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SelectedSelected secondarysecondary metabolitesmetabolites
of of FusariumFusarium spp.spp.

FunctionFunction ??
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Heavily contaminated grains: 
Hazardous waste
Fuel for thermal power stations



EpidemiologyEpidemiology of Fusarium of Fusarium 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?



TextbookTextbook wisdomwisdom

1. Both Fusarium culmorum and F. graminearum
contribute to DON contamination

2. The species form a North/South-gradient

RationaleRationale

1. FG and FC produce DON in vitro
and after artificial inoculation

2. FC has a lower temperature optimum



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 20032003

1200 ear with
FHB symptoms

How to identify 2 fungal
species in 1000 samples
with the smallest effort?

C. Brandfass et al., unpublished



1:  Light
2:  Filter

3:  Amplifier
4:  Samples
5:  CCD chip

RealReal--timetime thermocyclerthermocycler



Brandfass et al. 2006: BMC Microbiol. 23:6 

SimultaneousSimultaneous identificationidentification of of F. culmorumF. culmorum
and and F. graminearumF. graminearum byby meltingmelting curvecurve analysisanalysis



F. grami-
nearum

F. cul-
morum

Established Controversial

DoesDoes F. culmorumF. culmorum colonizecolonize
wheatwheat systemicallysystemically??
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F. culmorum F. graminearum

ColonizationColonization of of wheatwheat stemstem and and earsears
byby F. culmorumF. culmorum and and F. graminearumF. graminearum

Schlüter et al. (2006): Gesunde Pflanze 58:107



Irreversible detoxification
Deepoxidation
Mineralization
Epimerization 

Reversible detoxification

Acetylation (Tri101)
Active export (PDR5, Tri12)

Engineering resistant ribosomes (RL3) 

ProtectionProtection againstagainst deoxynivalenoldeoxynivalenol

O

O

OH
OH

OH

O



SearchSearch forfor thethe detoxificationdetoxification of DONof DON

Source Assays Positive

Mixed cultures from grains 819  -
Pure cultures from grains 1434  -
Mixed soil cultures 200  -
Pure cultures from soil 975   -
Other sources 198 1

ActiveActive cultureculture D107D107

Völkl et al. (2004) J Bas Microbiol 44:147



LL--DON: 3DON: 3--epiepi--deoxynivalenoldeoxynivalenol

DON L-DON



DON
[µg/ml]

X-DON
[µg/ml]

L-DON
[µg/ml]

A. salina 
[LC50]

52 78 194

Immunos. [IC30] ≈ 0.1 > 1.07

MTT-assay 
[LC50]

≈ 15 200 >> 200

DON 

X-DON 

L-DON 

ToxicityToxicity of of transformationtransformation productsproducts

Andreas Völkl & Manfred Garais, unpublished



Activity of HOH107 declined continuously

Activity of mixed culture D107 was stable
for over 5 months

Culture supernatant of D107 reactivated
HOH107

Stability of pure culture HOH107



DON

3-keto-DON

HOH107 3-epi-DON

INDUCER X

Pseudomonas spp.

Inductibility of HOH107 activity

Arne Weiberg, unpublished



Species Inducing activity

P. aeruginosa no
P. fluorescens yes
P. putida yes
P. syringae yes

Tn5 mutants
P. putida JM213 yes
P. putida JM214 yes
P. putida JM218 no

Inducibility of HOH107 activity

Arne Weiberg, unpublished



HOH107

Anne Heller, unpublished



Hog farms
in trouble

EC embargo 
on US beef

Therapy of 
menopausal 

syndrome

Homosexuality
in rabbits 

O

HO

O HC H3OH

O

Zearalenone in Zearalenone in headlinesheadlines



Hypothesis about biological function

Regulation of sexual reproduction

disproved

Virulence factor

disproved for some plants



Alternaria alternata

Zearalenone as fungicide

control 20 µg/ml

Utermark & Karlovsky  (2007): Appl Env Microbiol 73:637



Epicoccum purpurascens

Zearalenone as fungicide

Utermark & Karlovsky  (2007): Appl Env Microbiol 73:637



Zearalenone as fungicide

Sordaria fimicola

control 10 µg/ml2 µg/ml



Without
zearalenone

Zearalenone
20 µg/ ml 

Czapek-Dox Oatmeal agar

Gliocladium roseumGliocladium roseum
isis resistantresistant to zearalenoneto zearalenone



Interaction Interaction betweenbetween F. graminearumF. graminearum
and and G. roseum G. roseum on solid on solid surfacesurface

3 d after inoculation 4 d after inoculation

Hanno Wolf, unpublished



transformantsw.t. w.t
kb

Knockout of Knockout of zeszes2 in 2 in G. roseumG. roseum::
Southern hybridization Southern hybridization 

M

Utermark & Karlovsky  (2007): Appl Env Microbiol 73:637



Transformation of zearalenoneTransformation of zearalenone
by by zeszes2 mutants of 2 mutants of G. roseumG. roseum

w.t. strain

zes2
mutant

MW = 292

MW = 318

Utermark & Karlovsky  (2007): Appl Env Microbiol 73:637



Growth inhibition of Growth inhibition of zes2 zes2 mutants mutants 
by zearalenone on solid mediumby zearalenone on solid medium

W.t.

Czapek-Dox SNA

zes2
mutant

All media
with 20 µg/ml
zearalenone



Growth inhibition of Growth inhibition of zes2 zes2 mutants mutants 
by zearalenone on solid mediumby zearalenone on solid medium
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