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Introduction

The incidence of microbial infections has signifitg increased
over the past two decades in consequence of theasiog number of
immunocompromised hosts, and the emergence andspi@ad of resistant
(often multidrug-resistant) microbial strains anifrom the inappropriate
use of broad-spectrum antibiotics. Large increaseurwed in the case
number of opportunistic fungal infections, when @n+pathogenic fungi
against human body appears as pathogen in a déddlitpatient. The
treatment of such infections are especially problien the number of
available antifungal drugs are quite low, they woftdhave narrow
antimicrobial spectrum, they cause numerous sidectsf thus they are
significantly harmful to the host. Another importamspect is that many
filamentous fungi are destructive pathogens of tglaand are thus
responsible for enormous crop losses worldwide. rdfbee there is a
substantial demand for new compounds with antiflaggvity.

The antifungal proteins with similar structure lilefensins secreted
by Ascomycetes are interesting from this respeletifTmain characteristics
correspond well to the key requirements of the bgraent of new
antifungal agents in medicine and in crop protegttberefore, they open up
new horizons for the antifungal strategies. Theyehdifferent mode of
action and effective inhibitory potential againgher filamentous fungi
including medically and agriculturally harmful spex In antifungally
effective concentration they do not exert toxiceef6 on plant and
mammalian cells, and they do not provoke inflamoragffect. They have
high stability even in extreme environmental coiodis. They can interact
synergistically with other drugs and antimicrolpaptides.

The defensin-like antifungal proteins produced bianfentous

Ascomycetes have very different amino acid sequenbat conserved
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homologous regions can be identified. Based onethegions, these
molecules can be divided into two groups: protenith the Penicillium
chrysogenum antifungal protein (PAF)-cluster and proteins withe
Penicillium brevicompactum ,bubble protein” (BP)-cluster. Proteins with
PAF-cluster have been isolated and characterised &ix different fungal
species: Aspergillus clavatus (AcCAMP, ACLA), Aspergillus giganteus
(AFP), Aspergillus niger (ANAFP), Fusarium polyphialidicum (FPAP),
Penicillium chrysogenum (PAF, PgAFP) andPenicillium nalgiovense
(NAF). They are extracellular, small molecular masmsic proteins
containing 6-8 cysteines which form intramoleculdisulfide bridges
stabilizing the protein structure. The tertiaryusture of PAF-cluster
proteins is highly similar to the structure flefensins: 5-6 antiparall@k
sheet connected with three loop region, showirgarrel topology. Their
compact structure and the presence of the disulfatels of the molecules
result in stability within extreme environmentainditions and in resistance
against proteolytic degradation.

In the genome oNeosartorya fischeri isolate NRRL 181, a gene
encoding a hypothetical defensin-like antimicrobfabotein with PAF-
cluster (\. fischeri antifungal protein, NFAP) was identified (NCBI ID:
XM_001262585) byn silico analysis. In this study this protein was isolated

and characterized.



Aims

The aims of the present study were the followings:

1. Isolation of the putative NFAP encoding gene frdin
fischeri NRRL 181 isolate.
Isolation of the NFAP.

3. Investigation of thein silico structure and phylogenetic
relationships of the NFAP.

4. Determination of then vitro antimicrobial properties of
NFAP.
Examination of mode of action of the NFAP.

6. Investigation of the biological role of the NFAP.



Methods

DNA and RNA techniques:
» DNA extraction
* RNA extraction
» cDNA synthesis
» DNA and RNA gel electrophoresis
» Polimerase chain reaction (PCRuble-joint-PCR
» Cloning of DNA fragments
* Construction of plasmid and linear deletion fragmeior
transformation
* Plasmid rescue
» Southern hibridization
Analysis of nucleotide and amino acid sequenca:dat
« Analysis and comparison of nucleotide sequences
» Deduction of amino acid sequences from nuclest@giences
» Determination of protein structure silico
* Amino-acid based phylogenetic analysis
Protein techniques:
» Denaturing polyacrylamide gel electrophoresis (SD5E)
e Size exclusion chromatography
» lon exchange chromatography
Invitro antifungal susceptibility testing techniques:
e Agardiffusion method
*  Microdilution method
Genetic transformation of filamentous fungi:
» Protoplast formation
* PEG-mediated protoplast transformation
» Isolation of monosporangial clones
In vitro antagonism test with filamentous fungi
Light-, fluorescence and scanning electron micrpgco



