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Abstract The time course of 3-acetyldeoxynivalenol 
(AcDON) formation was analysed over a 11 day cul- 
ture period of Fusarium graminearurn (DSMO 4258) 
on rice. The maximum of 2840 mg/kg AcDON was de- 
tected after 9 days of culture. To overcome the compli- 
cated clean up of the solid substrate extract, 10% me- 
thanol in water was applied as extract solvent. After li- 
quid-liquid partition with ethyl acetate, more than 75% 
of the toxin could be detected. After one simple clean 
up step (column chromatography over florisil) AcDON 
could be crystallised. After ion exchange chromatogra- 
phy deoxynivalenol (DON) could be crystallised and an 
overall yield of 1,44 g DON per kg of culture was ob- 
tained. 

Introduction 

The world-wide natural occurrence of the trichothe- 
cenes deoxynivalenol (DON) and 3-acetyldeoxynivale- 
nol (AcDON) as toxic contaminants in cereal grains 
(Gruber-Schley 1987) are due to infections with several 
Fusariurn species. To carry out feeding and toxicologi- 
cal studies, large quantities of these mycotoxins are 
needed. Additionally, DON is regarded as a factor of 
aggressiveness in the pathogenesis of Fusarium head 
blight of wheat (Snijders and Krechting 1992). DON to- 
lerance in wheat and corn is based on trichothecene de- 
gradation, increased membrane stability and a modifi- 
cation in peptidyltransferase-activity. DON tolerance 
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seems to be correlated with Fusariurn resistance (Miller 
1989; Snijders and Krechting 1992; Wang and Miller 
1988). 

In-vitro selection for DON tolerance could provide 
plants with increased Fusarium resistance and is prac- 
tised by several authors (Maier and Oettler 1993; 
Menke-Milczarek and Zimny 1991; Posselt 1990; Shi- 
mada and Otani 1990). From the existing methods for 
producing high quantities of DON, the production in a 
fermentor (Miller and Blackwell 1986) is the most ele- 
gant but requires expensive equipment, whereas the 
method described by Ehrlich and Lillehoj (1984) re- 
quires numerous clean-up steps. A more convenient 
method, which requires only one labour intensive clean 
up step, was described by Witt et al. (1985). 

The results reported here describe a simple, conve- 
nient and high reproducible method that needs only a 
minimum of technical equipment and organic solvents 
to enable a common tissue culture laboratory to pro- 
duce gram quantities of crystalline AcDON or DON. 

Materials and methods 

Culture conditions 

A 2% malt extract agar slant of F. graminearum DSMO 4258 (ac- 
cession number of the collection of micro-organisms at Braunsch- 
weig, Germany) was macerated in 25 ml sterile distilled water in a 
100 ml erlenmeyer flask. An aliquot (2.5 ml) of the resulting sus- 
pension was used to inoculate 300 ml erlenmeyer flasks, each con- 
taining 50 ml SNA medium (Nirenberg 1981) without agar but 
supplemented with 1% yeast extract (Merck, Darmstadt, Germa- 
ny) and autoclaved at 121 ° C for 20 min. The cultures were kept 
on a rotary shaker (2.6 cm throw) at 250 rpm at 25°C for 20 h. 
Rice meal (20 g) (Schneekoppe, Naturreis aus kontrolliertem An- 
bau) was moistened with 7.5 ml solution of 38 g/1 of saccharose 
and 2.5 g/1 of casein hydrolysate in a baby-food jar and covered 
with magenta-B caps (Sigma). After  24 h at room temperature the 
substrate was autoclaved at 121°C for 20 min. The mycelium of 
the shaken culture was macerated and 2 ml inoculum added (final 
substrate humidity 40%) to each baby food jar. The batch culture 
was grown at 28 ° C in the dark (Vesonder et al. 1982). To identify 
the ideal culture time for maximal toxin formation two baby food 
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jars in the two independent experiments were analysed in dupli- 
cate for AcDON content 3, 5, 7, 9 and 11 days after culture initia- 
tion. 

Reagents 

The water used was distilled and put through a Milli-Q/UF-Sys- 
tern (R = 18 MO). All  chemicals and solvents used, were of analy- 
tical grade. AcDON and DON standards were obtained from Sig- 
ma. The AcDON standard for HPLC was used in a concentration 
of 10 ~g AcDON/ml methanol and had been adjusted in ethanol 
by use of a photometer (Beckman model 24) set at 219 nm 
(E = 5900) (Yoshizawa and Morooka 1973). 

