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Programme

09:15 Welcome & Opening of IMAP 2017
 Paul Robert Hansen & Håvard Jenssen

Session 1: Structure, Function & Design of AMPs
Co-Chairs: Håvard Jenssen, Edwin Veldhuizen
09:25 L1: Engineered Peptide Therapeutics as Next-

Generation Medicines
 César de la Fuente, MIT
10:00 L2: Two small, cysteine-rich and cationic proteins 

from Penicillium chrysogenum: antimicrobial 
potential and mode of action

 Florentine Marx, Medical University of Innsbruck
10:30 L3: Critical factors that may contribute to the 

high in vivo efficacy of proline-rich antimicrobial 
peptides

 Ralf Hoffman, Leipzig University
10:50 Coffee
Co-Chairs: Paul Robert Hansen, Klaus Brandenburg
11:20 L4: Chemical space guided discovery 

and optimization of topologically diverse 
antimicrobial peptides against Pseudomonas 
aeruginosa and its biofilms

 Jean-Louis Reymond, University of Bern
11:40 L5: In silico adaptive design of peptides with 

selective anticancer activity
 Gisela Gabernet, ETH Zürich
12:00 Short Break

Session 2: Rapid Communications
Chair: Ralf Hoffmann
12:05 R1: Antifungal Activity of NP339: A Novel 

Antifungal Peptide
 Laura Simpson, NovaBiotics Ltd.
12:12 R2: Inflammatory responses mediated by 

cytoplasmic LPS are suppressed by anti-
endotoxin peptides

 Anja Pfalzgraf, FU Berlin
12:19 R3: Development of novel antimicrobial 

copolymers
 Zvi Hayouka, Hebrew University of Jerusalem
12:26 R4: Fluorescent Labeling of the Antimicrobial 

Peptide Dendrimer G3KL to Probe Its Entry into 
Pseudomonas aeruginosa

 Be Ha Gan, University of Bern
12:33 R5: Peptides effect on in vitro wound healing
 Michelle Vang, Roskilde University
12:40 Lunch

Session 1: Structure, Function & Design of AMPs, 
continued
Co-Chairs: Elizabeth Nolan, Allesandra Romanelli
13:40 L6: Beyond membrane permeabilization: Novel 

mode of action for a membrane targeting 
antimicrobial peptide cWFW

 Henrik Strahl, Newcastle University

Chair: Greg Tew
13:30 L15: The Design and Development of Peptoid-

Based Anti-Infectives
 Steven Cobb, Durham University
14:05 L16: Novel anti-septic polypeptides for the 

neutralization of pathogen- and damage-
associated patterns

 Klaus Brandenburg, Brandenburg Antiinfektiva 
GmbH

14:40 L17: Novexatin® (NP213); A cyclic antifungal 
peptide in development for the treatment of 
onychomycosis

 Derry Mercer, Novabiotics Ltd.
15:00 Coffee

Session 4:  Peptide Biomaterials & Polymers 
Co-Chairs: Marc Devocelle, Maren von Köckritz-
Blickwede
15:30 L18: Building simple synthetic polymers of 

membrane-active peptides.
 Greg Tew, University of Massachusetts
16:05 L19: Explorations of the self-assembling intestinal 

peptide human defensin 6
 Elizabeth Nolan, MIT
16:40 L20: Synthetic Mimics of Antimicrobial Peptides 

(SMAMPs) – New Polymers for the Fight Against 
Multi-resistant Bacteria and Biofilms

 Karen Lienkamp, University of Freiburg
17:15 L21: Self-assembled tripeptide hydrogels: 

towards minimalist AMPs that can be switched 
on/off?

 Silvia Marchesan, University of Trieste
17:35 L22: The Development of Ultrashort Antimicrobial 

Peptide Nanoparticles with Potent Antimicrobial 
and Antibiofilm Activities against Multidrug 
Resistant Bacteria.

 Ammar Almaaytah, Jordan University of Science & 
Technology

17:55 Close of Day 2
19:30 Conference Dinner (reserved and pre-paid only)

Friday August 25
Session 5: Susceptibility Testing of AMPs
Co-Chairs: César de la Fuente, Deborah O’Neil
09:00 L23: Technical challenges of testing susceptibility 

of bacterial isolates from human and animals to 
host defense peptides.

 Maren von Köckritz-Blickwede, Stiftung Tierärztliche 
Hochschule Hannover

09:35 L24: Susceptibility Testing of Proline-rich 
Antimicrobial Peptides

 Daniel Knappe, EnBiotix GmbH
10:10 L25: Testing the susceptibility of planktonic 

cultures and biofilms towards host defense 
peptides that potentiate their antimicrobial 
activity in the presence of metal ions

 Alfredo Angeles-Boza, University of Connecticut
10:45 Panel discussion (workshop style)
11:00 Coffee

Session 6: Membrane Interactions, Physical Studies 
& Immunomodulatory Aspects of AMPs
Co-Chairs: Alfredo Angeles-Boza, Steven Cobb
11:30 L26: Toward the comprehension of the 

mechanism of action of antimicrobial peptides: 
studies of the interactions of peptides with 
bacterial cells.

 Alessandra Romanelli, University of Naples
11:50 L27: Stored membrane curvature energy 

modulates the synergistic activity of magainin 
peptides.

 Karl Lohner, University of Graz
12:10 L28: Interspecies cathelicidin comparison 

reveals divergence in antimicrobial activity, TLR 
modulation, chemokine induction and regulation 
of phagocytosis 

 Maaike Scheenstra, Utrecht University
12:30 Presentation of Prizes
12:45 Close of Meeting

14:15 L7: Mammalian proline-rich AMPs inhibiting 
protein synthesis, binding to the ribosome and 
preventing the elongation phase.

 Mario Mardirossian, University of Munich
14:35 L8: A Solid-State NMR study of the Nisin-Lipid II 

pore in native membranes and at high-resolution.
 João Medeiros-Silva, Utrecht University
14:55 Short Break

Session 2: Rapid Communications, continued
Chair: Karl Lohner
15:00 R6: A high-resolution solid-state NMR study of 

the Plectasin – Lipid II complex in native-like lipid 
membranes

 Shehrazade Jekhmane, Utrecht University
15:07 R7: Parasite designed immunomodulators 

prevent lung inflammation.
 Jenna Shiels, Queen’s University of Belfast
15:14 R8: Balancing selection is pervasive in Drosophila 

antimicrobial peptides
 Joanne Chapman, University of Kansas
15:21 R9: Antimicrobial peptides in venomous fish 

Pterois volitans
 Baptiste Houyvet, Normandie Université
15:28 R10: GVF27: a cryptic host defence peptide from 

a human putative dehydrogenase
 Andrea Bosso, University of Naples

Poster Session with refreshments
15:35 Poster authors should be in attendance 

throughout the poster session; posters should 
remain in place until the end of the meeting.

18:00 Close of Day 1

Organisational support for IMAP 2016 has been 
provided by Peptide Conferences

The IMAP series began in 2008 in Leipzig and continued 
in 2012, also in Leipzig. In 2013 and 2015 the meetings 
were held in London and in 2014 took place in Graz. In 
2016 the meeting returned to Leipzig.

The Organising Committee would like to welcome 
you all to the 7th in the series as IMAP moves to 
Copenhagen. We look forward to many stimulating 
talks and posters as well as fruitful discussions and 
future collaborations.

Organising Committee: Paul Robert Hansen, University 
of Copenhagen (Co-Chair); Kai Hilpert, St. Georges, 
University of London; Ralf Hoffmann, Leipzig University; 
Håvard Jenssen, Roskilde University (Co-Chair); Karl 
Lohner, University of Graz; Alessandra Romanelli, 
University of Naples; Edwin Veldhuizen, Utrecht University.

Saturday August 26

Sunday August 27

Session 3: Therapeutic Applications of AMPs
Co-Chairs: Neeloffer Mookherjee, Henrik Strahl
09:00 L9: Preclinical and Clinic Development of Cationic 

Peptide Antifungals and Antibacterials
 Deborah O’Neil, NovaBiotics Ltd.
09:35 L10: Antimicrobial Peptide prodrugs and 

mimetics.
 Marc Devocelle, Royal College of Surgeons in Ireland
10:10 L11: Investigating the therapeutic potential of 

cathelicidin peptides in inflammatory airway 
disease

 Simon Carlile, Queen’s University Belfast
10:30 Coffee
Chair: Karen Lienkamp
11:00 L12: Immunomodulatory functions and 

therapeutic potential of cationic host defence 
peptides in chronic inflammatory disease.

 Neeloffer Mookherjee, University of Manitoba
11:35 L13: The preventative and therapeutic potential 

of cathelicidins in respiratory viral infections
 Donald Davidson, University of Edinburgh
12:10 L14: Urumin, an amphibian host defense peptide 

is virucidal H1 influenza viruses
 Joshy Jacob, Emory University
12:30 Lunch

The organisers would like 
to thank the Protein & Pep-
tide Science Group of the 
Royal Society of Chemistry 
for their sponsorship of the 
Poster Prize.
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Oral Presentation Abstracts
Session 1: Structure, Function & Design of AMPs

L1: Engineered Peptide Therapeutics as Next-
Generation Medicines
César de la Fuente
Synthetic Biology Center, Department of Biological Engineering, Depart-
ment of Electrical Engineering and Computer Science, Cambridge, MA, USA. 
cfuente@mit.edu

Peptides hold great promise as drugs. Their primary amino acid 
sequences can be tuned to achieve specific biological functions in 
living cells. Their vast combinatorial space (20n), unparalleled by 
other polymers, can yield an almost unlimited number of sequences. 
Furthermore, biological specificity can be incorporated into peptide 
sequences. In this talk, I will discuss our work to engineer a family of 
naturally occurring peptides, called antimicrobial peptides (AMPs). I 
will introduce a multidisciplinary approach that combines bio-inspired 
peptide design, synthetic and computational biology, and animal mod-
els, to generate from these natural peptides, novel synthetic variants 
that can eradicate biofilms and difficult-to-treat bacterial infections. 
These synthetic peptides kill bacteria directly, and/or target the innate 
immune response of the host. In addition, some of these peptides 
synergize with conventional antibiotics to combat biofilms. I will also 
discuss recent efforts to design peptides for precision microbial engi-
neering to combat infectious diseases and antibiotic resistance as well 
as my overarching vision of generating a Peptide Encyclopedia de-
signed to treat every medically relevant microbe. Finally, I will present 
novel computational tools for structure-function optimization, peptide 
discovery, and the evolutionary design of peptides. In summary, I will 
discuss multiple approaches to exploiting the untapped potential of 
engineered AMPs.

L2: Two small, cysteine-rich and cationic proteins from 
Penicillium chrysogenum: antimicrobial potential and 
mode of action
Anna Huber1, Christoph Sonderegger1, Györgyi Váradi2, Gyula 
Batta3, László Galgóczy1, Florentine Marx1

1. Division of Molecular Biology, Biocenter, Medical University of Innsbruck, 
Austria; 2. Department of Medical Chemistry, Faculty of Medicine, University 
of Szeged, Hungary; 3. Department of Organic Chemistry, Faculty of Science 
and Technology, University of Debrecen, Hungary; florentine.marx@i-med.
ac.at

Filamentous ascomycetes are a rich source of antimicrobial bio-mol-
ecules that may find wide application in medicine, agriculture and 
food preservation. The mould Penicillium chrysogenum Q176 is the 
ancestor of all industrial penicillin-producing strains and is recognized 
as a “safe organism” by the US Food and Drug Administration. Here, 
we want to give new insights into the antimicrobial potential and the 
mode of action of two secreted antifungal proteins from P. chrysoge-
num Q176: the extensively studied PAF [1-3] and the novel, currently 
characterized PAFB.
These bio-molecules are small, cysteine-rich and cationic. PAF and 
PAFB inhibit the growth of opportunistic human pathogens, such as 
Aspergillus fumigatus, Trichophyton rubrum, Candida albicans, but 
lack anti-bacterial activity. The toxicity of both antifungal proteins is 
closely linked to their energy-dependent uptake into vacuoles and their 
subsequent release into the cytoplasm.
Although they exhibit a very similar and highly stable b-folded 
structure their species specificity and killing dynamics differ, which let 
us assume that the mechanistic function is different. To investigate in 
more detail the structure-function relation, we developed a Penicilli-
um chrysogenum-based expression system for the bulk production of 
cysteine-rich, antifungal proteins that vary in their primary structure 
[4]. Amino acid substitutions elucidated distinct loop regions that 
regulate the interaction of PAF with the fungal cell [4,5]. Furthermore, 
a short, synthetic peptide that spans one distinct motif is antifungal 
active. Finally, we applied rational design to produce PAF variants and 
synthesize modified peptides with increased positive net charge and 

lower hydrophobicity, which significantly improved their antifungal 
efficacy.
[1] Binder U, Bencina M, Fizil Á, Batta G, Chhillar AK, Marx F, (2015), 
FEBS Lett 589: 1266-71. [2] Fizil Á, Gáspári Z, Barna T, Marx F, Batta G, 
(2015) Chemistry - Eur Journal 21: 5136-44. [3] Marx F, Binder U, Leiter E, 
Pocsi I, (2008), Cell Mol Life Sci 65: 445-54. [4] Sonderegger C, Galgóczy L, 
Garrigues S, Fizil Á, Borics A, Manzanares P, Hegedüs N, Huber A, Marcos JF, 
Batta G, Marx F, (2016), Microb Cell Fact 15: 192. [5] Sonderegger C, Fizil Á, 
Burtscher L, Hajdu D, Muñoz A, Gáspári Z, Read ND, Batta G, Marx F, (2017), 
PLoS ONE 12: e0169920.

L3: Critical factors that may contribute to the high in 
vivo efficacy of proline-rich antimicrobial peptides
Luzia Holfeld, Rico Schmidt, Daniel Knappe, Ralf Hoffmann
Institute of Bioanalytical Chemistry, Department of Chemistry and Miner-
alogy and Center for Biotechnology and Biomedicine, Universität Leipzig, 
Leipzig, Germany

In recent years proline-rich antimicrobial peptides (PrAMPs), which 
can be divided in short insect-derived (~20 residues) and long 
mammalian-derived (~80 residues) PrAMPs, have attracted much 
interest due to their in vitro activity spectrum against several clinically 
relevant Gram-negative pathogens, low toxicity, high serum stability, 
and promising in vivo efficacy in infection models. Based on the lately 
revealed mechanisms, i.e., transporter-mediated peptide uptake and 
70S ribosome and DnaK inhibition [1], current research efforts focus 
on exploring the clinical potential using different murine infection 
models and different pathogens and pharmacokinetic studies. We have 
shown for structurally optimized analogs of apidaecin and onco-
cin, i.e., two insect-derived PrAMPs, that they are active in several 
murine infection models (septicemia, urinary tract infection, and thigh 
infections). Furthermore, we have studied their pharmacokinetics for 
intraperitoneal and intravenous injections as well as subcutaneous in-
fusion [2, 3]. The presentation will focus on the in vivo data to explain 
the high efficacy despite unfavorably fast renal clearance rates by the 
underlying PrAMP-specific mode of action, synergistic activities, fast 
bacterial uptake, and a long lasting post-antibiotic effect [4, 5].
[1] A. Krizsan (2015) ChemBioChem 16: 2304-2308; [2] R. Schmidt et al. 
(2016) J. Antimicrob. Chemother. 71: 1003-1011. [3] R. Schmidt et al. (2017) 
Front. Chem. 5: 15; [4] D. Knappe et al. (2016) Fut. Med. Chem. 8: 1035-45; 
[5] L. Holfeld et al. (2017) Anal. Bioanal. Chem. doi:10.1007/s00216-017-
0496-2

L4: Chemical space guided discovery and 
optimization of topologically diverse antimicrobial 
peptides against Pseudomonas aeruginosa and its 
biofilms
Ivan Dibonaventura, Xian Jin, Daniel Probst, Thissa N. Siri-
wardena, Ricardo Visini, Bee-Ha Gan, Sacha Javor, Tamis 
Darbre and Jean-Louis Reymond*
Department of Chemistry and Biochemistry, University of Bern, Switzerland

A chemical space is a multi-dimensional virtual space in which 
dimensions correspond to different numerical descriptors of molecular 
structure, which together form a multi-dimensional feature vector, or 
fingerprint. Chemical space is a well-known concept in the area of 
small molecule drug discovery, where it is used to select small yet 
diverse subsets from large compound collections for experimental 
assays, as well as to optimize initial hits by searching for nearest 
neighbours.[1] However it has not been used previously to design 
peptides. Here we adapted our recently reported pharmacophore fin-
gerprint for proteins[2] to describe topologically diverse peptides such 
as peptide dendrimers[3] and bicyclic peptides.[4] As a proof-of-prin-
ciple application, we used the corresponding chemical space to search 
for antimicrobial peptides in a virtual library of 243 million bridged 
bicyclic peptides, and identified antimicrobial bridged bicyclic pep-
tides (AMBPs) active against Pseudomonas aeruginosa. Two of these 
AMBPs furthermore show strong biofilm inhibition and dispersal ac-
tivity and enhance the activity of Polymyxin. We also used the method 
to optimize the activity of a previously reported antimicrobial peptide 
dendrimer (AMBP).[5] Our approach significantly extends previously 
reported computer-aided design methods for peptides, which are all 
based on extrapolating from the sequences of known linear AMPs 

to design new linear sequences,[6] and might be generally useful to 
explore unusual peptide topologies and expand the structural diversity 
of peptide-based drugs.

[1] J. L. Reymond, Acc. Chem. Res. 2015, 48, 722-730; [2] X. Jin, M. Awale, 
M. Zasso, D. Kostro, L. Patiny, J. L. Reymond, BMC Bioinformatics 2015, 16, 
339; [3] G. Michaud, R. Visini, M. Bergmann, G. Salerno, R. Bosco, E. Gillon, 
B. Richichi, C. Nativi, A. Imberty, A. Stocker, T. Darbre, J.-L. Reymond, Chem. 
Sci. 2016, 7, 166-182; [4] M. Bartoloni, X. Jin, M. J. Marcaida, J. Banha, I. 
Dibonaventura, S. Bongoni, K. Bartho, O. Grabner, M. Sefkow, T. Darbre, J.-L. 
Reymond, Chem. Sci. 2015, 6, 5473-5490; [5] M. Stach, T. N. Siriwardena, T. 
Kohler, C. van Delden, T. Darbre, J. L. Reymond, Angew. Chem., Int. Ed. 2014, 
53, 12827-12831; [6] C. D. Fjell, J. A. Hiss, R. E. Hancock, G. Schneider, Nat. 
Rev. Drug Discov. 2012, 11, 37-51.

L5: In silico adaptive design of peptides with selective 
anticancer activity
Gisela Gabernet, Damian Gautschi, Alex T. Müller, Jan A. Hiss, 
and Gisbert Schneider
Swiss Federal Institute of Technology (ETH), Department of Chemistry and 
Applied Biosciences, Zurich, Switzerland.

