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Abstract: The Antimicrobial peptides (e.g. defensins, hevein-like molecules and food-protecting peptides like nisin) are 
able to interact specifically with contact structures on pathogen surfaces. Besides protein receptors, important recognition 
points for such contacts are provided by pathogen glycan chains or surface lipids. Therefore, structural data concerning 
surface exposed glycans and lipids are of the highest clinical interest since these recognition functions play a key role 
when optimising anti-infection therapies. Approaches in nanomedicine and nanopharmacology in which various biophysi-
cal techniques such as NMR (Nuclear Magnetic Resonance), AFM (Atomic Force Microscopy), SPR (Surface Plasmon 
Resonance) and X-ray crystallography can be combined with biochemical and cell-biological methods will lead to im-
proved antimicrobial peptides by this rational drug design approach. Such a strategy is extremely well suited to support 
clinical studies focussing on an effective fight against multiresistant pathogens. The data sets which are described here can 
be considered as universal for the design of various antimicrobial drugs against certain pathogens (bacteria, viruses and 
fungi) which cause severe diseases in humans and animals. Furthermore, these insights are also helpful for progressing 
developments in the field of food conservation and food preservation. A detailed analysis of the structure-function rela-
tionships between antimicrobial peptides and contact molecules on pathogen surfaces at the sub-molecular level will lead 
to a higher degree of specificity of antimicrobial peptides. 
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1. INTRODUCTION 

Antimicrobial peptides by a strict definition are regarded 
as small peptides of up to ten amino acid residues with the 
property of attacking single-cell organisms with pathogenic 
potential. In a broader definition, peptides/proteins of up to 
100 amino acid residues which are able to destroy the patho-
genicity of microbes such as bacteria, viruses and fungi can 
also be included.  

Independent of such definitions, the complementarity of 
structure and function has to be analysed on a nanoscale  
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level with a strategic combination of various biophysical 
methods in order to obtain detailed information regarding the 
role of antimicrobial peptides in various diseases. A signifi-
cant improvement in drug design in different medical fields 
is an important outcome of such an approach. Furthermore, 
antimicrobial peptides also play a key role in relation to food 
preservation and conservation. We will discuss in this article 
whether certain patterns in the arrangement of amino acids 
which determine the structural architecture of antimicrobial 
peptides are characteristic for specific interactions with con-
tact structures (proteins, glycans or lipids) on pathogen sur-
faces. These recognition molecules are determined by certain 
functional groups which establish specific interaction proc-
esses. Very often the arrangements of functional groups of 
the contact structures on the pathogen surfaces which are 
recognised by antimicrobial peptides show a high degree of 
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similarity or are even identical with those structures which 
enable the pathogen to dock to a host cell and spread the 
infection. 

2. VARIOUS ASPECTS AND CONCLUSIONS 

2.1. Medical Aspects 

In the study of antimicrobials sialic acids play a promi-
nent role as potential interaction partners since they are the 
terminal carbohydrate residues of many glycolipids (in this 
case called gangliosides) and glycan chains from glycopro-
teins [1, 2]. N-acetyl neuraminic acid (Neu5Ac) and related 
molecules (e.g. O-acetylated Neu5Ac moieties) constitute 
the large family of sialic acids [1]. These molecules are spe-
cific and clinically important contact structures for antimi-
crobial proteins and peptides. Sialic acids on pathogens are 

therefore a suitable target for a number of antimicrobial pep-
tides. Sialic acids interact e.g. with a small lectin from the 
Chinese bird hunting spider Selenocosmia huwena Wang 
(Wang: Chinese expression for King) [3, 4] but are also spe-
cific interaction partners for α-defensins. The three classes of 
defensins, α -, β - and θ-defensins are antimicrobial peptides 
with three characteristic disulphide bridges and have to be 
considered as an important part of the innate immune system 
[5-16]. It can be shown with NMR, SPR and molecular mod-
elling methods that sialic acid residues form stable com-
plexes with HNP1, 2, or 3 (derived from psoriatic skin cells) 
in a specific way (Fig. 1). For the molecular recognition 
process, it is very important to which other carbohydrate 
moiety in a saccharide chain the sialic acid residue is linked 
and which atoms are involved in the glycosidic linkage. Very 
often the sialic acid molecule Neu5Ac is alpha 2-3 linked to 

