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antimicrobial peptides

- part of the innate immune system of virtually all forms of life
- appeared very early in the evolution

- common properties: small, high ratio of cationic amino acids

four groups of antimicrobial peptides:

(1) linear a-helical peptides
generally antibacterial activities

(2) multiple cysteine-bridge-containing peptides (defensins)
antibacterial and antifungal activities

(3) proline-rich peptides
against bacteria and filamentous fungi

(4) the glycine-rich peptides

against gram-negative/positive bacteria

Gordon et al, Curr Eye Res. 2005 July ; 30(7): 505-515
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.. growing interest in antimicrobial peptides and defensins ..

Results by year =

2000: 540

of
published articles per year with key word ,antimicrobial peptides”

Results by year =
2000 113

published articles per year with key word ,,defensin”
source: NCBI
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.. antimicrobial peptides are potential drug candidates in human therapy ..

Table 1 Peptides and peptidomimetics in commercial development

Company (location) Drug Stage of development Medical use
AM-Pharma hLF-1-11 (small peptide derived from Phase 2 Allogeneic bone marrow stem
(Bilthoven, The Netherlands) human lactoferrin) cell transplantation—associated
infections
BioLineRx BL2060 (a synthetic compound Lead optimization Anti-infective
(Jerusalem) comprising fatty acid and lysine copolymers)
Ceragenix CSA-13 (cationic steroid (ceragenin) that Preclinical Anti-infective
(Denver) mimics host-defense peptides)
HB-50 (synthetic natural peptide mimetic Preclinical e
] nti-infective
Helix Biomedix B ST
(Bothell, Washington, USA) HB-107 (19-amino-acid fragment of Preclinical .
. Wound healing
cecropin B)
Inimex IMX942 (5-amino-acid peptide) Lead optimization Immunomedulation; treatment
(Vancouver, BC, Canada) of fevers and neutropenia in
chemotherapy patients
Lytix Biopharma Not available Discovery Anti-infective, antitumor
(Tromso, Norway)
Migenix Omiganan pentahydrocholoride/ Phase 3b/phase 2 Prevention of catheter-related
(Vancouver, BC, Canada) CP-226/MX-226/CLS001 (12-mer analog infections; dermatology-related
of bactolysin) infections
Movacta Biosystems Ltd. Mersacidin (bactariocin) Preclinical Gram-positive infections
(Hatfield, England)
Movobiotics Not available Discovery Nail fungus; methicillin-resistant
(Cambridge, Massachusetts, USA) = —— S. aureus

MNovozymes A/S @sin {(fungal defew Preclinical Systemic anti—-Gram positive,
(Bagsvaerd, Denmark) especially pneumococcal and

streptococcal infections

Pacgen PAC113 (based on the active segment Investigational New Drug (IND) Oral candidiasis
(Vancouver, BC, Canada) of histatin 5 protein found in human saliva) approval

Hancock et al, Nat Biotechnol. 2006 Dec;24(12):1551-7
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.. mechanisms of action of antimicrobial peptides ..

R —

carpet-like
disruption ,.g\'
of cell nhibiti . t-;'x*‘__
membrane . inhibition respiratieg *
tor0|dal induction of Ros f__+“\ﬁ =) ATP
POre &S )% / = NADH
g inhibition
. folding
parrel-like 4
(- inhibition nucleotide
@ T\

et

inhibition ribosome

interference with
membrane structure /

biosynthesis
modified from Peters et al; PLoS Pathog. 2010 October; 6(10): 1001067
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my work area: antimicrobial peptides — defensins — fungal defensins
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.. fungal defensins are current topics of several research groups ..

Prof. Marx, Innsbruck P. chrysogenum, defensin PAF
Prof. Theis, Berlin A. gigangteus, defensin AFP
Prof. Nasri, Tunis A. clavatus, defensin AcCAFP

my contribution: P. brevicompactum, defensin BP
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contribution of my PhD study

characterisation of a new defensin, the bubble protein

first time shown co-expression of a defensin with a clinically
relevant small molecule

first time shown that P. chrysogenum encodes
two defensins
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.. once upon a time there was a fungal contamination of
experimental barley cultures in a greenhouse ..