Anticancer peptides (ACPs) provide an opportunity in the fight against 
cancer. Following the observation of the oncolytic activity of magain-
ins in the early 1990s, hundreds of anticancer peptides have been 
identified and collected in specialized databases [1]. Using this a priori 
knowledge, we constructed a support vector machine classifier model 
that allowed to distinguish between anticancer active and inactive pep-
tides. This model was used to analyse three different peptide libraries 
which we generated in silico [2]: (i) amphipathic peptides with varying 
hydrophobic arcs, (ii) peptides with a hydrophobic gradient along their 
sequence, and (iii) peptides with the amino acid composition of known 
alpha-helical ACPs. Selected peptides from each library predicted to 
be active or inactive, respectively, were synthesized and tested against 
two different cancer cell lines. 10 out of the 12 predictions turned 
out to be correct. We then employed an evolutionary algorithm to 
improve the selectivity of the most active peptide [3]. After one run of 
peptide maturation, a 10-fold improvement in selectivity with regard 
to non-cancer cells, and a 15-fold improvement with regard to human 
blood erythrocytes was observed. The results of the present study 
provide proof-of-concept for the applicability of adaptive machine 
learning to ACP design.
[1] G. Gabernet, A. T. Müller, J. A. Hiss and G. Schneider, Med. Chem. 
Comm., 2016, 7, 2232–2245. [2] A. T. Müller, G. Gabernet, J. A. Hiss and G. 
Schneider, Bioinformatics, 2017, btx285. [3] J. A. Hiss, K. Stutz, G. Posselt, S. 
Weßler and G. Schneider, Mol. Inf., 2015, 34, 709–714.

L6: Beyond membrane permeabilization: Novel mode 
of action for a membrane targeting antimicrobial 
peptide cWFW
Henrik Strahl
Institute for Cell and Molecular Biosciences, Newcastle University, UK

Due to the easy accessibility for extracellular agents, the bacterial 
cytoplasmic membrane is a major target for antimicrobials such as 
membrane-targeting peptides. These natural or synthetic antimicrobial 
peptides represent a largely untapped reservoir of potentially prom-
ising antibacterial lead-compounds. Commonly, membrane-targeting 
antimicrobial peptides are assumed to unfold their antimicrobial prop-
erties either by permeabilizing the cytoplasmic membrane resulting 
in leakage of intracellular content, or by membrane depolarization 
causing cell de-energization. Surprisingly, the strongly antibacte-
rial membrane-targeting cyclic hexapeptide cWFW does not exert 
its bactericidal activity by membrane permeabilization. Instead, the 
partitioning of cWFW into the lipid bilayers leads to a rapid reduction 
of membrane fluidity both in live Bacillus subtilis cells and in model 
membranes. This effect is accompanied by the formation of large lat-
eral membrane domains that are characterized by a difference in local 

membrane fluidity. Importantly, the demixing of native phospholipids 
triggers segregation of peripheral and integral membrane proteins 
into separate domains. The domain formation thus not only results in 
changes in local lipid environment surrounding membrane proteins, 
but also causes spatial dissociation of membrane protein functions. 
One specific and essential cellular system disrupted by this process is 
the cell wall synthetic machinery. The inhibition of cell wall synthesis 
contributes to the rapid antimicrobial effect and ultimately leads to 
autolysis, a property that explains the bacteriolytic activity of cWFW. 
These findings demonstrate a surprising and novel mechanism of 
action for the cyclic hexapeptide cWFW based on reduction of mem-
brane fluidity combined with phospholipid demixing which severely 
disrupts the general membrane organization. This complex mode of 
action holds a low risk to induce bacterial resistance, and provides 
valuable information for the design of novel synthetic AMPs.
Scheinpflug K, Wenzel M, Krylova O, Bandow JE, Dathe M, Strahl H. (2017) 
Antimicrobial peptide cWFW kills by combining lipid phase separation with 
autolysis. Sci Rep. 7:44332. 

L7: Mammalian proline-rich AMPs inhibiting protein 
synthesis, binding to the ribosome and preventing 
the elongation phase.
Mardirossian M1,2, Mergaert P3, Tossi A2, Innis A4, Wilson DN1, 
Scocchi M2.
1 Gene Center and Department for Biochemistry, University of Munich, 
Munich 81377, Germany. 2 Department of Life Sciences, University of Trieste, 
Trieste 34127, Italy. 3 Institute for Integrative Biology of the Cell, UMR9198, 
CNRS, Université Paris-Sud, CEA, Gif-sur-Yvette, France. 4 University of 
Bordeaux, ARNA Laboratory, Inserm U1212, CNRS UMR 5320, IECB, 33607 
Pessac, France

After the spreading of antibiotic resistant pathogens, proline-rich 
antimicrobial peptides (PR-AMPs) emerged as good candidates for the 
development of new antibiotics due to their high antimicrobial potency 
and low cytotoxicity. PR-AMPs have been therefore in the spotlight in 
the last years and new effort has been put to finely characterize their 
targets and mode of action. The first step of the main PR-AMPs killing 
mechanism is to cross the intact bacterial membrane by exploiting the 
membrane transporters SbmA and YjiL[1,2]. Then, PR-AMPs impair 
the activity of chaperons like DnaK and inhibit the functions of ribo-
somes, inducing in bacteria the lethal block of the protein synthesis 
[3,4]. This study focuses on some mammalian PR-AMPs still waiting 
for an analysis of their molecular mode of action. We estimated their 
antimicrobial potency and cytotoxicity, we measured their activity 
on the bacterial membranes also checking the involvement of the 
membrane transporters in their antibacterial mechanism. We reported 
that these PR-AMPs inhibit the bacterial protein synthesis, showing 
that they prevent ribosomes to enter into the elongation phase of 
translation. As last, we provided some new structural evidences on the 
binding of PR-AMPs to the ribosome. The results of this study will 
contribute to optimize PR-AMPs for clinical applications.
1. Mattiuzzo (2007) Mol Microbiol 66: 151-163. 2. Krizsan (2015) Antimi-
crob Agents Chemother 59: 5992-5998. 3. Kragol (2002) Eur J Biochem. 
269(17):4226-37. 4. Seefeldt (2016) Nucleic Acids Res 44: 2429-2438.

L8: A Solid-State NMR study of the Nisin-Lipid II pore 
in native membranes and at high-resolution.
J. Medeiros-Silva1, S. Jekhmane1, E. Breukink2, M. Weingarth1

1 NMR spectroscopy, Bijvoet Center for Molecular Research, Utrecht Uni-
versity, The Netherlands. 2 Membrane Biochemistry and Biophysics, Bijvoet 
Center for Molecular Research, Utrecht University, The Netherlands

Antimicrobial peptides (AMPs) are excellent candidates for the devel-
opment of novel antibiotics. Especially AMPs that target lipid II, a key 
molecule involved in the synthesis of the bacterial cell wall, are less 
prone to cause bacterial resistance. The lantibiotic nisin is one of the 
most studied AMPs and attacks lipid II via a mechanism know as tar-
geted pore formation. Solution NMR studies revealed that nisin binds 
lipid II in a so-called pyrophosphate cage[1] and this high-resolution 
data has been used as a blue-print for many rational design efforts.
However, the existing structural studies were performed in strongly 
artificial media and did not permit looking at the nisin pore, i.e., the 
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physiological relevant state. Here we present a cutting-edge solid-state 
NMR study in native-like lipid membranes that enables, for the first 
time, to study the nisin-Lipid II pore at high resolution. We unambigu-
ously demonstrate that the nisin pore structure in native-like mem-
branes media strongly diverges from hitherto published data (Figure 
1). We present substantial progress towards the determination of the 
nisin-lipid II pore, including the nisin structure and the nisin – nisin 
interface.

Solid-State NMR 
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(DMSO)
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135

13           12            11           10             9              8             7                1H/ppm

950 MHz, 60 kHz MAS

Moreover, we present a novel ultra-sensitive solid-state NMR ap-
proach that enabled us to investigate the nisin pore structure directly in 
native cellular bacterial membranes. Our results clearly show that the 
nisin pore gets modulated by the cellular bacterial environment. 
Altogether, our approach enables a straightforward structural analysis 
of AMP-Lipid II interactions in physiological and even truly native 
conditions, which we expect to be critical for rational design.
[1] Breukink et al, NSMB 11, 963 - 967 (2004)

Session 2: Rapid Communications
See page 13.

Session 3: Therapeutic Applications of AMPs

L9: Preclinical and Clinic Development of Cationic 
Peptide Antifungals and Antibacterials 
Deborah O’Neil 
NovaBiotics Ltd, Cruickshank Building, Craibstone, Aberdeen, UK.

NovaBiotics has developed a portfolio of preclinical and clinical stage 
cationic peptide compounds with potential for application in a range 
of poorly served, clinically unmet bacterial, fungal and polymicrobial 
infections.  The global AMR crisis has highlighted the acute need 
for alternative antimicrobial approaches that not only plug the holes 
within the current pharma antimicrobials pipeline, but that provide 
sustainable, front line, resistance-mitigating therapeutic solutions 
for anti-infectives in the future. New antifungal strategies being of 
equal importance as new antibacterial approaches. Leveraging the 
innate systems’ response to infectious challenge, NovaBiotics’ peptide 
antimicrobials overcome the manifold challenges and shortcomings 
associated with traditional small molecule antimicrobials; not only 
drug resistance, but lengthy time to kill and off target pharmacology/
toxicity. NovaBiotics’ compounds have demonstrated superiority to 
current gold standard antibacterial and antifungal agents in preclinical 
and clinical development in indications including multi-drug resistant 
Gram negative bacterial infections, onychomycosis, MRSA decolo-
nisation, invasive pulmonary aspergillosis etc. development towards 
clinic/market of NovaBiotics’ other anti-infective drug candidates 
targeting indications including onychomycosis, cystic fibrosis, MDR 

Gram negative bacterial infections and mastitis (animal health).

L10: Antimicrobial Peptide prodrugs and mimetics.
Éanna Forde,1, 2 Aoife O’Connor,1 Andrea Molero Bondia,1 
Alan Hibbitts,3 André Schütte,4 Louise Sweeney,5 Ronan 
 MacLoughlin,5 Marcus Mall,4 Sally-Ann Cryan,3 Deirdre Fitzger-
ald-Hughes,2 and Marc Devocelle1

1 Pharmaceutical & Medicinal Chemistry, 2 Department of Clinical 
Microbiology, 3 School of Pharmacy, Royal College of Surgeons in Ireland, 
Dublin, Ireland. 4 Department of Translational Pulmonology, University of 
Heidelberg, Heidelberg, Germany. 5 Aerogen Ltd, Galway, Ireland. 
mdevocelle@rcsi.ie 

For millions of years, the first line of defence against infections in 
multicellular organisms has relied on Antimicrobial Peptides (AMPs). 
These cationic and amphipathic sequences represent promising leads 
for the development of antibiotics delaying the emergence of resist-
ance in bacteria. However, their clinical applications have often been 
limited by an inadequate margin of safety [1].
A prodrug approach can overcome a toxicity barrier in drug delivery. 
AMP prodrugs can be generated by transiently reducing or annul-
ling their net positive charges, through modification with a negative 
promoiety which can be reversed by an enzyme (bacterial or human) 
confined to sites of infection. For example, neutrophil elastase (NE), 
a human protease involved in chronic airway inflammation and infec-
tions associated with cystic fibrosis (CF), can restore the cationic prop-
erty of AMPs modified with oligo-glutamate promoieties. Consequent-
ly, their bactericidal activities against the CF pathogen Pseudomonas 
aeruginosa are restored by NE in CF bronchoalveolar lavage fluids. 
The potential of this prodrug approach in reducing the in vivo toxicity 
of AMPs was demonstrated in a murine model of lung delivery [2]. 
Additionally, an in vitro nebulisation study performed with a vibrating 
mesh nebuliser showed that a high level of dosing in the lung can be 
achieved for AMP prodrugs.
In parallel, a novel class of peptidomimetics with antimicrobial activi-
ties similar to AMPs against Gram-positive bacteria has been devel-
oped. Their spectrum of activity is currently extended to Gram-nega-
tive organisms. Ultimately, these AMP mimetics could be modified as 
prodrugs for targeted delivery to sites of infection.
[1] Zasloff M (2002) Nature, 415: 389-395; [2] Forde É, et al. (2014) Antimi-
crob. Agents Chemother. 58:978-985.

L11: Investigating the therapeutic potential of 
cathelicidin peptides in inflammatory airway disease
Simon R. Carlile1, Jenna Sheils2, Shannice Fraser1, Brendan 
Gilmore3, Sinéad Weldon1, John P. Dalton2, Cliff C. Taggart1

1. Airway Innate Immunity Research (AiiR) Group, Centre of Experimental 
Medicine, 2. School of Biological Sciences, 3. School of Pharmacy, Queens 
University Belfast, Belfast, Northern Ireland, UK

Respiratory infections are a leading cause of death worldwide, which 
can initiate or perpetuate excessive inflammation in patients with 
inflammatory airway disease, and considering the increasing threat 
of antimicrobial resistance there is a real need for new therapies to 
combat infection and inflammation within these diseases. Antimicro-
bial peptides represent an untapped resource in the development of 
new antibiotic strategies. With this in mind this project has focused 
on the development of cathelicidin peptides to combat infection and 
inflammation within inflammatory airway diseases. Twenty peptides 
have been characterised in terms of cytoxicity, immunoregulation and 
anti-microbial activity in in-vitro models. The initial investigation 
yielded Hc-Cath as the most promising candidate to take forward into 
pre-clinical models.
In a mouse model of LPS induced acute lung inflammation, Hc-Cath 
significantly reduced neutrophil infiltration (p<0.05) into the lungs and 
the release of pro-inflammatory cytokine IL-6 (p<0.05) and neutrophil 
chemoattractant KC (p<0.05). Hc-Cath was also investigated in a 
mouse model of pulmonary infection. Mice were infected with Pseu-
domonas aeruginosa strain PAO1, with or without Hc-Cath treatment. 
Mice receiving Hc-Cath exhibited a significant reduction in neutro-
phils (p<0.01) in the lungs, similar to the LPS model. Despite reducing 
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the cellular infiltration there was no significant increase or decrease in 
bacterial load in the lungs and spleen or the cytokines IL-6 and KC.
In conclusion Hc-Cath attenuates inflammation in a mouse model of 
LPS induced acute lung inflammation. Furthermore Hc-Cath reduces 
cellular infiltration into the lungs in a mouse model of pulmonary 
infection without increasing susceptibility to bacterial spread.

L12: Immunomodulatory functions and therapeutic 
potential of cationic host defence peptides in chronic 
inflammatory disease.
Hadeesha Piyadasa1,2,  Anthony Altieri1,2, Mahadevappa Hem-
shekhar2, Ka-Yee Choi1,2 and Neeloffer Mookherjee1,2 
1 Department of Immunology, 2 Manitoba Centre for Proteomics and 
Systems Biology, Department of Internal Medicine, University of Manitoba, 
Winnipeg, MB, Canada. neeloffer.mookherjee@umanitoba.ca

Cationic host defence (antimicrobial) peptides are immunomodulato-
ry molecules that contribute to resolution of infections and immune 
homeostasis. Synthetic derivatives of these natural peptides are known 
as innate defence regulator (IDR) peptides. Exogenous administration 
of IDR peptides can confer protection and control inflammation in a 
variety of infection models [1]. We are examining the effects of exoge-
nous administration of IDR peptides in chronic inflammatory diseases 
such as rheumatoid arthritis [2] and asthma. We have demonstrated 
that administration of specific IDR peptides derived from catheli-
cidins can control the disease process in murine models of arthritis 
and asthma. This talk will focus on our recent findings in asthma, and 
the mechanisms underlying related immunomodulatory functions of 
IDR peptides. We have shown that a specific IDR peptide significant-
ly improves airway hyper-responsiveness (breathing capacity) and 
infiltration of inflammatory cells in the lungs, in a murine model of 
asthma. Transcriptomic analyses revealed that the peptide suppresses 
the expression of several candidates within the inflammatory net-
work activated in the lungs. Interrogation of mechanisms underlying 
regulation of inflammation demonstrated that IDR peptides suppress 
the production of critical chronic inflammatory cytokines such as 
IL-33 in bronchial epithelial cells (in murine lung tissue and in human 
bronchial epithelial cells). We have also shown that the anti-inflamma-
tory function of IDR peptides is mediated by the activation of the dual 
phosphatase MKP-1. Our studies provide the foundation for the de-
velopment of IDR peptides as immunomodulatory therapy for chronic 
inflammatory diseases. The advantage of IDR peptide-based therapy is 
the ability to control inflammation without compromising resolution of 
infections. 
[1] Reviewed in Mookherjee N and Hancock REW. Cell Mol Life Sci 64, 
922-933 (2007). [2] Chow LN, Choi KY, Piyadasa H, Bossert M, Uzonna J, 
Klonisch T, Mookherjee N. Mol Immunol  57, 86-92 (2014).

L13: The preventative and therapeutic potential of 
cathelicidins in respiratory viral infections
Silke M. Currie1, Emily Gwyer Findlay1, Amanda J. McFarlane1, 
Paul M. Fitch1, Bettina Böttcher2, Nick Colegrave3, Allan Paras4, 
Agnieszka Jozwik4, Christopher Chiu4, Jürgen Schwarze1, 
Donald J. Davidson1

1 MRC Centre for Inflammation Research, Queen’s Medical Research Insti-
tute, 2 Institute for Quantitative Biology, Biochemistry and Biotechnology, 
3 Institute of Evolutionary Biology, University of Edinburgh, Edinburgh, UK. 
4 National Heart and Lung Institute, Imperial College London, London, UK. 
Donald.Davidson@ed.ac.uk

Respiratory syncytial virus (RSV) is a leading cause of respiratory 
tract infection in infants, causing significant morbidity and mortality. 
No vaccine or specific, effective treatment is currently available. A 
more complete understanding of the key components of effective host 
response to RSV, and other pulmonary viruses, and novel preventative 
and therapeutic interventions, are urgently required. 
Cathelicidins are host defence peptides, expressed in the inflamed 
lung, with key microbicidal and modulatory roles in innate host de-
fence against infection. Here we demonstrate that the human catheli-
cidin LL-37 mediates an antiviral effect on RSV and influenza. LL-37 
directly damages the viral envelope of RSV, disrupting particles and 
decreasing virus binding to, and infection of, epithelial cells. Delivery 

of exogenous LL-37 is protective in vivo in murine models of pulmo-
nary RSV and influenza infection, demonstrating maximal efficacy 
when applied concomitantly with virus. Furthermore, endogenous 
murine cathelicidin, induced by infection, has a fundamental role 
in protection against disease following infection with RSV. Finally, 
higher nasal levels of LL-37 are associated with protection in a healthy 
human RSV infection model. 
These data lead us to propose that cathelicidins are a key, non-redun-
dant component of host defence against pulmonary viral infections; 
functioning as a first point of contact “antiviral shield”, and having 
additional later phase roles in minimising the severity of disease 
outcome. Consequently, cathelicidins represent an inducible target for 
preventative strategies against infection and may inform the design of 
novel therapeutic analogues for use in established infection.