Fig. (1). a: Quantum chemical calculations of the preferred conformations of the Neu5Ac(α2-3)Gal linkage using the B3LYB/6-31G* 
method. The calculations were carried out in the protonated and in the anionic state in order to perform energy minimization under various 
physical-chemical conditions. In the anionic state the carboxylic groups are calculated without the hydrogen ions. Instead of hydrogen two 
water molecules have been added. The results from the quantum chemical calculations are combined with data from a Φ/ Ψ - map of this 
linkage generated with GlyTorsion: www.glycosciences.de/tools/glytorsion/ to compare the calculated values with experimental data.The 
definition of the glycosidic angles is as follows Φ: C1-C2-O-C1’, Ψ: C2-O-C1’-H1’ (C1’and H1’are galactose atoms). The three different ener-
getic local minima of the Neu5Ac(α2-3)Gal linkage delivered from the data bank are derived from Neu5Ac(α2-3)Gal linkages in PDB entries. At 
the positions of minima 1 and 3 we have obtained small differences between the protonated and anionic state concerning the values of the glyco-
sidic angles Φ and Ψ determined with our quantum chemical methods. The protonated state refers to the crosses with the red letter “p” and the 
anionic state to the crosses with the blue letter “a”. The values of the glycosidic Φ and Ψ - angle referring to the protonated and to the anionic 
state only match exactly in the case of minimum 2. The conformational flexibility of the Gal(β1-4)Glc linkage between galactose and glucose is 
not considered here. b: HNP2 in complex with a Neu5Ac(α2-3)Gal fragment at the energy minimum conformation 2. The glycosidic angles of 
the Neu5Ac(α2-3)Gal linkage are Φ: -64° and Ψ: 0° (conformation 2). The important binding-stabilising contact between the carboxylic group of 
Neu5Ac and Arg4 is highlighted by asterisks. Tyr2, Tyr20 and Trp25 are responsible for stabilisation of the complex mainly by π-interactions.  
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galactose (Gal) (Fig. 1a, top). In this case, the carbon atom 2 
of Neu5Ac in its alpha configuration is connected by an 
oxygen atom with the carbon atom 3 of galactose (Gal). It 
should be emphasised that this linkage has rotational degrees 
of freedom and energy minimum conformations (defined by 
the glycosidic angles Φ and Ψ) which can be determined by 
the biophysical methods described here. These energy mini-
mum conformations of the free state (Fig. 1a, bottom) are 
selected by receptors as bound state conformations [17-21], 
for example, as shown for the α-defensin HNP1 (Fig. 1b). As 
demonstrated in Fig. (2a, b, c), atoms of Trp (a), Tyr (b) and 
Arg (c) residues which occur in the vicinity of Neu5Ac resi-
dues (according to Protein Data Bank (PDB) entries at 
www.pdb.org) are monitored respective to their positions in 
relation to Neu5Ac and allow a statistical overview 
(www.glycosciences.de/tools/glytorsion/). For example, it is 
of special interest which atoms are mainly involved in sialic 
acid binding. As Fig. (2c) demonstrates, in the case of Arg 
the interactions with sialic acids are dominated by nitrogen 
atoms of the amino acid side chain. The α -defensins HNP2 
and HD5 are canonical examples for sialic acid binding 
mini-lectins. In order to visualise their binding modes the 
free and bound state conformations of these antimicrobial 
peptides are presented in Fig. (3a and b). The HNP2 con-
formations in the ligand free and in the sialic acid bound 
state are shown in the three model pictures presented in Fig. 
(3a). In particular, the comparison between the HNP2 con-
formation in the ligand-free (Fig. 3a, left, middle) and the 
sialic acid bound state (Fig. 3a, right) reveals clear differ-
ences when focussing on the orientations of the binding rele-
vant amino acid residues Tyr2 Arg4, Tyr20 and Trp25. Con-
formational differences between the bound state conforma-
tions of the human α -defensin HD5 in complex with the 
sialic acid mimicking the tegaserod molecule in its cis- (Fig. 
3b, left) or in its trans- (Fig. 3b, right) configuration are also 
observable. The tegaserod molecules are not displayed in 
order to visualise their impact on the overall shape of HD5 
more clearly. Only the binding-relevant Arg28 residue is 
marked. Tegaserod is discussed as a polySia glycomimicking 
molecule with an impact on nerve cell regeneration [22]. 
Therefore, the conformations of the sialic acid mini-receptor 
HD5 in its cis- as well as in its trans-tegaserod bound state 
have been calculated by molecular docking routines within 
molecular dynamics simulations, and are presented in Fig. 
(3b). Also in the case of small glycomimicking molecules in 

