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Antimicrobial 
proteins (AMPs) of 

fungal origin are
promising agents to

fight microbial
infections
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PAF & PAFB – Two AMPs encoded by P. chrysogenum

PAF PAFB

©Holzknecht

Protein Number of amino acids Molecular mass (kDa) Net charge at pH=7.0 GRAVY

PAF 55 6.25 +4.7 -1.375 
PAFB 58 6.50 +5.2 -1.031



Intrinsic function of PAF in P. chrysogenum? 



Little is known about the expression regulation of fungal AMPs

Knowledge about AMP gene 
expression is important for: 

• Understanding the AMPs’ function in the 
host

• Identifying culture conditions to improve 
AMP production 

Expression under limiting growth 
conditions: 

• nutrient limitation
• pH stress

Regulation of AMP expression: 

Aspergillus giganteus (AFP)
Aspergillus niger (AnAFP) 
Penicillium chrysogenum (PAF)

Marx et al. Gene 1995 Meyer & Jung Microorganisms 2018

AMP function in apoptosis, autolysis 
or autophagy?

Paege et al. PLoS One 2016
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No PAFB-expression under nutrient limiting conditions…

Which cultivation 
conditions favor 

PAFB expression in 
P. chrysogenum?

?
Little is known about the expression regulation of fungal AMPs
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PAFB-expression is induced under nutrient excess
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AMP expression is not exclusively induced 
under nutrient limitation
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PAFB-expression is induced in metabolically active cultures
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AMPs might play a role in cellular processes other than 
autophagy, apoptosis or autolysis

* p ≤ 0.05, *** p ≤ 0.0005



~60 mg/L
pure

protein

Ion exchange 

chromatography

Shaking culture

25°C

Sonderegger et al. Microb Cell Fact 2016
Huber et al. Sci Rep 2018

1×PcMMP. chrysogenum ∆paf

PromoterTerminator
Gene of
interest

The P. chrysogenum-based expression system uses the strong paf-promoter

3 ´ p a f G O I 5 ´ p a f

Fungal resistance gene

p t r A C o l E 1  o r i

Bacterial
resistance gene

a m p R F 1  o r i

N o t I



The pafB-promoter is strong and inducible

Efficiency of pafB-promoter compared to paf-promoter & xylP-promoter?
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A Penicillium chrysogenum-based expression system for the production of 
small, cysteine-rich antifungal proteins for structural and functional analyses.

Sonderegger et al. Microb Cell Fact 2016
1×PcMM

gDNAgDNA
paf-promoter pafBNew Antimicrobial Potential and Structural Properties of PAFB: A Cationic, 

Cysteine-Rich Protein from Penicillium chrysogenum Q176.

Huber et al. Sci Rep 2018

xylP Promoter-Based Expression System and Its Use for Antisense 
Downregulation of the Penicillium chrysogenum Nitrogen Regulator NRE

Zadra et al. Appl Environ Micobiol 2000

Xylose

gDNAgDNA

Sucrose

xylP-promoter pafB

4×PcMM

gDNAgDNA
pafB-promoter pafBThis study

1×PcMM



The pafB-promoter is strong and inducible
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The pafB-promoter is strong and inducible

Highest protein yields with the pafB- and paf-promoter
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• The pafB-gene is expressed under nutrient excess conditions
à difference to other AMPs

• Increased and prolonged mRNA-expression correlates with high
PAFB-amount in culture broth

• The pafB-promoter is strong and inducible and opens new
possibilities to be used for recombinant protein expression

Summary
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Expression in CM



Nitrogen induces PAFB-expression
Impact of mycelial morphology on PAFB-

expression?

PAFB-expression is induced by nutrient excess

Huber, Lerchster & Marx Microorganisms 2019


