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Nep-1 like proteins (NLPs)

NLPPya 
3D-structure solved



Nep-1 like proteins

Biological activity

• Phytotoxicity

• Plasma membrane permeabilization

• Activation of defense responses

All effect are limited to dicotyledons.



Nep-1 like proteins

Biological function ?
• Virulence factor ?

o Indirect evidence: transcription control, 
heterologous expression

o No evidence from gene inactivation

• Attachment to host surface ??

• Suppression of microbial competitors ??

• Unknown enzymatic activity ??  



NLP genes of Verticillium longisporum

Malte, Haiquan, Arne



NLP proteins of Verticillium longisporum

Involved in Mg++ binding

Malte, Haiquan, Arne



Contains VlNEP-3 
and  VlNEP-4

Contains VlNEP-2

Contains VlNEP-1

Contains VlNEP-5

Ascomycetes

Prokarotes

Oomycetes

Similarity to VlNEPs to other NLPs



In planta expression of VlNEPs

Malte, Haiquan



RNAi silencing of VlNEP-1

Malte



W.t. Transformants

A. tumefaciens mediated 
genetic transformation

Pos. 
control

RNAi silencing of VlNEP-1: transformation



RNAi silencing of VlNEP-1: efficiency

Transformants
Malte, Haiquan



RNAi silencing of VlNEP-1: structure

Single insertion of RNAi construct

Southern hybridization
with VlNEP-1 
specific probe

Marker

Malte



Silencing VlNEP-1 does not affect phenotype

Growth rate
Germination

VlNEP-1 silenced 
strains

WT

WT

VlNEP-1 
silenced 
strains

Malte, Haiquan



Silencing VlNEP-1 alleviates diseases symptoms

Control V.l. wildtype V.l. VlNEP-1#23

14 dpi

21 dpi

Malte, Haiquan



Silencing VlNEP-1 reduces stunting

Malte, Haiquan



Silencing VlNEP-1 limits fungal growth in planta

DNA
[pg V.l./ng 
total DNA]

Fungal DNA 
in hypocotyl

Malte, Haiquan



Histological study of root infection

B. napus grown on agar was inoculated with spores.

Mona



Infected roots of Brassica napus 12 hpi

V.l. wildtype V.l. VlNEP-1#19

Mona



Infected roots of Brassica napus 72 hpi

V.l. wildtype V.l. VlNEP-1#19

Mona



Purification of Vl-NEP-1 protein

Expression Purification

Haidy & Ruth



Vl-NEP-1 causes leaf necrosis

Tobacco B. napus

Infiltration of 100 µl of Vl-NEP-1 [50 µg/ml]

Native Boiled Native Boiled

Haidy & Ruth



VlNEP-1 inhibits root growth in Arabidopsis

Arabidopsis thaliana LER (4 d)

Control VlNEP-1 [50 µg/ml]

Haidy & Ruth



Control VlNEP-1 [50 µg/ml]

Arabidopsis thaliana BUR (4 d)

VlNEP-1 inhibits root growth in Arabidopsis



VlNEP-1 prevents germination of A.t. LER

A. thalina LER (9 d), VlNEP-1 [50 µg/ml]



Vl-NEP-1 is induced in xylem-simulating medium

M = mycelium
S = culture supernatant

PDB medium SXM medium

M S M S M S

V.l. wild-type V.l. VlNEP-1#19

Detectin by 
Western blotting

Haidy & Ruth



Fungus does not leave hypocotyl until 28 dpi

Eynck et al., 2007 



VlNEP-1 is transported upwards in infected plants

VlNEP-1 detected
on Western blot

Total protein

Stem Root

C V.l. C V.l.

B. napus 28 dpi with V. longisporum

Haidy & Ruth



Hypocotyl 28 dpi, 
FITC-antibody for VlNEP-1

VlNEP-1 in hypocotyl of infected B. napus

Mona & Ruth



Conclusions

Findings 
• Vl-NEP-1 is cytotoxic
• Vl-NEP-1 is strongly induced in planta
• Vl-NEP-1 increases fitness of V.l. in xylem
• Vl-NEP-1 does not effect root colonization 

Hypothesis

• VlNEP-1 secreted in xylem causes 
leakage of nutrients from adjacent tissue
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