.. growing the ,contamination itself* was successful and due to

yellow-green fluorescence of exudate bubbles the fungus evoked
some interest .. eventually leading to this defensio today ..
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bubbles under UV light

at 20 x magnification
.. bubbles on the surface of

Penicillium brevicompatcum
contain mainly two substances;
‘ they are separated by gel
chromatography ..

o

gel chromatography

S NN

mycophenolic acid

bubble protein (BP)
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overview

identification

inhibition studies
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identification

.. after several attempts to extract genomic DNA from the fungus a
protocol optimized for plant DNA was successful ..

genetic identification
- amplification of internal transcribed spacer region of 5.8 rDNA
- data base comparison at NCBI

result
- Penicillium brevicompactum Dierckx
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inhibition studies

.. since the fungus is a kind of Penicillium, basic experiments
for hints of a potential antibiotic effect were performed ..

inhibition studies

- co-cultivation with bacteria
- Enterococcus faecium

- Lactococcus lactis

- Escherichia coli

-20°C, 37 °C

- spores of the fungus

- bubbles of the fungus

result
- neither the spores of the fungus nor the bubbles inhibit
the growth of the bacteria

.. later experiments concerning yeast told a different story .. (slide 26)
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overview

primary sequence

crystal structure

gDNA, exons, introns

similarity to other proteins
structure prediction of other proteins
BP homolog in P. chrysogenum

inhibition of yeast
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primary sequence

Protein Data |
File  Hydropathy

FROTEIM.EF

.. due to the high content and purity
Fratein length tdalecular weight |zoelectnic point

T [EEKD T of the dissolved protein in the
bubbles, a significant part of the

H_I,Iu:lru:uphfzu?:uic 125% Stark Mo Methionine prl mary Seq uence Of the bu bble
Hydrophillic B2.5% End Mo Stop codaon .
Basic oz protein was revealed by Edman
fcidic 10.9% Internal Part of AP degradation straight ahead from the
Meutral Hydrophobic Mewutral, Hedrophillic Petrl dISh and allowed prlmer deSIQn
3.1% - 2 Alanine 5:3% - 4 Asparagine for subsequent PCR experiments for
L5y - yateine .
3.1% - 2 Glutawine gettlng the cDNA ..
20.3% - 13 Glycine
1l.6% - 1 Phenvlalanine 9.4% - 6 3Serine
9.4% - 6 Threonine H
1.6% - 1 Tryptophan l.6% - 1 Tyrosine the reSUItIng Sequence ShOWS
°.3% - 4 Valine Charged, Basic - high content of cysteins
Ehj?eﬁiﬁ—mdlz Aspartic acid Tzz : f gig:::id-riie - relatlvely baSIC amlno aCIdS
3.1% - 2 Glutamic acid 6.3% - 4 Lysine - re|ative|y smaII Size
Irizertain

DTCGSGYNVDQRRTNSGCKAGNGDRHFCGCDRTGVVECKGGKWTEVQDCGSSSCKGTSNGGATC
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crystal structure

.. crystallization of the bubble protein
was straight forward and revealed
important properties:
- 4 disulfide-bridges
- for defensins typical

twisted anti-parallel beta-sheet

Olsen et al. Solving the structure of the bubble protein using the
anomalous sulfur signal from single-crystal in-house Cu K«

diffraction data only. Acta Crystallogr D Biol Crystallogr. 2004 Feb;60 (Pt
2):250-5. Epub 2004 Jan 23. PDB Code: 1UOY

University Vienna, Institute of Theoretical Chemistry, 2013 03 08 Fr page 19 of 33



gDNA, exons, introns

.. the architecture of the gene was revealed by genome walking using
thermal asymmetric interlaced PCR ..

intron

1266 bp —

BP gDNA

signal peptide

propeptide

mature secreted
protein
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similarity to other proteins

signal peptide propeptide mature protein
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.. the alignments shows two clusters:
the BP cluster on top and
the PAF cluster below
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similarity to other proteins

.. very high homology in the BP cluster ..

2|D
PLLE AAMAERDTL
i ok -85 L
gilthesi-94 EIFE
gilghor -5 MEVEA I VETLMAAY AVTAS- - - - - - AAEN
s i-93 RDE
o [ =08 RDE
Conservation I l I ' I I H I '
T Ty =] g ¥ "81------ 01077458 =] Ta
Quality I I ' I - a ‘ IJ
Consensus
MEVTALLCTLMAATAYSASTYP- - - -R+E+QARDTCGAGYGGDRARRTH - - - - - - SPCOQASHGDRHFCGCDRTGWWECRGGRKWTEIQDCGESSTCHGTHDGGARC

BP P. brevicompactum chr P.chrysogenum the M. thermophila
glo C. globosum fis N. fischeri fum A.fumigatus
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structure prediction of other proteins

.. successful structure prediction of hypothetical proteins
from whole genome sequences of similar fungi ..

black = bubble protein
BP P. brevicompactum chr P.chrysogenum colored = hypothetical proteins
glo C. globosum fis N. fischeri fum A.fumigatus
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BP homolog in P. chrysogenum

.. whole genome search revealed that P.chrysogenum has a BP homolog
in addition to PAF ..