Results

Isolation of nfap from N. fischeri NRRL 181 isolate(Kovacs et al., 2011).
We isolated theafap gene fromN. fischeri NRRL 181 isolate via
PCR experiments. Based amsilico investigations, a low molecular mass
(6.6255 kDa), extracellular, cationic (pl=8.93)stine rich mature NFAP
consists of 57 amino acid residues was deduced.afieo acid sequence
of the hypotehtical mature protein shows 10.3-2288tology to similar

proteins described in literature.

In silico determination of the structure of NFAP, and its plylogenetic
analysis(Kovacs et al., 2011; Galgoczy et al., 2013a).

In dlico investigations revealed that the tertiary struetaf the
mature NFAP is similar to thg-defensin-like molecules: P-sheets
connected with loops and stabilised by three didailbridges.

The phylogenetic relationships between the isdlaaed putative
defensin-like proteins from Ascomycetes were ingaséd. Based on the
primary protein structure, it seems that phylogealy NFAP is located
between thd®. chrysogenum PAF andA. niger ANAFP and closely related
to theA. giganteus AFP.

Isolation of the NFAP (Kovacs et al., 2011).

Promoter region analysis affap revealed the presence of several
putative regulatory elements that might be involwedhe transcriptional
regulation of nfap in response to environmental signals and stress.
Considering these elements, a medium was optinfizethe production of
NFAP. After the purification of the ferment borth,~6.6 kDa protein was

isolated from the antifungally active fractions.iF protein was named &b



fischeri antifungal protein (NFAP, EMBL ID: CAQ42994). THast 6
amino acid residues of this protein were identifiaith N-terminal
sequencing, which corresponded well toithsailico determined sequence of
the mature NFAP. The purification of NFAP was opsied. The final
amount of the purified NFAP from 1000 ml fermenbthr was 1250+123

Hg.

Investigation of antifungal properties and effect 6 the NFAP (Kovéacs et
al., 2011).

We examined the antifungal activity of the NFAP @&-well
microtiter plate bioassays. Among the tested fivggoz and five
ascomycetous fungal strains , two isolates belangin AscomycetesA(
niger and Aspergillus nidulans) and one belonging to Zygomycetes
(Rhizomucor miehei) proved to be susceptible to NFAP in the applied
concentration range (12.5-200 pg/ml). NFAP acteddose-dependent
manner similar to the homologous proteins: In thsecofA. niger, we
demonstrated that the growth inhibitory effect ofFAP at sublethal
concentration (100 pg/ml) turned into fungicidal it higher dose (200
pg/ml). The manifestation of the antifungal effect of NF&Rsimilar to that
was observed in the case of the related prot&ingiganteus AFP andP.
chrysogenum PAF: NFAP also caused inhibition of spore gernoratand
delayed, distorted and retarted hyphae lengtherhgdia corymbifera,
Botrytis cinerea, Fusarium graminearum, Mortierella wolfii, Mucor
piriformis, Rhizopus microsporus var. rhizopodiformis and Trichoderma
longibrachiatum were not susceptible in the appliediitro antifungal tests.

Effect of different pH and temperature conditias the antifungal
activity of the NFAP was investigated in agar déffain test againgk. niger.
NFAP showed the highest antifungal activity at pH-8.6, but it was

maintained in different rate under all investigafgd conditions (pH 7.0-
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9.0). NFAP proved to be stable even after a tentperdreatment at 100 °C
for 30 minutes, and the antifungal effect of theated protein remained after
120 h of incubation at 25 °C. Antifungal activitftex treatment at 100 °C
for 40 minutes was not observed.

Investigation of mode of action of the NFARGalgézy et al., 2013b).