L14: Urumin, an amphibian host defense peptide is 
virucidal H1 influenza viruses
David Holthausen, Song Hee Lee and Joshy Jacob
Department of Microbiology & Immunology, Emory University, Atlanta, GA 
30329, USA. joshy.jacob@emory.edu

Influenza is the most common recurring human respiratory virus. 
Worldwide there are 3-5 million cases of severe influenza infection 
annually, which affects 5-10% of adults and 20-30% of children and 
results in 250-500 thousand deaths. Current vaccination strategies do 
offer protection, but pandemic outbreaks occur unexpectedly, limiting 
our ability to develop vaccines in a timely manner. Additionally, for 
seasonal influenza viruses, mismatches frequently occur between 
the vaccine and the circulating strains. In addition, the emergence of 
drug-resistant influenza viruses is also a major concern; currently, only 
neuraminidase inhibitors are recommended, as adamantane-resistant 
influenza strains have become widespread. Thus, there is a pressing 
need to develop new antivirals against influenza viruses. Antimicro-
bial host defense peptides are an ancient, evolutionarily conserved 
arm of the innate immune system that exists in all living organisms 
and confers protection to the host. These peptides have evolved to 
protect the host against a wide variety of pathogens. Here we screened 
peptides derived from the skin of the South Indian frog, Hydrophylax 
bahuvistara for anti-viral activity against influenza A viruses. We 
present a novel host defense frog peptide that we named Urumin, 
which is virucidal for H1 hemagglutinin-bearing human influenza A 
viruses. Furthermore, we show that the peptide can protect naïve mice 
from lethal influenza virus infection. This peptide specifically targets 
the conserved stalk region of H1 hemagglutinin and is also effec-
tive against even drug-resistant H1 influenza viruses. In conclusion, 
Urumin peptide represents a novel class of anti-influenza virucide that 
targets hemagglutinin.

L15: The Design and Development of Peptoid-Based 
Anti-Infectives 
Steven Cobb
Department of Chemistry, Durham University, Durham, UK. 
s.l.cobb@durham.ac.uk  

Protozoan parasites represent a severe threat to global human health as 
they are responsible for infection in Malaria, and, a range of Neglected 
Tropical Diseases (NTDs) including Chagas disease, leishmaniasis and 
African sleeping sickness. Often treatments for NTDs are limited in 
their efficacy and drug resistance is an emerging problem. The current 
efforts to develop new treatments for NTDs have met with limited 
success and as such novel compound classes for development are 
actively being sought. Peptoids are peptidomimetics that have showed 
promise as antibacterial agents but their application in the field of 
NTDs is highly underdeveloped. As part of an on-going project within 
the group to develop new agents for the treatment of NTDs, we have 
design and prepared peptoids containing a wide variety of chemical 
functionalities and evaluated their activity against a range of proto-
zoan targets. From our studies in this area we have identified several 
peptoids that have potent anti-parasitic activity and good selectivity in-
dices (SI). For example, the cationic linear peptoid [NamyNspeNspe)
(NhArgNspeNspe)]2 had an IC50 of 0.089 µg/mL against Plasmodium 
falciparum and a SI > 100. Our related work towards the development 
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of novel peptoid-based antimicrobials (e.g. targeting mixed species 
biofilms) will also be discussed. 

L16: Novel anti-septic polypeptides for the 
neutralization of pathogen- and damage-associated 
patterns
Lena Heinbockel1, Wilmar Correa1, Tobias Schürholz2, Guiller-
mo Martinez de Tejada3, and Klaus Brandenburg1

1 Forschungszentrum Borstel, Leibniz-Zentrum für Medizin und Biowis-
senschaften, D-23845 Borstel, Germany 2 Universitätsmedizin Rostock, 
D-18057 Rostock, Germany. 3 Universidad de Navarra, E-31008 Pamplona, 
Spain.

The increasing failure of common antibiotics to combat bacterial in-
fections, in particular due to the occurrence of multiresistance, makes 
it necessary to develop new antibacterial drugs beyond antibiotics. 
One promising approach, the development of antimicrobial peptides 
(AMPs) originally based on naturally occurring compounds, may be 
an alternative for the future. Here, we present  a broad-band analysis 
of the action of the synthetic anti-lipopolysaccharide peptides (SALP), 
Aspidasept® (Pep19-2.5 and derivatives).  Aspidasept is able to inhibit 
severe inflammation reactions induced by bacterial pathogenicity 
factors (toxins) such as endotoxin (LPS, lipopolysaccharide) from 
Gram-negative and lipoproteins (LP) from Gram-positive source, in 
vitro (in human mononuclear cells), in the serum of patients suffering 
from septic shock, ex vivo (in a model of human lung), and in several 
in vivo systems (in mice, rat, and rabbit models of endotoxemia, bacte-
remia, and cecal ligation and puncture). The neutralization of LPS and 
LP by Aspidasept decreases the induction of signaling pathway by cell 
surface receptors such as Toll-like receptors TLR-2 and -4, which be-
long to the pathogen-associated patterns (PAMPs). Moreover, the pep-
tide is also able to bind to some other relevant surface proteins such as 
heparan sulfate, belonging to the group of danger-associated molecular 
patterns (DAMPs). These compounds are responsible for the induction 
of severe inflammation as in the case of hemorrhagic shock (HS), and 
we show here that a Aspidasept derivative is able to protect rats from 
organ injury and dysfunction in a model of HS.
Beside the biological assays, as prerequisites for an understanding of 
the broad-band  activities of the Aspidasept peptides biophysical anal-
yses are given by studying their interaction with PAMPs and DAMPs  
using isothermal titration calorimetry, small-angle X-ray scattering, 
atomic force microscopy, and Fourier-transform infrared spectroscopy. 

L17: Novexatin® (NP213); A cyclic antifungal peptide 
in development for the treatment of onychomycosis
Derry K Mercer, Jennifer Robertson, Lorna Miller, Ewa Srowka, 
Vanessa M S Duncan, Colin S Stewart, Deborah A O’Neil;
NovaBiotics Ltd, Cruickshank Building, Craibstone, Aberdeen, UK. derry@
novabiotics.co.uk

Onychomycosis (nail fungus) is an infection of the nail unit caused by 
dermatophytes, yeasts, or non-dermatophyte moulds that affects >10% 
of the general population and upwards of one third of the geriatric and 
diabetic population. Onychomycosis is difficult to treat, with 20 – 25% 
of patients not responding to treatment and the recurrence rate after 
apparent cure is high (10 - 53%). Systemic therapies are generally 
more effective than topical therapies, but their use can be limited by 
toxicity, drug interactions and other side effects. Patients often prefer 
and request topical treatments.
NP213 is a novel antifungal peptide, designed and formulated specif-
ically to penetrate the nail, a notoriously difficult tissue for antifungal 
agents to access. NP213 demonstrated significant ex vivo and in vivo 
efficacy versus dermatophytes associated with onychomycosis. NP213 
does not bind to keratin and is minimally impacted by protease activi-
ty. Activity of NP213 is retained within the infected nail. TEM demon-
strated that NP213 was membranolytic (in vitro and in a proprietary 
ex vivo nail infection model). Dermatophytes did not develop in vitro 
resistance to NP213. The rapid fungicidal activity of NP213 predicts 
faster clinical response times and cure, supported by early clinical and 
preclinical data demonstrating resolution of infection following daily 
administration of NP213 for only 28 d, unlike the ≥48 weeks treatment 
normally associated with topical treatments.

Novexatin (NP213) is currently the subject of a large, multicentre 
Phase IIb clinical trial as a topical therapy for treatment of mild to 
moderate onychomycosis, with results expected in early 2018.

Session 4: Peptide Biomaterials, Polymers and 
Membrane Interactions of AMPs

L18: Building simple synthetic polymers of 
membrane-active peptides.
Gregory N. Tew
Polymer Science and Engineering Department, Veterinary and Animal Sci-
ence Department, Molecular and Cellular Biology Program, 120 Governors 
Dr. Amherst, MA 01003, USA. tew@mail.pse.umass.edu

Our primary research aim is to create new materials using a combina-
tion of principles, many of which are inspired by biology.  Using both 
defined molecular weight oligomers and easier to produce, but heter-
ogeneous, polymers, it has been possible to generate scaffolds with 
biological potency superior to the natural analogs.  We will illustrate 
some of these principles including facially amphiphilic polymers based 
on conformationally flexible backbones that are antimicrobial.  These 
synthetic polymers mimic the essential physiochemical properties of 
natural host defense peptides, like Magainin and Defensin.  We will 
discuss our newest results in which we have successfully mimicked 
that biological activity of protein transduction domains like HIV-TAT.  
The versatility of these synthetic mimics provides the opportunity to 
discover analogues with superior properties compared to their native 
sequences. In general, these molecules interact directly with the lipid 
membrane generating new curvature.  This has direct analogy to pores 
in biological membranes, a central feature of biology that has attracted 
considerable interest for decades.  These endeavours represent one 
specific example of a much larger effort to understand how synthetic 
molecules interact with and manipulate the plasma membrane.  Mod-
ern biophysical assays highlighted the interplay between the synthetic 
scaffold and lipid composition leading to negative Gaussian curvature, 
a requirement for pore formation.  The complexity of this interplay 
between lipids, bilayer components, and the scaffolds remains to be 
better resolved, but significant new insight has been provided.  It has 
become clear that the combination of molecular design, biophysical 
models, and biological evaluation provide a robust approach to novel 
proteinomimetics.

L19: Explorations of the self-assembling intestinal 
peptide human defensin 6
Elizabeth M. Nolan
Department of Chemistry, Massachusetts Institute of Technology, Cam-
bridge MA, USA. lnolan@mit.edu

Human α-defensin 6 (HD6) is a 32-residue cysteine-rich peptide that 
contributes to innate immunity by protecting the host at mucosal sites 
[1]. This peptide is produced in small intestinal Paneth cells, is stored 
as an 81-residue precursor peptide named proHD6 in granules, and is 
released into the lumen [2]. We describe how Nature uses a propep-
tide strategy to spatially and temporally control the formation of HD6 
nanonets in the small intestine [2]. The propeptide is stored in Paneth 
cell granules, and proteolysis occurs during or following release into 
the lumen, which affords the 32-residue mature peptide. One unusu-
al feature of HD6 is that it lacks the broad-spectrum antimicrobial 
activity observed for other human α-defensins, including the Paneth 
cell peptide human α-defensin 5 (HD5). HD6 exhibits unprecedented 
self-assembly properties, which confer an unusual host-defense func-
tion [1-3]. HD6 monomers self-assemble into higher-order oligomers 
termed “nanonets,” which entrap microbes and prevent bacterial 
invasion into host epithelial cells by Gram-negative and Gram-positive 
gastrointestinal pathogens [1-3]. We describe the molecular basis for 
this phenomenon [3]. Moreover, we present our recent discovery that 
HD6 suppresses virulence traits displayed by the opportunistic human 
fungal pathogen Candida albicans [4]. In particular, we found that C. 
albicans biofilm formation, which causes complications in the treat-
ment of candidiasis, is inhibited by HD6. 
[1] Chu, H. et al. Science 2012, 337, 477-481; [2] Chairatana, P. et al. Chem. 
Sci. 2015, 7, 1738-1752; [3] Chairatana, P.; Nolan, E. M. J. Am. Chem. Soc. 
2014, 136, 13267-13276; [4] Chairatana, P.; Chiang, I.-L.; Nolan, E. M. Bio-

chemistry 2017, 56, 1033-1041.

L20: Synthetic Mimics of Antimicrobial Peptides 
(SMAMPs) – New Polymers for the Fight Against Multi-
resistant Bacteria and Biofilms
K. Lienkamp1,2, and  A. Al-Ahmad3
1 Freiburg Center for Interactive Materials and Bioinspired Technologies 
(FIT), 2 Department of Microsystems Engineering (IMTEK), 3 Department 
of Operative Dentistry and Periodontology, Center for Dental Medicine, 
Albert-Ludwigs-Universität Freiburg, 79110 Freiburg, Germany. 
lienkamp@imtek.uni-freiburg.de

Bacterial contamination of catheters and other medical devices is a 
serious problem in surgery and patient care because bacteria form 
biofilms on surfaces. These cause life-threatening infections. Addition-
ally, bacterial resistance against traditional antibiotics is continuously 
increasing, and novel antimicrobial agents are direly needed. Indeed, 
more than hundred thousand people world-wide die from infections 
related to biofilm-associated infections. In this context, antimicrobi-
al polymers have re-entered the focus of the medical and scientific 
community. Antimicrobial polymers can be used in two ways: at low 
molecular weights, they mimic the properties of natural antimicrobial 
peptides (AMPs) and selectively kill bacteria by damaging their mem-
branes.[1] As polymer coatings, they make medical devices contact 
active against bacteria and slow down biofilm formation.[2]
We here present our current research in both fields. In particular, we 
present poly(oxonorbornene)-based Synthetic Mimics of Antimicrobial 
Peptides (SMAMPs),[1a, 3] their mechanism of action as a drug,[1b, 
4] and how it is possible to turn them into biofilm-preventing materi-
als.[2] We synthesized SMAMPs with precisely tuned antimicrobial 
activity and cell-selectivity, and could show that their mode of action 
is similar to AMPs, which are known to cause only very little bacterial 
resistance. Thus they are promising candidates for drug applications. 
Additionally, surface-attached SMAMPs were shown to selectively kill 
bacteria without harming human cells, and are thus interesting coating 
materials, e.g. for urinary catheters.[2b] We also show the limits of 
these coatings (adhesion of the debris of dead bacteria) and present 
our most recent solutions for this issue (self-regenerating coatings and 
bifunctional antimicrobial/protein-repellent coatings).[5]
[1] a) Lienkamp, K., Madkour, A. E., Musante, A., Nelson, C. F., Nusslein, K., 
Tew, G. N., J. Am. Chem. Soc. 2008, 130, 9836;  b) Al-Ahmad, A., Laird, D., 
Zou, P., Tomakidi, P., Steinberg, T., Lienkamp, K., PLoS ONE 2013, 8, e73812;  
c) Dorner, F., Lienkamp, K., in Polymeric materials with antimicrobial activity: 
From synthesis to applications, The Royal Society of Chemistry, 2014, 97.  
[2] a) Al-Ahmad, A., Zou, P., Guevara-Solarte, D. L., Hellwig, E., Steinberg, 
T., Lienkamp, K., PLoS One 2014, e111357;  b) Zou, P., Laird, D., Riga, E. 
K., Deng, Z., Perez-Hernandez, H.-R., Guevara-Solarte, D. L., Steinberg, T., 
Al-Ahmad, A., Lienkamp, K., J. Mat. Chem. B 2015, 3, 6224. [3] Lienkamp, 
K., Madkour, A. E., Kumar, K.-N., Nuesslein, K., Tew, G. N., Chem. Eur. J. 
2009, 15, 11715.  [4] Lienkamp, K., Kumar, K.-N., Som, A., Nuesslein, K., 
Tew, G. N., Chem.-Eur. J. 2009, 15, 11710.  [5] a) Hartleb, W., Saar, J. S., 
Zou, P., Lienkamp, K., Macromol. Chem. Phys. 2016, 217, 225;  b) Dorner, F., 
Boschert, D., Schneider, A., Hartleb, W., Al-Ahmad, A., Lienkamp, K., ACS 
Macro Lett. 2015, 4, 1337;  c) Kurowska, M., Eickenscheidt, A., Guevara-So-
larte, D. L., Widyaya, V. T., Marx, F., Al-Ahmad, A., Lienkamp, K., Biomacro-
molecules 2017, 18, 1373;  d) Vöhringer, M., Hartleb, W., Lienkamp, K., ACS 
Biomater. Sci. Eng. 2017, 3, 909.

L21: Self-assembled tripeptide hydrogels: towards 
minimalist AMPs that can be switched on/off?
M. Kurbasic1, A. Garcia1, S. Kralj1,2, Y. Que3, A. Tossi4, and S. 
Marchesan1. 
1. Chem. Pharm. Sc. Dept., University of Trieste, Trieste, Italy. 2. Materials 
Synthesis Dept., Jožef Stefan Institute, Ljubljana, Slovenia. 3. Dept. of Mi-
crobiology, Monash University, Clayton, Australia. 4. Dept. of Life Sciences, 
University of Trieste, Trieste, Italy. smarchesan@units.it

Short antimicrobial peptides (AMPs) are attractive as minimalist 
systems due to their ease of preparation, low cost, and low immuno-
genicity [1-2]. In addition, they may modulate or synergize with AMPs 
or other antimicrobials. Recently, a supramolecular hydrogel com-
posed of a tripeptide showed mild antimicrobial activity against Gram 
negatives, including a clinical isolate of Klebsiella pneumoniae. This 
peptide did not display cytotoxicity or haemolytic activity in vitro. In 

addition, it sustained the delivery of poorly soluble ciprofloxacin by 
means of co-assembly in the nanostructured hydrogel [3].
Inspired by these results, and by the advantageous features of similar 
self-assembling, heterochiral peptides composed of D- and L-amino 
acids [4], we prepared a series of analogues, where we evaluated 
effects of N-capping, elongation to tetrapeptides, halogenation, and 
changes in amino acid stereoconfiguration on gelation and antimicro-
bial activity on Escherichia coli. Different compounds have been iden-
tified that self-assemble into hydrogels at physiological pH, and that 
display mild antimicrobial activity. Importantly, activity was shown 
only by the supramolecular structure, and not by the peptides in solu-
tion, giving scope to use assembly/disassembly as a means to switch 
on/off activity. Structural analysis has been performed by means of FT-
IR, circular dichroism, transmission electron microscopy, differential 
scanning calorimetry, rheometry, and single-crystal XRD analysis.
In light of the growing issue of drug pollution into the environment, 
we believe that these systems constitute an interesting starting point 
towards antimicrobial supramolecular structures composed of con-
veniently simple building blocks, which can be switched on/off on 
demand and are biodegradable.

 
Fig. 1. Reversible self-assembly of tripeptides into supramolecular antimicrobial structures.
[1] K. Hilpert et al. Nat. Biotechnol. 2005, 23, 1008. [2] S. Ramesh et al., 
J. Pept. Sci. 2014, 22, 1099. [3] S. Marchesan et al. 2013, 34, 3678. [4] M. 
Melchionna et al., Curr. Top. Med. Chem. 2016, 16, 2009.

