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"'Role of‘he VeA system in Aspergillus and
Fusarium pathogenesis
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Plants offer a nutrient-rich environment to microbial
pathogens and symbionts as well as herbivorous insect grazers.

FUSARIUM EAR ROT

As aresult, plants must either reduce the damage caused by the inevitable infection of fungal,
bacterial and viral pathogens, as well as members from other kingdoms such as nematodes and
insects, or provide and receive beneficial metabolites with a symbiotic organism.
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o *Sporulation

*Toxin production

Increase in
mycotoxin biosynthesis

Biotic stress

ROS (reactive oxygen species)
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*Opportunistic infection
«Allergic reaction

P, Calvo A.M. 2004. Mycotoxins. In: Toxins in Food. Dabrowsky W. and Sikorski Z.
(Eds.) CRC Press. Boca Raton, Florida, pg 215-237.
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P450 monooxygenase

epoxide

tumor suppressor gene P53

LIVER CANCER




“In April 2004, one of the largest aflatoxicosis
outbreaks occurred in rural Kenya, resulting in 317
cases and 125 deaths”

Lauren Lewis et al., 2005.Environ Health Perspect 113: 1763-1767

May 2006

The United Nations and
the Kenyan government
Tuesday appealed to the
world to quickly raise
nearly $US97 million to
get food and basic supplies
to starving Kenyans.

*Aflatoxin contamination
L ate rains

Cronique on Line , Cornell University Jan. 6, 2006 (Updated

Jan. 17, 2006)
| F; S
_ E .

“...dog foods have been recalled for
containing highly toxic aflatoxins,
they have caused an estimated 100
dog deaths in recent weeks, say
Cornell University veterinarians, who
are growing increasingly alarmed...”

——

"We suspect that dogs have been dying since November, perhaps even
October, but it took the perfect storm of circumstances to get the
diagnosis," said Karyn Bischoff, the veterinary toxicologist at Cornell
who first identified aflatoxin as the culprit in the recent wave of
deaths.”

AFLATOXIN

Aspergillus flavus, Aspergillus parasiticus,
Aspergillus nomius, Aspergillus pseudotamarii,
Aspergillus bombycis




Produced by Aspergillus

flavys and Asper i/lm
parasiticus, ?

Highly toxis hepatoic.
cirrhogénie, and
arcinogenic, Ld #0.56

mg/Ke rat.
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Produced by Aspergillus
nidulans and various otler
fungi.
A pregursor of afliftoxin in
its pathway.
Similar toxic properties to
aflatoxin.
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Aspergillus ST and AF Gene Clusters

stck
aflR
stcF
stcG
stcH
stel
stc]
steK

50

LMNOP QR S TUVW

Model organism: Aspergillus nidulans
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Aspergillus nidulans has a light-dependent developmental response!
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VeA is necessary for sexual stage in Aspergillus nidulans
168 h
VeA+  AveA veA+  AveA
5 Light Dark




Is mycotoxin production linked
10 fungal development through a ve4-dependent
mechanism?

veA is necessary for sterigmatocystin biosynthesis

Kato et al., Eukaryotic Cell, 2003
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Do these findings hold true in

the Aflatoxin producers?

;i', 3{ 8

¢ eAspergillus parasiticus
-Asperglllus flavus

o \s" b 4

0' " \‘

’ ¥

4




Aspergillus flavus and Aspergillus parasiticus
DARK LIGHT

» A
~Calvo et al., 2004. Apply Environmental
Microbiology. 70:4733-9, ey 3
«Duran et al., 2007. Applied Microbiology and -
Biotechnology. 73:1158-68.
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Effects of the ve4 mutation on afla
production in A. flavus.
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Role of A. flavus veA in seed
contamination

corn
peanut

veA deletion
mutant




SOUTHERN RUNNER
AveA
WT
.63x 3.2x 3.2x*
Aspergillus flavus Aspergillus flavus
Southern Runner Southern Runner
» " Alve Dead Alve Dead Alve Dead  Alive  Dead
veA+  AveA A VeA+  AveA

A. flavus
wild type

I infected boll seed
A-adjacent boll seed
0- opposite boll seed

Deletion veA
mutant
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Nomarski DAPI

Stinnett et al., Mol. Microbiol., 2006
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Effect of fphA deletion GFP DAPI

on VeA nuclear concentration
AphA
B .
Purschwitz et al. Current Biolology 2008. 18:255-9 ‘ o - .
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AfphA
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.4 VeéA is found in other"

53

- fungal genera
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IMATL-2

AFvvel

AFvvel com

Lietal., Mol. Microbiol., 2006

Hydrophobin gene expression is altered in
the FWE deletion mutant
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Remediation by osmotic stabilizers
wt  Arvvel com

YPGA

YPGA
+1.0 M Sorbitol
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Conidia (103)/ ml
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Chemical analysis: Decreased in mannoprotein content

