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ABSTRACT

Barley is affected by Fusarium head blight. The mycotoxins produced by F. graminearum affect the grain
safety, mating and beer quaity. Barley can be irradiated with eectron beam radiation to reduce the funga
contamination, but there may be some Fusarium strains which can survive, grow and produce mycotoxins as
irradiated barley is mated. Random amplified polymorphic DNA (RAPD) andys's was done to screen for
mutationsin Fusarium isolates from irradiated barley. FHB-infected and control barley samples, which were
irradiated using electron beam radiation at doses of 0, 2, 4, 6, 8 and 10 KGy were obtained. Fusarium
infection (FI) anadlysis was done on 100 barley seeds which were asepticaly placed on half strength potato
dextrose agar (HPDA) plates incubated at 25°C for 5 days. Single germinated spores of Fusarium isolates
confirmed by Fl analysis were transferred to carnation leaf agar and incubated at 25°C for 7 days. The funga
growth on the plateswasidentified to the specieslevel microscopically based on morphological characterigtics.
The morphology, pigment and growth of thesefunga colonieswere confirmed by growing conidiaof Fusarium
isolates on HPDA plates which were incubated at 25°C for 7 days. Nine F. graminearum isolates were used
for RAPD andydis to screen for mutations by comparing with a control F. graminearum isolate (FRC R-
9821) and were grown on 25 g of autoclaved rice (40% moisture content) at 25°C for 14 days and andyzed
for their ability to produce deoxynivaenol and related mycotoxinsby high pressureliquid chromatography. The
cluser andyss of the various F. graminearum isolates RAPD profiles have confirmed that they can be
divided into two groups. Group A conggts of the reference sirain (FRC R-9821) and four isolates obtained
from control and irradiated (2KGy) barley. Group B conddts of three isolates which were obtained from
barley irradiated to 4, 6 and 10 KGy and two control strains. Deoxynivaenol (DON) produced by both
control and irradiated isol ates ranged from noneto 31.1 pg and 15-Acetyl deoxynivaenol (15-ADON) produced
ranged from none to 105.34 pg. Some of the isolates obtained from irradiated barley retained their DON
producing ability to some extent (ranged from 0.65-4.76 g) but produced no ADON. The results from
mycotoxin andyssindicatethat irradiation may decrease mycotoxigenesisin . graminearum. Further research
has to be done to know whether irradiated barley can be used in mdting industry, as irradiation is found to
reduce the mycotoxigenecity of F. graminearum isolates obtained from irradiated barley.
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ABSTRACT

Epidemics of Fusarium head blight (FHB) on cered
grains caused by severa speciesof Fusarium, manly
reported as a complex, are becoming more frequent
around theworld. Thediseasereducesgrainyiddand
quality, often causing grain to be unsuitable for human
consumption, because some toxigenic Fusarium
grains are capable to accumulate mycotoxins in ce-
rea grains and derived foods and feeds. The patho-
gensmainly reported ascausd FHB agentsarestrains
of F. graminearumdeoxynivalenol (DON) producer,
but especidly in cooler regions of Europe, other spe-
ciesof Fusarium, such asF. culmorum, (alsoaDON
producer) and F. avenaceum (a moniliformin pro-
ducer), can predominate. At thisregard, recent inves-
tigations reported an increasing occurrence of strains
of F. avenaceum, and its gtrictly related species F.
arthrosporioides, as well as of F. poae, F.
sporotrichioides and F. tricinctum, all producers of
the esadeps peptides beauvericin (BEA) and enniatins
(ENs). The natural occurrence of high amounts of
beauvericin (upto 3.5 mg/kg) and enniatins (upto 18.3
mg/kg of enniatin B) in FHB smdll grains, together with
the relevant phytotoxic and zootoxic properties, sug-
gest an examination of the potential role of these
Fusarium metabolites in contributing to the severity
of FHB and the toxicity of cered grains.

Keywords: Fusarium Head Blight (FHB),
Esadeps peptides, Enniatins, Beauvericin, Mycotox-
ins, Fusarium avenaceum.

Fusarium Head Blight (FHB) of cereal grains-
Fusarium heed blight (FHB) of whesat and other smdll
cereds is a severe disease world wide, causing re-
ductionin crop yied often estimated up to 30 percent.
In addition certain Fusarium strains are a so capable

of producing mycotoxinswhich can beformed dready
in infected plants standing in the field and then accu-
mulatein sored grainsunder favourable fungd growth
conditions. The occurrence of mycotoxins in cered
grainsis of great concern, because their presence in
foods and feeds is often associated with chronic or
acute mycotoxicoses in livestock and, to alesser ex-
tent, also in human. The Fusarium species predomi-
nantly reported around theworld as causal FHB agent
isF. graminearum, and the toxicologica connected
greatest problem isrelated essentidly with the occur-
rence of deoxynivaenol or vomitoxin (DON). How-
ever, epecidly in cold northern European regions,
other speciesof Fusarium, such asF. culmorum (so
aDON producer), and F. avenaceum are important
FHB agents (Bottalico, 1998).

Many drainsof F. avenaceum from FHB smdl grains
werefound to produce severd cyclic esadeps peptides,
including enniatins (ENs) and beauvericin (BEA)
(Logrieco et al., 2002b; Morrison et al., 2002). In
addition, some other Fusarium species from FHB
grains, such as F. poae F. arthrosporioides (F.
avenaceum), F. tricinctum and F. sporotrichioides
were proven to have the same relevance as
esadepsipeptide producers (Nicholson et al., 2004).
On the other hand, there are increasing evidences of
the occurrence of high amounts of ENs and BEA in
Finnish scab smdl grains (whest, rye, oats and barley)
(Logrieco et al., 2002b; Jestoi et al., 2004).

Enniatins were known for along time as phytotoxins
and associated with plant diseases characterized by
wilt and necrosis (Gaumann et al., 1960), and some
phytotoxic properties were recently reported also for
BEA (Sagakuchi et al., 2000). Moreover, dueto their
ionophoric structure, BEA and ENs are able to ex-
hibit many toxic effectson animd sysems garting from

392



Food Safety, Toxicology, and Utilization of Mycotoxin-contaminated Grain

the dteration of the ion trangport across membranes,
which may lead to the disruption of the cationic selec-
tivity of cdl wal, and ultimately to induce DNA frag-
mentation and cell desth by gpoptosis (Logrieco et
al., 2002a; Macchia et al., 2002). These basic
mechanisms, represent the behaviour leadingto alarge
array of toxic ability, such asantimicrobid, insecticidd;
and a drong cytotoxic activity on severd cdl lines of
invertebrate, rodents, farm animals, and human
(Ganass etal., 2002; Caoetal ., 2003, 2004; Forndlli
et al., 2004). Thesefindingsontoxic potential of BEA
and ENsin plant and animd systems, obvioudy stimu-
late us to a deeper examination of the significance of
such esadepsi peptides and their producing Fusarium
gpeciesin contributing to the FHB severity and grains
toxiaty.

Natural occurrence of Beauvericin and
Enniatins - Beauvericin (BEA) is the main naturd
component of the beauvericingroup, belongingto ENs
family (Hamill et al., 1969). Besides BEA, five other
compounds were purified from fumgd cultures, and
designated asbeauvericin A, C, D, E and F (Guptaet
al., 1995; Fukuda et al., 2004), but they are not yet
found as natura contaminants. The most important
ENs, reported asnaturd contaminants, include: Enniatin
A (ENA), Enniatin A1 (ENA1); Enniatin B (ENB);
and, Enniatin B1 (ENB1) (Savard and Blackwsll,

1994). Three new enniatins of the B series, designated
asB,, B,and B, were characterized from liquid cul-

tureof F. acuminatum and F. compactum by Visconti
et al. (1992), but as far as we are aware they were
not yet found as natura contaminants.

BEA wasfound in Finnish and Norwegian wheat and
other smdl cered grains mainly referred to the colo-
nization of F. avenaceum (Logrieco et al., 2002b),
but also to those of F. poae and F. sporotrichiodes
(Yli-Mattilaet al., 2004a; Jestoi et al., 2004; Uhlig
and lvanova, 2004). In particular, BEA wasfound in
al samplesof Finnishrye (up to 3.5 mg/kg) (Logrieco
et al., 2002b); in Norwegian samples of wheat, bar-
ley and oats (up to 0.12 mg/kg) (Uhlig et al., 2004);
in Finnish samples of whest, barley and oats (up to
0.019 mg/kg), and at trace levelsin Itdian and Finnish
samplesof grain-based products (Jestoi et al., 2004).