their cis- and trans-configurations, a significant conforma-
tional impact on HD5 could be calculated with our molecular 
docking approaches (our own unpublished results, data not 
shown). When studying lectin SHL-1 from the Chinese bird-
hunting spider Selenocosmia huwena Wang it turned out that 
sialic acid specificity is dominated by aromatic amino acid 
residues as shown in Fig. (3c) [3]. The three tryptophan resi-
dues (Trp23, Trp25, Trp32) which are all involved in bind-
ing with the polySia disaccharide fragment are labelled. For 
comparison, a snapshot of a molecular docking study of the 
α-defensin HD5-double mutant (A13R, A32R) with N-acetyl 
muramic acid (MurNAc), where Arg residues play a crucial 
role, is presented in Fig. (4). Our molecular docking calcula-
tions indicate that the replacement of Ala13 by Arg and Ala 
32 by Arg alters the affinity to muramic acid (MurNAc) ac-
cording to the calculated energy values, which will be pub-
lished elsewhere. MurNAc is, like Neu5Ac, an acid and N-
acetylated carbohydrate. It is part of a biopolymer in the bac-
terial cell wall, built from alternating units of N-
acetylglucosamine (GlcNAc) and N-acetylmuramic acid 
(MurNAc), cross-linked with oligopeptides at the lactic acid 
residue of MurNAc. This layered structure is called pepti-
doglycan murein. 

2.2. Nutritional Aspects 

Antimicrobial peptides are also of highest importance 
when new concepts in the field of food preservation are 
needed. The molecular interplay of certain peptides already 
serve as such agents, can be taken as starting point for these 
concepts. The N-terminal part of nisin (Fig. 5, crucial resi-
dues between 1-12 are shown in a surface representation) 
encages the pyrophosphate moiety of the pathogen surface 
lipid 3LII, e.g. the gram-positive methicillin-resistant 
Staphylococcus aureus (MRSA) [23, 24]. The side chains 
of these nisin residues are labelled in different colours. The 
N-acetyl muramic acid (MurNAc) moiety, which occurs on 
the surface on many bacteria forms stable complexes with 
nisin. This moiety, the pyrophosphate part, and the first 
isoprene unit of 3LII fit in the binding pocket of nisin (Fig. 
5). In this case the carbohydrate and the fatty part of the 
pathogen lipid 3LII both contribute to the stable 3LII - 
nisin complex. The antimicrobial activity of nisin against 
the pathogen depends therefore on the specific contact with 
the surface lipid 3LII. Other instructive examples of food- 

 

Fig. (2). Atoms of Trp (left), Tyr (middle) and Arg (right) residues occurring around Neu5Ac residues according to pdb-entries and an 
evaluation with the GlyVicinity program [82]. In order to avoid redundancies in respect of similar structures in the protein data bank a 90% 
clustering filter was used [82]. This presentation allows a statistical evaluation to figure out which functional groups of Neu5Ac and Trp (a), 
Tyr (b) or Arg (c) residues are interacting with each other. The atoms of these three amino acid residues which occur in the vicinity of 
Neu5Ac can be discriminated by their colour: carbon: grey, nitrogen: blue, oxygen: red, hydrogen: white.  
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 (b) (c) 

Fig. (3). a: HNP2 conformations in the ligand-free (left, middle) and in the sialic acid bound state (right). The conformational differences can 
clearly be observed when the orientations of the relevant binding amino acid residues Tyr2, Arg4, Tyr20 and Trp25 are compared. Especially, 
when comparing the orientations of Tyr2 and Arg4 (middle vs. right picture) their turns to the carbohydrate binding pocket in the ligand-
bound state are obvious. b: HD5 conformations (based on X-ray crystallographic data [15]) in the bound state of the sialic acid mimicking 
molecule tegaserod in its cis (left) or in its trans (right) configuration. The tegaserod molecules are not displayed in order to visualise their 
impact on the overall shape of HD5 more clearly. The binding-relevant Arg28 residue of HD5 is marked. c: Surface representation of the 
lectin SHL-1 from the Chinese bird-hunting spider Selenocosmia huwena Wang in complex with a polySia disaccharide fragment. Three 
tryptophan residues (Trp23, Trp25, Trp32) are labelled, which all are involved in ligand binding. The image shows the shape of a sialic acid 
binding pocket in the length of two disaccharide units. In contrast to tryptophan residues Trp23 and Trp25, which are essential for complex 
formation, the Trp32 residue stabilises the complex, but is not essential for specific ligand binding.  
 