We carried out the heterologous expression of NHAR. nidulans
CS2902 strain. TheéA. nidulans strain, which previously proved to be
slightly susceptible to NFAPproduced the protein constitutively and in
active form. The NFAP-yield of the expression syst@as similar to the
native producer (1680+223 ug from 1000 ml fermewthy due to the self-
poisoning effect. Delayed and abnormal spore geatitin was observed in
the case of NFAP-secretitigansformants compared to the non-secrefing
nidulans CS2902 strain: conidiospores formed very shorglied hyphae
with multiple branches. This self-poisoning efféefpended on the amount
of conidia used for the inoculation: there weresignificant differences in
the hyphal growth up to fOconidia, but at 10 conidia a significant
reduction, and at fGconidia a total self-killing effect was observétifect
of the produced NFAP on the germinationfofnidulans CS2902 conidia
was investigated with scanning electron microso@iyM), 4'-6-diamidino-
2-phenylindole- (DAPI) and calcofluor white- (CFW3taining. 2',7'-
Dichlorodihydrofluorescein diacetate-staining andnnéxin V-FITC
Apoptosis Detection Kit (Sigma-Aldrich) were usedr frevealing the
accumulation of reactive oxygen species (ROS) ardpbssible apoptotic,
necrotic effect. The impact of mono- and divalerdtians on the
antimicrobial activity of NFAP was also examinedheTl hyphal growth
reduction effect of NFAP was absent in the presarfcaono- and divalent
cations (50 and 100 mM KCI, M80,, NaSQ,). These data suggest that
NFAP can bind electrostatically to the fungal @l this can be prevented
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by cations. Damage in the organization of cell-ye#struction of chitin
filaments and accumulation of nuclei at the brokgphal tips were detected
by SEM, DAPI- and CFW-staining. Similar phenomeneas observed at
the related peptideA. giganteus AFP. Accumulation of ROS and more
frequent apoptotic, necrotic events were also ofeskin the case of the
NFAP-producingA. nidulans strain. Similar effect was previously described

for theP. chrysgenum PAF treatment of\. nidulans.

Investigation of biological role of the NFAP

We created thefap-deletion mutant strain of thid. fischeri NRRL
181, and we analysed its growth in minimal and detep medium
compared to the wild-type. We also examinedithétro antagonism ability
(via calculation ofn vitro antagonism index, IVAI) of the wild type and the
Anfap mutant strains against possible competitor fungelaies belonging
to Zygo- and Ascomycetes.

We observed that thanfap strain shows slower growth than the
wild-type in minimal medium, indicating that NFARWd have an impact
on the fungal growth in the presence of nutriemitition. Compared to the
Anfap strain, the wild-type effectively inhibited the gvth of NFAP-
sensitive fungal isolates. This difference in theitro antagonism ability is
prevailed strongly in minimal medium. If both typeEN. fischeri showed
inhibition effect against the competitor fungalléte, the IVAI value of the
Anfap strain was lower. Based on these observations, INEduld play a
role in the emulation for nutrients and habitat iagiafungi with similar
ecological niche and in the fungal growth in theegemce of nutrient

limitation.



Summary

1. We isolated a new antifungal peptide (NFAP) homolag to
defensin-like proteins produced by ascomycetougifiand its
encoding gene from. fischeri NRRL 181 isolate.

2. We determinedn silico that the tertiary structure of NFAP is very
similar to that of defensin-like proteins produdsdascomycetous
fungi.

3. Our phylogenetic analysis revealed that NFAP isafed between
the P. chrysogenum PAF andA. niger ANAFP and closely related
to A. giganteus AFP.

4. We demonstrated that NFAP inhibited the growth iafnientous
fungi in a dose-dependent manner and it maintaitsedntifungal
activity within broad pH and temperature rangesthiermore it
exhibited relevant resistance to proteolysis.

5. We carried out the heterologous expression of NFAR A.
nidulans CS2902 strain. Heterologous expression of a defdika
protein from Ascomycetes in a filamentous fungiswirstly
described in the literature by our research group.

6. We investigated the mode of action of NFAP. We have
demonstrated that the manifestation of the antdilirgffect of
NFAP is similar to that was observed in the caseralated
proteins.

7. We proved that the presence of mono- and divaletorts
decreased the antifungal effect of NFAP.

8. We created anfap mutantN. fischeri NRRL 181 strain.

We observed the possible role of NFAP in the growththe
producing fungus under nutrient limitation and e £mulation for

habitat against fungi with similar ecological niche
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