The naturd occurrence of ENsin grains has been in-

vedtigated lessextensvely than BEA. Infact, ENshave
been found only in a few investigations in samples of
amal cered grainsand grain-based productsfrom Fin-

land and Norway (Logrieco et al., 2002b; Jestoi et

al., 2004; Uhligand lvanova, 2004). Interestingly, ENs
were reported at ppm levelsin wheat (ENB, ENBL),
rye(ENAL, ENB, ENB1), and barley (ENA1L, ENB,

ENB1), with concentrations of ENB as high as 18.3
and 9.76 mg/kg (ppm) in Finnish wheat and barley,

respectively (Logrieco et al., 2002b; Uhlig and
Ivanova, 2004; Jestoi et al , 2004). In particular, very
high amounts of ENA (up to 6.9 mg/kg), ENB (up to
4.8 mg/kg); and ENB1 (up to 1.9 mg/kg) were found

in Finnish rye samples by Logrieco et al. (2002b);

whereas Uhlig and Ivanova (2004) found relevant

amounts of ENs type B in Norwegian whest, oats,

and barley, but only trace levels of ENstype A.

Potential toxic role of BEA and ENs in FHB
severity and toxicity of small cereals - The
Fusarium species-complex causing FHB in northern
Europe, depending on year crop season and ceredl
host, seems to be predominantly composed by F.
avenaceum, F. poae, F. arthrosporioides, F.
sporotrichiodes and F. tricinctum (Jestoi etal ., 2004,
Nicholson et al., 2004; Yli-Mattilaet al., 2004b). As
aconsequence, the greatest mycotoxicologica prob-
lem derived from FHB appearsto beassociated mainly
with the occurrence of BEA and ENs and, a alesser
extent, with zearaenones and trichotheceneswhich are
produced by F. gaminearum, F. culmorum, F. poae
and F. sporotrichiodes. Both BEA and ENs exhib-
ited phytotoxic and zootoxic activitiesin many bicas-
says, therefore, like for other mycotoxins formed in
plant hosts, it could be suggested a possible role of
BEA and ENsin plant pathogenesis and in grain tox-
iaty.

Regarding the phytotoxic activities of ENS, it wasre-
ported that these metabolites aretoxic in saverd plant
systlems, induding: loss of turgor, leaf yelowing and
margind necrodsin tomato cuttings (Gaumann et al .,
1960); inhibition of growth of wheat seedlings
(Burmeigter and Plattner, 1987); necrotic lesons on
leaves (Hershenhorn et al., 1992) and on potato tu-
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ber dices (Herrmann et al., 1996b); and inhibition of
germination of a parasitic weed (Zonno and Vurro,
1999). Informetion on thetoxicity of BEA againg plant
systemsis limited to the induction of premature degth
of melon and tomato protoplasts (Sagakuchi et al.,
2000; Paciollaet al., 2004).

Inandogy withtheroleof DON in FHB severity, dso
for ENs was proposed a role during the plant infec-
tion process by Fusarium species synthesizing
ennidins. To thisregard, there are evidences that the
virulence of modified srains of F. avenaceum was
sgnificantly reduced after disruption of theesynl gene,
which encodes for the multifunctiona enzyme enniatin
gynthetaseinvolved in enniatin biosynthess (Herrmann
et al., 1996a)

It gppears that ENs exhibit more phytotoxic capabil-
ity than BEA, which instead appears endowed with
stronger zootoxic properties.

It was wdll established that the toxicity of BEA and
ENSs derives from their peculiar ionophoric property,
and their capability to cause DNA fragmentation and
cdl degth by gpoptoss(Logriecoet al ., 2002a). Con-
sequently, the high cytotoxicity, especidly for BEA,
was confirmed in severa cell line biocassays, including
invertebrate, insects, rodents, livestock and human cdll
lines, and the ahility of these metabolites to induce
gpoptogsiscurrently used as poditive control in many
physiopathologicd investigations. But, the dataobtained
on the biologicd activity of BEA and ENs in the few
in vivo dudies indicated a generd low activity a the
concentrationstested. In fact, besdesardatively low
acute toxicity observed by intrgperitoned administra:
tion of ENs on mouse (McKeeet al., 1997), no ad-
verse effects were observed on growth and health
parametersin severd feeding trids on broiler and tur-
key (Letgeb et al., 2000; Zollitsch et al., 2003).

The high contamination levels of the Finnish cered
grains, both for BEA (up to 3.5 mg/kg) (Logrieco et
al., 2002b) and ENs (up to 18.3 and 9 mg/kg of ENA
inwheet and barley, respectively) (Uhlig et al., 2004;
Jestoi et al., 2004), besdesthe high toxigenic poten-
tid of FHB causing strains, suggest a desper investi-
gation on the chronic toxicity of these esadeps peptides,

particularly for ENB. Strains causng FHB were ca-
pable of producing in culture amounts of BEA (espe-
cially F. poae) and total ENs (especially F.
arthrosporioides) up to 130 and 3000 mg/kg, re-
spectively (Jestol M., persond communication). In
addition, the possible toxic interactions or synergistic
effects of ENs and BEA with mycotoxins co-occur-
ring in infected grains (especialy MON, DON and
NIV) (Golinski etal., 1997; Yli-Mattilaet al ., 2004a)
should be deeper explored.

Findly, the phylogenetic and toxigenic relationships
among the new entities within the monophyletic group
F. avenaceumVF. arthrosporioides/F. tricinctum,
which gppear to play animportant pathogenic and toxi-
genic role in FHB of smdl cered grain of northern
European countries (Yli-Matila et al., 2004a) should
be better assessed. To thispurposeit seemsnow pos-
sblethe use of savera molecular markers (Nicholson
et al., 2004; Yli-Mattila et al., 2004b) to separate
such grictly related molecular and morphological spe-
ciesevendirectly from theinfected spikes, and then to
evaduate the posshility to reconsder the taxonomic
importance of F. arthrosporioides Sherb.

In conclusion, the widespread occurrence of F.
avenaceum asthe predominant agent of FHB of small
cered grains, together with its ability to produce high
amounts of BEA and ENs which can occur at high
levelsin naturdly infected grains, warrant more accu-
rate investigations to establish the role of these
Fusarium metabolites in the severity of FHB and the
toxicity of scabby grains.
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ABSTRACT

Our previous work has examined the accuracy of a semi-automated whest scab ingpection system that is
based on near-infrared (NIR) reflectance (1000 to 1700 nm) of individud kernels. Classfication analysis has
involved the gpplicaion of various daidicd dassfication techniques, indluding linear discriminant andyss
(LDA), soft independent modeling of class analogy (SIMCA), partid least squares (PLS) regression, and

non-parametric (k-nearest-neighbor) classfication. Recent research has focused on the determination of the
most suitable visble or near-infrared wavelengths that could be used in high-speed sorting for remova of
FHB-infected soft red winter wheat kernels. Current technology in high-speed sorters limits the number of
gpectral wavelengths (regions) of the detectors to no more than two. Hence, the critical aspect of this study
has been the search for the single wavedengths and best two-wavelength combinations that maximize class
separation, using LDA. Four thousand eight hundred kernels from 100 commercid varieties, equaly divided
between norma and scab-damaged categories, were individualy scanned in the extended visible (410-865
nm) and near-infrared (1031-1674 nm) regions. Single- and dl combinations of two-wave ength LDA models
were devel oped and characterized through cross-vdidation by the average correctness of classfication per-

centages. Short visible (~420 nm) and moderate near-infrared (1450-1500 nm) wave engths produced the
highest single-term classification accuracies (at gpproximately 77% and 83%, respectively). The best two-

term models occurred near the wavelengths of 500 and 550 nm for the visible region done (94% accuracy),

1152 and 1248 nm for the near-infrared region aone (97%), and 750 and 1476 nm for the hybrid region
(86%). These wavelengths are, therefore, consdered of importance in the design of monochromatic and

bichromatic high-speed sorters for scab-damage reduction.  Ongoing research is presently examining the
efficiency of high-gpeed sorting for Fusarium-damaged kerndls, as measured by reduction in DON concentra-

tion. Approximately 40 5-kg commercid samples of soft red winter wheat have undergone as many asthree
successive sorts, using a commercia sorter outfitted with filters at 675 and 1470 nm.  Results indicate a
ggnificant reduction in DON is achieved through sorting; however, this comes at the expense of fdse positives
(good kernds diverted to regject stream) and the overal reduction in materid available for processing.
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INVESTIGATION OF FUSARIUM MY COTOXINS
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OBJECTIVES

Determine the effects of agronomic factors on
Fusarium mycotoxin levelsin UK wheset grain over a
five year period (2001 — 2005).

INTRODUCTION

Fusarium mycotoxins are produced on cered grains
by awide range of Fusarium species. Many myc-
otoxinsare produced in culture but the main onesfound
in cereals are the trichothecenes (which include
deoxynivaenol (DON, aso known as vomitoxin),
nivaenol (NIV), HT2 and T2), zeardenone (ZEAR)
and fumonisns. The Fusarium mycotoxins are pro-
duced predominantly inthefiedd but levelscanincrease
if sored under adverse conditions. On cereds the
predominant mycotoxins worldwide are DON and
zeardenone. Fumonisins are only usudly found on
maize.

