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MycotoxinsMycotoxins
are fungal secondary metabolites toxic to animals. 

HealthHealth risksrisks
due to mycotoxin ingestion:

Cancer (AFL, FUM)
Heart muscle damage (MON)
Nephropathy (OTA, DON)
Hyperestrogenism, telarche (ZEA)
Immunosuppression (Gliotoxin, DON)
... 
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RiskRisk assessmentassessment of of foodfood contaminantscontaminants

Xenobiotics versus natural toxins

Toxicity minimization vs. optimization
Legal limits and application restrictions
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Misconception: "natural" equals "healthy"   
Verbal bias: Bio-, Ecological, Natural, Organic...
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TrichothecenesTrichothecenes in in thethe headlinesheadlines

Transgenic mycotoxin-
resistant pigs

Anticancer
drugs

Yellow Rain 
and chemical

warfare
Virulence factor in 

the head blight

Balcan endemic
nephropathy (?)
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Colonization

Accumulation
of DON

+

Nontoxic
products

Susceptible
cultivar

Yield loss, DON 
contamination

DON-degrading
cultivar

Colonization

Detoxification
of DON

DetoxificationDetoxification strategystrategy

Less disease
and contamination

DON
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SearchSearch forfor detoxificationdetoxification activityactivity

Enrichment & screening

Gene cloning

Active isolate

Gene

Transgenic plant

Microbial populations

Plant transformation

Activity testing
Field trials
Variety development
...

Product characterization
toxicology



Source Assays

Mixed cultures from grains 819
Pure cultures from grains 1434 
Mixed soil cultures 200
Pure cultures from soil 975
Other sources 198

Culture DANNY => HOH107 1

SearchSearch forfor DONDON--degradingdegrading activityactivity
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DON
[µg/ml]

X-DON
[µg/ml]

L-DON
[µg/ml]

A. salina 
[LC50]

52 78 194

Immuno-
supp. [IC30]

≈ 0.1 > 1.07

MTT-assay 
[LC50]

≈ 15 200 >> 200

ToxicityToxicity of of transformationtransformation productsproducts

DON 

X-DON 

L-DON 
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StructureStructure elucidationelucidation of Lof L--DONDON

MW = 296
MS fragmentation identical with DON
2H- and 13C-NMR nearly identical with DON



NOENOE
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LL--DON DON isis 33--epiepi--DONDON

DON L-DON
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HOH107HOH107

Photos by Anne Heller

Morphology
Physiology

Molecular data

New species of 
α-proteobacteria

""MoniaMonia trichothecinatrichothecina""



Göttingen University
Molecular Phytopathology & Mycotoxin Research

San Jose, 25.3.2008                    www.gwdg.de/~instphyt/karlovsky

TopicsTopics

Mycotoxins: introduction
Projects

Detoxification of deoxynivalenol
Diagnose of toxigenic Fusarium spp.
Zearalenone

Secondary metabolite research
Techniques



Göttingen University
Molecular Phytopathology & Mycotoxin Research

San Jose, 25.3.2008                    www.gwdg.de/~instphyt/karlovsky

RealReal--timetime qPCRqPCR assaysassays

F. graminearum
F. culmorum
F. verticillioides
F. proliferatum
F. poeae

established for the following Fusarium species:



FusariumFusarium HeadHead BlightBlight::
EpidemiologyEpidemiology and and thethe originorigin

of of deoxynivalenoldeoxynivalenol

Photo  J. Weinert



EpidemiologyEpidemiology of of FusariumFusarium headhead blightblight

Fusarium species isolated from
infected ears:

F. graminearum, F. culmorum, 
F. acuminatum, F. avenaceum, 
F. crookwellense, F. equiseti, 
F. poae, F. solani...

WhichWhich speciesspecies isis relevant relevant 
forfor FHB?FHB?



B000 – B079/ B700-
B739 Northeim

A860- A899 
Schwerin

C100- C479 Göttingen

A980- A999 Hannover

B240- B479 
Rostock

A700- A859 
Greifswald

A940- A959/ A960-
A979/ B920- B659 

Wünsdorf
B580- B619 Nienburg

B820- C099 
Cloppenburg

B760- B819 
Meppen

C560- C639 
Bremervörde

B480- B519 Bonn

A000- A699 Mainz

A900- A939 Hildenburghausen

B520- B559 Zeulenroda

B560- B579 Bad 
Frankenhausen

B740- B759 Rudolstadt

C480- C559 Leinefelde

B080- B159/ B160-
B239 Freising

B660- B699 Kiel

SamplingSampling inin
Germany Germany 

1200 ear samples
Rachis isolation
Fusarium assay



HighHigh--throughputthroughput duplexduplex PCRPCR
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Hog farms
in trouble

EC embargo 
on US beef

Therapy of 
menopausal 

syndrome

Homosexuality
in rabbits 

ZearalenoneZearalenone in in thethe headlinesheadlines

O

HO

O HC H3OH

O



Biological function of zearalenone

Regulation of sexual reproduction: No

Virulence factor: No

Ecological metabolite? 
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Sordaria fimicola

ZearalenoneZearalenone as as fungicidefungicide

Göttingen University
Molecular Phytopathology & Mycotoxin Research

San Jose, 25.3.2008                    www.gwdg.de/~instphyt/karlovsky



Epicoccum purpurascens

ZearalenoneZearalenone as as fungicidefungicide
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ZearalenoneZearalenone doesdoes notnot affectaffect G. G. roseumroseum
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Detoxification of ZEN by Detoxification of ZEN by G. G. roseumroseum
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AgrobacteriumAgrobacterium tumefacienstumefaciens--mediatedmediated
transformationtransformation of of G. G. roseumroseum



DisruptionDisruption of zes2of zes2 in in G. G. roseumroseum

transformants
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DisruptionDisruption of zes2of zes2 in in G. G. roseumroseum

ZON
MW 318

Wt

zes2
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ConclusionsConclusions

Zearalenone is agent of interference
competition

zes2-lactonase protects G. roseum
from zearalenone
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Expression of ZON Expression of ZON lactonaselactonase
in in ArabidopsisArabidopsis
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Expression of ZON Expression of ZON lactonaselactonase in in ArabidopsisArabidopsis

T3 plant leave extract:

0 min
90 min
4 h 
6 h
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Reporter Reporter fusionfusion of zes2of zes2 withwith GFPGFP

G. roseum zes2::GFP zes2 [5‘ part] TtrpCS65T-GFP
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Reporter Reporter fusionfusion of zes2of zes2 withwith luciferaseluciferase

G. roseum zes2::hGLuc zes2 [5‘ part] TtrpChGLuc
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ChemicalChemical interactioninteraction betweenbetween BrassicaBrassica napusnapus
and and VerticilliumVerticillium longisporumlongisporum

Synthesis

Effect

Effect

Synthesis

Brassica
napus

Verticillium
longisporum

XYLEM

Secondary
metabolites

Secondary
metabolites

XYLEM
(vascular
system)





TruffleTruffle metabolitesmetabolites in in interactionsinteractions
withwith plantsplants (Dr. R. (Dr. R. SplivalloSplivallo))
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Genetic engineering
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