YPGA YPGA+ 0.7 M NaCl
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B Prgductlon of fumonisins in w1|d -type (W-t; FvVEldeIenon nﬁut?lﬁt (AFwel) and
?Lcomplemented (Com) strains of MAT1-1 and MATL—Z on corn and rice
,cultures Fumonisins were analyzed from Iyophlllzed c'hlf@ies atQ'weekgafter
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cultures (B)
A.

liquid culture (mg/100 mL)

Bikaverin concentration in GYAM

3125 3120
. vertiiliides strains

GYAM

Cori

Cem  WI

in corn culture (_a/g DW)

Bikaverin concentrations

Bikaverin (toxic for tumor cell cultures.)
Images of extracts from M3125 grown on GYAM, corn, and rice cultures
(A), bikaverin production of M3125 and M3120 from GYAM and corn

n Rice

Ared Com  WT  Aved Com
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Bikaverin was analyzed from GYAM, corn, and rice media at 2 weeks after inoculation of conidia (5 x 10°).
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Role of FvVEl in pathogenlcny on corn plants 7
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| Table 1. Disease Incidence [# S
diseased seedlings (total # of e P a
seedlings)] "-ii’s
Treatment Repl Rep2 Rep3 s ,\"’
~ Water Control 0 (10) 0 (10) 0(0) | ‘4
~ M3125(WT) 9 (10) 9(9) 10(10) -
| M312501(AFvvel) 0(9) 0(9) 0 (10) :
M312501C1 (Com.) 8 (10) 6 (9) 8 (10)
> ‘:” M3120 (WT) 8 (10) 6 (10) 7 (10)
» | M31206 (AFvvel) 0 (10) 0 (10) 0 (10)
M31206C5 (Com.) 7 (9) 6 (10) 7(10) |
£ * 3 L O
o Silver Queen corn were inoculated with spore suspensions and placcd a1 27°C ovi cmlghl
For cach there were 3 replis Each repli isted of one pot in which

10 seeds were planted and incubated at 30°C day for 14 hours; 20°C night for 10 hours. =

Table 2. Frequency (%) of
Tissue Infection with Fusarium

Treatment Leaf Stem Mesocotyl
Water Control 0 0 0
M3125 (WT) 11 100 100
M312501(AFvvel) 22 67 100
M312501C1 (Com.) 56 100 100
M3120 (WT) 67 100 100
M31206 (AFvvel) 22 67 89
M31206C5 (Com.) 67 78 100
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Water C WT AFvvel Compl. .
Leaf lesions

Development of necrotic
lesions, tissue atrophy, and
mild bleaching on leaves of
Silver Queen seedlings grown
from seed inoculated with the
indicated strain.

Water C., water control; WT,
wild type; Comp.,
complementation strain.

Similar results were obtained
with both mating types.
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' i Could fumonisin production by F. verticillioides be n.qumd for development |

of disease symptoms on maize scedlings?

Fumonisins are inhibitors of ceramide sy

Palmitoyl-CoA + Serine

Phytosphingosine-1-P Serine
palmitoyltransferase

Sphinganine \
Phytosphingosine CoA-dependel

ceramide
synthase

A Sphinganine-1-F}

?| Other LCBs Ceramide

X : ,. Adapted from
Ceramide == Complex sphingolipids Lynch & Dunn

2004
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Average Fumonisin (nmol/g)
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Conclusions P

is nquuad‘\n' normal morphelogical development and

?ond.lrv gitabolism ip several Aspergillis spp.
sp

/l:glllm nidulans MeA protem has a lnmlmq{)l bipartite
NLS and nsportoithe nuglels is dependenton the
importin : {‘ .

VeA cpxﬁ'cnﬁmion ifthe nm;lci is light-dependent.

= .
VeA forni§ d nucles prnldﬁ cumpl‘.\ including light-sensing
protains suéh as I A, LreBJOtherVeA-interacting
proteins are LacA 'md \ u.l ~VosAd
» ‘s
EphA affects V: cumulation in thehucleus (in light).
)

L J

»
PathogeniCity of A Wlavus bnseedsis mediated by v

VeAllSconserved acu& fungal genera

.9 .

swdy of vtA a;-rou fungll genern'F usarium verticillioides FyWEI

i
Differences in VeA regulatory output across fungal genera: Deletion of FvVE! |
suppressed aerial hyphal growth, reduced colony surface hydrophobicity, 4
caused loss of hyphal polarity, marked acuvallon of conidiation, and yeast-like |
budding growth. FvVE! deletion also marked: d the ratio of Y
macroconidia to microconidia.
N
! ion of ic stabilizers d wild-type ph pe to the b

deletion mutants, suggesting cell wall defects. (hypersensitivity to the cell wall
assembly disrupting agent SDS and reduction in the mannoprotein content).

Deletion of FVVE! supp d fi isi duction on natural
(comn, rice) in both mating types. FvVE/! also regulates other secondary
metabolites in F. verticillioides (bikaverin)

Deletion of FvVE] strains were unable to cause the disease symptoms on cormn
and were unablc to produce fumonisins in plam tissue. Leaf lcswn incidence
and y were lated with fu isin and disruption of sphingolipid

Y g &
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