L22: The Development of Ultrashort Antimicrobial 
Peptide Nanoparticles with Potent Antimicrobial and 
Antibiofilm Activities against Multidrug Resistant 
Bacteria.
Ammar Almaaytah1, Gubran Khalil1, Ahmad AbuAlhaija2 
1 Department of Pharmaceutical Technology, Faculty of Pharmacy, 2 De-
partment of Applied Biological Sciences, Faculty of Science and Arts, Jordan 
University of Science and Technology, Irbid, Jordan. 
amalmaaytah@just.edu.jo

Conventional antibiotics are facing strong microbial resistance that has 
recently reached unpresented critical levels. This situation is leading 
to a significantly reduced therapeutic potential of a huge proportion of 
antimicrobial agent currently used in the clinic. Antimicrobial peptides 
(AMPs) could provide the medical community with an alternative 
strategy to traditional antibiotics for combating microbial resistance. 
AMPs consist of an enormous group of molecules that display efficient 
and potent antimicrobial activities against wild type and multidrug 
resistant bacteria. However, the development of AMPs into clinically 
useful antibiotics is hampered by their relatively low stability, toxicity 
and high manufacturing costs. Current research efforts are focusing on 
developing technologies that might reduce the toxicity of AMPs while 
retaining their potent antimicrobial activity and possibly enhance their 
delivery. In this study, a novel in house designed potent ultrashort 
antimicrobial peptide (USAMP) was encapsulated into chitosan-based 
nanoparticles (CS-NPs) based on the ionotropic gelation method. 
The encapsulation efficacy reported for (RBRBR) into CS-NPs was 
51.33 % with a loading capacity of 10.17 %. The release kinetics of 
the RBRBR from the nano-carrier exhibited slow release followed by 
a progressive linear release for 14 days. The antibacterial kinetics of 
RBRBR-CS-NPs were tested against four strains of Staphylococcus 
aureus for 4 days, and the developed RBRBR-CS-NPs exhibited 3-log 
decrease in the number of colonies when compared to CS-NP and 
5-log decrease when compared to control bacteria. The encapsulated 
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peptide nanoparticle formulation managed to limit the toxicity of the 
free peptide against both mammalian cells and human erythrocytes. 
Additionally, the peptide nanoparticles demonstrated a 50% inhibition 
of biofilm formation when tested against biofilm forming bacteria. 
Loaded USAMP into CS-NPs could represent an innovative approach 
to develop delivery systems based on NPs technology for achieving 
potent antimicrobial effects against multi-drug resistant and bio-
film forming bacteria with negligible systemic toxicity and reduced 
synthetic costs that are obstructing the clinical development of AMPs 
generally.

Session 5: Susceptibility Testing of AMPs

L23: Technical challenges of testing susceptibility of 
bacterial isolates from human and animals to host 
defense peptides.
Melissa N. Langer1,2, Marita Meurer1,2, Stefanie Blodkamp1, 
Martin Beyerbach3, Andrea Feßler4, Nicole de Buhr1,2, Thomas 
Gutsmann5, Lothar Kreienbrock3, Stefan Schwarz4, Maren von 
Köckritz-Blickwede1,2

1. Institute for Physiological Chemistry, 2. Research Center for Emerging 
Infections and Zoonoses (RIZ), 3. Institute for Biometry, Epidemiology and 
Information Processing, WHO-Collaborating Center for Research and Train-
ing for Health at the Human-Animal-Environment Interface, University of 
Veterinary Medicine Hannover, Foundation, Hannover, Germany. 4. Institute 
of Microbiology and Epizootics, Center for Infection Medicine, Department 
of Veterinary Medicine, Freie Universität Berlin, Berlin, Germany. 5. Research 
group Biophysics, Research Centre Borstel, Borstel, Germany. 
mkoeckbl@tiho-hannover.de. 

Antimicrobial susceptibility testing by determination of minimal 
inhibitory concentrations (MIC)-values is a standard diagnostic tool 
in human as well as veterinary medicine. This assay provides the infor-
mation how susceptible or how resistant a bacterium is to a specific 
antimicrobial agent. To determine the MIC distribution for specific an-
timicrobial agents among bacteria of a certain species, a larger number 
of unrelated clinical field isolates is commonly tested for their MICs. 
For host defense peptides/antimicrobial peptides (AMPs), susceptibili-
ty testing is currently neither well explored nor harmonized. 
In this study, we have statistically compared AMP microdilution 
assays for their homogeneity of variances when comparing the MIC 
values of two bovine cathelicidins BMAP-27 and BMAP-28 for clini-
cal S. aureus or E. coli isolates. Importantly, the results revealed a high 
peptide-specific inhomogeneity of MIC values in case of S. aureus, but 
not for E. coli. Secondly, polypropylene plates were compared with 
polystyrene plates using Bartlett’s test for homogeneity of variances 
and Student’s t-test for comparison of the means of both polymers. 
Interestingly, also the influence of plastic plates used for the assay 
was highly strain- and peptide-dependent. Thirdly, we determined the 
MIC values for BMAP-27 and BMAP-28 of 50 S. aureus and 50 E. 
coli field isolates (both from cases of bovine mastitis) and compared 
peptide-specific MIC values of the two bacterial species.
Furthermore, we elucidated the effect of different temperature condi-
tions and oxygen level on MIC values for BMAP-27 and BMAP-28. 
Our data showed that there is an overall tendency to higher MIC 
values when increasing the temperature and higher technical variances 
when performing the assay under hypoxic (7% oxygen level) condi-
tions. Additional parameters are currently tested for various catheli-
cidins and will be presented here.
In conclusion, we provide technical basics, which might be of impor-
tance for further characterization of AMPs, and highlight challenges 
which must be taken into account when analyzing MIC values of host 
defense peptides which might be of interest as therapeutic agents. The 
results clearly illustrate the strain-specific differences in the technical 
procedure and the need of performing susceptibility testing of AMPs 
on several unrelated strains.

L24: Susceptibility Testing of Proline-rich 
Antimicrobial Peptides
Daniel Knappe1,2,3, Elisabeth Wende2, Monique Richter2, Ralf 
Hoffmann3, and Knut Adermann2

1. EnBiotix GmbH, Leipzig, Germany; 2. AMP-Therapeutics GmbH, Leipzig, 
Germany; 3. Institute for Bioanalytical Chemistry, Faculty of Chemistry and 
Mineralogy and Center of Biotechnology and Biomedicine, Universität 
Leipzig, Germany

Standardized testing methods are necessary for the determination of 
clinical breakpoints for the susceptibility of bacteria to known antibi-
otics. The evaluation of the antibiotic resistance pattern of a clinical 
bacterial isolate has become more and more important over the years 
due to the increasing threat of multi-drug resistant infections. Today, 
the resistance to conventional hydrophobic small molecule antibiotics 
has spread alarmingly and demands the development of novel antimi-
crobial lead structures. Contrarily, R&D of novel antimicrobials are 
often limited by the fact that standard¬ized methods have to be used to 
prove the activity spectrum in vitro before efforts for further develop-
ment can be justified or the interest of investors can be attracted. As an 
example, the cyclic lipopeptide daptomycin illustrates that even after 
regulatory approval, an altered method of susceptibility testing may be 
adopted for standardization, in this case the adjustment of the calcium 
ion concentration of the medium. 
Proline-rich antimicrobial peptides (PrAMPs) predominantly exhibit 
their activity by intracellular binding to the bacterial 70S ribosome 
or inhibiting the assembly of the 50S subunit leading in both cases 
to reduced or interrupted protein translation. Interaction with the 
bacterial surface and transport into the cell is most likely a crucial step 
determining the activity of such peptides. As a summary of different 
studies, the influence of medium types, concentration, and single 
ingredients on the susceptibility of bacteria to PrAMPs is presented. 
Additionally, different plate materials and additives were investigated. 
Focusing mostly on derivatives of the apidaecin, the presentation also 
includes other antimicrobial peptides and should serve as a basis for 
discussion on the topic.

L25: Testing the susceptibility of planktonic cultures 
and biofilms towards host defense peptides that 
potentiate their antimicrobial activity in the presence 
of metal ions
Alfredo M. Angeles-Boza, Samuel A. Juliano, and Mark D. 
Libardo
Department of Chemistry, University of Connecticut , Storrs, Connecticut, 
USA. alfredo.angeles-boza@uconn.edu

Host defense peptides (HDPs) and metal ions are important effectors 
in the immune system of all organisms. We have recently reported 
that clavanin A, one member of a family of antimicrobial peptides 
(AMPs) produced by the solitary tunicate Styela clava, utilizes Zn2+ 
ions to potentiate its antimicrobial activity not only by reducing the 
concentration at which the peptide inhibits the growth of bacteria but 
also by increasing the rate of killing [1]. We have also been interested 
in a family of HDPs containing a copper binding motif, known as the 
ATCUN motif. In the tick Ixodes sinensis, the ATCUN motif present 
in the HDP ixosin has been shown to be important to its antimicrobial 
role [2]. Whether copper binding is of importance to the antimicrobial 
activity of the more than 60 ATCUN-containing HDPs remains to be 
demonstrated. To advance this research, our group has modified sus-
ceptibility assays to address whether HDPs utilize metal ions or not. 
Herein, we will present technical details of these assays in the context 
of our discoveries.
[1] Juliano, S. A., Pierce, S., deMayo, J. A., Balunas, M. J., and Angeles-Boza, 
A. M. Biochemistry 2017, 56, 1403-1414. [2] Libardo, M. D. J., Gorbatyuk, V. 
Y., and Angeles-Boza, A. M. ACS Infectious Diseases 2016, 2, 71-81.

Session 6: Membrane Interactions, Physical Studies 
& Immunomodulatory Aspects of AMPs

L26: Toward the comprehension of the mechanism 
of action of antimicrobial peptides: studies of the 
interactions of peptides with bacterial cells.
Alessandra Romanelli
Università degli Studi di Napoli Federico II, Naples, Italy

The mechanism of action of antimicrobial peptides (AMP) has been 
deeply investigated but is far from being understood. We tried to 
contribute to this field by investigating the interactions of AMP with 
bacterial cells by spectroscopic techniques. Studies are focused on 
peptides belonging to the temporin family, either natural peptides and 
synthetic analogues (including lipidated peptides). Structural stud-
ies performed either by Circular Dichroism will be discussed. Very 
preliminary data obtained by experiments aimed at understanding 
the interactors of AMP on bacterial cell membranes by a proteomic 
approach will also briefly be discussed.

L27: Stored membrane curvature energy modulates 
the synergistic activity of magainin peptides.
Georg Pabst, Leber Regina, Michael Pachler and Karl Lohner
Institute of Molecular Biosciences, Biophysics Division, University of Graz, 
Austria

Mixtures of the cationic antimicrobial frog peptides magainin 2 and 
PGLa, exhibiting an amphipathic character, are well-known for their 
synergistic killing of bacteria. We correlated the permeabilizing 
efficacies of these two variants in bacterial and mammalian plasma 
membrane mimicking vesicles with the stored intrinsic curvatures of 
the biological membrane. The intrinsic curvature of the lipids and lipid 
mixture was determined by small-angle X-ray scattering. In bacterial 
mimics synergism was only observed, when the bilayers exhibited 
significant negative intrinsic curvature imposed by monounsaturated 
phosphatidylethanolamine. In turn, in mammalian mimics of nega-
tive curvature both peptides, including their mixtures, did not exhibit 
significant activities consistent with the requirement of peptide binding 
to the membrane surface. Based on our results and thermodynamic 
considerations we propose that synergism is related to a lowering of 
a membrane curvature-mediated free energy barrier by PGLa that 
assists membrane insertion of MG2. Strict pairwise interaction of the 
two peptides as suggested previously seems not to be essential. The 
remarkable qualitative agreement of our findings with live cell studies 
on E. coli emphasizes the central role of stored membrane curvature 
energies and the delicate choice of lipid-only mimics of natural mem-
branes in such studies

L28: Interspecies cathelicidin comparison reveals 
divergence in antimicrobial activity, TLR modulation, 
chemokine induction and regulation of phagocytosis 
Maaike R. Scheenstra, Maarten Coorens, Edwin J. A. Veldhu-
izen, Henk P. Haagsman
Department of Infectious Diseases and Immunology, Division of Molecular 
Host Defence, Faculty of Veterinary Medicine, Utrecht University, The Nether-
lands . m.r.scheenstra@uu.nl 

Host defense peptides (HDPs) are promising new classes of antimi-
crobials. They have been widely studied for their direct antimicrobial 
function. However, more and more HDPs have also been described 
for their immune-modulatory function. Many of these findings have 
been either described solely in the context of the human LL-37 and/or 
murine CRAMP or investigated under varying conditions. The current 
study compares 12 different cathelicidins, selected from 6 different 
species for their antimicrobial activity and immunomodulatory capac-
ity under standardized conditions. This allows for a better understand-
ing of the conservation of cathelicidin functions. 
Except for dog K9CATH and equine CATH-3, all cathelicidins showed 
strong antimicrobial activity against E. coli, however, this activity was 
strongly inhibited in more physiological culture conditions. Antimicro-
bial activity against S. aureus was mainly found for chicken and por-
cine cathelicidins. Interestingly, more physiological culture conditions 

enhanced the activity for all tested peptides against this bacterium. 
Whereas killing of E. coli was linked to lysis of the bacteria, as meas-
ured with sytox green influx, this was not the case for S. aureus. 
Direct induction of chemokines and cytokines remained low and was 
only observed at higher cathelicidin concentrations. Seven out of 
12 cathelicidins were able to neutralize LPS and also 7 cathelicidins 
were able to neutralize LTA however, there was no correlation found 
between LTA and LPS neutralization. In contrast, only 4 cathelicidins 
enhanced DNA-induced TLR9 activation. 
In conclusion, these results provide new insight in the functional dif-
ferences of cathelicidins both within and between species. In addition, 
it underlines the importance not to generalize cathelicidin functions 
and indicates that caution should be taken in extrapolating results from 
LL-37- or CRAMP-related studies to other animal settings.

Session 2: Rapid Communications

R1: Antifungal Activity of NP339: A Novel Antifungal 
Peptide
Vanessa MS Duncan, Laura K Katvars, Daniel W Smith, Tracy 
Shaw, Vivian M Moreno, Laura Simpson, Leon Berge, Shaun N 
Robertson, Derry K Mercer, and Deborah A O’Neil
NovaBiotics Ltd, Cruickshank Building, Craibstone, Aberdeen, UK.

Fungal infections continue to pose a significant and increasing risk 
in the absence of wholly effective and safe antifungal therapeutics. 
There remains a clear clinical and economic need for new, improved 
therapies. NovaBiotics have developed NP339 (Novamycin®), an AMP 
therapeutic candidate with activity against Candida spp., Aspergil-
lus spp., Cryptococcus spp. and Mucorales, including Rhizomucor 
pusillus, Rhizopus oryzae and Rhizopus microsporus and emerging 
respiratory pathogens Exophiala spp. and Scedosporium spp.
NP339 antimicrobial susceptibility testing was carried out against 160 
pathogenic fungi and the time of kill determined. The effect of NP339 
on biofilms, hyphal formation and hyphal length was determined. The 
cytotoxicity and haemolytic potential of NP339 was also ascertained.
The resulting MIC100 against C. albicans ranged from 1 - 64 µg/ml 
(median 2 µg/ml); A. fumigatus had an MIC100 of 16 µg/ml; whilst 
that of emerging pathogens ranged from 2 to 64 µg/ml. NP339 was 
rapidly fungicidal, acting within 15 min against Candida spp. tested, 
and was active against, and successfully prevented, biofilm growth and 
development. NP339 was neither haemolytic or cytotoxic to mammali-
an cells at doses log orders above therapeutic levels.
NP339 is a promising new broad spectrum candidate for the treatment 
for invasive fungal infections. Its membrane targeting mechanism 
of action is distinct from other antifungal classes and facilitates very 
rapid fungicidal activity against clinically relevant drug resistant 
pathogens. This mechanism of action also provides for placebo like 
safety/toxicology profiles with no off-target pharmacology. We believe 
NP339 demonstrates the potential as a novel and effective fungicidal 
antimicrobial peptide.

R2: Inflammatory responses mediated by cytoplasmic 
LPS are suppressed by anti-endotoxin peptides
Anja Pfalzgraff1, Lena Heinbockel2, Qi Su1, Klaus Branden-
burg2, Günther Weindl1

1. Freie Universität Berlin, Institute of Pharmacy (Pharmacology and 
Toxicology), Berlin, Germany; 2. Research Center Borstel, Leibniz-Center for 
Medicine and Biosciences, Divisions of Biophysics, Borstel, Germany. Corre-
sponding author: anja.pfalzgraff@fu-berlin.de

Toll-like receptor (TLR) 4-independent recognition of intracellular 
lipopolysaccharide (LPS) by inflammatory caspases leads to pyropto-
sis and non-canonical inflammasome activation. The discovery of this 
novel mechanism is of great significance for the development of ef-
fective drugs for sepsis treatment since LPS-mediated hyperactivation 
of caspases is critically involved in endotoxic shock. Previously, we 
demonstrated that the synthetic anti-endotoxin peptide Pep19-2.5 effi-
ciently neutralises bacterial pathogenicity factors and protects against 
sepsis in vivo. Here, we report that Pep19-2.5 inhibits the effects of 
cytoplasmic LPS. In THP-1 monocytes and macrophages, the peptide 
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strongly reduced IL-1β and LDH secretion triggered by intracellular 
LPS. In contrast, the TLR4 signaling inhibitor TAK-242 abrogates 
LPS-induced TNF and IL-1β secretion, but not pyroptosis. In THP-1 
monocytes, Pep19-2.5 further suppressed LPS-induced HMGB-1 
production and caspase-1 activation. Consistent with this observation, 
we found impaired IL-1β and IL-1α release in primary monocytes 
stimulated with LPS and reduced LDH release and IL-1B and IL-1A 
expression in LPS-transfected HaCaT keratinocytes in the presence of 
Pep19-2.5. Additionally, Pep19-2.5 completely abolished IL-1β release 
induced by LPS/ATP in macrophages via canonical inflammasome 
activation. Notably, anti-endotoxin peptides reduced IL-1β and LDH 
secretion induced by outer membrane vesicles which mediate LPS 
access to the cytosol under physiological conditions. In conclusion, 
we provide evidence that anti-endotoxin peptides inhibit the inflam-
masome/IL-1 axis induced by cytoplasmic LPS sensing in myeloid 
cells and keratinocytes and activation of the classical inflammasome 
by LPS/ATP which may contribute to the protection against bacterial 
sepsis and skin infections with intracellular Gram-negative bacteria.

