporated under reduced pressure, dissolved in
chloroform, extracted twice with water and dried over anhydrous sodium sulphate. The
chloroform was removed under reduced pressure and OTA (3.433 g, m.p. 91 °C, literature 90
°C, van der Merwe et al., 1965) and OTB (1.466 g, m.p. 219 °C, literature 221 °C, van der

Merwe et al., 1965 ) were recrystallised from benzene and methanol, respectively.
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Bromo-ochratoxin B and N-(5-chloro-2-hydroxybenzoyl)-phenylalanine were synthesised by
Steyn and Payne (1999).

N-(5-chloro-2-hydroxybenzoyl)-phenylalanine was used as internal standard for HPLC
analysis. It is a very stable compound with UV and fluorescence characteristics similar to
those of the ochratoxins.

The four hydroxylated ochratoxins: (4R)-OH-OTB, (4R)-OH-OTA, (45)-OH-OTA and 10-
OH-OTA were supplied by Prof. R. Marquardt, Department of Animal Science, University of
Manitoba, Canada.

Citrinin was kindly provided by Prof. F.C. Stermer, National Institute of Public Health, Oslo,
Norway. |

OTa and OTP were produced by hydrolysing OTA and OTB respectively, under reflux in
excess 6 M hydrochloric acid for 60 hours.

Cultivation of A. ochraceus at different levels of halogens

A lyophilized culture of 4. ochraceus Wilh. (MRC 10582) kept at -70 °C, obtained from the
CSIR Culture Collection, was plated onto potato dextrose agar plates. The petri dishes were
incubated at 25 °C for three days in the dark. Twelve different concentrations, ranging from 0
to 2000 mg of potassium bromide, potassium iodide, potassium chloride and potassium
fluoride per 40 g whole Durum wheat kernels, were prepared by adding the salt, wheat and 25
ml distilled water together in an Erlenmeyer flask (500 ml) for each concentration. A second
set identical to the first was also prepared to give a total of 84 flasks. These were
subsequently incubated for 16 h at 25 °C on a rotary shaker at 350 rpm, autoclaved for 30 min
and cooled down to room temperature. The wheat was then inoculated with a 2 ml spore
suspension of three day old cultures of 4. ochraceus. The flasks were replaced on the rotary
shaker for 14 days after which they were harvested for analysis. The content of the flasks was
quantitatively transferred to beakers, methanol/chloroform (1:1, 200 ml) was added and
milled for 10 min at 3000 rpm, sealed and left for 24 hrs. The wheat extracts were then
vacuum filtered through a Buchner funnel containing Whatman No. 1 filter paper. The flask
and filter pad were rinsed with 40 ml methanol/chloroform (1:1) followed by another filtering
step using glass filter paper. The combined extracts from each separate experiment were then
transferred to volumetric flasks (250 ml) and filled with methanol/chloroform (1:1). The

recovery of the extraction step was 80%. This was determined by repeating the extraction
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until no more OTA could be observed by HPLC. The total OTA as determined in all the

extraction steps, was used as.the total OTA in the wheat.

Purification of the ochratoxins by the SPE columns

The SPE columns were conditioned with 2.5 ml methanol/chloroform (1:1), 2 ml of the above
extracts subsequently were placed on the columns and allowed to flow at + 2 drops per
second. The SPE columns were washed with 2.7 ml chloroform and allowed to run
completely dry. The ochratoxins were eluted from the columns with 2.5 ml methanol/acetic
acid (4:1) and collected into test tubes. A stock solution of internal standard was prepared by
dissolving N-(5-chloro-2-hydroxybenzoyl)-phenylalanine (100 mg) in methanol (100 ml) and
diluting it ten times. The eluant (1.5 ml) of the SPE extraction was transferred to autosampler

vials and 100 pl of the internal standard was added to each vial for HPLC analysis.

Isolation of the different ochratoxins in the potassium bromide supplemented
wheat

