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The ascomycete Fusarium graminearum is a
plant pathogenic fungus
Name of the sexual state: Gibberella zeae
Fusarium graminearum sequencing project (2003)

at the Whitehead Institute for Biomedical Research/MIT
total length 36093143 bp
The entire genome sequence has been deposited in GenBank with accession AACM00000000
Release 2: Automated annotation, preliminary genome analysis, and integration with genetic map

Conidia of Fusarium graminearumFusarium graminearum



Fusarium graminearum
Disease: Fusarium head blight (FHB)

first described just over a century ago
and considered a major threat to wheat,
maize, and barley during the early years
of this century

The fungus produces mycotoxins
that pose a serious food safety hazard

General structure of trichothecene toxins



- Wound infection

Strategies for infection of host (cells)

- Secretion of hydrolytic enzymes
Cutinases
Esterases
Phospholipases
Lipases

- Direct penetration
through Stoma

- Appressoria

Do secreted lipases represent a new classDo secreted lipases represent a new class
of virulenceof virulence factorsfactors ??



Acremonium crysogenum +
Aspergillus fumigatus ++
Aspergillus parasiticus ++
Cochliobolus heterostrophus 0
Fusarium graminearum +++
Fusarium solani +++
Magnaporthe grisea +
Penicillium cyrsogenum +
Penicillium digitatum +
Penicillium expansum 0
Penicillium italicum 0
Penicillium oxallicum ++
Pyrenophora avenae +++
Pyrenophora tritici-repentis +++
Pyrenophora teres +++

Candida albicans ++
Candida parapsilosis ++
Pichia pastoris 0

Rapid detection of lipase activity
on RhodaminB - olive oil agar plates

UV-light

High level lipolytic activity
of F. graminearum



Lipases (EC 3.1.1.3) are enzymes that catalyze the
hydrolysis of triglycerides at the interface between the
insoluble substrate and water.

Lipases



Signal peptid G-X-S-X-G Oxyanion
hole

Conserved AS-motives of secreted lipases

lid

The active site for lipases is in a well conserved motif Gly-X-Ser-X-Gly,
where X can be His, Leu, or Tyr.

Nectria haematococca TGFLEAW
Aspergillus niger
Aspergillus oryzae LGFWTAWKVVRDRIIKTLDELKPEHSDYKI ASLAAADLRTKNYDAILYA
Aspergillus tubingensis

Neurospora crassa TG
Penicillium camembertii LGFWSSWKLVRDDIIKELKEVVAQNPNYEL ATLAATDLRGKGYPSAKLY
Rhizopus niveus AGFLSSYEQVVNDY
Rhizopus arrhizus
Rh.oryzae AGFLSSYEQVVNDYFPVVQEQLTAHPTYKV ALLAGMDLYQREPRLSPKN
Rhizomucor miehei KGFLDSYGEVQNELVATVLDQFKQYPSYKV ALLCALDLYQREEGLSSSN
Thermomyces lanuginosus DGF
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Fusarium heterosporum TGFLDAWEEVAANVKAAVSAAKTANPTFKF ATIAAAYLRKDGFPFDLYTGHSLG