The European Commission is currently consdering
maximum levelsof Fusarium mycotoxinsfor unproc-
esad cereds and cered foodstuffs intended for hu-
man consumption. Legidationfor DON, zearalenone,
HT2+T2 and fumonisins should be introduced within
the next two to three years. Previous one year sur-
veysof Fusarium mycotoxins have shown thet levels
are generdly low within the UK (Turner et d., 1999,
Prickett et a., 2000). However, it isnot known how
the levels of mycotoxins in wheat vary over different
seasons. It isaso not known how agronomic factors
may affect mycotoxin levesin UK whest.

MATERIALSAND METHODS

Three hundred grain samples are collected at each
harvest. Anequa number of sampleswere requested

from each region: South, East, Central, West, North
of England, Scotland and Northern Irdland.

An even number of sampleswere requested from each
of the following categories:

1. Organic production
2. Conventiona production with no head spray

3. Conventiond production with straight strobilurin
head spray

4. Conventiond production with strobilurin /triazole
mixture head spray

5. Conventiond production with straight triazole
head spray

Samples were andysed by RHM Technology, High
Wycombe, UK by GC-MS analysis for ten
trichothecenes and by the Centrd Science Labora-
tory, York, UK by HPLC andysis for zearadenone.
The trichothecenes analysed were deoxynivaenol
(DON), nivalenol (NI1V), 3-acetylIDON, 15-
acetylDON, fusarenone X, T2 toxin, HT2 toxin,
diacetoxyscirpenol (DAS), neosolaniol and T2 triadl.

RESULTSAND DISCUSSION

Incidence of Fusarium mycotoxins in UK whegt in
the first three years of the project, 2001-2003, was
generdly low with only four mycotoxins detected in
more than 5% of samplestested. Thefivemost domi-
nant mycotoxins found are detalled in Tables 1, 2 and
3. Datafor HT2 and T2 were combined as T2 is
rapidly metabolised into HT2. HT2 was the mgjor
component of this combined data. 1t should be noted
these resultsarefrom sdected samplesand not adtreti-
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fied survey so the average vaues obtained may not
accurately represent the true UK averages.

The incidence and concentration of Fusarium myc-
otoxinsin UK wheat were Smilar in each year tested.
The most noticeable difference in the three years was
the higher incidence of HT2+T2 in 2003 (Table 1, 2
and 3). Thevast mgority of sampleswerewd | below
the current EU proposed maximum limit for DON in
unprocessed whest (1250 ppb) The concentration of
DON found in UK wheat from 2001 to 2003 was
generdly low (average was 140 ppb) compared to
levelsfoundin other European countriesand € sewhere
in theworld (Anon, 2001).

Preliminary datigtical analyss of the combined data
from 2001 to 2003 has shown anumber of agronomic
factors can affect DON levelsin whest grain. Other
factorsmay be determined to have an effect oncedata
from dl five years have been andysed. Theresultsto
date indicate:

-Region wherewhest isgrownwasamgjor factor and
this can change with year. The South and East had
higher levels of DON than the rest of the country.

-Maize asthe previous crop increased therisk of higher
DON levels.

-Minimum cultivationincreased therisk of higher DON
levelsif following acered, in particular maize.

-The Fusarium head blight resstance in winter wheet
varieties reduced DON levesin harvested grain.

-There was no measurable effect of fungicides used at
current rates on DON levels and there was no differ-

ence between wheat samples from conventiona and
organic farms.

Visud assessments, using Fusarium damaged grain
counts, were poor and inconsistent indicators of
trichothecene levelsin UK whest.

Andyssof dl 1500 samples over five yearswill pro-
vide aclear picture of Fusarium mycotoxin levesin
UK wheet over arange of different seasons and will
alow powerful gatisticd anadyssof dl agronomicfac-
tors. Resultswill aid the ceredl industry to preparefor
EU legidation on the maximum permissble leves of
Fusarium mycotoxins in cered grains and products.
Resultswill aso be used to advise growers of “Good
Agriculturd Practicg’ to minimiseFusarium mycotoxin
levelsin UK wheat production.
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Table 1. Mycotoxin content of UK wheat from the 2001 harvest (283 samples).

Mycotoxin concentration (ppb)
%>10ppb  Mean  Median  90th%  95th% Max

DON 80 80 32 133 223 5175
NIV 80 34 23 71 97 428
HT2+T2 30 <20 <20 22 32 214
ZEAR 4.9 <5 <5 6 9 188

Table 2. Mycotoxin content of UK wheat from the 2002 harvest (343 samples).

Mycotoxin concentration (ppb)
%>10ppb  Mean Median  90th% 95th% Max

DON 78 116 30 211 470 3065
NIV 55 21 11 46 68 430
HT2+T2 16 <20 <20 <20 22 75
ZEAR 17 10.6 <5 19 38 707

Table 3. Mycotoxin content of UK wheat from the 2003 harvest (328 samples).
Mycotoxin concentration (ppb)

%>10ppb Mean Median 90th%  95th% Max

DON 89 218 38 346 594 10626
NIV 82 34 22 77 106 237
HT2+T2 69 22 18 44 55 199
ZEAR 13 7 <5 14 28 209

Means are based on an imputation of 1.67 (0.83 for zearalenone) for all samples below
the limit of quantification (10 ppb; 5 ppb for zearalenone).
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ABSTRACT

Commercid durum whest varieties do not sgnificantly differ for their leve of resstance to Fusarium Heed
Blight (FBH). However, this does not exclude different senstivitiesto trichothecenes B (TCTB) accumulation.
In additionto FBH resstance, savera mechanismsmay influencethe TCTB content of kerndl such asdegrada
tion/conjugation of TCTB or occurrence of compounds inhibiting the toxinogenesis.

The am of the present work was to investigate the eventual occurrence of different sengtivities to TCTB
contamination among a collection of durum wheet lines derived from crossesinvolving dicoccoides, dicoccum
or polonicum accessonswith high yielding durum varietiesand to identify the factorsinvolved inthisvaridhility.
Fifteen cultivars were inoculated at anthesis by aNivaenol (NIV) producing Fusarium strain. Ergosterol and
TCTB amountswere quantified on the harvested kernd's. The TCTB contamination rates (measured as TCTB/
ergosterol ratios) showed gresat variations depending on the considered genotype. Some lines gppeared there-
fore as ableto limit TCTB biosynthess.

Two Fusarium culmorum strains, a Deoxynivalenol (DON) producing strain and aNIV one, wereinoculated
in vitro on kernels, bran and semolina from the Nefer durum wheset variety. If semolina resulted to be an
excdlent substrate for TCTB biosynthesis, bran induced a strong decrease in both DON and NIV yidds
compared to whole kernds. Moreover, in 30 days liquid cultures of both DON and NIV producing strains
supplemented with 0.05g.I* of bran, the TCTB amounts were 10 fold lower than in the control flasks, mean-
while the fungd growth was smilar in the different conditions. These results alowed us to conclude for the
occurrence of some biochemica compoundsinhibiting the TCTB biosynthesisin brans of Nefer durum whest.

In accordance with the literature data and the biochemica composition of bran fractions, these inhibitors could
be phenalic compounds, and more precisely some acid phenols. Thus, ten benzoic and cinnamic acidsincluding
ferulic and p-coumaric acids which are predominant in wheat bran, were added to liquid cultures of a DON
producing strain a concentrations which do not affect funga growth. Whatever the consdered phenolic acid,
higher TCTB amounts were obtained in the supplemented media Therefore, in our experimenta conditions,
phenalic acids were shown to activate TCTB production. Moreover, this efficiency of activation gppeared to
strongly depend upon the antioxydant potentia of the phenolic acid, the most antioxydant |leading to the highest
TCTB amount.

Our studies demondirated that the choice of durum whest genotype may influencethe TCTB accumuletion level
of the yielded kernels. The different sengtivities to TCTB contamination may be ascribed to the biochemica
composition of kernels. Brans were shown to contain TCTB biosynthesisinhibitors. Phenolic acids gppeared
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asnot involved in thisinhibition. Further studiesare carried out in order to purify and identify the compounds of
durum wheet bran inhibiting toxinogenesis.

|Abbreviaions used: TCTB: trichothecene B; DON: deoxynivaenol; NIV: nivaenadl
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ABSTRACT

A smple and accurate method of quantifying the presence of Fusarium graminearum limits our ability to
understand disease epidemiology, develop control measures, or improve resistance via breeding or biotech-

nology. Breeding based upon visud scores of head blight incidence have greeter heritability than sdecting low
deoxynivaenol (DON), but visud scoring isnot easly standardized. Head blight scores (meanr = 0.21, std.
dev. =0.24) and DON (meanr = 0.46, std. dev. = 0.22) were poorly correlated among locationsin the 2003
NABSEN fiddtrids. Both visua scoring and DON andyss are time consuming, making neither amenable to
multiple analyssfor inter- or intra-experiment quaity control assessments. Thusabetter method of Fusarium
quantification is needed to measure head blight that can be used as quality assurance methods for end users.