 
Fig. (4). Docking study of the defensin HD5-double mutant (A13R, 
A32R) and N-acetyl muramic acid (MurNAc). The replacement of 
Ala13 by Arg and Ala 32 by Arg lowers the affinity to MurNAc 
according to the docking simulation. Such exchanges of amino acids 
have led to the conclusion that Arg28 is an essential residue for spe-
cific carbohydrate interaction processes.  

 
Fig. (5). Nisin structure (1WCO.pdb). The amino acid residues 
which are essential for carbohydrate (MurNAc) binding are shown in 
the surface representation. Ile1 and Ile4: yellow, Dhb2: red, Dha5: 
blue, Leu6: silver, Pro9: green, (Dha: Dehydroalanine, Dhb: Dehy-
drobutyrine). The blue stick model consists of five residues with a 
Lys in the middle. 
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protecting peptides are lactoferrin fragments. Lactoferrin is 
a carbohydrate binding glycoprotein and an effective antimi-
crobial peptide in milk. The X-ray derived structure of this 
glycoprotein in complex with a trisaccharide (2DP8.pdb) is 
shown in Fig. (6), top. A structural model of bovine lactofer-
rin (1BLF.pdb) with the highlighted ferrampin sequence is 
displayed in Fig. (6), bottom. Besides lactoferrampin, the 
peptide lactoferricin is a further lactoferrin-derived antimi-
crobial peptide. Lactoferricin is an amphipathic, cationic 
peptide with antimicrobial and anti-cancer properties. It can 
be generated by a pepsin-mediated digestion of lactoferrin. 
Lactoferricin is the most studied antimicrobial peptide de-
rived from milk proteins. The complete sequence of lactofer-
ricin (FKCRRWQWRMKKLGAPSITCVRRAF) corre-
sponds to the lactoferrin fragment of residues 17-41. The 
sequence of lactoferricin is present in the antimicrobial lac-
toferrin fragment (1LFC.pdb) shown in Fig. (7) as stick (top) 
and space filling (bottom) models. This peptide interacts 
with the lipid part of the pathogen, e.g. MRSA [25, 26]. Fur-
thermore, the already mentioned defensins also play a crucial 

role in food preservation and are in some cases important for 
the survival of certain animals. For example, for male king 
penguins (Aptenodytes patagonicus) it is feasible to preserve 
undigested food in their stomach for several weeks during 
the last part of egg incubation. This ensures survival of the 
newly hatched chick, in cases where the return of the female 
penguin from the sea is delayed. It is described in the litera-
ture that a 38-residue antimicrobial peptide named 
spheniscin which belongs to the β -defensin subfamily is 
mainly responsible for the food preservation properties in the 
stomach of male king penguins [12, 27]. The spheniscin 
concentration was found to strongly increase during the pe-
riod of food storage. It could be shown that this peptide has a 
broad antimicrobial activity spectrum, affecting the growth 
of both pathogenic bacteria and fungi. When highlighting the 
two aromatic residues Phe19 and Trp38 it is obvious how the 
positions of the two contact residues alter when comparing 
four NMR minimum conformations with each other (Fig. 8a-
d). These observations are of special interest when potential 
target structures have to be analysed aiming at new strategies 
in food protection. 

2.3. Animal Health Care-Medical and Nutritional As-
pects  

An actual example in respect of the need for new potent 
antimicrobial peptides is respiratory infection caused by 

 

 

Fig. (7). Lactoferricin (1LFC.pdb) [83] in a stick (top) and in a 
space-filling surface (bottom) representation. The Trp residues 6 
and 8 of this membrane interacting peptide are labelled. Lactofer-
ricin consists in total of 25 amino acid residues: 
FKCRRWQWRMKKLGAPSITCVRRAF. The three perpendicular 
oriented arrows which are stretching the x, y, z coordinate system 
are orientated identically in respect to the model representations at 
the top and at the bottom. 