R3: Development of novel antimicrobial copolymers
Zvi Hayouka
Institute of Biochemistry, Food Science and Nutrition, The Hebrew University 
of Jerusalem, Rehovot, 76100, Israel. zvi.hayouka@mail.huji.ac.il

Pathogenic infections represent a persistent threat to human health. 
The rapid development of resistance to drug therapies creates a con-
tinuing need for developing new anti-infective agents. Host-Defense 
Peptides (HDPs) represent a potential source of inspiration for devel-
opment of new antibacterial agents. The broad molecular diversity 
among HDPs suggests that their prokaryotic-selective activity is not 
tightly coupled to specific features of amino acid sequence or peptide 
conformation. This situation has inspired the development of sever-
al families of sequence-random hydrophobic-cationic co-polymers 
that display antibacterial behavior with varying levels of hemolytic 
activity. We employed solid-phase synthesis in an unconventional way 
to generate peptide mixtures that contain one type of hydrophobic 
residue and one type of cationic residue. Each mixture was random in 
terms of sequence, but highly controlled in terms of chain length and 
stereochemistry. Analysis of the antibacterial and hemolytic properties 
of these mixtures revealed that selective antibacterial activity can be 
achieved with heterochiral binary mixtures but not homochiral binary 
mixtures (1).
Surface microbial attachment reveal to biofilm formation. Biofilm can 
be defined as structured aggregation of surface-attached microorgan-
isms encased in an extracellular matrix. Bacterial cells within biofilms 
are much less susceptible to conventional antibiotics treatment than 
are bacterial cells in a planktonic state hence; it is very challenging 
to target them. According to our findings we showed that our random 
peptide mixtures were able to prevent biofilm formation and more 
challenging even to eradicate mature biofilm (2). Recently, we showed 
that homochiral random peptide mixtures assemble into antimicrobial 
pores and form contiguous helices that are biologically promiscuous 
and hemolytic. By contrast, the heterochiral mixtuers that lack such 
persistence selectively attack bacterial membranes without oligomer-
ising into visible pores. The results offer a mechanistic rationale for 
designing membrane-selective and sequence-independent antimicrobi-
als (3).
1. Hayouka, Z. Chakraborty, S. Liu, R. Gellman, H.S. J. Am. Chem. Soc. 
2013, 135(32):11748-5. 2. Stern, T.; Zelinger, E.; Hayouka, Z. Chem Commun 
(Camb) 2016, 52, 7102-7105. 3. Hayouka Z, Bella A, Stern T, Ray S, Jiang H, 
Grovenor CRM, Ryadnov MG. Angew Chem Int Ed Engl. 2017

R4: Fluorescent Labeling of the Antimicrobial Peptide 
Dendrimer G3KL to Probe Its Entry into Pseudomonas 
aeruginosa
Bee Ha Gan, Tamis Darbre and Jean-Louis Reymond
Department für Chemie und Biochemie, Freiestrasse 3, 3012 Bern, Switzer-
land

We recently showed that peptide dendrimer G3KL, with amino acid 
sequence (KL)8(KKL)4(KKL)2KKL, exerts strong antimicrobial ac-
tivity against multidrug resistant clinical isolates of the Gram negative 
bacteria A. Baumanii and P. aeruginosa1,2. G3KL was further shown 

to have positive impact in burn wound-healing processes and pro-an-
giogenic effect3. Inspired by imaging studies with fluorescent analogs 
of the cyclic antimicrobial peptide polymyxin B,4 we have modified 
G3KL at its C-terminus and obtained fluorescent analogs that retain 
the antimicrobial activity of G3KL, and used super resolution STED 
nanoscopy imaging to investigate how these fluorescent G3KL analogs 
penetrate P. aeruginosa cells.

Figure 1: Structure of the fluorescein labeled peptide dendrimer G3KL and nanoscopy STED imaging of 
Pseudomonas aeruginosa.
[1] Stach M, Siriwardena TN, Köhler T, van Delden C, Darbre T, Reymond 
JL, Angew. Chem. Int. Ed. 2014, 53, 12827 –12831. [2] Pires J, Siriwardena 
TN, Stach M, Tinguely R, Kasraian S, Luzzaro F, Leib SL, Darbre T, Reymond 
JL, Endimiani A., Antimicrob Agents Chemother. 2015, 59, 7915–7918. [3] 
Abdel-Sayed P., Kaeppli A., Siriwardena T., Darbre T., Perron K., Jafari P., 
Reymond JL., Pioletti DP., Applegate LA., Sci Rep. 2016, 6, 22020. [4] Deris 
ZZ, Swarbrick JD, Roberts KD, Azad MA, Akter J, Horne AS, Nation RL, Rog-
ers KL, Thompson PE, Velkov T, Li J. Bioconjug Chem. 2014, 25(4), 750-760.

R5: Peptides effect on in vitro wound healing
Michelle Vang, Håvard Jenssen
Department of Science and Environment, Roskilde University, Roskilde, 
Denmark

The incidence of chronic wounds is increasing as the population be-
come older and more obese. Together this leads to a higher prevalence 
of comorbid diseases, such as diabetes, which are the major factors in 
development of non-healing wounds. The characteristics of non-heal-
ing wounds are low migration of keratinocytes, infection of opportun-
istic bacteria, and low vessel perfusion [1]. 
In this study, we have established an assay for monitoring cell line 
wound healing in vitro of a variety of peptides. We have further 
investigated the immunomodulatory effects and antimicrobial activity 
of peptides that are often found in decreased levels in diabetic wounds 
(e.g. insulin, neurotensin and substance P). Aside from their effects on 
migration of HaCat cells, a panel of cytokine levels was also analyzed, 
and HUVEC cells were used to assess the peptides angiogenic effect. 
Finally, clinical isolates of Staphylococcus lugdunensis, a virulent 
bacterium often found in wounds, were used to examine the potential 
antimicrobial activity of the peptides.
We demonstrated that insulin (P<0.001) and the neuropeptides sub-
stance P (SP) (p<0.001) and neurotensin (NT) (p<0.05), IDR-1018 
(p<0.01), and LL-37 fragments of 12-mer (p<0.001) significantly 
increased HaCat migration in a scratch assay wound model. Follow-
ing the migration assay, the HaCat cells were harvest and further 
used to detect pro-inflammatory cytokines TNFα, IL-6, and IL-8. NT 
significantly increased IL-8 4-fold, while SP and insulin significantly 
decreased the cytokine levels. Furthermore, IDR-1018, NT, SP, and 
insulin increased angiogenesis in the HUVEC cells. Finally, the tested 
bacteria were not susceptible to the peptides, but have previously been 
demonstrated to have antimicrobial activity against Staphylococcus 
aureus, Escherichia coli, Pseudomonas aeruginosa among others, and 
antifungal activity against Candida albicans [2]–[4]. 
In conclusion, the peptides demonstrated good healing capabilities by 
significantly decreasing pro-inflammatory cytokine levels while signif-
icantly increasing angiogenesis and cell migration. The peptides could 
therefore be potential new agents for treatment of wound healing. 

[1] S. A. Eming, P. Martin, and M. Tomic-Canic, Science Translational Medi-
cine, vol. 6, no. 265, p. 265sr6-265sr6, 2014. [2] K. Kowalska, D. B. Carr, and 
A. W. Lipkowski,  Life Sciences, vol. 71, no. 7, pp. 747–750, 2002. [3] C. J. 
Hansen, K. K. Burnell, and K. A. Brogden, Journal of Neuroimmunology, vol. 
177, no. 1–2, pp. 215–218, 2006. [4] I. A. El Karim, G. J. Linden, D. F. Orr, and 
F. T. Lundy,  Journal of Neuroimmunology, vol. 200, no. 1–2, pp. 11–16, 2008.

R6: A high-resolution solid-state NMR study of 
the Plectasin – Lipid II complex in native-like lipid 
membranes
S. Jekhmane1, J. Medeiros-Silva1, F. Torres1, B.O.W. Elenbaas1, 
E.J. Breukink2, M. Weingarth1

1. NMR Spectroscopy, 2. Membrane Biochemistry and Biophysics, Bijvoet 
Center, Science for Life, Utrecht University, Utrecht, The Netherlands. M.H.
Weingarth@uu.nl

Lipid II is a crucial precursor for the biosynthesis of the bacterial cell 
wall. Its central function makes lipid II an excellent and validated 
target for antimicrobial peptides as novel antibiotics. Well-known 
examples of lipid II – targeting peptides are nisin and plectasin that 
kill bacteria via targeted pore formation (nisin) or lipid II sequestration 
(plectasin). Plectasin is a 40-amino acid fungal defensin that folds 
into cysteine-stabilized alpha-beta (Cαβ) conformation [1]. A dock-
ing-model for the plectasin – lipid II complex has been derived based 
with solution NMR [2]. However, this model, derived in non-physi-
ological micelles and with ambiguous structural restraints, suggests 
being improvable.
Herein, we use a cutting-edge solid-state NMR approach to study 
the plectasin – lipid II complex at high-resolution and in native-like 
lipid membranes. Intriguingly, we demonstrate the existence of two 
different lipid II binding modes in physiological conditions, which is 
reflected by two conformations of plectasin key residues involved in 
lipid II binding (Figure 1). Moreover, we present a detailed analysis of 
the structure and dynamics of lipid II-bound plectasin, and we use our 
data to refine plectasin’s mode of action (Figure 2). Moreover, we inte-
grate our NMR results with extensive molecular dynamics simulations 
to derive a general framework for the binding of Cαβ defensins to lipid 
II. Altogether, we expect our study to improve our understanding of 
how antimicrobial peptides target lipid II and highlight the importance 
of studying antimicrobial peptides in physiological conditions.

[1] P.H. Mygind, R.L. Fischer, …. M. Zasloff, H. Kristensen, Nature 437, 975 
(2005). [2] T. Schneider, T. Kruse, …..H. Sahl, H. Kristensen, Science 328, 
1168-1172 (2010).

R7: Parasite designed immunomodulators prevent 
lung inflammation.
Jenna Shiels1,2, Simon R. Carlile2, Clifford C. Taggart2, Sinéad 
Weldon2, John P. Dalton1 
1. School of Biological Sciences; 2. Airway Innate Immunity Research Group 
(AiiR), Centre for Experimental Medicine (CEM), School of Medicine, Dentist-
ry and Biomedical Sciences, Queen’s University Belfast, UK.

Reduced host immune responses and immunopatholgies are commonly 
observed as bystander effects of helminth parasite infections. Fasciola 
hepatica helminth defence molecule (FhHDM-1), a major peptide 
component of the trematode parasite’s secretory products, is structural-
ly similar to antimicrobial and cathelicidin peptides and is believed to 
play an important role in immunomodulatory host-parasite interac-
tions. FhHDM-1 downplays host pro-inflammatory immune responses 

for the parasite’s benefit. We hypothesise that we can exploit this func-
tion from a therapeutic perspective for diseases in which pathology 
is driven by inflammation. To investigate the immunomodulatory ca-
pacity of these peptides, they were tested in in vitro cell culture assays 
using lipopolysaccharide (LPS) as a pro-inflammatory stimulus. RNA 
expression and protein analysis revealed that FhHDM-1, and a peptide 
derivative, effectively suppresses pro-inflammatory responses in mac-
rophages. These peptides displayed no evidence of direct antimicrobial 
activity in vitro. We also evaluated the effects of administering the 
peptides in vivo in murine models of acute lung inflammation (LPS) 
and Pseudomonas aeruginosa infection. Characterisation of cells in 
broncho-alveolar lavage fluid showed that treatment with FhHDM-1 
or its derivative results in reduced levels of neutrophils and a reduction 
in bacterial CFUs recovered from the lung. These findings support our 
hypothesis that FhHDM-1 and derived peptides hold potential as novel 
therapeutics for inflammatory lung disease and infection.

R8: Balancing selection is pervasive in Drosophila 
antimicrobial peptides
Chapman, JR; Hill, T; Unckless, RL
Molecular Biosciences, University of Kansas, Lawrence, Kansas, USA. 
Joanne.chapman@ku.edu

Antimicrobial peptides (AMPs) are key components of the innate 
immune repertoire of insects, providing direct microbicidal activity 
against pathogens. The selective forces shaping the evolutionary 
ecology of these genes are contentious. Balancing selection could act 
to maintain functional diversity in AMPs if the selective advantage 
of specific alleles is context dependant, thereby promoting mainte-
nance of multiple alleles over evolutionary timescales. Evidence for 
balancing selection acting on Drosophila AMP genes is equivocal. 
Genome-wide screens do not tend to identify AMPs as balanced. In 
contrast, studies of individual AMPs have revealed adaptive main-
tenance of polymorphism. Here, we specifically test whether AMPs 
show stronger signs of balancing selection than nearby genes, and 
other immunity genes. We used three D. melanogaster populations and 
a suite of statistics including conventional tests and newly developed 
methods. Overall, we find that the evolution of AMPs is consistent 
with balancing selection. Interestingly, tests designed to detect ancient 
selection show fewer signatures of balancing selection in AMPs than 
tests that focus on contemporary selection. Maintenance of adaptive 
polymorphism in AMPs may provide hosts flexibility to respond 
to a rapidly changing and diverse pathogen fauna, as predicted by 
host-pathogen co-evolutionary dynamics. Alternately, it may allow 
hosts to adaptively trade off immune requirements with other life-his-
tory and fitness traits.

R9: Antimicrobial peptides in venomous fish Pterois 
volitans
Baptiste Houyvet1, Yolande Bouchon-Navaro2, Claude Bou-
chon2, Benoit Bernay4, Erwan Corre3, Céline Zatylny-Gaudin1
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Antimicrobial peptides (AMPs) present in all living organisms, are 
the key components of the innate immune system. In Fish, several 
AMP families have been identified including defensins, cathelicidins, 
LEAPs (Liver Expressed Antimicrobial Peptides), histone-derived 
peptides and a fish-specific family, called piscidins. If these AMP 
families are well described in common fish, no study was realised in 
venomous fish.  For the first time, we demonstrated the occurrence of 
AMPs in the venomous lionfish. From a unique and targeted transcrip-
tome of the venom apparatus of Pterois volitans, we identified seven 
transcripts encoding antimicrobial peptides. Four of them encode for 
cysteine-rich antimicrobial peptides related to liver expressed anti-
microbial peptides (hepcidin and LEAP-2), β-defensin or NK-lysin. 
The last three transcripts encode for piscidins, amphipathic α-helical 
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AMPs. The particularity of the piscidin precursors is a high sequence 
homology in signal peptide domain. Piscidins identified in lionfish 
were called pteroicidins. By peptidomic approach, we detected β-de-
fensin and two pteroicidins in venomous spines of lionfish. We clearly 
identified, by mean of mass spectrometry analysis, two forms of ptero-
icidin-1: an amidated form and a non-amidated form. The two forms of 
pteroicidins-1 revealed different effects on Gram Negative and Gram 
positive Bacteria and on erythrocytes demonstrating the important role 
of the C-terminal amidation in this antimicrobial peptide.

R10: GVF27: a cryptic host defence peptide from a 
human putative dehydrogenase
Andrea Bosso1, Rosa Gaglione2, Katia Pane1, Angela Arciello2, 
Edwin J.A. Veldhuizen3, Ennio Notomista2, Elio Pizzo1

1. Department of Biology; 2. Department of Chemical Sciences, Federico II 
University, Naples, 80126, Italy; 3. Department of Infectious Diseases and 
Immunology, Utrecht University, 3584 CS Utrecht, The Netherland. 
andrea.bosso@unina.it

Recently we developed a bioinformatic tool, able to identify antimi-
crobial peptides hidden in protein precursors [1]. Analyzing a pool of 
4000 human secreted proteins, we selected a 27 residues peptide at the 
C-terminus of human 11-hydroxysteroid dehydrogenase-1 β-like (Un-
iProtKB: Q7Z5J1) which showed the highest theoretical antimicrobial 
score. This peptide, named GVF27, has been extensively characterized 
from a functional and structural point of view [2]. We found that it 
shows a wide range toxicity on gram negative and positive bacteria, 
promising anti-biofilm properties, no significant toxicity on different 
human cells and no haemolytic effects on erythrocytes. Moreover, 
structural analysis carried out by circular dichroism, nuclear magnetic 
resonance (NMR) and light scattering have highlighted that GVF27 
tends to assume a helical conformation in mimic membrane environ-
ments as well as it is able to bind bacterial lipopolysaccharides (LPS). 
The ability of GVF27 to interact with LPS has been also confirmed 
by several biological assays which highlighted that the peptide is 
able to significantly inhibit the pro-inflammatory response. Indeed, 
GVF27 strongly down-regulates the release of nitric oxide (NO) and 
the production of interleukin 6 (IL-6) both in LPS pre-treated murine 
macrophages cells and upon co-administration of the peptide and the 
endotoxin. Other preliminary evidence suggests that GVF27 is also 
able to improve the intracellular clearance of Salmonella enterica 
serovar typhimurium, by macrophages, so corroborating the intriguing 
idea that this cryptic peptide is an excellent example of multi-tasking 
host defence peptide (HDP) that could offer significant advantages as 
leads for the design of human-specific therapeutics.

[1] Pane et al. Journal of Theoretical Biology. (2017) 419:254-265. DOI: 
10.1016/j.jtbi.2017.02.012. [2] Bosso et al. Biochimica et Biophysica Acta 
(BBA) - General Subjects. (2017) in press. DOI: 10.1016/j.bbagen.2017.04.009
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Over 60% of all nosocomial infections are due to the presence of bio-
films on medical devices, such as implants, with treatment costs reach-
ing billions of dollars annually. Biofilms are hard to eradicate due to 
their marked resistance to antibiotic therapy. This renders the need for 
developing novel anti-biofilm treatments urgent. A major challenge of 
in vivo pre-clinical testing of novel compounds is to establish relevant 
animal models. Even though vertebrate models better resemble the 
human pathophysiology, they become unaffordable in large screening 
settings and entail more ethical concerns. Invertebrates are ethically 
preferable, cheaper and easier to handle. Galleria mellonella (greater 
wax moth) has been gaining popularity in recent years as an alterna-
tive model to study microbial infections. The goal of this study is to 
explore the potential of G. mellonella as a model organism to study 
anti-biofilm properties of candidate compounds on infected implants.  
A metallic or plastic implant is inserted in G. mellonella larvae, which 
are then infected with a light-emitting bacterial pathogen (lux-express-
ing). The infection is visualised in vivo in a dark box with a sensitive 
camera. It is expected that the biofilm formed on the implant survives 
a subsequent antibiotic treatment, which kills the planktonic bacteria 
in the larvae. This is visualised as light coming only from the implant 
area in the larvae. Different anti-biofilm compounds are administered 
to the larvae to investigate their effect on the biofilm on the splinter. 
The experiments are ongoing.  