An ELISA test for Fusarium in smdl grains and corn was developed. Experimental error associated with
visua scoring, DON analysis, and ELISA evauation of Fusarium presence was evaluated in three replicated
fidd experiments grown in Osnabrock, Langdon, and Cassdlton, ND. Each were visudly scored for FHB,
analyzed for DON by GC-EC, and anayzed for F. graminearum by species-specific indirect ELISA. Coef-
ficients of variation and a correlaion matrix were caculated for each response varidble. We obtained 89
samplesfrom grain eevatorsin North Dakotaand corrdated FHB, DON, and ELISA datawith one another.
In another study, we devel oped amethod to sequentidly extract DON and Fusarium antigensto quantify both
within individua seeds, thus diminating varigbility to sampling.

Mean coefficients of variahility for the ELISA vaueswerelower than FHB or DON inthefidd studies. Mean
correlation coefficientsamong the field experimentswere grester for ELISA vs. DON than for ELISA vs. FHB

or DON vs. FHB. Similarly, correlations coefficients between ELISA and DON were greater than ELISA vs.

FHB or DON vs. FHB for the grain eevator samples. Analysis of individua seeds for DON and ELISA did

not improve goodness of fit among samples. Thus, we grew 3 isolates of Fusarium graminearum in 4
different media with 10 replications. Mycdid growth was less on Shenk Hildebrandt medium than other

media, but other mediadid not differ from one ancther. Fusarium antigen per g of mycelium was not different

among mediaor isolates. DON was highly variable within each medium, ranging from 0 to 26 ppm. Subse-

quent to these studieswe have analyzed asmany as 1000 barley samples (in duplicate) in oneday usng ELISA
with an R = 0.97 for the repeated measures. Consistency, speed, and ease of analyses make ELISA a
superior method for quantifying F. graminearum.
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ABSTRACT

Zeardenone (ZEN) isanonsteroida estrogenic mycotoxin produced by numerous Fusarium speciesin pre- or
post-harvest cered grains, and causes severe reproductive problems on livestock. Previoudy, weisolated a
ZEN-detoxifying gene, zhd101, from afungus Clonostachys rosea (Takahashi-Ando et d., 2002). To reduce
the mycotoxin-contamination level in food and feed, this geneis expected to be useful in establishing areliable
detoxification system with geneticadly modified organisms.

We congructed a codon-optimized zhd101 gene for expression in yeast (Takahashi-Ando et d., in press),
which was recently reported to be gpplicable as alive vehicle for transgenic detoxification of toxic substances
(Blanquet et d., 2003). When thetransgenic yeast cdllswere added to the medium containing 2 ug/ml of ZEN,
thismycotoxin was completely diminated within 48h of incubation a 28°C. Weds0 generated severd transgenic
rice and maize usng an egfp::zhd101 fuson gene. Preliminary experiments with transgenic rice demondrated
invivo and in vitro detoxification of ZEN by calluses (Takahashi-Ando et d., 2004) and leaf extracts, respec-
tively. Transgenic maize dso showed ZEN detoxification activity. The ZEN-detoxification activity of these
tranggenic cered plants will be evauated by an atificid inoculaion assay using mycotoxigenic Fusarium
graminearum.
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OBJECTIVES

To screen the mycotoxins produced by Finnish
Fusarium-gtrains in pure cultures grown on rice at
three different environmenta conditions, and to test
the cultures for cytotoxicity in a bioassay usng por-
cinekidney —cdlls.

INTRODUCTION

Severd speciesof Fusarium are capable of produc-
ing arange of mycotoxins. Generaly, the production
of mycotoxinsisavery complex and diverse process,
the details of which have not been totally understood,
dthough severd affecting factors have been recog-
nized (Hessdtine, 1976).

The type and amount of mycotoxin produced is de-
termined mainly by the fungus, substrate and environ-
menta conditions (Lacey, 1986). However, the dif-
ferent strains of the same species of fungi may differ
remarkably in their toxin production capability dueto
the genetic differences. This fact may partly, in addi-
tion to the environmental conditions applied, explain
the differences in the reported cases of Fusariunm-
species to produce specific mycotoxins.

Attention must be paid to the true identification of the
gpeciesaswd| asto the metabolites produced. Infact,
the current view isthat the metabolite profile of agtrain
isregarded as an important parameter in the systemic
taxonomics of a fungus supporting the genetic and
morphologica studies, thereby preventing possible
misdentifications. The modern chemica techniques,
e.g. mass spectrometry, engble the reliable determi-

nation of funga metabalites providing more detalled
data on the capabilities of the species to produce
specified mycotoxins. Inadditiontothechemicd andy-
ses, in vitro —studies with cdl cultures may provide
complementary data on the biologica properties of
mycotoxins.

An identification and undergtanding of the factors that
affect the mycotoxin production of fungi is crucid to
the success of preventive actions to minimize the ex-
posure of humans and animdls to these toxic com-
pounds.

MATERIALSAND METHODS

Hfteen different Fusarium-strains (Table 1.) wereiso-
lated from Finnish raw cerea samples harvested in
2001-2002 and identified by morphology and spe-
cies-specific primers (Jestoi et a., 2004a). Polished
rice (100 g) was autoclaved with 25 ml or 150 ml of
deionized water (corresponding to g -values 0.973
and 0.997, respectively) and inoculated with 10 ml of
Spore suspension obtained from pure cultures on po-
tato dextrose agar (PDA) —plates. The rice cultures
wereincubated (a, 0.997 at 15°C and 25°C; g, 0.973
at 25°C) for four weeks. After incubation, the cultures
were air-dried and ground with a laboratory-mill.

Theair-dried cultureswere andysed for trichothecenes
(deoxynivalenol — DON, fusarenon X — FX, 3-
acetyldeoxynivaenol —3-AcDON, diacetoxyscirpenol
—DAS, nivalenol —NIV, HT-2—toxin and T-2-toxin),
fusgpraliferin (FUS), beauvericin (BEA), enniatins
(ENN A, ENN A1, ENN B, ENN B1), moniliformin
(MON) and zearalenone (ZEN) (Jestoi et d., 2004a,b;
Eskolaet d., 2001) using gas chromatography—mass
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gpectrometry (GC-MS), liquid chromatography—tan-
dem mass spectrometry (LC-MSMS) or high-per-
formance liquid chromatography (HPLC) combined
with fluorescence detection.

Porcine kidney (PK15) —cells were exposed to rice
culture extracts and their cytotoxicity was assessed
using the damarBlue™ -assay (Nakayama, et 4.,
1997). In the assay, the metabolic activity of the ex-
posed cdlsresultsin achemicd reduction of thecolour
reagent (resazurin a resorufin) and the absorbance of
the affected cdls isinversdy proportiond to their vi-
ability. Thus the absorbance can be used as an index
of cdl viability (O Brien et d., 2000). PK15 -cells
were exposed for 24 hours to filtered rice culture ex-
tracts (84 % acetonitrilein water), corresponding to 1
[g of culture, and cytotoxicity was caculated relativ

to the solvent control.

RESULTSAND DISCUSSI ON

All tested Finnish Fusariumestrains produced myc-
otoxins on rice media a the investigated culture con-
ditions(Table 1.). BEA was produced by both strains
of F. poae and F. sporotrichioides. Interegtingly, F.
avenaceunVF. arthrosporioides-, F. tricinctum- and
F. langsethiae -strains did not produce BEA. Espe-
ciadly type-B ENNs were produced by one strain of
F. poae and all strains of F. avenaceum/F.
arthrosporioidesand F. tricinctum. MON was pro-
duced by dl F. avenaceunvF. arthrosporioides- and
F. tricinctum-strains.

DON and 3AcDON were produced by F. culmorum
and F. graminearum. FX was produced by only one
F. poae —gtrain (p53). High concentrations of DAS
were produced by F. langsethiae, but dso in one
culture of F. poae (p53) and in two cultures of F.
sporotrichioides remarkable amounts of DAS could
be detected. NIV was produced by dl F. poae-, F.
gporotrichioides- and F. langsethiae -strains. F.
culmorum and F. graminearum produced only small
amountsof NIV, suggesting that Finnish strainsbelong
to chemotype 1A, producing particulally DON and
3AcDON. HT-2 and T-2 were produced mainly by
F. sporotrichioides and F. langsethiae. Sgnificant
production of ZEN was observed in the cultures of F.

culmorumand F. graminearum. Smaller amounts of
ZEN were dso detected in one F. tricinctum- and F.
langsethiae -cultures. FUS was not produced by any
of the Finnish Fusarium-strains tested.

The capabilities of the Finnish Fusarium-strains to
produce mycotoxinswere generdly in accordancewith
the available literature (e.g. Bottalico, 1997). Traces
of specified mycotoxins were, however, detected in
severd cultures(Table 1.). Thesefindingsmay bedue
to the contamination of the rice mairix used, rather
than the toxins being produced by these Srains, asthe
levelsdetected were clearly lower thanthe levelsmea:
sured in cultures of recognised producers. Neverthe-
less, itispossblethat very smdl amounts of mycotox-
ins can be produced a so by other species than those
earlier reported.