 

 

Fig. (6). Surface presentation of the glycoprotein lactoferrin from 
Bos taurus in complex with a trisaccharide (2DP8.pdb) - top [PDB: 
Singh N.; Sharma S.; Singh T. P. - to be published]. The covalently 
bound glycochain fragments and the trisaccharide ligand are dis-
played as stick models. Backbone representation of Bos taurus 
lactoferrin (1BLF.pdb) - bottom [25]. The ferrampin sequence is 
highlighted in yellow: WKLLSKAQEKFGKNKSR (W268 to 
R284) [26]. This lactoferrin fragment permeabilises the outer mem-
brane of gram-negative bacteria and neutralises endotoxins. The 
three perpendicular oriented arrows are stretching the x, y, z coor-
dinate system [80, 81]. 
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Middle East Respiratory Syndrome corona viruses (MERS-
CoV). The viral spike S glycoprotein is responsible for me-
diating receptor binding and membrane fusion. Recent stud-
ies have proposed that the carboxyl terminal portion (S2 
subunit) of the S protein is a class I viral fusion protein (Fig. 
9). This structure (2RUM.pdb) of the related Severe Acute 
Respiratory Syndrome corona viruses (SARS-CoV) [28] 
interacts with the lipid part of the host cell membranes. Po-
tential strategies against SARS-CoV and MERS-CoV, as 
well as the inhibition of the carbohydrate-protein-interaction, 
also include blocking-strategies which prevent a docking of 
the virus to lipid parts of the host cell membranes. In this 
context the lipid fusion peptide is of special interest. Bio-
physical methods such as Nuclear Magnetic Resonance 
(NMR) and Atomic Force Microscopy (AFM) as well as 
molecular modelling can be used to improve antiviral strate-
gies. A sophisticated NMR technique which is known as the 
laser photo Chemically Induced Nuclear Polarisaton 
(CIDNP) method can be applied for a receptor - ligand 
analysis [29-31] if Tyr- and Trp-residues are surface ex-
posed. The virus fusion peptide shown in five energy mini-
mum conformations in Fig. (9) has two CIDNP sensitive 
amino acid residues which are always surface-exposed in the 
receptor-unbound state: Trp2 and Tyr9. It is therefore possi-
ble to establish these two residues as special sensors when 
specially designed fusion peptides are tested to block the 
contact with the virus. These interaction studies can be car-
ried out with model membranes in NMR tubes. Possible 
modifications of these fusion peptides are the addition of 
certain amino acid residues and/or the introduction of special 

functional groups. Beside structural properties, the interac-
tion dynamics have to be taken under account. As the flexi-
bility of the CIDNP sensitive Trp38 residue in the β-defensin 
spheniscin suggests (Fig. 8) this special NMR method is also 
extremely suitable when the surface accessibilities of α- and 
β-defensins, hevein-like molecules or other mini-lectins are 
analysed in the absence and in the presence of various 
ligands [3, 12, 15, 28, 29]. In the case where potent new an-
timicrobial peptides have to be designed it is also important 
to focus on low mammalian cell toxicity and suitable model 
membrane systems [32, 33]. Nature itself provides a number 
of blueprints for this purpose. Cyclic defensins can be con-
sidered as such examples. Theta-defensins (θ-defensins) also 
called retrocyclins are a family of mammalian antimicrobial 
cyclic peptides which are found in „old world” primates, but 
not in humans, gorillas, bonobos, or chimpanzees. This de-
fensin sub-family consists of a pair of antiparallel β -sheets 
linked by three disulphide bonds arranged as a ladder along 
the sheets to form an extremely stable structure. Depending 
on the pH value, θ -defensins have a tendency to self-
associate into trimers. In contrast to α- and β-defensins the θ-
defensins have no aromatic amino acid residues, which are 
important for carbohydrate interactions. However, these cy-
clic antimicrobial peptides are rich in arginine (Arg) resi-
dues, which are also crucial moieties when specific peptide/ 
protein - carbohydrate interactions are taking place (Fig. 1b, 
Fig. 2c, Fig. 4). Therefore, the antimicrobial θ -defensins 
should not be underestimated as proper scaffolds for peptide-
based drug design [34].  