P2: Activity of Cathelicidins against Pseudomonas 
aeruginosa biofilms.
Hongwei Chen, Henk P. Haagsman, Edwin Veldhuizen 
Dept of Infectious Diseases & Immunology, Faculty of Veterinary Medicine, 
Utrecht University, The Netherlands 

Cathelicidins are Host Defence Peptides (HDPs) known for their anti-
bacterial as well as their immunomodulatory activity. Numerous stud-
ies have revealed the antibacterial activity of these peptides against 
planktonic bacteria, however, in most infections bacteria are present 
in biofilm structures making them less susceptible to antimicrobial 
compounds.  In this study we focused on determining the antibiofilm 
activity of 10 cathelicidins from several species. HDPs, including LL-
37, CRAMP and chicken cathelicidin 2 (CATH-2) were able to inhibit 
Pseudomona aeruginosa biofilm formation, however this activity was 
directly correlated to their direct antibacterial activity against plank-
tonic bacteria.  Furthermore, HDPs were tested against preformed 
Pseudomonas aeruginosa biofilms. Crystal violet staining and viability 
tests of treated biofilms revealed that the mouse cathelicidin CRAMP 
was able to largely eradicate the biofilm while a.o.LL-37 and CATH-2 
were able to kill bacteria in the biofilm but not reduce biofilm mass, 
(while other HDPs such as PMAP-23 or IDR 1018 were unable to 
show any antibiofilm effects in our set-up).  These observations were 
confirmed by visualization of the biofilms using confocal microscopy. 
Treatment of biofilms with CRAMP indeed resulted in minor left-over 
biofilm structures while the structure of the biofilm remained intact 
with CATH-2 or LL-37 treatment. However, in line with the earlier 
observations, propidium Iodide staining of the biofilms revealed that 
bacteria were largely killed in the biofilm. These results highlight the 
potential of HDPs  for treatment of biofilms  

P3: Novel Viral Capsid Protein-Derived Peptides with 
Potent Antibacterial Activity
S.A. Dias1, J.M. Freire2, C.P. Peinado3, M.M. Domingues1, D. 
Gaspar1, N. Vale4, P. Gomes5, D. Andreu3, S.T. Henriques6, 
M.A.R.B. Castanho1, A.S. Veiga1

1. Instituto de Medicina Molecular, Faculdade de Medicina, Universidade de 
Lisboa, Lisboa, Portugal; 2. Department of Virology, Institut Pasteur, Paris, 
France; 3. Department of Experimental and Health Sciences, Pompeu Fabra 

University, Barcelona Biomedical Research Park, E-08003 Barcelona, Spain; 
4. UCIBIO-REQUIMTE, Faculdade de Farmácia, Universidade do Porto, Porto, 
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for Molecular Bioscience, The University of Queensland, Brisbane, Queens-
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The increasing prevalence of multidrug-resistant bacteria has driven 
the search for new and effective antibacterial agents. Antimicrobial 
peptides (AMPs) have been considered potential alternatives to con-
ventional antibiotics [1]. Using bioinformatic tools we have previously 
shown that viral structural proteins are a rich source for new bioactive 
peptide sequences, namely antimicrobial and cell-penetrating peptides 
(CPPs) [2]. In this work, we test the efficacy and mechanism of action 
of the most promising peptides among those previously identified 
against both Gram-positive and Gram-negative bacteria. Two CPPs, 
vCPP 0769 and vCPP 2319, revealed strong antibacterial activity 
against all bacteria tested, being thus multifunctional. The antibacterial 
mechanism of action was studied in detail for vCPP 2319 and for the 
previously identified viral protein-derived peptide, vAMP 059, with 
proven antibacterial activity [2]. Both peptides act on both Gram-pos-
itive Staphylococcus aureus and Gram-negative Pseudomonas aerug-
inosa, with bacterial cell death occurring within minutes. Also, these 
peptides cause bacterial membrane permeabilization and damage of 
the bacterial envelope of P. aeruginosa cells. Overall, the results show 
that structural viral proteins are an abundant source for membrane-ac-
tive peptides sequences with strong antibacterial properties.
[1] Baltzer SA and Brown MH (2011) J. Mol. Microbiol. Biotechnol. 20:228–
235. [2] Freire JM, Dias SA, Flores L, Veiga AS and Castanho MARB (2015) 
Bioinformatics 31:2252–2256.
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Over the last century, antibiotics have played a pivotal role in global 
health. The ever growing threat of multidrug-resistant organisms, 
coupled with a declining antibiotic pipeline has led to an urgent need 
for novel antimicrobial agents. Gram negative bacteria such as Pseu-
domonas aeruginosa has been declared a “critical priority” pathogen 
for development of new antibiotics against it by the World Health Or-
ganisation (1). P. aeruginosa has shown resistance against antibiotics 
of all classes, along with little novel development of therapeutics over 
many years and in a major problem in vulnerable healthcare settings. 
Antimicrobial peptides possess the ability to be a novel therapeutic op-
tion to treat multidrug resistant gram negative bacteria, with a potential 
different mode of action, however studies pertaining to mode of action 
can be slow, complex and costly.
In this study, we characterise a library of novel short peptides designed 
in silico, which were originally synthesised on a cellulose membrane, 
of which the most positively acting in a high throughput screen were 
synthesised on resin. We report their respective MICs, haemolytic 
activities and time kill comparisons. Furthermore we deploy a novel 
high-throughput screening technique known as Biological Small Angle 
X-ray Scattering (BioSAXS) to differentiate modes of actions, with 
conventional antibiotics and peptides in a matter of minutes. Finally 
we determine their mammalian cell line toxicity with HEK-293 and 
attempt to understand their interaction with E coli via transmission 
electron microscopy. 
(1) Antibiotic resistant pathogen list, World Health Organisation, 2017  

P5: Binding of synthetic AMPs to human serum 
albumin 
Stephan Harm1, 2 and Jens Hartmann1

1. Department for Health Sciences and Biomedicine, Danube University 
Krems, Krems, Austria; 2. Department of Pharmaceutical Technology and 
Biopharmaceutics, University of Vienna, Vienna, Austria. 
stephan.harm@donau-uni.ac.at

Human serum albumin (HSA) is a monomeric multi-domain protein 
that possesses an broad spectrum of binding partners. It plays an 
important role in binding and transporting endogenous substances, 
metabolites, and drugs throughout the human circulatory system. In 
cases where highly hydrophobic compounds bind to HSA, their overall 
solubility in plasma will increase, but a high affinity toward HSA will 
require higher dosages and may be a disadvantage. Lactoferrin (LF) 
related synthetic antimicrobial peptides (AMPs) are developed to act 
as antibiotic against multidrug resistance bacteria [1]. They consist of 
an overall positive charge and an amphiphilic tertiary structure. Many 
studies have shown that acetylation of LF related AMPs increase 
their antimicrobial activity [2]. But by increasing their hydropho-
bicity, a higher HSA binding affinity can be expected. In this study 
we compared the minimal inhibitory concentration (MIC) of differ-
ently acetylated AMPs with or without HSA against Staphylococcus 
aureus and Escherichia coli. Additionally, we measured the amount 
of protein bounded AMP in HSA solution. The results show that the 
MIC increased when albumin was added. The albumin binding study 
resulted that part of the applied AMP is bound to the HSA molecule 
which means that only a small fraction is antimicrobially active when 
it is administrated intravenously into patients. We suggest that albumin 
binding should be taken into careful consideration in antimicrobial 
peptide studies, as the systemic distribution can be significantly affect-
ed by HSA interactions. 
[1] Chem Biol Drug Des. 2017;doi: 10.1111/cbdd.13023. [2] Biochim Biophys 
Acta. 2006;1758(9):1426-35
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Endotoxins (LPS) in blood can cause severe inflammation or sepsis. 
Therefore, they are among the target molecules which should be 
removed in patients suffering from liver failure or sepsis. However, 
there is still a lack of adsorbents for the effective removal of LPS 
[1]. Antimicrobial peptides (AMPs) enable promising approaches for 
extracorporeal therapies, either by inactivating LPS in solution or by 
removing LPS by AMP-based adsorbents.
In order to select the most promising AMP for the inactivation of LPS, 
we aimed to assess the binding affinities of various AMPs to LPS from 
Escherichia coli and Pseudomonas aeruginosa based on a fluores-
cent probe displacement assay [2] in aqueous solution and in human 
plasma. Furthermore, the AMPs were characterized regarding their 
ability to decrease the biologic activity of LPS in blood. The tests were 
carried out by measuring the LPS activity by Limulus Amebocyte 
Lysate (LAL) test in AMP-spiked plasma. Moreover, after incubation 
in blood, the release of cytokines was measured. In all experiments, 
Polymyxin-B (PMB) was used as the gold standard for LPS inactiva-
tion.
The results show that the acyl chain length in order to maximize the 
binding affinity as well as to minimize the LAL activity depends not 
only on the AMP, but also on the medium in which the experiment was 
carried out. Several AMPs show a binding affinity as high as PMB in 
aqueous solution, but PMB outperforms all AMPs regarding the re-
duction of LAL activity. In contrast to PMB, none of the AMPs could 
reduce the cytokine production significantly. However, their potential 
use for an endotoxin adsorbent based on immobilized AMPs has to be 
proven in further studies.  
[1] Int J Art Org, 2014, 37(3): 222-232. [2] Comb Chem High Throughput 
Screen, 2004 May;7(3):239-249
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Antimicrobial peptides (AMPs) are key components of the innate 
immune repertoire of animals and plants, providing broad and rapid 
protection against invading pathogens [1].
Despite their importance, the genetic and functional diversity of 
avian b-defensins (AvBDs) is poorly understood. In mallards (Anas 
platyrhynchos), evolutionary analyses have shown that the majority of 
AvBD genes are under strong purifying selection, with a single pre-
dominating allele per gene, while others are under balancing selection, 
resulting in higher allelic diversity [2]. Here, we set out to investi-
gate the microbicidal activities of AvBD3b, a gene under balancing 
selection, comparing three naturally occurring alleles (two globally 
common and one rare) [2].
Commercially synthesized reduced AvBD3b peptides were oxidized 
under conditions favouring formation of disulphide bridges. Pep-
tides were purified using high-performance liquid chromatography, 
with purity and oxidation confirmed by liquid chromatography-mass 
spectrometry, and folding homogeneity determined with 1D and 
3D nuclear magnetic resonance spectroscopy. Peptide activity was 
assessed through radial diffusion assays against Escherichia coli and 
Staphylococcus aureus. All peptides displayed in vitro bactericidal 
activity, with oxidized peptides having marginally higher activity than 
reduced peptides against E. coli, but reduced peptides showing higher 
activity than oxidized peptides against S. aureus. However, only the 
rare oxidized allele managed to fully inhibit the growth of S. aureus. 
Hence, AvB3b alleles differ in their bactericidal activity, both in terms 
of potential targets and minimum inhibitory concentrations. These 
results suggest that maintenance of AvBD3b allelic diversity in the 
wild may be a function of the different microbicidal properties of each 
allele.
[1] Ganz 2003 Nature Reviews Immunology 3, 710-720; [2] Chapman et al. 
2016 Mol Biol Evol 33 (12), 3075-3087.
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In cephalopods, no antimicrobial peptide (AMP) has been identified 
yet. Annotation of the transcriptome or the genome using BLAST did 
not identify classical AMPs from sequence identities. We searched for 
AMPs in the cuttlefish Sepia officinalis by an in silico analysis of a 
transcriptomic database including the nervous system, salivary glands, 
and female genital gland transcriptomes. With an original approach 
using AMP databases (CAMP, APD), homemade software and online 
prediction tools, we identified potential antibacterial sequences. Ten 
peptides with a length of less than 25 amino acids were synthesized. 
Each peptide possesses a hydrophobic content in the 30−70% range, 
and can form alpha-helices. Antibacterial activity was evaluated on 
eight bacteria such as marine pathogens Vibrio alginolyticus, Aero-
monas salmonicida, or human pathogens such as Salmonella typhimu-
rium, Listeria monocytogenes, or Staphylococcus aureus. 50% of the 
peptides had antibacterial activity on at least one strain. Peptides GR21 
and KT19 had a broad activity spectrum with minimal inhibitory con-
centrations below 25 µM on five bacterial strains. Hemolytic activity 

was evaluated on human red blood cells. GR21 and KT19 induced 
respectively 10% and 20% of hemolysis at a concentration of 200 µM.

P9: The antimicrobial mode of action of PAFB, a 
second small, cysteine-rich and cationic protein from 
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Small, cationic and cysteine-rich antimicrobial proteins (AMPs) from 
filamentous ascomycetes represent promising bio-molecules for the 
development of novel antimicrobial drugs in medicine and agriculture. 
They are highly stable against harsh environmental conditions and 
some were identified to be non-toxic to mammalian cells in vitro and 
in vivo [1, 2].
The genome of the penicillin-producing mould Penicillium chrysoge-
num Q176 harbours more than one gene that code for secreted, small, 
cysteine-rich and cationic proteins. 
The structure and mode of action of one, the antifungal protein PAF, 
has been extensively examined [3, 4]. In this study, we analysed the 
antimicrobial activity of a second protein, PAFB, which is a pre-
pro-protein with high similarity to the recently described protein 
PgAFP from P. chrysogenum R42C [5].
Although we detected timely regulated pafB gene transcripts in North-
ern blot experiments, we could not identify PAFB in the supernatant of 
P. chrysogenum Q176, cultivated under standard conditions. There-
fore, we used our P. chrysogenum-based expression system to produce 
sufficient amounts of recombinant PAFB for functional characteriza-
tion [6]. 
The purified, mature PAFB effectively inhibited the growth of human 
opportunistic pathogenic fungi like Aspergillus fumigatus and der-
matophytes like Trichophyton rubrum in a µM concentration range. 
A potent killing activity was also identified against the yeast Candida 
albicans. Localization studies using fluorescence-labelled PAFB indi-
cated that the fungicidal activity is closely linked with protein uptake 
and subsequent cytoplasmic localization in fungal cells. Finally, we 
report here for the first time the most interesting observation, that the 
P. chrysogenum AMPs have anti-viral activity.
[1] Szappanos et al. 2005, Naunyn-Schiedeberg’s Arch Pharmacol 371, 122-
132. [2]Palicz et al. 2013, Toxicol. Appl Pharmacol 269, 8-16. [3] Marx et al., 
2008, Cell Mol Life Sci 65, 445-454. [4]Fizil et al. 2015, Chemistry-Eur. J 21, 
5136-5144. [5]Delgado et al. 2015, Int J Food Microbiol 205, 23-29. [6]Sonde-
regger et al. 2016, Microb Cell Fact. 15:192
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Antimicrobial peptides (AMPs) are proposed as potential alternative 
to classical antibiotics. Although some studies have shown that AMPs 
can have complex mode of actions, there is no system level approach 
to uncover their complex nature. To address this challenge, we devel-
oped a high-throughput chemical-genomic approach that not only clus-
ters the AMPs on the basis of their mode of action but also suggests 
potential AMP combinations. This approach systematically identified 
the genes that influence AMP susceptibility in Escherichia coli and 
profiled 15 AMPs with the diverse mode of actions. We found that the 
chemical-genomic profile groups the 15 AMPs into 4 different clusters. 
Each cluster suggests a similar mode of action for the AMPs within the 
cluster and sheds light on the cellular processes and proteins affected. 
For example, the genes that provide resistance to membrane targeting 
AMPs were highly enriched for membrane maintenance proteins. 

Interestingly, we found that membrane maintenance proteins frequent-
ly show strong antagonistic interactions in the different clusters. In 
particular, we demonstrated that perturbation in membrane phospho-
lipid composition provides resistance to membrane targeting AMPs 
but induces sensitivity to intracellular targeting AMPs. Understanding 
of such antagonistic interactions not only led to find drug sensitivity 
in the resistant bacteria but can also be exploited in clinics to develop 
effective drug combinations.

P11: Use of antimicrobial peptides for the reduction 
of multi-resistant pathogenic bacteria and prevention 
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Bacterial adhesion on surfaces in milk production and processing en-
vironments leads to increased opportunity for microbial contamination 
of dairy products. In biofilms survival of multi-resistant pathogens is 
promoted and bacteria are partly protected from cleaning or disinfec-
tion procedures. Novel control and prevention strategies for biofilms 
are required. Antimicrobial peptides (AMPs) are therapeutic agents 
with a broad bactericidal or bacteriostatic activity against gram-posi-
tive and gram-negative bacteria. Effective and suitable immobilization 
strategies of AMPs onto surfaces allow generating coatings which 
prevent biofilm formation by reducing the microorganism load upon 
contact.
In a joint research project effective and suitable immobilization strate-
gies of AMPs onto surfaces preventing biofilm formation by reducing 
the microorganism load upon contact were developed and optimized. 
Several natural and modified AMPs were employed and the antimicro-
bial mode of action was tested using isolates of mastitis-causing path-
ogens. Experiments for cytotoxicity in a eukaryotic cell model indicate 
the biocompatible properties of the AMPs used. Optimized antimi-
crobial surface coating with unrestricted antimicrobial properties and 
lowest necessary peptide amount were adjusting to relevant surfaces in 
milk production and processing: Steel, rubber and silicone
In result, biocidal surfaces on the basis of AMPs that reduce microbial 
load successfully were generated. Bacteria have great difficulties to ac-
quire resistance against short-chained peptides. Therefore the approach 
may offer an alternative to the use of antibiotics and consequently may 
assist to reduce the spread of zoonotic diseases between animals and 
humans.
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Insects make up the largest and most diverse group of organisms on 
earth with estimated numbers of around 4,000,000 species to exist in 
total. Their immune system has evolved a complex arrangement of 
constitutive and inducible antimicrobial peptides (AMP) that are used 
to defend against invading microorganisms or allow a symbiotic life-
style with a variety of microbes including bacteria and fungi. Several 
insect AMPs were found to exhibit broad-spectrum activity against 
various human pathogens and thus they are considered as promising 
candidates for novel antibiotic drug development. 
In our current work we focus on the class of insect defensins. These 
peptides exhibit a well-defined structure consisting of a complex 
arrangement of α-helixes and β-sheets that are stabilized by three intra-
molecular disulfide-bonds. Together with a range of reported activities 

they represent ideal templates for structure-activity studies. 
Using a thorough in silico mining approach we analysed >140 insect 
species and were able to identify a series of novel cysteine-rich defen-
sin and defensin-like peptides. Interestingly, we show their presence or 
absence to be confined within individual species and orders. Subse-
quently, solid-phase peptide synthesis is applied to generate sufficient 
material for both NMR structural studies as well as bioactivity testing 
against a range of human pathogens. 
This work not only identifies novel defensin peptides and investigates 
their potential as novel antibiotic lead molecules, but also provides 
insights into the role of defensin peptides in insect ecology.

P13: Peptide conjugates able to eradicate intracellular 
Staphylococcus aureus infection of macrophages.
Paulina Kosikowska-Adamus1, Michał Pikuła2, Joanna Kozieł3, 
Adam Lesner1

1. Department of Molecular Biochemistry, Faculty of Chemistry, University 
of Gdańsk, Gdańsk, Poland; 2. Clinical Immunology and Transplantology 
Division, Medical University of Gdańsk, Gdańsk, Poland; 3. Department 
of Microbiology, Faculty of Biochemistry, Biophysics and Biotechnology, 
Jagiellonian University, Kraków, Poland

Staphylococcus aureus is the causative pathogen of variety of human 
diseases, including skin and soft tissue infections, endocarditis, 
osteomyelitis, toxic shock syndrome or necrotic pneumonia.  For a 
long time, S. aureus was considered as typical extracellular pathogen, 
however, the recent studies revealed that this bacteria can invade and 
survive within a variety of cells, such as macrophages, neutrophils, 
T-lymphocytes, epithelial cells, osteoblasts and fibroblasts.  Intracellu-
lar persistence enables S. aureus not only to escape from the response 
of host immunity, but also to disseminate within the body. This mecha-
nism, among other things, is currently considered as one of the reason 
of ineffectiveness of standard antibiotic  therapies directed mostly 
against extracellular bacteria. 
In our studies we analyze the effectiveness of eradication of mac-
rophage staphylococcal infection with several antimicrobial pep-
tides (AMPs) and peptide conjugates, consisting of AMP and WHP 
(wound-healing peptide). We applied the model of intracellular infec-
tion of human monocyte-derived macrophages (hMDMs) and murine 
macrophage cell line RAW 264.7 with Newman strain of S. aureus 
in the presence of gentamicine.  Our preliminary results confirmed, 
that at concentration of 10 μg/ml (4,4 µM)peptide conjugate DAL-
PEG-DK5 was able to kill up to 90% of entrapped S. aureus in case 
of hMDMs and up to 70% in case of RAW 264.7 cell line. The same 
peptide conjugate was found also active against several bacteria and 
fungi (Candida spps.) strains in a model of standard in vitro screening 
(MIC evaluation). 
Overall, these results suggest the potential utility of antimicrobial 
peptides and their derivatives in eradication of intracellular bacterial 
infections.
This project was supported by Polish National Science Center under the grant 
PRO-2016/23/D/ST5/02234

P14: Mapping structure-function landscapes of AMPs
Mara Kozic1,2, Stephen J. Fox1, Chandra Verma1 and Daniel J. 
Rigden2

1. Biomolecular Modelling and Design, Bioinformatics Institute, A*STAR, 
Singapore; 2. School of Biological Sciences, Institute of Integrative Biology, 
Liverpool, UK. Mara.Kozic@liverpool.ac.uk

Antimicrobial resistance to current antibiotics is assuming alarming 
proportions worldwide and has become a serious public health threat. 
Antimicrobial peptides (AMPs) offer hope as potential new antimicro-
bial agents and show activity against a broad spectrum of microbes. 
Cationicity, amphipathicity, amino acid composition and several 
other properties combine to target bacterial membranes. A number of 
mechanisms of action have been proposed for this including the ‘bar-
rel-stave’, ‘carpet’ and ‘toroidal-pore’ models. Given that only 10% of 
the AMP sequences have experimentally resolved structural informa-
tion, we expand upon this by a large scale effort whereby we construct, 
using ab initio methods, the 3D structures of uncharacterised AMPs. 
Benchmarks show great similarities between the predicted and exper-
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imental folds of sequences whose structures have been determined. 
In addition, the predictions also revealed several unique AMP folds. 
Together these models advance our understanding of structure-activity 
relationships which offers guidance for the design of potent analogues.