Three of the above Erlenmeyer flasks containing extracts of cultured wheat (3 x 40 g), each
supplemented with 1500 mg and 2000 mg potassium bromide,; were used to isolate the
ochratoxins produced in wheat cultivated with 4. ochraceus and supplemented with high
levels of potassium bromide. The contents of the flasks were combined and evaporated to
dryness under vacuum. The extract (15 g) was redissolved in methanol/water (95:5, 200 ml),
hexane (250 ml) was added (to remove excess oils) and the two layers were separated. The
methanol layer was concentrated under Vacuum,'redissolved in chloroform (350 ml) and the
ochratoxins were extracted with 1 M sodium bicarbonate (2 x 200 ml). The aqueous layer
was carefully acidified with 6 M hydrochloric acid and re-extracted three times with
chloroform (3 x 150 ml). The chloroform extract was evaporated to dryness, and the residue
(2.5 g) and transferred to a glass column (1 m x 50 mm) packed with silica (200 g) in
chloroform. At first chloroform/acetic acid (98:2, 1 I) was used to elute most of the lipids still
present in the extract. The first 180 fractions (10 ml each) containing ochratoxins were eluted
with chloroform/acetic acid (92:8, 2 I) followed by 100 smaller fractions (5 ml) eluted with
chloroform/acetic acid (90:10, 500 ml) and 80 fractions eluted with chloroform/acetic
acid/methanol (85:12:3, 500 ml). These fractions were analysed by TLC and similar fractions

were combined and evaporated to dryness to yield six ochratoxin-containing extracts. The
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six extracts were compared with the reference standards by using HPLC and TLC (See Table

1).

Table 1: Fractions obtained afier chromatography on silica gel of different ochratoxins
present in cultivated wheat

Extract Fractions Amount (mg)  Ochratoxins

1 10-70 324 OTA, Br-OTB

2 81-135 427 OTB, OTp

3 157-183 66 OTB, OTa

4 229-251 23 (4R)-OH-OTA

5 253-318 42 (4S)-OH-OTA and/or 10-OH-
OTA

6 329-349 208 (4-R)-OH-OTB

The two ochratoxins (OTA and Br-OTB) present in extract 1 proved to be inseparable by
using TLC or column chromatography, their identity was confirmed by comparison of their
retention time on HPLC and the very distinctive molecular ion pattern of chlorine (M+1,
m/z 404, 406, ratio 3:1) and bromine (M+ 1, m/z 448, 450, ratiol:1) as present in OTA and
Br-OTB, respectively (see Figure 2).

The ochratoxins (OTB and OTp) present in extract 2 (427 mg) were separated on a glass
column (1 m x 15 mm), containing Sephadex LH20 (10 g), using methanol as mobile
phase. The substances were unambiguously identified as OTB and OTP by comparisons of
their TLC and HPLC retention and ES-MS characteristics.

The two ochratoxins (OTP and OTa) present in fraction 3 (66 mg) were separated by
preparative TLC using 5 plates and chloroform/acetic acid (96:4) as mobile phase, and
their identity was confirmed by ES-MS showing molecular ions at m/z 223, 257 (M+1)
respectively.

Extract 4 (23 mg) contained mostly one compound, a hydroxy-ochratoxin A, which was
purified by preparative TLC using two preparative TLC plates and chloroform/acetic acid
(98:2) as mobile phase. Its presence was confirmed as (4R)-OH-OTA by retention time
comparison on HPLC and ES-MS (M+1, m/z 420).

Extract 5 (42 mg) was at first cleaned up on a glass column (1 m x 15 mm, containing 5 g
Sephadex LH 20) employing methanol as mobile phase, the ochratoxin containing
fractions were evaporated to dryness, followed by preparative TLC using 8 analytical TLC
plates and toluene/acetic acid (5:1) as mobile phase. The presence of (4R)-OH-OTA and
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SUPPORTING INFORMATION AVAILABLE

"H NMR (500 MHz) spectra of the ochratoxins

18

16 14

Ochratoxin B: Ry3=H
Ochratoxin A: R;3=H; R; =ClI
(4R)-4-Hydroxyochratoxin B: R; 3 = H; R, = OH

Table 3: 'H NMR (500 MHz) of ochratoxin B in CDCl;

Proton Shift [ppm] J [Hz] Multiplicity Connections
OH 12.70 1
NH 8.51 6.62 2 JINH,H12)
H3 4.74 6.28 4 J(H3,H10)
5.00 2 J(H3,H4a)
10.25 2 J(H3,H4b)
H4a 2.99 5.00 2 J(H4a,H3)
16.65 2 J(H4a,H4b)
H4b 2.95 16.65 2 J(H4b,H42)
10.25 2 J(HA4b,H3)
Hé6 6.82 7.97 2 J(H6,H7)
H7 8.33 7.99 2 J(H7,H6)
3H10 1.53 6.28 2 J(H10,H3)
Hi12 4.97
Hi13a 3.20 14.20 2 J(H13a,H13b)
7.64 2 J(H13a, H12)
H13b 3.35 14.18 2 J(H13b,H13a)
5.30 2 J(H13b, H12)
H15-19 7.26 M
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Table 4: 'H NMR (500 MHz) of ochratoxin A in CDCl;