Extraction for AcDON analysis 

Each 20 g rice was extracted three times with 50 ml of 10% me- 
thanol in water for 30 min on a rotary shaker at 100 rpm. The 
extract was filtered through a Schleicher and Schuell 520 a 1/2 
filter and saturated with NaC1. The extract was liquid-liquid parti- 
tioned three times with ethyl acetate with a volume ratio of 1:2 
(ethyl acetate:extract). For the second and third partitions ethyl 
acetate from rotary evaporation was recycled. The ethyl acetate 
layer was collected, taken to dryness and dissolved in methanol 
for HPLC quantification. To determine the recovery of this ex- 
traction procedure, 4 ml AcDON solution containing 0.5 mg Ac- 
DON/ml methanol was added to 20 g rice meal, prepared like for 
inoculation and extracted after evaporation of the solvent. This 
experiment was repeated three times. 

Scale up 

4000 UV detector set at 218 nm used in connection with an LDC- 
Milton Roy Constametric 3 HPLC pump. Chromatograms were 
recorded and evaluated by an LDC-Milton Roy CI-10 data sys- 
tem. The retention time for AcDON was 5.2 rain. 

The purity of DON crystals was assessed by gas chromatogra- 
phy-electron capture detection (GC-ECD). The analysis of trime- 
thylsilyl (TMS) ethers of DON, prepared as described by Scott et 
al. (1986), were made by ECD on a C-R4AX Chromatopac, Shi- 
madzu Chromatograph fitted with a 25 m x 0.25 mm Permabond 
SE-54-DF-0.25 column (Macherey-Nagel). The carrier gas was 
helium (80 kPa). The make-up gas was nitrogen (45 ml/min). The 
injection was splitless. The injector temperature was maintained 
at 250 ° C. The temperature of the column was held at 60°C for 
1 rain, then heated to 120°C at 10°C/rain and held for 2 rain, 
then heated to 210 ° C at 10 ° C / min, then heated to 280 ° C at 4 ° C / 
min and held for 20 min. The detector temperature was 330 ° C. 
The retention time for DON was 29.6 min. 

The identity of crystalline DON was confirmed by comparison 
of its mass spectrum with that of the DON standard. The underi- 
vatised DON dissolved in ethyl acetate dissolved DON (1 mg/ml) 
was, after splitless injection, performed with a Model 3700 gas 
chromatograph in connection with a Varian Model 44S MS. Sep- 
aration was achieved on a 30 m x 0.25 mm DB 1 column (J. & W. 
Scientifics). The carrier gas was helium (1.2 bar). The column 
temperature was programmed from 140 ° C to 180 ° C at 4 ° C / min, 
the injector temperature 'was maintained at 250 ° C. Electron-im- 
pact (EI) mass spectrometry (MS) was carried out at 70 eV with a 
Varian 44S. 

Safety Note 

Contact with DON and crude extract was always avoided. Con- 
taminated glassware was soaked in 10 % bleach solution over- 
night. 

A total of 1.4 kg culture from 70 baby food jars was macerated 
and transferred to a 101 bucket 9 days after culture initiation, 
3.15 1 water was added, followed by 0.35 1 methanol 20 min later, 
then all shaken for 30 min at 100 rpm. The supernatant was put 
through a sieve (1 mm mesh) and the residue was extracted twice 
more with 3.501 of 10% methanol in water. The collected liquid 
was kept in an aspiration bottle overnight at 1 ° C to sediment the 
rice particles. The supernatant liquid was filtered through a 
Schleicher and Schuell 520 a 1/2 filter and extracted with ethyl 
acetate as for AcDON analysis. 

The ethyl acetate layer was collected and taken to dryness. 
The crude extract from 1.4 g culture was taken up in 25 ml 
methylene chloride and chromatographed on a column 
(5.0 cm x30.0 cm) packed with 100 g florisil (100-200 mesh) in 
methylene chloride (Miller personal communication). The Ac- 
DON was eluted with 1200 ml of 0.3% methanol in methylene 
chloride (600 ml/h). The product was recrystallised three times 
from hot ethanol under addition of hexane and cooling to give 
AcDON as fine colourless needles up to 5 cm in length. 

Hydrolysis of AcDON 

The transfer of AcDON to DON was carried out on an ion ex- 
change column as described by Greenhalgh et al. (1986). 

Analysis 

The AcDON content was analysed by HPLC. Separation was per- 
formed on a prepacked Beckmann Ultrasphere octadecyl silane 
(ODS) 4.6 mm x 250 mm column, particle size 5 txm. The com- 
pounds were eluted with 50% methanol in water at a flow rate of 
1.0 ml/min. Detection was performed with a Merck-Hitachi L 

Results 

Toxin  F o r m a t i o n  

The  concen t r a t i on  of A c D O N  reached  a m a x i m u m  of 
2840 mg/kg f rom an  average of two dupl ica te  analyses,  
two replicates and  two i n d e p e n d e n t  exper iments  on  
day 9 (Fig. 1). Accord ing  to statistical analysis ne i the r  
the two exper iments  nor  the two replicates of these  ex- 
pe r imen t s  differed significantly f rom each o ther  in tox- 
in concen t r a t i on  after  9 days of cul ture.  F r o m  1.4 kg 
cul ture  grown in 70 b a b y  food jars  after 9 days- of cul- 
ture  3520 mg A c D O N  was detected.  