P15: A Solid-State NMR study of the Nisin-Lipid II pore 
in native membranes and at high-resolution.
See abstract L9.

P16: Structure-activity relationship studies of 
lysine-based α-peptide/β-peptoid antimicrobial 
peptidomimetics
N. Molchanova1, P. R. Hansen1, P. Damborg2, H. Franzyk1

1. Department of Drug Design and Pharmacology, 2. Department of Veter-
inary Disease Biology, Faculty of Health and Medical Sciences, University of 
Copenhagen, Copenhagen, Denmark. natalia.molchanova@sund.ku.dk

Antibiotic-resistant infections pose a worldwide public health threat. 
Antimicrobial peptides (AMPs) have been proposed as potential 
anti-infective agents, since they are a part of the innate immune system 
of all higher organisms. Although AMPs demonstrate low tendency to 
resistance development, they possess a number of disadvantages like 
susceptibility to proteolytic degradation and reduced activity in the 
presence of salt and serum. By contrast, peptoids (oligomers of N-sub-
stituted glycines) exhibit higher proteolytic stability and bioavailability 
than the corresponding peptides while retaining antibacterial activity. 
Previously, it was discovered that α-peptide/β-peptoid hybrids, con-
taining cationic amino acids and hydrophobic peptoid residues in a 1:1 
ratio, are antimicrobial and display low cytotoxicity. 
The structure-activity studies of these hybrids were performed in order 
to investigate the influence of hydrophobicity, fluorination, sequential 
distribution of cationic/hydrophobic residues and end group modifi-
cations on antimicrobial, hemolytic and cell toxicity profiles. Several 
promising lead compounds, belonging to this class of peptidomimetics, 
with antibacterial activity toward Gram-negative and Gram-positive 
bacteria were identified. Analogues displaying enhanced hydropho-
bicity were found to exhibit improved activity against Gram-positive 
bacteria. Shortening the cationic side chain length increased antimicro-
bial activity while retaining a low toxicity. Interestingly, fluorination 
at a single position on the phenyl rings was sufficient to dramatically 
increase activity against both Gram-positive and Gram-negative bacte-
ria without affecting the hemolytic properties.  On the other hand, end-
group modified fluorinated analogues demonstrated similar activity 
as the starting lead compounds, while exhibiting increased hemolytic 
properties [1].
[1]: Molchanova N, Hansen PR, Damborg P, Nielsen HM, Franzyk H. Ly-
sine-Based α-Peptide/β-Peptoid Peptidomimetics: Influence of Hydrophobicity, 
Fluorination, and Distribution of Cationic Charge on Antimicrobial Activity 
and Cytotoxicity. ChemMedChem. 2017 Feb 20;12(4):312-318. doi: 10.1002/
cmdc.201600553.

P17: LL-37 fragments have antimicrobial activity 
against Staphylococcus epidermidis biofilms
Saporito P., Lobner Olesen A, Jenssen H.
Department of Science and Environment, Roskilde University, Roskilde, 
Denmark

Staphylococcus epidermidis is a common nosocomial pathogen able to 
form biofilms in indwelling devices. The human cathelicidin peptide 
LL-37 has been proven active against S.epidermidis biofilms in vitro. 
The rationale underneath this work was to test whether shorter (12-
mer) synthetic fragments of LL-37 maintained the antibiofilm activity, 
aiming at the identification of essential regions within the LL-37 
parent sequence. We performed initial biofilm attachment inhibition 
as well as 1 day old biofilm eradication assays in microtiter plates, 
using S.epidermidis HJ 056. We tested cytotoxicity against human 
epithelial cell line Hacat via LDH assay and against human erythro-
cytes via hemolysis assay. Here we demonstrated that the fragments 
FK-12 and KR-12 and VQ-12V26 acquire an improved activity against 
S.epidermidis in terms of biofilm inhibition and eradication, and a 
reduced cytotoxic effect to human keratinocytes and erythrocytes, 
when compared to their parent peptide. FK-12 and KR-12 are trun-

cated version of the cathelicidin and have been previously reported as 
valid antimicrobials, whereas VQ-12V26 is a single substituted LL37 
fragment. Remarkably we showed that the single substitution Asp → 
Val in position 26 causes gain of antimicrobial function in the inactive 
VQ-12 fragment. We suggest that peptides FK-12, KR-12 and VQ-
12V26 should be used as lead compounds for further improvement and 
understanding of anti-biofilms properties.

P18: Chemical space guided Optimization of 
antimicrobial peptide dendrimer G3KL
Thissa N. Siriwardena, Xian Jin and Jean-Louis Reymond
Department of Chemistry and Biochemistry, University of Bern, Bern, Swit-
zerland. thissa.siriwardena@dcb.unibe.ch

There is an urgent need to develop new antibiotics to control multidrug 
resistant (MDR) bacteria, in particular the Gram-negative opportunis-
tic pathogen Pseudomonas aeruginosa, which represents a major cause 
of life threatening infections in hospitals today. Recently we reported 
peptide dendrimer G3KL as a novel antimicrobial peptide with activity 
against P. aeruginosa and other Gram-negative strains including MDR 
clinical isolates.[1-3] Here we report a chemical space guided drug 
discovery approach to designing of new G3KL analogues. Starting 
from a virtual library of 52530 sequence analogs of G3KL, we used 
a nearest neighbor search in a 136-di-
mensional chemical space encoding 
molecular shape and pharmacophores 
to identify a small series of G3KL 
sequence variants. Synthesis and testing 
revealed new peptides dendrimers with 
comparable activities but increased 
serum stability and broader spectrum 
activity compared to G3KL. This chem-
ical space guided approach should be 
generally useful to optimize bioactive 
peptides.
[1]. Stach, M.; Siriwardena, T. N.; Kohler, T.; van Delden, C.; Darbre, T.; 
Reymond, J. L. ; Angew. Chem., Int. Ed. 2014, 53, 12827-12831. [2]. Pires, J.; 
Siriwardena, T. N.; Stach, M.; Tinguely, R.; Kasraian, S.; Luzzaro, F.; Leib, S. 
L.; Darbre, T.; Reymond, J. L.; Endimiani, A. ; Antimicrob. Agents Chemoth-
er. 2015, 59, 7915-7918. [3]. Abdel-Sayed, P.; Kaeppeli, A.; Siriwardena, T.; 
Darbre, T.; Perron, K.; Jafari, P.; Reymond, J.-L.; Pioletti, D. P.; Applegate, L. 
A. ; Sci. Rep. 2016, 6, 22020.

P19: Molecular Dynamic Simulations of PGLa-H 
Tandem-repeat Peptides
Yogesh Sonavane, Larisa Zoranić
Department of Physics, Faculty of Sciences, University of Split, Split, Croatia. 
ysonavane@mapmf.pmfst.hr

Today’s society is facing the challenge of battling infectious diseas-
es due to the rapid emergence of resistant bacterias. This has been 
attributed to the overuse and misuse of antibiotics, but also to the lack 
of new treatments [1]. An alternative path may be the non-specific 
mechanism of action of antimicrobial peptides (AMPs), which are the 
principal first-line of defense against the invading pathogens in all 
living organisms [2].
In this work, we used PGLa-H, a 10 residue C-terminal fragment of 
PGLa, one of the smallest natural AMPs [3,4]. The initial sequence 
was created doubling the size of this peptide, as a sequential tandem 
repeat. Using our mathematical algorithm, we did fine tuning of this 
peptide sequence, suggested by the possible substitution that may pro-
vide better activity and selectivity [5]. Finally, seven peptides, called 
kiadins, among which the one with highest and lowest predicted activ-
ities, were identified. The kiadins were then subjected to the molecular 
dynamic simulations and intensive biophysical, microbiological and 
molecular biology characterization [6].
In this presentation, we show the results of molecular dynamic simu-
lations of kiadins in various environments. Overlapping the ideas and 
data from bioinformatical predictions, simulations and experiments 
we elucidated key properties that may define activity and selectivity of 
peptides. The results showed that the stability of alphahelical structur-
ing is strongly linked with the activity. A similar correlation has been 
observed also for the tilting angle of peptide immersed inside of the 

phosphatidylcholine membrane.
[1] C. Lee Ventola, The Antibiotic Resistance Crisis Part 1: 2015 Apr; 40(4): 
277–283. [2] M. Pasupuleti, A. Schmidtchen & M. Malmsten, Critical Reviews 
in Biotechnology Vol. 32,Iss.2,2012. [3] F. Hou, J. Li, P. Pan, J. Xu, L. Liu, 
W. Liu, B. Song, N. Li, J. Wan, H. Gao, Int. J. Antimicrob. Agents. 38 (2011) 
510 – 515. [4] K. Lohner, F. Prossnigg, Biochim. Biophys. Acta. 1788 (2009) 
1656 – 1666. [5] D. Juretić, D. Vukičević, D. Petrov, M. Novković, V. Bojović, 
B. Lučić, N. Ilić, A. Tossi, Eur. Biophys. J. 40 (2011) 371–385. [6] Tomislav 
Rončević, Goran Gajski, Nada Ilić, Ivana Goić-Barisić, Marija Tonkić, Larisa 
Zoranić, Juraj Simunić, Monica Benincasa, Marijana Mijaković, Alessandro 
Tossi, Davor Juretić, Biochim Biophys Acta. 2017 Feb;1859(2):228-237

P20: Design and characterisation of improved 
antifungal peptides 
Christoph Sonderegger1, Györgyi Váradi2, László Galgóczy3, 
Florentine Marx1
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Innsbruck, Austria; 2. Department of Medical Chemistry, Faculty of Medi-
cine, 3. Department of Microbiology, Faculty of Science and Informatics, 
University of Szeged, Szeged, Hungary. christoph.sonderegger@i-med.ac.at

An exigent need for new antifungal therapeutics is corroborated by the 
fact that still 1.5 million people die each year due to fungal infections 
[1]. Current antifungals comprise only three drug classes: polyenes, 
azoles and echinocandins, which all show weakness in efficacious-
ness, therapeutic index and activity spectra [2]. Promising candidates 
for next generation therapeutics are peptide antifungals from natural 
source or rationally designed. 
Based on the already comprehensively characterised antifungal protein 
PAF from Penicillium chrysogenum [4], we focused our study on the 
gamma(γ)-core protein motif, highly conserved in all classes of disul-
phide-stabilized antimicrobial peptides [3]. We synthesized peptides 
comprising the γ-core of PAF in its natural form (Pγ) and peptide 
variants with increased positive net charge and hydrophilicity (Pγvar 
& Pγopt). Interestingly, the short synthetic peptide Pγ alone exhibited 
antifungal activity on the PAF-sensitive yeast Candida albicans, with 
only a two-fold higher MIC (9 µM) than the whole protein (5 µM). 
This antifungal potential could be further increased with the peptide 
variants Pγvar and Pγopt, showing MIC’s of 2 & 1 µM respectively. 
The improved antifungal efficacy of Pγvar could be transferred to the 
whole protein by creating the PAF variant PAFγvar (MIC 1 µM). The 
killing mechanism of the proteins and peptides was closely linked to 
their active internalisation into C. albicans cells, the formation of re-
active oxygen species and impairment of the cell membrane. Toxicity 
tests showed that none of the proteins or peptides was haemolytic or 
toxic to human cells in vitro.
[1] Brown et al. 2012, Med. Mycol., 4, 165rv13. [2] Duncan & O’Neil 2013, 
Fungal Biol Rev., 26, 156-65. [3] Yount & Yeamann 2004, Proc. Natl. Acad. 
Sci. U.S.A, 101, 7363-68. [4] Marx et al. 2008, Cell. Mol. Life Sci., 65, 445-54

P21: Novel wasp venom derived antimicrobial 
peptides with no hemolytic activity
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The indiscriminate use of antibiotics has led to the increased incidence 
of multidrugresistant bacteria in hospitals worldwide, and antibiotic 
resistance now represents a major global health challenge. Antimicro-
bial peptides (AMPs) represent promising alternatives to the use of 
conventional antibiotics.
Small cationic amphipathic peptides, such as those found in wasp 
venom, are the most common class of AMPs and present multifactorial 
mechanisms of action. Here, we exploit leucine-rich AMPs derived 

from wasp venom and, through chemical design, generate nontoxic 
derivatives with improved antimicrobial activity. Briefly, peptide 
templates were used from the venom of two different wasps (Oreu-
menes decoratus and Polybia paulista). These peptides exhibit potent 
antimicrobial activity but are highly hemolytic, which limits their use 
as potential therapies. We modify their sequence via changes in mean 
hydrophobicity, positive net charge and tendency to structure, which 
results in synthetic peptide derivatives with suppressed hemolytic 
activity (IC90 > 50 μmol L-1) and conserved potent antimicrobial 
activity (0.4 – 32 μmol L-1) against numerous human pathogens 
including S. aureus, S. arizonae, S. marcescens and P. aeruginosa [1]. 
Several of these analogs were further used as templates for the design 
of a second generation of AMPs that exhibit resistance to degradation 
in fetal bovine serum (after six hours of exposure).
Peptides derived from natural sources such as wasp venoms constitute 
an alternative for much-needed novel antibiotics that selectively target 
pathogenic bacteria.
Acknowledgments: Fundação de Amparo à Pesquisa do Estado de São Paulo (# 
2014/04507-5 and 2016/24413-0).
[1] Torres, MDT; Pedron, CN; Araujo, I; Silva Jr, PI; Silva, FD; Oliveira Jr, 
VX. Decoralin Analogs with Increased Resistance to Degradation and Lower 
Hemolytic Activity, ChemistrySelect, 2017, 2, 18-23

P22: Optimization of the peptide D-BMAP18 for the in 
vivo treatment of CF pulmonary infections.
Margherita Degasperi1, Mario Mardirossian1, Arianna Pom-
pilio2,3, Giovanni Di Bonaventura2,3, Renato Gennaro1, Marco 
Scocchi1 
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The D-BMAP18 is a short all-D alpha-helical antimicrobial peptide 
(AMP) derived from the natural bovine BMAP27 peptide that has been 
investigated for the treatment of pulmonary infections, including cystic 
fibrosis (CF). It shows a good and widespread in vitro activity against 
planktonic and sessile forms of multidrug-resistant Pseudomonas 
aeruginosa and Stenotrophomonas maltophilia CF strains [1, 2, 3] but 
also a non-negligible cytotoxicity [4]. For overcoming this side effect 
we synthesized a pro-drug which is expected to be activated only at 
site of infection by neutrophil elastase. This will enable a controlled 
and slow release which would reduce the side effects of the original 
compound without losing its antibacterial potential and stability. This 
inactive pro-drug, Pro-D-BMAP18, was obtained by the addition of 
a negatively charged all-L pro-sequence to the original all-D peptide. 
The inactivity of the pro-drug was verified as the loss of its antimicro-
bial activity and in parallel it showed a remarkable reduction of the 
in vitro cytotoxicity. We tested its activation in vitro by the elastase 
released by a neutrophil-like cell line. The activation of the pro-drug 
restored the original antimicrobial activity in vitro. The examination 
of its activation and activity in CF patients’ sputum and the observa-
tion of its protective activity in vivo in a murine model of pulmonary 
infection will allow to understand the therapeutic potential of this 
compound in the treatment of CF pulmonary infections.
[1] Skerlavaj et al. (1996). The journal of biological chemistry 271(45): 28375-
28381. [2] Benincasa et al. (2003). Peptides 24: 1723-1731. [3] Mardirossian 
et al. (2016). Amino acids 48(9):2253-2260. [4] Mardirossian et al. (2017). 
Frontiers in Chemistry

P23: Novarifyn®, a novel antimicrobial peptide rapidly 
active against multi-drug resistant Staphylococcus 
aureus and Acinetobacter baumannii
Laura K Katvars, Derry K Mercer, and Deborah A O’Neil
NovaBiotics Ltd, Cruickshank Building, Craibstone, Aberdeen, UK. 
larua@novabiotics.co.uk

Multi-drug resistant bacterial species such as methicillin-resistant 
Staphylococcus aureus (MRSA) and Acinetobacter baumannii pose a 
significant threat to public health – recognised as priority pathogens by 
global institutions.  Antimicrobial peptides (AMPs) of the hosts’ innate 
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immune system provide protection from these opportunistic pathogens 
by killing bacterial cells following disruption of bacterial membranes. 
Endogenous AMPs are too complex and pleiotropic to be used directly 
as antibacterial drugs, not least in triggering unchecked immunomod-
ulatory/inflammatory properties. To create druggable AMPs, Nova-
Biotics has developed a platform of synthetic, re-engineered peptides 
including Novarifyn (NP432), a novel antibacterial peptide with potent 
bactericidal activity against both Gram positive and Gram negative 
multi-drug resistant pathogens.
Broth microdilution antimicrobial susceptibility testing was used to 
assess the efficacy of NP432 against clinical MRSA and drug resistant 
A. baumannii isolates. Bactericidal activity was determined by cfu 
enumeration following exposure to NP432 with either pathogen for 
up to 24 h.  Electron microscopy was conducted according to standard 
protocols following exposure of S. aureus and A. baumannii to NP432 
for 15 min, 30 min or 60 min.
Data presented shows NP432 is a rapidly bactericidal compound that 
kills bacterial cells with 1 h in a range of physiological conditions, out-
performing standard of care antibiotics. NP432 disrupts the bacterial 
cell membrane at MIC and sub MIC concentrations causing vesicula-
tion and membrane damage resulting in cell lysis of S. aureus and A. 
baumannii clinical isolates.
NP432 is, therefore, a promising therapeutic candidate for use against 
multidrug resistant bacterial isolates.