Environmental conditions had a tremendous effect on
the production of some mycotoxins on the Finnish
drains examined, as for some mycaotoxins only minor
changes in the production rates could be observed
(Table 1.). For instance, the mycotoxin production of
F. poae p57 was mainly favoured by high tempera-
ture and high water activity (g, ). F. culmorum p241,
ingtead, produced higher amounts of mycotoxins at
lower g, or temperature (Figure 1.). Based on the
data collected, it can be concluded that environmental
(stress) factors may affect the nature and the amount
of mycotoxinsproduced. Thisconclusonisinlinewith
other published studies (e.g. Fandli et d., 2003). To
better understand the influence of different tempera:
ture/water activity-combinationson Fnnish Fusarium-
strains more studies are needed.

The metabolite profiles of F. poae p57 and F.
culmorum p241 at three different environmenta con-
ditions, y-axis. mycotoxin produced (log pg/kg), x-
axis. determined mycotoxins.

The cytatoxiaity of Finnish Fusariume-strains grown
on rice cultures was sgnificantly (p<0.05) correlated
(Spearman Rank Correlation) to the total mycotoxin
concentrations determined (Figure 2.). In terms of
single compounds, only DAS, HT-2 (main
producers F. sporotrichioides and F. langsethiae)
and NIV (main producer F. poae) correlated with
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the cytotoxicity observed, this being in line with the
findings of earlier sudies (Visconti et d., 1992,
Morrison et a., 2002a). Although F. culmorum was
reported to be more toxic than F. graminerumin
vitro (Morrison et d., 2002b), we could not confirm
that observation. However, more data on toxic
metabolites produced by Fusarium spp. is needed
before the cytotoxicity of the complex mycotoxin
mixtures can be resolved (Abbas et a., 1984).
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Figure 1. The metabolite profiles of F. poae p57 and F. culmorum p241 at three different
environmental conditions, y-axis: mycotoxin produced (log pg/kg), x-axis: determined
mycotoxins.
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Figure 2. The cytotoxicity of Finnish Fusarium —strains (1 pg culture/2 x 10* cells) grown on rice
medium at different environmental conditions. x-axis: the strains studied and BEA and T-2
standards (positive controls); y-axis the percentage of the metabolic activity of the exposed porcine
kidney -cells compared with the extraction solvent (84 % acetonitrile in water).
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DETECTION AND QUANTIFICATION OF FUSARIUM
SPP. IN CEREAL SAMPLES
S.S. Klemsda™ and O. Elen

Norwegian Crop Research Institute, Plant Protection Centre, Norway
" Corresponding Author: PH: (47) 64949400, Email: sonja.klemsdd @planteforsk.no

ABSTRACT

To screen cered samplesfor the presence of mycotoxin producing Fusarium spp. and to study theinteraction
between these fungi and their host plants, species-gpecific and highly sensitive detection methods are needed.
In this study, species-specific PCR-primers designed for the detection of F. poae, F. sporotrichioidesandthe
new species F. langsethiae are described. In cereal samples infections lower than 1% could be detected by
this PCR assay. Four additiona primers were devel oped to detect subgroups of F. poae representing the four
different ITS genotypes present in F. poae. The primer pair developed for the detection of F. langsethiae
could be used to distinguish between F. langsethiae and the morphologicaly smilar F. poae. The described
PCR assays are highly senditive and enable the detection of Fusarium genomic DNA in concentrations aslow
as5-50fg. Highlevelsof F. poae and/or F. langsethiae were detected in random field cered samplesbut only
low levels of F. sporotrichioides were found. To alow a quantitative detection of the species of Fusarium
producing the mycotoxins most frequently detected in samplesof smal grain ceredsin Norway, severd TagMan
redl-time PCR assays were developed. One assay alowed the detection and quantification of F. avenaceum.
Another TagMan assay was used for the quantification of the total amounts of F. langsethiae and F.
sporotrichioides. In Norway these Fusarium species are the two most important producers of the highly
toxic type A trichothecenes, T-2 and HT-2 toxins. To determine the total amount of trichothecene-producing
Fusarium (both type A and type B trichothecenes) a TagMan assay based on the Tri5 gene of thetrichothecene
gynthes's pathway was devel oped. The possible correl ation between the amount of Fusarium DNA detected
by these assays and corresponding mycotoxin content found in cereal samples will be discussed.
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EVALUATION OF OZONE AND HY DROGEN PEROXIDE TREATMENTS
FOR PREVENTING THE POST-HARVEST FUSARIUM
INFECTION IN MALTING BARLEY
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ABSTRACT

Utilization of Fusarium infected barley for mating may lead to mycotoxin production and decreased malt

quaity. Methodsfor trestment of Fusarium infected barley may prevent these safety and quadity defectsand

alow use of otherwise good qudity barley. Gaseous ozone and hydrogen peroxide were evauated for effec-

tivenessin reducing Fusarium infection (F1) while maintaining germinative energy (GE) in two barley samples
(sound and infected). Gaseous ozone treatments (GOT) included concentrations of 11 and 26 mg/g for 0, 15,

30, and 60 minutes. Hydrogen peroxide (HP) treatments included O, 5, 10, and 15% concentrations with
exposure times of 0, 5, 10, 15, 20, and 30 minutes. For GOT, in naturdly Fusariuntinfected barley, a
datisticaly sgnificant (P<0.05) decrease of 24-36% in FI occurred within 15 minutes of exposure at either
concentration. GE was significantly (P<0.05) affected (11-20%) by 30 minutes at both concentrations in
naturaly Fusariuminfected barley but not in sound barley. For HP, Fl was significantly decreased (50-98%)

within 5 minutes of exposure. With the exception of two treatments (10% and 15% HP agitated for 20
minutes) GE was not datidicaly sgnificantly different from the control in naturaly Fusarium infected barley.

In sound barley, HP had no significant (P>0.05) effect on GE. Theresults suggest that GOT and HP may have

potentid for treetment of Fusarium infected mating berley.
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CAFFEINE ASINTERNAL STANDARD FOR HIGH PRESSURE
LIQUID CHROMATOGRAPHY ANALY SIS OF
DEOXYNIVALENOL IN WHEAT SAMPLES
C.A. Landgren, P.A. Murphy and S. Hendrich’

Food Science and Human Nutrition, lowa State University, Ames, 1A 50011, USA
"Corresponding Author: PH: (515) 294-8059; E-mail: shendric@iastate.edu

ABSTRACT

A method was developed to utilize caffeine as an internd standard for analytical detection of deoxynivaenol
(DON) inwhest samplesusing high pressureliquid chromatography (HPL C) with ultraviolet detection. Ground
wheat samples (25 g) were extracted with 100 mL agueous acetonitrile (84:16) and spiked with 30 ug caffeine
(CAF) disolved in extraction solvent. Samples were blended for 3 minutes at high speed then a5 mL diquot
passed through an aumina-charcoa column for clean-up. The resulting extract was evaporated in a 50°C
water bath under nitrogen. The resdue was dissolved in agueous methanol (20%) and microfiltered into
autosampler vias. Anaytes were separated with linear agueous methanol solvent gradient (85:15 ramping to
80:20 over 20 min, flow rate 0.7 mL/min) with UV detection at 220 nm. Retention times for DON and CAF
were gpproximately 9.0 min and 16.0 minutes, respectively. Fungd culture materid (124 ppm) was added to
commercia wheat flour (no detectable DON) to achieve mean DON concentrations of 0.26, 0.51, 1.99, and
5.96 ppm. Three replicates of each concentration were analyzed in one day and repeated four different days.
Aninternd standard curve was developed plotting sample concentration againgt area response retios (DON/
CAF). The correlation coefficient (r) was 0.985 across days and there was no significant difference between
or among days of andyss. Recovery andysis of spiked samplesat 1.00 ppm was 100% in thissystlem. This
method will dlow andysis of samples using an eadly accessible, stable, and inexpensive compound thet is not
likely to be found in most food samples of interest.
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POSSIBLE WAY S TO UTILIZE MYCOTOXIN CONTAMINATED GRAIN
Mesterhézy, A

Cered Research non-profit Co., 6726 Szeged, P.O.Box 391. Hungary
"Corresponding Author: PH: 36.30 415 9730, E-mail: akos.mesterhazy @gk-szeged.hu

ABSTRACT

Thereisastrong tendency that for securing food and feed safety requirements, more and more countries will
St up limit vaues for toxin contamination. Industry gpplied until now toxin limits. When toxin limits will be
officaly introduced, millions of tons of grain can be qudified as dangerous waste materid. In this case the
farmerswill bear dl risksand they should pay for everything even they are not fully responsblefor the damage.
The socid consequences are now clear in the Red River Vdley and dsawhere (McMullen 2003). For this
reason economic utilization(s) of the contaminated grain must be found. Without this a well working system
cannot be developed.