Tox in  pur i f ica t ion  

Wi th  10% m e t h a n o l  in  water  76% of the added  100 txg 
A c D O N / g  was extracted.  In  the  large scale expe r imen t  
93% of the  A c D O N  in the e thyl -aceta te  f rac t ion was 
ob t a ined  after ch roma tog raphy  over  florisil. 81% of the  
c o l u m n  ch roma tog raphed  A c D O N  could be  crystal- 
lised. Overal l ,  f rom 1.4 kg cul ture  grown in 70 baby  
food jars, 2650 mg A c D O N  could be  crystallised. Af t e r  
ion exchange  ch roma tog raphy  2020 mg D O N  crystals 
could be ob ta ined .  Pur i ty  of the D O N  crystals assessed 
by  G C  indica ted  a pur i ty  of 95%. G C - M S  conf i rmed  
this result.  
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Fig. 1 3-Acetyldeoxynivalenol (AcDON) formation of Fusarium 
graminearum DSMO 4258 on rice 

Table 1 Analysis of variance of the 3-acetyldeoxynivalenol con- 
tent after 9 days of culture in independent experiments (DF de- 
grees of freedom, MS mean squares, F F-test) 

Source of variance DF MS F 

Replicates 1 327.77 2.24" 
Experiments 1 65.28 0.45 a 

Error 1 146.31 

Not significant at the 0.05 level 

Discussion 

substrate (Ehrlich and Lillehoj 1984; Witt et al. 1985) to 
be less suitable than the shaken liquid culture due to 
the labour intensive clean up. These methods and espe- 
cially the shaken liquid culture do not provide a highly 
concentrated source of toxin, which is a basic require- 
ment for convenient  and time-saving production. Ehr-  
lich and Lillehoj (1984) repor ted an overall yield of 
450 mg of 71% pure DON/kg culture, and Witt et al. 
(1985) detected 600-700 mg DON/kg culture, but  both 
authors did not give an overall yield of the pure DON. 
With the method described here, after a simple clean- 
up, an overall yield of 1890 mg crystallised AcDON/kg  
culture was obtained, which could be changed into 
1440 mg of 95% pure DON/kg culture. A c D O N  pro- 
duction with a fermentor  (Miller and Blackwell 1986) is 
an elegant method,  but  a fermentor  is too expensive for 
most laboratories. 

In summary, the procedure  described herein, repro- 
ducibly provides a highly concentrated source of toxin. 
The clean up in a single convenient step required a 
minimum amount  of technical equipment  and chemi- 
cals. Compared to other  reported methods not only 
crystallised D O N  (Ehrlich and Lillehoj 1984, Witt et al. 
1985) but  also crystallised A c D O N  was produced. 
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A suitable method  for A c D O N  and D O N  product ion is 
required to fulfil the following criteria. The toxin for- 
mation should reproducibly provide a highly concen- 
trated source of toxin. A simple and convenient  clean 
up should be possible. The method should be inexpen- 
sive. Ideally both toxins should be produced by one 
method.  

The maximum after 9 days of 2840 mg AcDON/kg  
was detected on average from two duplicate analyses, 
two replicates and two independent  experiments,  which 
did not  differ significantly from each other,  indicating 
high reproducibility. This was confirmed by detecting 
2514 mg A c D O N / k g  culture in the large scale experi- 
ment. Schuster et al. (1987) detected a maximum of 
170 mg AcDON/1 from F. g r a m i n e a r u m  DSMO 4257 in 
shaken rice meal broth. Miller and Blackwell (1986) re- 
ported 710 mg AcDON/1 after a fermentat ion of F. cul- 
m o r u m  H L X  1503. Engelhardt  et al. (1986) detected 
917 mg AcDON/kg  from F. grarninearurn DSMO 4258 
(described as F. tricincturn 434), the same isolate as 
ours, after 10 days of culture on rice, indicating that 
with the described inoculation and culture method we 
could increase the toxin concentrat ion more  than three- 
fold. Unfortunately,  none of the cited authors gave in- 
formation concerning reproducibility. 

Schuster et al. (1987) regarded the existing methods 
for preparat ion of gram quantities of D O N  from solid 
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