 

Fig. (8). Four NMR energy minimum structures of spheniscin (1UT3.pdb) [12], a β-defensin from the stomach of male king penguins (Ap-
tenodytes patagonicus). The aromatic amino acids Phe19 and Trp38 with potential pathogen specificity are highlighted. A comparison with 
chicken ovodefensin has recently been described in the literature [84]. 
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CONCLUSION 

Significant advances in the design of antimicrobial pep-
tides can be expected when suitable model systems are ana-
lysed with state-of-the-art biophysical techniques. When 
studying hevein-domains [35-39] and their interactions with 
ligand structures on the nanoscale level, it turned out that 
certain amino acid residues play a dominant role if carbohy-
drates are bound in a specific way to the receptor structure. 
Besides the aromatic Tyr and Trp residues, Arg is a crucial 
building brick which stabilises glycan-protein complexes. 
However, the optimal strategy to hinder the pathogen attack, 
strongly depends on the particular disease [40-45]. Mini-
lectins such as the sialic acid binding spider lectin SHL-1 
and several defensins are able to interact specifically with 
sialic acid containing carbohydrate chains, which are charac-
teristic for various infections. In the case of antimicrobial 
peptides which target contact structures on pathogen surfaces 
(e.g. Neu5Ac), further improvements are especially needed, 
because several multiresistant bacterial strains exist. The 
necessary therapeutic improvements concerning the antimi-
crobial effects of peptides will be provided by rational modi-
fications of structural properties in respect to binding 
strength and specificity. This will support anti-infective 
therapies against bacteria, viruses and fungi significantly, 
including the important aspect of anti-inflammation. A com-
bination of biophysical techniques and bioinformatics-
derived tools with biochemical and cell biological methods 
allows the generation of new drugs which are effective 
against dangerous pathogens, e.g. gram-negative Klebsiella 
pneumoniae [46-48]. Beside viral and bacterial infections, 

fungi as severe pathogens should not be forgotten [49]. De-
fensins are also described in respect of their antifungal prop-
erties [50] and are therefore proper candidates for such 
therapeutic approaches. As well as sialic acids being crucial 
contact structures in bacteria or virus - host cell interaction 
processes they also play a similar important role when fungi 
cause health problems as pathogens [51, 52]. Therefore, an-
timicrobial peptides with a specificity for sialic acids are of 
great relevance in clinical approaches directed against fungal 
diseases. When studying the interactions between pathogens 
and host cells intensely on a nanoscale level not only the 
specific binding processes between antimicrobial peptides 
and carbohydrate chains have to be considered. Also protein- 
and lipid-contact structures are crucial interaction partners 
for antimicrobial peptides. Since all three classes of bio-
molecules have to be taken into account, being the Achilles 
heel of a pathogen, nanomedical and nanopharmacological 
approaches must focus on characteristic molecular recogni-
tion points including conformational aspects on the ligand 
and on the receptor side [53-60]. Such recognition points are, 
for example, distinct functional groups of carbohydrate resi-
dues (such as O-acetyl groups) or sulphate groups interacting 
with certain amino acid residues of antimicrobial peptides. 
Both cyclic and linear peptides [54, 55] have to be taken into 
account as antimicrobial molecules. Taking these ap-
proaches, improved strategies for food preservation in the 
field of applied health care will also be achieved. Further 
developments in the field of antimicrobial peptide design can 
be expected when these molecules are analysed in a similar 
way as for the structure-function relationships of bio-active 

 
Fig. (9). SARS-CoV fusion peptide (2RUM.pdb) [PDB: Mahajan M.; Bhattacharjya S. - to be published]. Five NMR structures in which the 
backbone and the amino acid residues Trp2 and Tyr9 are shown, thereby focussing on the different conformations of the aromatic amino acid 
residues. The space-filling structure corresponds to the fifth NMR structure shown as stick model at the bottom on the left side. In this pic-
ture six at the bottom on the right side, the residues 1, 3-8 and 9-17 are displayed in the yellow surface representation. Residues 2 and 9 are 
shown in a van-der-Waals representation. This antimicrobial peptide which interacts directly with membrane lipids can be studied with laser 
photo CIDNP NMR methods in the absence and in the presence of membrane fragments. 
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collagen-fragments [61-65]. From a purely structural point of 
view, antimicrobial peptides are diverse, however, when 
suitable model systems [66-73] are analysed with nanomedi-
cal and nanopharmacological emphasis, results of general 
validity can be expected. Addressing the question whether 
antimicrobial peptides can interact with carbohydrate or lipid 
components on pathogen surfaces [74-79] it is possible to 
optimise drug design approaches against multiresistant 
pathogens (e.g. against vancomycin resistant Staphylococcus 
aureus strains). Such promising nanomedical and nanophar-
macological developments can also be expected in other 
clinical fields such as oncology and neuronal regeneration, 
thereby, shortening the route from “bench to clinical bed-
side”. 
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