The food and feed indudtry is excluded, therefore other industrid uses remain. Now three possibilities have
greater chances:

a Direct energy production. Whest grains have energy content comparableto middlequdity cod (Ruckenbauer

and Reichart 1994). When a cod price would be paid for the contaminated grain and some additional sum
would be pad it would lessen the financid damage and could help farmers to survive. For this economists
should count out, whether movable plants should be built and positioned into the given area for a while or
existing eectric plants can accept it. It should be decided whether hesat or ectricity is more economic. The
use of straw may increase the profitability when not used otherwise.

b. Usage for gasoline production. The European Union plansthat it will use the agriculturd and forest waste
materids for fud production as renewable energy sources. With the present oil prices above 50 USD thisis
economic now. The EU will replace 30-40 % of the diesel fuel by this new resource within ten years. For this
regiond plantswill be built with a capacity of 480 t fud/day capacity. Thefirst Sundiesd experimentd plant is
working now. It ssemsthat oil need grows exponentialy, but not the resources. The Middle East providesa
number of risk factors for the world economy. The gasoline production of this art can lessen the tension.

c. Alcohol production for industrid use or asfudl. The problem isthelarge amount of waste materid that isaso
toxin contaminated. Drying and burning could be a solution, the question:  profitability.

d. Other indugtrid uses. From thereisno specid information, but their need isnot in range of million tons, but
may hdlp.

We are convinced that the economic utilization of the toxin contaminated grain can be agood businessfor the
farmers who cannot sdll their contaminated grains now. For this reason nationa and internationd efforts are
needed to find solutions that help producers and utilize products that are not marketable now. Thiswould dso
Sabilize commodity prices.
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ABSTRACT

For more than a decade Fusarium Head Blight (FHB) hasresulted in large portions of the upper mid-west Six-

rowed barley crop being rgected for mdting due to levds of the toxin deoxynivaenol (DON) in the grain
exceeding 0.5 ppm. Currently, screening for disease resstance involves a combination of visua scoring of
disease symptomsand DON analysis. The Barley Pathology and 6-rowed Barley breeding program at NDSU
undertake more than 5,500 DON analyses each year and to reduce costs and time a so do more than 45,000
visua scoreson barley heads, yet it isnot clear that visual scores are agood predictor of DON. Recently aF.

graminear um species-oecificindirect ELISA technigque has been deve oped that can quantify funga biomass
of Fusarium sp.. Our objectives were twofold, 1) to investigate the relationship between FHB visua score,
DON and the Fusarium ELISA, and 2) to determine the impact on tota spike DON by kernels with differing
visud scores. Visua scoring was done a hard dough stage of development on seven cultivars grown in differ-

ent environmentsin North Dakotain 2003. Individua kerneswith characteristic dark brown lesions occupy-

ing > 25% of the kernel were scored and determined as a percentage of the total number of kernels on the
head. Heads were dissected and kerndls separated into those displaying FHB symptoms on >25% of the
kernel, 1-25% of the kernds, or no symptoms. Single kernelswere used for ELISA and DON anadysis. For
ELISA, antigens were extracted from whole seed, diluted in coating buffer and coated onto microtiter plates
followed by indirect ELISA usng monoclona antibodies. DON in the single kernd barley samples was
determined by gas chromatography with electron capture detection. \When regressions were done between
FHB and DON, R vaues differed widely between cultivars and environments, but when pooled, gave a
R?=0.39. The R? vauesfor ELISA and DON dso differed widdly between cultivars and environments, but

when pooled, gaveaR?=0.73. When separated into different symptom classes, the R? vauesfor both ELISA
and DON or FHB and DON were greatest for the kernel's showing >25% symptoms and very low for kernels
showing 1-25% or zero symptoms. Kerndls showing >25% symptoms had the highest average DON levels
with individua kernels up to 700 ppm. However, 70/205 of these kerndls tested zero for DON. Of kerndls
showing 1-25% lesion coverage, 140/205 tested zero for DON and the remainder between 1-65 ppm with
one kernel 488 ppm. Of asymptomatic kernels, 173/215 tested zero for DON and the remainder tested 1-4
ppm. Itisclear that the kernels showing zero or 1-25% lesion coverage are making asmall contribution to the
DON level and that some visud symptoms are not associated with DON accumulation.
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ADVERSE HEALTH EFFECTS OF TRICHOTHECENE MY COTOXINS
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ABSTRACT

During head blight of wheet and barley, deoxynivaenol (DON or “vomitoxin™) and other trichothecene myc-
otoxins are elaborated that can potentidly cause adverse hedth effectsin individual swho consumethe infected
grain. Although DON isregulated in the U.S. a 1 ppm in finished food, the European Economic Union and
Codex Alimenterius have proposed much lower limits for consumption based on rodent sudies. A further
concern is that although agriculturd workers are exposed to airborne DON during harvest, threshing and
milling of infected wheet and barley, virtudly nothing is known about the adverse effects of inhding this toxin.
Invitro studies suggest that the keys steps for DON toxicity are induction of stress sgnding and cytokine
expression in white blood cellswhich ultimately can mediate acute and chronicillness. We have used multipa-
rameter flow cytometric andyssto measurethe sengtivity of human whiteblood cdllsto induction of cytokines
by DON. Inassessng blood from 8 individuals, somewerefound to be much more sengtiveto DON'’ seffects
than others. Theminima threshold for induction of IL-1 beta, IL-6 and IL-8 was 100 ng/ml. Activation of the
mitogen-activated protein kinase p38 was found to precede and be a requisite for inducing I1L-1 beta, 1L-6
and IL-8 with the minimum threshold for activation being 25 ng/ml. These are critica observations because
they suggest: (1)p38 activation is a biomarker for DON toxicity and for which humans are 4-fold more
sengtive than mice, (2) higher concentrations are needed for cytokine induction and (3) some people may be
resstant to DON whereas others are sengitive perhaps due to genetic and non-genetic factors (eg.prior/
ongoing infections, diet, medication). To accurately measure the hazardous potentia of trichothecene to hu-
mans, it isessentid to relate thesein vitro studies to threshold dose, duration of exposure, exposure route, and
magnitude of toxic effectsin themouse modd. The resultant data can be used by the regulatory agenciesand
the wheat and barley industries for improved accurate, safety assessments relative to consumption of grain
products and inhdation of grain dugt.
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ABSTRACT

Fusarium species are potentia mycotoxin producersin ceredls. In near future EU isgoing to set the maximum
limit vaues for some Fusarium toxins in unprocessed ceredls and cered products. Mycotoxin analyses are
expensve and time-consuming. Hence, a rgpid and rdiable quantification method for toxigenic Fusarium
species is needed for evauation of the mycotoxin risk in cered-based industry. We have gpplied red-time
PCR techniquefor the quantification of trichothecene-producing Fusarium species present in barley and malt
samples (the TMTRI assay, S. Klemsdal unpubl. sequences). PCR results were compared to the amount of
trichothecenes in the samples. Furthermore, highly toxigenic Fusariumgraminearum was quantified in cere-
asby red-timePCR (the TMFg12 assay, T. Yli-Mattilaunpubl. sequences). DNA was extracted from ground
kernds (0.1 g) using FassDNA Spin Kit for Soil and andysed in a LightCyclerO system using fluorigenic
TagMan probes. Both naturdly and artificidly contaminated grainswere andysed. The TMTRI assay and the
TMFg12 assay enabled the quantification of trichothecene-producing Fusarium species and F. graminearum
present in barley and malt samples, respectively. Both TagMan assays were regarded as sendtive and repro-
ducible. Linearity of the assayswas at least 3-4 log units when determined using pure Fusarium DNA. The
amount of Fusarium DNA analysed with the TM TRI-trichothecene assay correlated with the DON content in
Finnish barley samples. The TMFg12 assay for F. graminearum gave a good estimation about the DON
content in North American barley and mat samples. The amounts of DON and F. graminearum in Fnnish
barley were found to be naturdly low.
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ABSTRACT

In a yeast cDNA library screen intended to identify genes mediating increased DON resistance when
overexpressed, we found the yeast CYSA gene. CYSA encodes cystathionine beta-synthase, which synthesizes
cysathionine, the immediate precursor of L-cysteine. Cysteine is required for the two-step synthesis of glu-

tathione (GSH) mediated by the GSH1 and GSH2 gene products. Since many toxins are known to be detoxi-

fied by GSH conjugation, we speculated about a possible role of GSH in DON detoxification by yeast. Y east
has a specific GSH uptake trangporter, we therefore tested whether exogenous GSH protects yeast against
DON toxicity. Exogenous GSH indeed increased resistance against DON and 3-Acetyl-DON (3-ADON),
but not againgt the closely related trichothecenes nivalenol (N1V), trichothecin (TTC) and 15-Acetyl-DON

(15-ADON). Using LC-MSMS, clear evidence for formation of a previoudy unknown DON-glutathione
conjugate was obtained. Effortsto prepare larger amounts of this conjugate in order to characterizeits chemi-

cd gructure (by NMR) and biological properties (using awheat germ in vitro trandation assay) are currently
under way. In order to find out which enzyme is responsible for conjugate formation we have performed a
systemnatic gene knock-out approach (gene disruption of al putative yeast glutathione-S-transferases (GSTY9)).