P24: Luminaderm® (NP108); An antimicrobial 
polypeptide active against methicillin and mupirocin 
resistant Staphylococcus aureus
Derry K Mercer, Laura K Katvars, Fiona Hewitt, Dan W Smith, 
Jennifer Robertson, Deborah A O’Neil
NovaBiotics Ltd, Cruickshank Building, Craibstone, Aberdeen, UK. 
derry@novabiotics.co.uk

Staphylococcus aureus is a significant human pathogen causing a 
range of infectious diseases; from skin and soft tissue infections, 
hospital-acquired infections (HAI) to potentially fatal bacteraemia and 
endocarditis. Nasal carriage of S. aureus, especially persistent carriage, 
has been positively correlated with an increased risk of subsequent 
infection, usually via autoinfection including HAI and surgical site in-
fections. NovaBiotics is currently developing Luminaderm® (NP108), 
a novel antimicrobial polymer, for the nasal decolonisation of S. 
aureus (MSSA & MRSA) and prevention of HAI.
NP108 is a rapidly acting bactericidal compound that kills bacterial 
cells by membrane disruption and cell lysis. NP108 shows in vitro 
activity versus a variety of S. aureus and S. epidermidis strains and is 
equally effective versus exponentially growing or stationary phase S. 
aureus and under nutrient limiting conditions, similar to those found 
in the anterior nares. NP108 is effective versus wild-type, antibiotic 
resilient small colony variants and S. aureus biofilms. NP108 is also 
effective versus mupirocin resistant isolates of S. aureus. NP108 is 
water-soluble and has been formulated into a selection of different 
pharmaceutically approved gel vehicles for use in humans with reten-
tion of antimicrobial efficacy.
NP108 is a promising therapeutic candidate for use as an alternative to 
mupirocin for the nasal decolonisation of S. aureus and the prevention 
of nosocomial infections.

P25: Sphistin and its analog Sph12-38 derived from a 
Histone 2A of marine crab Scylla paramamosain with 
higher antimicrobial activity showing a potential 
application in aquaculture and medicine
Xiao-Wan Ma1, Lin Hou1, Bei Chen1, Ke-Jian Wang1,2
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Antimicrobial peptides (AMPs) represent an efficient part of innate im-
munity and are found in a variety of life. However, only several AMPs 
are known in crabs in particular no H2A-derived AMP has yet been re-

ported. In the present study, a 38-amino acid peptide with antimicrobi-
al activity was determined based on the sequence analysis of a histone 
H2A identified from the mud crab Scylla paramamosain and designat-
ed as Sphistin. Then Sphistin was truncated into three short fragments 
(Sph12-38, Sph20-38 and Sph30-38) and further investigated for its 
possible functional domains. The antimicrobial activities of Sphistin 
and its analogs against different Gram-positive bacteria, Gram-neg-
ative bacteria and fungi were illustrated. A leakage of intracellular 
content was described in E. coli treated with Sphistin and Sph12-38. 
Further observation under confocal microscopy showed that Sphistin 
could combine onto the membrane of E. coli but not translocate into 
the cytoplasm. Unlike Sphistin which mainly disrupts the membrane 
integrity, Sph12-38 could also combine the Aeromonas sobria genomic 
DNA with a minimum concentration of 6 μM and was located intra-
cellularly in cells. In vivo experiment showed that in comparison with 
the control group of Oryzias melastigma injected with A. sobria alone, 
the group treated with a mixture of Sph12-38 and A. sobria showed a 
higher survival rate 7 days post-injection. Taken together, the synthetic 
peptide of Sphistin and Sph12-38 had a potent antimicrobial activity 
against bacteria. The histone-derived Sphistin and its truncated analog 
Sph12-38 identified from S. paramamosain with specific antimicrobial 
activities and mechanisms could be new candidates for future applica-
tion in aquaculture and veterinary medicine.

P26: Antimicrobial peptides loaded into bone cement 
prevent bacterial biofilm formation on its surface
Andrea Volejníková1, Ondřej Nešuta1, Pavel Melicherčík2, 
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Implant related infections remain among the most serious complica-
tions in orthopaedics and traumatology. Bacteria colonize orthopaedic 
implants and form biofilms that provide them protection from the pa-
tient immune system and antimicrobials. Moreover, there is an increas-
ing number of bacterial strains resistant to antibiotics found in these 
infections. Considering that, we examined the effect of antimicrobial 
peptides (AMPs) loaded into bone cement model implants on the 
prevention of biofilm formation on the surfaces while being exposed to 
adhesion of microbes. It was compared with effects of antibiotics. We 
used poly(methylmethacrylate)-based bone cement (Palacos®r) which 
is currently used in orthopaedics for the fixation of joint replacements 
and as a carrier for antibiotics. 
The implants were prepared as cylindrical sticks (2.5 x 3 mm) made of 
bone cement mixed with different α-helical amphipathic AMPs related 
to the natural dodecapeptide previously isolated from the venom of 
wild bee [1]. These peptides released slowly from the sticks to the 
media containing pathogenic bacteria (methicillin-resistant Staphylo-
coccus aureus, S. epidermidis, and Escherichia coli) in the test tubes. 
We determined the amount of the released peptide in the bacterial 
suspension to be in average 10 % of its amount loaded to the stick. The 
peptides completely prevented or massively inhibited biofilm forma-
tion on the sticks as antibiotics did. The reduction of amount of vital 
bacteria adhered to the stick surface was observed by both staining 
with tetrazolium dye MTT, and by cultivation technique after biofilm 
disruption by sonication. 
This work was supported by the Czech Health Research Council (AZV), grant 
16-27726A and by IOCB research project RVO 61388963.
[1] Monincová L, Buděšínský M, Slaninová J, et al. Amino Acids 2010; 39: 
763-775.
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Infection of orthopaedic implants is difficult to treat and may lead 
to implant failure[1]. Staphylococcus aureus and Staphylococcus 
epidermidis are the most common Gram-positive causative agents[2]. 
The development of biomaterials coated with antimicrobial peptides 
could represent a valuable strategy to prevent bacterial colonization of 
implants[3].
In the present study, an α-helical cathelicidin derived peptide, 
BMAP27(1-18), previously shown to possess potent bactericidal 
activity also upon immobilization on solid support[4], was cova-
lently bound to titanium (Ti), a widely used material for biomedical 
implants[5]. To this aim, the selected peptide was synthesized with a 
free thiol bearing spacer at the N-terminus and coupled to silanized Ti 
disks via thiol-maleimide chemistry. Peptide-functionalized Ti samples 
were characterized by Contact angle analysis, Quartz Crystal Micro-
balance with monitoring dissipation (QCM-D) and X-ray Photoelec-
tron Spectroscopy (XPS). The physicochemical data show that peptide 
coupling to titanium was successful, with an average peptide surface 
mass density of 344 ng/cm2.
Antimicrobial efficacy was evaluated by measuring adhesion of S. 
aureus and S. epidermidis reference strains to Ti samples upon 2-h 
incubation. Viability of Ti-adhered bacteria was determined by colony 
forming units (CFU) counts after detachment from Ti disks by a 
vortexing step. A stronger inhibition of bacterial adhesion to pep-
tide-functionalized Ti disks was observed in the case of S. epidermidis, 
approximately 68% with respect to bare titanium. Additional immo-
bilization experiments are currently underway aimed at increasing 
peptide surface coverage to further improve antimicrobial efficacy of 
peptide-functionalized titanium.
The authors gratefully thank the Ministry of Science and Innovation, Spain 
MAT2015-67183R.
[1] A. J. Tande and R. Patel, Clin. Microbiol. Rev., vol. 27, no. 2, pp. 302–345, 
2014. [2] P. C. Matthews, et al., BMJ, vol. 338, no. June, p. b1773, 2009. [3] M. 
Godoy-Gallardo, et al., Acta Biomater., vol. 10, no. 8, pp. 3522–3534, 2014. [4] 
F. D’Este, et al., J. Pep. Sci., 2017. (accepted, Article DOI: 10.1002/psc.3026). 
[5] M. Schuler, et al., Nanomedicine (Lond)., vol. 1, no. 4, pp. 449–63, Dec. 
2006.
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Infections with microorganisms and formation of biofilms can be as-
sociated with the use of medical devices in contact with human tissues 
and remain a serious problem with the application of biomaterials. 
Thus, it is desirable to functionalize the materials surface to confer 
inherent antimicrobial properties. Antimicrobial peptides (AMPs) have 
been considered as alternatives to conventional antibiotics due to their 
broad spectrum activity against bacteria implicated in biomaterial 
infections and low cytotoxicity. The covalent immobilization of dis-
ease-specific AMPs can lead to promising antimicrobial surfaces that 
can prevent microbial colonization on biomaterial polymers.
This presentation summarizes the development of an antimicrobi-
al silicone hydrogel surface by covalent immobilization of various 
antimicrobial peptides. One part of the study concerns the examina-
tion of suitable AMPS that exhibit high antimicrobial activity against 
disease-specific pathogens but low cytotoxicity. Minimal inhibitory 
concentrations (MIC) of the free soluble peptides against gram-nega-
tive and gram-positive bacterial strains and cytotoxicity against human 
corneal cells in vitro were determined. Four AMPs, BMAP-27, Escu-
lentin-1a, OH-CATH30 and OH-CM6 were selected and covalently 
bound onto silicone hydrogel polymers. The immobilized peptides re-
tained a good antimicrobial activity against the tested bacterial species.
The successful surface immobilization of the examined peptides onto 
silicone hydrogels and its antimicrobial activity motivates to further 

evaluate the efficacy of these peptides in an immobilized state and to 
optimize the immobilization strategy of antimicrobial surface coatings 
for diverse application types including implanted or ophthalmic medi-
cal devices as well as for wound dressings.

P29: Computational studies on the membrane-
binding mode of CSαβ defensins
F. Torres, S. Jekhmane, M. Weingarth
NMR Spectroscopy, Bijvoet Center, Science for Life, Utrecht University, Utre-
cht, The Netherlands

Defensins are a major class of host-defense peptides that contain 3 - 5 
disulphide bonds. Recently, it was discovered that certain CSαβ defen-
sins, with plectasin as the best known example, specifically target lipid 
II, killing bacteria by blocking the cell wall synthesis. Since CSαβ de-
fensins share high structural homology, it is likely that they also share 
common binding features. We have used extensive coarse-grained and 
all-atoms molecular dynamics simulations to investigate the mem-
brane-binding modes of all CSαβ defensins that are known to target 
lipid II. Our studies show common binding patterns and, intriguingly, 
strongly suggest that the non-interacting peptide surface is decisive for 
the binding mode. 

Figure: CSαβ defensins share high structural homology (A: plectasin, B: MGD-1, C: eurocin, D: lucifensin, 
E: copsin)
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Host defence peptides (HDPs) are short, cationic amphipathic peptides 
that play a key role in the response to infection and inflammation 
in all complex life forms [1]. It is increasingly emerging that HDPs 
generally have a modest direct activity against a broad range of mi-
croorganisms, and that their anti-infective properties are mainly due 
to their ability to modulate the immune response [1]. Here, we report 
the recombinant production and characterization of two novel HDPs 
identified in human Apolipoprotein B (residues 887–922) [2] by using 
a bioinformatics method recently developed by our research group [3].
We focused our attention on two variants of the identified sequence, 
here named r(P)ApoBL and r(P)ApoBS, 38- and 26-residue long, 
respectively. Both HDPs were found to be endowed with a broad-spec-
trum antimicrobial activity while they show neither toxic nor haemo-
lytic effects towards eukaryotic cells [2]. Interestingly, both HDPs 
were found to display a significant anti-biofilm activity, and to act in 
synergy with either commonly used antibiotics or EDTA [2]. The latter 
was selected for its ability to affect bacterial outer membrane permea-
bility, and to sensitize bacteria to several antibiotics [4]. Interestingly, 
both ApoB derived peptides were found to elicit anti-inflammatory 
effects, being able to mitigate the production of pro-inflammatory 
interleukin-6 and nitric oxide in LPS induced murine macrophages 
[2]. Furthermore, zeta potential and electron microscopy analyses of 
bacterial cells were recently performed upon treatment with peptides, 
in order to get insights into ApoB derived peptides mechanism of 
action. Altogether, these findings open interesting perspectives on the 
therapeutic use of the herein identified HDPs.
[1] Hancock et al. Nat Rev Immunol (2016) 16, 321-334. [2] Gaglione et al. 
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Biochem Pharmacol (2017) 130, 34-50. [3] Pane et al. J Theor Biol (2017) 419, 
254-265. [4] Vaara et al. Microbiol Rev (1992) 56, 395–411.

P31: Antibiotic resistant bacteria show widespread 
collateral sensitivity to antimicrobial peptides
Viktória Lázár1, Ana Martins1, Réka Spohn1, Lejla Daruka1, 
Gergő Fekete1, Gábor Grézal1, Bálint Csörgő1, Gábor Olajos2, 
Tamás A Martinek2, Balázs Papp1, Csaba Pál1

1. Synthetic and Systems Biology Unit, Institute of Biochemistry, Biological 
Research Centre, Hungarian Academy of Sciences, Szeged, Hungary; 2. Insti-
tute of Pharmaceutical Analysis, University of Szeged, Szeged, Hungary. 

Multidrug-resistant bacterial infections are an emerging global health 
threat. Thus, there is an urgent need for antimicrobial agents with nov-
el mechanisms of action in the fight against multidrug-resistance. Cat-
ionic antimicrobial peptides (CAPs) are considered promising novel 
alternatives to conventional antibiotics. However, little is known about 
whether resistance to conventional antibiotics leads to cross-resistance 
(decreased sensitivity) or collateral sensitivity (increased sensitivity) 
against CAPs. We systematically addressed this question by studying 
the susceptibilities of a comprehensive set of 60 antibiotic resistant 
Escherichia coli strains towards 24 cationic antimicrobial peptides. 
Strikingly, antibiotic resistant bacteria frequently showed collateral 
sensitivity to CAPs, whereas cross-resistance was relatively rare. We 
identified clinically relevant multidrug-resistance mutations that in-
crease sensitivity to certain CAPs. This pattern of collateral sensitivity 
arises as a by-product of genomic expression changes that modify the 
lipopolysaccharide composition of the bacterial outer membrane. This 
modification decreases the surface charge of the bacterial cell, and 
thereby enhances the killing efficiency of the membrane-interacting 
CAPs. The mechanism of collateral sensitivity described here provides 
a basis for the development of efficient CAP-based antimicrobial ther-
apies against multidrug-resistant infections.

P32: Antimicrobial Peptide PGLA Restores Antibiotic 
Susceptibility and Mitigates Resistance Evolution
Ana Martins1, Viktória Lázár1, Réka Spohn1, Lejla Daruka1, Gá-
bor Olajos2, Gergő Fekete1, Tamás A Martinek2, Balázs Papp1, 
Csaba Pál1
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ian Academy of Sciences, Hungary; 2. Institute of Pharmaceutical Analysis, 
University of Szeged, Szeged, Hungary

Cationic antimicrobial peptides are short peptides with a broad spec-
trum of antibacterial activities, and are considered as promising novel 
alternatives to conventional antibacterial agents. 
In this work we identified peptide-antibiotic combinations particularly 
effective against antibiotic resistant E. coli strains. Our best candi-
date was the peptide PGLA. Antibiotic-PGLA pairs do not generally 
display strong synergism against the wild-type, but the interactions 
frequently shift towards stronger synergism if used against the strains 
resistant to the antibiotic used in the combination. This was true for 
both laboratory-evolved and clinically-derived antibiotic resistant E. 
coli strains. 
Additionally, we observed that PGLA restores antibiotic efficacy 
against antibiotic-resistant bacteria when PGLA was administered as 
adjuvant, i.e. at sub-inhibitory concentrations allowing the growth of 
the wild-type and the antibiotic-resistant bacteria alike. Such concen-
trations could also inhibit the de novo evolution of tetracycline and 
ciprofloxacin resistance, while resistance to PGLA itself did not occur. 
Our work provides guidelines for the development of an efficient 
peptide-based therapy of antibiotic-resistant infections. Our experi-
ments also suggest that PGLA is an optimal candidate for further lead 
optimization, targeting combination therapies that would allow the 
re-use of clinical-relevant conventional antibiotics against multi-drug 
resistant pathogens.

P33: A new protein interacting with the antimicrobial 
peptide SCY2 from Scylla paramamosain induces 
tumor cell apoptosis
Ying Yang1,2,3 , Ke-jian Wang1,2,3§
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& Earth Science, 2 Fujian Collaborative Innovation Center for Exploitation 
and Utilization of Marine Biological Resources, 3 State-Province Joint 
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University, Xiamen, Fujian, P. R. China, 361005. wkjian@xmu.edu.cn

SCY2, a novel anionic antimicrobial peptide first identified in Chinese 
important economic mariculture breed Scylla paramamosain, is 
proved to exert a main role in reproductive immunology. By yeast 
two-hybrid assay, we identified a previously uncharacterized SCY2-in-
teracting protein. Both nucleotide and amino acid sequences showed 
no similarity with known sequences, suggesting it is a novel protein. 
Highest transcript expression level was detected in the testis and 
showed up-regulation under LPS c hallenge. The purified recombinant 
protein showed potent antimicrobial activity against both fungi and 
bacteria (Gram negative and Gram positive). SEM and TEM observa-
tion indicated that it could cause bacteria cell membrane disruption, 
cytoplasm degradation and release. Over-expression of the protein 
appeared to induce apoptosis in cultured cancer cell lines, not normal 
ones. In vitro treatment with the recombinant protein significantly 
inhibited the growth of various tested cell lines such as NCI-H460, 
HeLa, HepG2, T24, Du145 etc., but the normal cell lines such as L02 
and AML12 were not affected, indicating the cancer specificity of the 
protein. Furthermore, combined application of SCY2 and its inter-
acting protein showed significant synergistic effect on inhibiting the 
growth of HeLa and T24. These findings suggest the SCY2 interacting 
protein may be effective in inhibiting cancer growth and merit further 
study and evaluation.
wkjian@xmu.edu.cn

P34: Antimicrobial mechanisms of cysteine-rich 
antimicrobial peptide hepcidin derived from Black 
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Pseudomonas aeruginosa, a common clinic opportunistic pathogen 
exerting resistance to conventional antibiotics, has caused various clin-
ical diseases. It’s urgent to develop potent antimicrobial agents to deal 
with this problem. Antimicrobial peptides (AMPs) are major part of 
innate immunity defence molecules with broad spectrum and effective 
antimicrobial activity against microbial pathogens, and considered to 
be a potential antibiotic substitute with low or no resistance. Hepcidin, 
a cationic cysteine-rich antimicrobial peptide, has been well studied 
as a significant regulator of iron metabolism while its antimicrobial 
mechanism is less focused. In our study, we investigated the antimi-
crobial activity of AS-hepc3 and its antimicrobial mechanisms against 
P. aeruginosa. The results showed that AS-hepc3 has potent antimicro-
bial activity against both Gram-positive and Gram-negative bacteria 
without significant cytotoxicity against mammalian cell. The effect of 
AS-hepc3 on morphology of P. aeruginosa was observed by electron 
microscope, the P. aeruginosa showed membrane blebs and cytoplasm 
degradation, even cytoplasm released to extracellular environment at 
high concentration. Flow cytometric analysis revealed that AS-Hepc3 
increased the rate of peptide-mediated membrane permeabilization in 
a concentration-dependent manner. DNA-binding assay showed that 
AS-hepc3 can also interact with bacteria genome DNA. Altogether, 
our results indicate that AS-hepc3 could effectively inhibit and kill P. 
aeruginosa by the potential mechanism of targeting not only bacterial 
cell membrane but also genome DNA. The different targets of AS-
hepc3 make it hard for bacteria to generate resistance, which provide 
a basis in the design of potent antimicrobial peptides with clinical 
therapy.
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