Fenicillium chrysogenum YWisconsin 24-1255 hypothetical protein (Pc21g12970) mREMNA, complete cds
Sequence ID: reflxh 002568277 .1 Length: 267 Humber of Matches: 1

Range 1: 1to 264 SenBank Sraphics

Score Expect Method Identities Positives Gaps Frame
125 bits(215) S5e-35 Compositional matrix adjust, 68/97(70%) F7O7(79%) 997 (9% +1

Query 1 METTALFTTLMaatavsaaavaERDTLGGLEARDTCGAGYN VD QRRTNAGCEAGNGDEHF 60
ME+TAL +TLMALTAVIA+ L+ BFDTCG ¥ VDQERTHS C+4 NGDEHF
dbjct 1 MEVTALLFTLMAATAY L3V --—-————- LDTRDTCGGEY VD QRRTHSPCOASNGDEHF 153

Query 6l CGCDRETGVVYECEGGENTEVODC G333 CEGTANGEATC 27
CGCDRTHVECEGGEWTE+QDCGE +30+G 5 GEL C
Sbjct 154 CGCDRTGIVECEGGEWNTEIQDCGGAICEGYIAQGEARC  Zad

Query = BP sequence
Sbjct = translated P. chrysogenum gene sequence

.. therefore the genome of P. chrysogenum encodes for two defensins
and penicillin ..
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BP homolog in P. chrysogenum

— fum ——
— glo —
S fis I
o BP I

—{ Chrom 24 PAF identical — —{ Chrom21BPanalog |—

whole genome of P. chrysogenum Wiscaonsin

—] PAF —

— AFP —

— AnAFP —

—1 AcAFP —

.. P. chrysogenum Wisconsin harbours the PAF gene which establishes the
PAF cluster on chromosome 24;

on chromosome 21 also the BP analogue is present and establishes the
BP cluster ..
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inhibition of yeast

bubble protein stock

060 .. spiking studies
040 ] demonstrated a
concentration dependent
0,20 4 . i g
inhibition of yeast cultures
R 00 I 1.0 I 25 I 75 I 10,0 200

0D 620 nm

by the bubble protein ..

\ruiume BP stock, I|1L

viability of yeast was reduced
by about 30 %

BP stock diluted 1:50

1,00

0,80 -
050
0,40 +
020 +
0,00 - T T T T
on 10 25 75 10,0 20,0

volume BP diluted, pL

0D 620 nm
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metabolite

Experimental and Theoretical Investigations of
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metabolite
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metabolite

overview

metabolite

isolation

identification

NMR calculation

application
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metabolite

isolation

.. about 100 mL bubbles were collected and standard
procedures yielded pure crystals ..

processing of the bubbles

- organic extraction (tert-butylmethylether)

- concentration of organic phase

- solubilisation in MeOH:H,0O

- gel chromatography

- concentration of eluate

- one week crystallisation on room temperature

.

/
o

ey
"_1._;-

. picture of MPA crystals
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metabolite

identification

1H NMR 13C NMR

)

Ll

T T T T T T LA SN SN T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
a5 2.0 85 80 75 70 65 6.0 55 5.0 4.5 40 35 3.0 25 2.0 15 1.0 05 0.0 ppm 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o ppm
-

B - S -

H H OH 0
i : 2 H 2 J
.. crystals were dissolved in O. ”C"“C""C*‘*c"’c"
DCCI; and NMR experiments Ho':/ H, H 0
identified mycophenolic acid .. ?,, \CH:
CH, CH,
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metabolite

NMR calculation
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.. further verification was established
by quantum chemical calculations
and comparison with the SPECINFO

data base ..
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metabolite

application

mycophenolic acid
- first antibiotic derived from a fungus (Cosio 1896)
- antibacterial, antifungal, antiviral, antitumor effects

- used in human therapy as an immunosuppressive
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summary

.. summary of the PhD study ..

: signal
Intron oeptide alignment with pl
promoter similar proteins
sequence exons propeptide L
structure prediction
characterisation of the bubble protein of other proteins

_ absence
3D structure  S14®  of glycans

first time shown co-expression of a defensin with a clinically
relevant small molecule

BP secreted together with mycophenolic acid

{ fum ]

. . { glo ]
first time shown that P. chrysogenum encodes — s —
two defensins .

‘ ———1{ Chrom 24 PAF identical | { Chrom21BPanalog |—

whole genome of P, chrysegenum Wisconsin

{ PAF }
—A AFP F——o
— AnAFP ——

{ AcAFP }
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