We identified one gene, where inactivation leads to increased sengtivity against DON. D eting this candidate
gene aso increased sendtivity againgt 3-ADON and CDNB, the latter is a widely used test subgtrate for
GSTs. We have generated overexpresson constructs (with and without a c-MYC-6xHis-tag for affinity
pruification). Isolation and biochemical characterisation of the protein encoded by this candidate geneis cur-

rently under way. In an attempt to identify Arabidopsis GSTs capable of DON-GSH conjugate formation,

severa DON-induced Arabidopsis GST genes where tested. The candidate Arabidopsis cDNAs where
cloned into ayeast expression vector and tested for their ability to increase DON resistance in yeast. Unfortu-

nately this gpproach was so far not successful.
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ABSTRACT

A novel Fusarium metabolitewith ahydrocarbon-like basic structure was purified from the methanolic extract
from the rice culture of aF. avenaceum strain, which had been isolated from Norwegian grain. The metabolite
was discovered by bio-assay guided fractionation of culture extracts and was cytotoxic againg the porcine
kidney epithelid cdl line PK-15. Other Fusarium spp. that were found to produce the compound in rice
culture indlude F. tricinctum, F. langsethiae and F. poae. The results from the sructure ducidation using
NMR- and mass spectroscopy will be presented.
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ABSTRACT

Regulations for mycotoxins have been established in food and animd feed in many countries snce the late
1960s to protect the consumer from the harmful affects that mycotoxins may cause. Various factors influence
the decision-making process of setting limitsfor mycotoxins. Theseinclude scientific factors such as dataabout
effects on man and animds, the level of human exposure, aswell asthe availability of methods of sampling and
andysis. Economical factors such as commercid interests and sufficiency of food supply have their impact as
well. Over thelast 2 decades variousinternationd inquiries on worldwide limitsand regulationsfor mycotoxins
were published. The latest completed inquiry resulted in the publication “Worldwide regul ations for mycotox-
insinfood and feed in 2003 (FAO Food and Nutrition Paper 81, 2004). On aworldwidebasis, approximately
100 countries had mycotoxin regulations or guiddine limits for food and/or feed in 2003, an increase of
approx. 30 % as compared to 1995. Thetota population in these countries represents approx. 90 % of the
world' sinhabitants. Fusarium mycotoxins for which (proposed) limits and regulations existed in 2003 include
deoxynivalenol, diacetoxyscirpenol, the fumonisins B, B, and B,, HT-2 toxin, T-2 toxin and zearaenone.
Deoxynivaenal, zearaenone and fumonisins were among the most regulated. At least 41 countries have st
regulatory or guiddine limits for deoxynivaenal infood or feed. Whereas in 1995 this trichothecene was only
sporadicaly regulated, it has become atoxin of high concern in monitoring programmes and amongst regula-
tory authorities snce the late 1990’ s when mg/kg concentrations were reported to occur in cereds and cered
products, particularly in Europe. Tolerance levelsfor deoxynivaenol in whest (flour) range from 300-2000 ny/
kg, with a peak a 750 ng/kg. The latter is dominated by the countries of the EU, where this (unofficid)
guiddinetoleranceleve isgpplied Snce severd yearsfor deoxynivaenal inflour used asrav maerid. Zesrdenone
isnow regulated in food and feed in 28 countries as compared to 6 in 1995. Limitsfor thistoxin in maize and
other cereds currently vary from 50 to 1000 ng/kg with more of thetolerance levelsset at the higher end of this
range than at the lower end. Whereasin 1995 fumonisins were only subject of regulationsin one country, this
number has now increased to 6, with limits for maize ranging from 1000-3000 ny/kg. Although proportionaly
avery sgnificant increase, the number of fumonisins-regulating countriesistoo smdl to draw meaningful con-
clusions about generdly agreed limits. Comparing the Situations in 1995 and 2003, regulations for Fusarium
mycotoxins have increased, and they have become more diverse and detailed with newer requirements re-
garding officid procedures for sampling and analytica methodology. These developments reflect the genera
concerns that governments have regarding the potential effects of Fusarium mycotoxins on the hedth of
humans and animals.
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ABSTRACT

The effect of three harvesting times (75, 50, and 25% milkline) on theincidence of kernelborne Fusarium spp.
was examined using four silage corn hybrids (Maizex Leafy 4, NK Enerfeast 1, Pioneer 37M81, and TMF94)
in Ottawa, Ontario in 2001 and 2002. Eleven Fusarium spp. were isolated over the two years. Fusarium
subglutinans (Wollenw. & Reinking) Nelson, Toussoun & Marasas was the dominant pecies recovered from
28.8% of thekernels. Other frequently isolated specieswereF. oxysporum Schlecht. (2.6%), F. graminearum
Schwabe (2.5%), F. proliferatum (Matsushima) Nirenb. (0.3%), and F. sporotrichioides Sherb. (0.2%).
The remaining Sx species, F. avenaceum (Fr.) Sacc., F. crookwellense Burgess, Nelson, & Toussoun, F.
culmorum (W.G. Sm.) Sacc., F. equiseti (Corda) Sacc., F. poae (Peck) Wollenw., and F. solani (Mart.)
Sacc., were recovered from < 0.1% of thekernels. Theincidences of F. subglutinansincreased from 20.9to
26.7, and to 38.7%; F. graminearum from 1.7 to 2.9, and to 3.1%; and, total Fusarium spp. from 28.7 to
32.2, and to 42.3%, when harvested at 75, 50, and 25% milkline, respectively. The incidences of the other
gpecies and deoxynivaenol (DON) levelsin kernds were not affected by harvesting time. Of the four sllage
corn hybrids, TMF94 had significantly grester incidence of Fusarium spp. and DON concentration than the
others, indicating a genotypic variation in resstance to kernelborne Fusarium spp.
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OBJECTIVES

To develop a fluorogenic (TagMan) red-time poly-
merase chain reaction (PCR) -assay for species-spe-
cific detection of F. poae in barley, wheat and oats
based on species-specific differences in intergenic
spacer region (IGS) sequences.

INTRODUCTION

Species-specific primersbased on | GS sequencesfor
end-point PCR have been devel oped (Konstantinova
and Yli-Mattila, 2004), and in thisstudy these primers
were tested together with DyNAmo SY BR Green kit
(Finnzymes) and rox dye. In addition, TagMan prim-
ers and probe were designed for the same DNA re-
gion and the correlation between F. poae DNA and
mycotoxins in grain samples was studied.

The mycotoxins produced by F. poae include eg.
diacetoxyscirpenol (DAS), monoacetoxycirpenols
(MAYS), scirpentriol (SCR), nivalenol (NIV) and
fusarenon-X (FX) (Pettersson 1991, Liu et d., 1998,
Torp and Langseth 1999, Thrane et d., 2004). The
reports of F. poae isolates to produce type-A
trichothecenes (HT-2 —toxin, T-2 —toxin and
neosolaniol) are contradictory (Torp and Langseth,
1999, Abramson et a., 1994, Sugiura et a., 1993).
These varidble findings may, however, be due to the
misdentification of F. langsethiae isolates, which are
morphologicdly smilar to F. poae (Yli-Mattilaet d.,
20044). According to our results (Jestoi et a., 2004)
Fnnish F. poae isolates produce beauvericin (BEA)

and enniatins (ENNS) in addition to DAS, NIV and
FX.

MATERIALSAND METHODS

Grain samples- Thepecificity of the TagMan prim-
ers and probe were studied usng DNA from eight
Fusarium species (Yli-Mattilaet d., unpublished re-
aults). Finnish grain samples (15 barley, 16 one oats
and 23 whest) harvested in 2002 and in 2003 were
used for the analyss (Yli-Mattila et a., 2004b, un-
published results). Some sampleswerefromfidd plots,
which were artificidly inoculated with the spores of
different Fusarium species (Jestoi et a., unpublished
results, Yli-Mattilaet d., unpublished results).

Molecular analyses- DNA wasextracted fromgran
samples according to the modified method of Taylor
et d. (2001). The fina volume of DNA extract from
10 g of grains was ca. 50 ulll and the total DN
concentration was usualy 1-10ng/ulll Before PC
the DNA concentration wasdiluted to 1 ng/ullor th
results obtained were divided by the total DNA con-
centretion.

For isolation of genomic DNA, fungi were grown for
410 6 days at 24°C on potato dextrose agar (PDA)
plates. DNA was extracted with chloroform/octanol
method as described in Yli-Mattila et d. (2004ab).
In barley, DNA was a0 extracted from ground ker-
nels (c20-¢c25 and c27-¢28) using FastDNA Spin Kit
for Soil (Q-BIOgene, Sarlinet d., 2004, unpublished
results).
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DyNAmo SY BR Green kit (Finnzymes) with rox dye
was used for SYBR Green quantitative PCR in
GeneAmp 5700 cycler (PE Biosystems). Amplifica
tion for quantitative PCR was performed in 96-well
Optical Reaction Plates (ABgene) seded with Opti-
ca Adhesive Covers (ABgene) in a GeneAmp5700
sequence detector. The PCR program for SY BR Green
PCR consgsted of 2 min at 50°C, 10 min a 95°Cfal-
lowed by 40 cyclesof 15 sat 95°C and 60°s at 60°C
(Yli-Mattila et d., unpublished results). TagMan am-
plification reactions were performed in the
GeneAmp5700 sequence detector in 25 il containing
12.5 gl Absolute gPCR Rox master mix, 100 nM
TMpoaef and TMpoaer primers, 100 TMpoae
probe and DNA sample containing 1-6 ng DNA with
the standard PCR protocol. The probe was labelled
at the 5’ends with TET (tetrachloro-6-carboxy-fluo-
rescein) and at the 3’end with 3'Eclipse Dark
Quencher (Yli-Mattila et d., unpublished results).