EEVAANIKAAVSAAKTANPTFKF ATVAAAYLRKDGFPFDLYT
GGYYIGWISVQDQVESLVKQQASQYPDYAL AALTAAQLSATYDNVRLYT

GGYYIGWISVQDQVESLVQQQVSQFPDYAL AALTAAQLSATYDNIRLYT

FYTAWREVATKVTAAVQSAKAAYPSYSI ATVAAAYLRKAGYTADLYT

FPVVQEQLTAHPTYKV ALLAGMDLYQREPRLSPKN
AGFLSSYEQVVNDYFPVVQEQLTANPTYKV ALLAGMDLYQREPRLSPKN

TSSWRSVADTLRQKVEDAVREHPDYRV ATVAGADLRGNGYDIDVFS
Yarrowia lipolytica NGFIQSYNNTYNQIGPKLDSVIEQYPDYQI ALLFGINLKVNGHDPLVVT

Saccharomyces cerevisiae FLRFTETLGMDVFKKMESILESFPEYRI ASLAGIELKIRGFDPLVLT
Schizosaccharomyces pombe EVQDDSRYYSASLDIFYSVKELYPDAQI AALMGLSFGIPTVTFEAPG
Candida ernobii YETLKQFSDEVFPFVKELKEGNYSDYQV TTLAGIEFLLMGYDPLVIS
Caenorhabditis elegans VEMYKDILEFGFDASLEKVVQEYPSYSM ATIFSLHVALKYPQKKTSL

Arabidopsis thaliana QNATTLYAYYTVRRHLKEILDQNPTSKF AILFTAVLVMHDEEQMLE
(triacyglycerol lipase homolog
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Cloning and characterization of a new lipase gene: FGL1
FGL1:
ORF: 1056 bp
two introns of 52 bp and 58 bp
encoded protein: 352 amino acids

molecular weight: 37.3 kDa

FGL1 shows highest similarity to known lipases of
F. heterosporum (66.2 %) and N. haematococca (65.2 %)

Nucleotide Substitutions (x100)
0

162.9

20406080100120140160

F. heterosporum
N. haematococca
F. graminearum FGL1
T. lanuginosus
P. camemberti
N. crassa
R. miehei
N. haematococca CutA



gene sequence

Characterization of new lipase genes via
Pichia pastoris expression system

For detailed biochemical characterization of putative lipases, we use the
Pichia pastoris expression system [Invitrogen].

lipase secreting
P. pastoris

colonies

UV-light



Biochemical characterization of lipases

Substrates:
C4:p-nitrophenyl-butyrate
C5: pNP-valerate
C6: pNP-hexanoate
C8: pNP-octanoate
C10: pNP-decanoate
C12: pNP-dodecanoate
C14: pNP-myristate
C16: pNP-palmitate
C18: pNP–stearate
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The FgL1 gene is expressed
during infection of wheat spikes

FgL1

ß-tubulin

days after infection
3 7 14 control

without infec. genomic DNA



FgL1-KO mutants of F. graminearum
Investigation of residual extracellular lipolytic activity
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Fusarium graminearum virulence assay: wheat

wtControl (H20) Fgl1-KO

( infected spikelet)

Spike rachis kernels



Virulence assay on maize (zea mays) ears



Induction/repression of lipolytic activity
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Expression analysis via RT-PCR.
1)
2) 2 % wheat germ oil
3) 1 % glucose,
4) 1 % glucose + 2 % wheat germ oil;
K) genomic F. graminearum DNA

Lipolytic activity of supernatants
Incubation: 4 h at 28°C;
measuring method: pNPP lipase assay

The transcription of the FgL1 gene is regulated:
- plant oil induces expression
- glucose represses the gene

FGL1

β-tubulin

H2O



Plant

Fungus

?

FgL1

?

resistance response

?

Working plan: characterization of unknown
FgL1 regulating genes

?

?



1. Characterization of unknown FgL1 regulating genes
2. Find candidate genes of plant defense

Real-Time PCR based expression analyses
of lipid induced candidate genes in plants and fungi

Future steps:

Microarray technique
- expression profiling

A F. graminearum Affymetrix chip will
be usable until the end of this year



SummarSummaryy
Lipases of pathogenic fungi are expressed during infection of host cells

Southern blot analysis and screening of the sequence data from the
F. graminearum genome project revealed only one secreted lipase

Disruption of the FgL1 gene leads to a strong reduction of extracellular
lipolytic activity

FgL1 knock out mutants are strongly reduced in virulence

Future steps:
The role of more regulatory genes have to be investigated

(Real-Time PCR, Microarray technique)
A commercial Fusarium graminearum Affymetrix chip will be usable

until the end of this year
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