Proton Shift [ppm] J [Hz] Multiplicity Connections

OH 12.74 1

NH 8.50 7.07 2 J(NH, H12)

H3 4.76 11.75 2 J(H3,H4a)
6.05 4 J(H3,H10)
3.49 2 J(H3,H4b)

H4b 3.29 17.47 2 J(H4b,H4a)
3.49 2 J(H4b,H3)

H4a 2.86 17.47 2 J(H4a,H4b)
11.75 2 J(H4a,H3)

H7 8.43 1

3H10 1.60 6.05 2 J(H10,H3)

H12 5.06 7.07 2 J(H12,H13a)
7.07 2 J(H12,NH)
5.35 2 J(H12,H13b)

HI3a 3.23 14.08 2 J(H13a,H13b)
7.07 2 J(H13a,H12)

H13b 3.36 14.08 2 J(H13b,H13a)
5.35 2 J(H13b,H12)

H15-19 7.27 M

Table 5: '"H NMR (500 MHz) of ochratoxin o in (CD3),SO

Proton Shift [ppm] J [Hz] Multiplicity Connections

H3 4.74 11.60 2 J(H3,H4a)
6.22, 4 J(H3,H10)
3.11 2 J(H3,H4b)

H4b 3.19 17.19 2 J(H4b,H4a)
3.11 2 J(H4b,H3)

H4a 2.86 17.19 2 J(H4a,H4b)
11.60 2 J(H4a,H3)

H7 7.99 1

3H10 1.43 6.28 2 J(H10,H3)
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INSTRUM spect
PROBHD 5 mm TBI 13C
PULPROG 29
10D 65536
SOLVENT CDhC13
NS 256
bs 2
SWH - 7788.162
FIDRES 0.118838
AQ 4.2074614
RG 71.8
DW 64.200
DE 6.00
TE 300.0
D1 1.00000000
============ (HANNEL. fi
NUC1 iH
31 9.00
PL1 3.00
SF0O1 500.1331492
F2 - Processing parameters
SI 32768
SF 500.1300072
WOW GM
558 0
LB -0.50
GB 0.9
pC 1.00

1D NMR plot parameters

CX 20.00
F1P 13.500
Fi 67591.75
Fap -0.500
F2 -250.07
PPMCM 0.70000
HZCM 350.09103

cm
ppm

Hz

ppm

Hz
ppm/cm
Hz/cm
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Current Data Parameters

NAME pssteyn
EXPNO 6
PROCNO 4

F2 - Acquisition Parameters

usec
dB
MHz

MHz

Hz

Date_ 930428
Time t2.34
INSTRUM spect
PROBHD 5 mm TBI 13C
PULPROG 29
0 65536
SOLVENT DMSO
NS . 16
0§ 2
SWH 10330.578
FIDRES 0.157632
AQ 3.1719923
RG 406.4
oW 48.400
DE 5.00
TE 300.0
01 1.00000000
============ CHANNEL f1
NuCt it
Py 3.00
LY 3.00
SFO1 500. 1330885
F2 - Processing parameters
ST 32768
SF 500.1300099
HDW M
SSB 0
LB -0.50
e} 0.5
PC 1.00

1D NMB plot parameters

CX 20.00
Fip 9.000
F1 4501.17
Fap 0.000
F2 0.00
PPMCM 0.45000
HZCM 225.05849

cm
ppm

Hz

ppm

Hz
ppm/cm
Hz/cm
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ppm 12.0 10.0 8.0 6.0 4.0 2.0

4ROH-0TB 1n

S —

dmso proton

Current Oata Parameters

NAME
EXPNO
PROCNG-

pssteynd
1
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

990422
14.40
spect

5 mm TBI 13C
z9

65536
OMS0

256

2

7507 .5907
0.114555
4.3647475
50.8
66.600
65.00

300.0
1.00000000

=== CHANNEL f1

1H

9.00

3.00
500.1337612

F2 - Processing parameters

SI
SF
WD
5SB
LB
G8
PC

32768
500.1300099
GM

0

-0.50

0.5

1.00

1D NMR plot parameters

CX
Fip
Fi
Fap
F2
PPMCM
HZCM

20.00
14.000
7001.82
0.500
230.07
0.67500
337.58777

MHz

Hz

cm
ppm

Hz

ppm

Hz
ppm/cm
Hz/cm
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