To determine the sengtivity and range of the assay, 1
ng of genomic DNA from F. poae strain 02-65 was
seridly diluted by afactor 10 and used as atemplate.
The specificity of the primers was tested againgt ge-
nomic DNA of eight Fusarium species.

Mycological and toxin analyses - Fresh and dried
grain samples (200 seeds per sample) from the years
2002-2003 were used for the analysis of Fusarium
$op. The isolation and morphologicd identification of
the fungi took place as described in Yli-Mattila et d.
(2004b). With the samples of the year 2003
Fusarium-specific Peptone PCNB plates were used
(Nash and Snyder Medium modified by Nelson et d
1983). Mycotoxins (deoxynivaenal, FX, DAS, 3-
acetyldeoxynivaenol, NIV, HT-2, T-2, BEA, ENNs,
moniliformin) were andysed as described in Jestoi et
a. (2004).

Statistical analyses - R? (= square of regression co-
efficients), regression dope and P(a) (= sgnificance
of regresson dope) were caculated by the program
SigmaPlot 2001 verson 7.1 (SPSSInc). Theorigina
DNA and mycotoxin concentrationsweretransformed
to logarithmic vaues.

RESULTSAND DISCUSSION

TagMan reactions - The Poael GS'CNL 12 primer
pair displayed alinear range of at least two orders of
magnitude from 1035 to 10° pg/liwith pure DN
from F. poae isolates. In grain samples containing F.
poae DNA the F. poae specific peak and occasion-
dly dso an ungpecific pesk was found in the melting
curve, which made it difficult to esimate the exact
amount of F. poae specific DNA. On gd, only one
major specific PCR product (ca. 306 bp) was ob-
tained by the primer pair in the DNA samplesfrom F.
poae and grain sampleswas found, but the unspecific
products mede it difficult to estimate the amount of F.
poae-specific PCR product.

Primers and probe designed for F. poae successfully
amplified DNA extracted from pure culturesand from
grain samples. The primersand probe displayed alin-
ear range of a least four orders of magnitude with
pure DNA from F. poae isolates. The primers and
probe amplified DNA extracted only from F. poae
grains.

Correlation between molecular, morphological
and mycotoxin results - NIV and ENNs contami-
nation levesweregenerdly higher in 2002 thanin 2003.
A dgnificant correlation was found between F. poae
DNA and NIV (p<0.05) and ENNs (p<0.01) levels
in barley (Figure 1).

In wheat and oats the correlation was not as clesr,
which may be due to the lower levels of NIV and
ENNsfound. But aso in wheet higher F. poae DNA
levels were found in samples with high NIV levels,
especidly in 2002. No clear corrdation was found
between the levels of other mycotoxins and F. poae
DNA (Yli-Mattilaet d., 2004, unpublished results) in
grain samples, dthough BEA levels were dso some-
what higher inthefew sampleswith high F. poae DNA
levelsin 2002.

This study is one of firgt reports of fluorogenic PCR
detection assays for F. poae in grains (Wadwijk et
d., 2004). Artificid infection increased F. poae con-
tamination leve only in barley in 2003. In 2002 there
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was a srong naturd infection in dl artificialy infected
barley samples. In 2003 the highest F. poae contami-
nation levels were found in odts.

SYBR Green red-time quantitative PCR was suitable
for esimating the amount of F. poae DNA in pure
cultures and it can adso be used for estimating the
amount of F. poae DNA from the meting curve ob-
tained from grain samples. However, more manua
cdculaions are required for the estimation and the
results were not as reproducible as in Tagman red-
time quantitative PCR. Also the correlation with toxin
levels was not good. Due to variable amounts of un-
gpecific PCR productsin SY BR green redltime quan-
titative PCR, it was difficult to get comparable and
reproducible results from the grain samples between
separate PCR runs.

According to the results of the present study Tagman
primers and probes designed are really specific for F.
poae. With other Fusarium speciesat least onethou-
sand times more DNA isrequired to get the threshold
vaue with a cycle number below 35. Thus, the prim-
ers and probe can be used for estimating the DNA
levelsof F. poae.

For mogt of the samples, therewasaclear correlaion
between F. poae DNA and NIV and ENNs contami-
nation levels. For some samples, however, the deter-
mined mycotoxin contamination levelswere high, even
though the DNA levelswere low. Thismay be dueto
a large number of smal colonies or low number of
bigger colonies on grains. The environmenta condi-
tionsinthefieds (Jestoi et d. 2004) may adso havean
influence on the type and amount of mycotoxin pro-
duced.

In 2002 one oats and seven barley samples having
high levels of NIV dso had high leves of F. poae
DNA. In wheat both F. poae DNA and NIV leves
were generaly lower. In 2003 both NIV and F. poae
gpecific DNA levelswerelower in barley than in 2002.

It is possible to use the F. poae DNA concentration
levels to diminate the grain samples containing high
amounts of NIV and ENNsin barley and oats. In the
combined barley samples of 2002-2003 the average

NIV leve in the seven samples containing the highest
levels (>2 x 10 ng/ng total DNA) of F. poae DNA
was 4100 Opgkg, whilein the rest of 29 samplesthe
average level was 77ug/kg. In the combined oats
samples of 2002-2003 the average NIV levd in the
five samples containing the highest levels (>10“ng/ng
total DNA) of F. poae DNA was ca. 190 pg/kg, while
intherest of 13 samplesthe average level was 85 gy

kg.

Alsoin Sweden F. poaeseemsto be the most impor-
tant NIV producer (Pettersson 1991), while strains of
other Fusarium species, such as F. culmorum, F.
graminearum (Bottalico et al. 2002), F.
sporotrichioides and F. langsethiae (Jestoi et d.,
2004) may aso be able to produce NIV. The ENNs
levels in the seven barley samples with the highest F.
poae DNA (>2 x 103ng/ng total DNA) was 10400

pg/kg, while in the rest of the 19 samples the aver-
ageleved was 320 [ g/kg. A corrdationwasdso found
between F. avenaceunVF. arthrosporioides DNA
and ENNs levelsin barley (Paavanen-Huhtda et d.,
2004, unpublished results). These results are in ac-
cordance with the results of Jestoi et al., (2004), ac-
cording to which some F. poae sdransareeffectivein
producing NIV and ENNSs.
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ABSTRACT

Weinvestigated the phenotypic expression of biomass, pigmentsand mycotoxins by Fusarium graminearum
as affected by strain type, subgtrate, and temperature. Twelve isolates known to have phenotypic and genetic
diversty were used for thisexperiment. Eachisolate of F. graminearumwasinoculated intriplicateinto 25 g
of 40% moisture content autoclaved white rice, hard red spring wheet, corn, and barley in haf pint canning
jars. Approximately 10¢ sporesin 1 ml were added to each jar. The cultures were incubated at 15°C, 25°C
and 35°C and 80% humidity for two weeks with 12 hr light cycle in an environmenta chamber. The fifth
substrate was wheat that was grown at 22-25°C with supplementa lighting in a greenhouse. The heads of
Grandin wheat, a moderatdly susceptible hard red spring variety, were sorayed with spore suspension of
Fusarium graminearum isolates at a concentration of 10,000 macroconidiaper ml until dripping at anthesis
dage. The samples were andyzed for deoxynivadenol (DON),15-acetyldeoxynivaenol (15Ac-DON), 3-
acetyldeoxynivaenol (3Ac-DON), nivalenol (NIV) and zeardenone (ZEN). Ergosterol was measured as an
edimate of fungal biomass. We found that al the Fusarium strains used in this experiment belonged to 15Ac-
DON chemotype, and ZEN normaly was produced dong with B trichothecene. The mycotoxin production
and theratio among DON, 15-AcDON and ZEN varied with Fusariumgraminearum strain type, substrate
and temperature.  Even though interactions among media, temperature and substrate existed, the following
trends were found. Rice was the best medium for mycotoxin production, followed by corn and whesgt, while
barley and greenhouse wheat were the worst mediafor mycotoxin production. The 15°C and 25°C promoted
mycotoxin production much more than 35°C did. And dso vishble mycdium growth and pigment production
were observed in the four grain cultures incubated at 15°C and 25°C, while at 35°C, sparse white mycelium
was observed in some samples of rice cultureonly. Ergogsterol contentsin sampleswerein agreement with the
observations mentioned above. Additiona detailed results and further discussion will be presented.
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