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Abstract  
Antimicrobial peptides (AMPs) have emerged as one of several viable options for treatment of infections 
caused by multidrug-resistant microorganisms, which continue to pose the single greatest public health 
challenge to humankind. Unlike conventional antibiotics, AMPs affects several key extracellular and 
intracellular targets in bacteria simultaneously, drastically limiting chances of drug-resistance 
development. Over the years it has been possible to manipulate their chemical structures to design 
novel anti-infectives for the treatment of systemic and topical infections based on detailed information 
generated from structural-activity studies. These novel  synthetic AMPs exhibit   enhanced antimicrobial 
activity, less cytotoxicity to mammalian cells and enhanced stability to proteases. This review discusses 
some current developments that have expanded our understanding of their diverse killing mechanisms 
and shows how this has been employed in the design of AMPs with predictable activity. 

Introduction 

AMPs are considered as natural antibiotics that 
play key functions in the innate immune system 
of all living organisms. Unlike conventional 
antibiotics that inhibit a limited number of 
targets in microorganisms, AMPs attack a broad 
range of extra- and intracellular targets 
simultaneously, drastically limiting chances of 
resistance development 1,2. Furthermore, several 
AMPs including defensins and cathelicidns, 
display both immunomodulatory and 

antimicrobial activities3,4. Currently, more than 
5,500 natural and synthetic AMPs with 
antimicrobial, antiviral, antiparasitic and 
anticancer activities have been deposited in 
several peptide databases, including 
http://aps.unmc.edu/AP/main.php/) and   
Dragon Antimicrobial Peptide Database (DAMPD, 
http://apps.sanbi.ac.za/dampd). Most of the 
novel synthetic AMPs deposited in these 
databases were designed using natural AMPs as 
templates5.  

Detailed studies have outlined the series of 
molecular events by which AMPs induce cell 
death. Common themes identified are binding to 
receptors on the cell surface, translocation 
across the cell membrane through pore 
formation and accumulation of peptide, 
intracellularly followed by inhibition of critical 
biosynthetic pathways, protein synthesis and 
DNA replication. Attempts will be made in the 
next section to discuss details of these 
mechanisms in the light of structural-activity 
relationships and how these have contributed to 
the design of more potent AMPs.  

The molecular dynamics of AMP-bacterial 

membrane interaction: the role of arginine, 

lysine and lipid composition 

In spite of the large variability in their primary 
structure, all cationic and anionic AMPs have the 
ability to associate with anionic bacteria 
membranes through long-range electrostatic  
interactions with the lipopolysaccharides or 
teichoic acids in the outer membrane of Gram-
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negative and Gram-positive bacteria, 
respectively. This interaction is facilitated by 
weak non-covalent bonds between the cationic 
or anionic groups and phosphate groups in lipids, 
nucleic acids and proteins, and hydroxyl or 
hydrogen of water. For anionic AMPs such as 
dermicidin and maximinH5 this interaction with 
the capsular polysaccharides is mediated by Zn 
(2+) salt brides 6.   The presence of a short site-
specific H-bond distance of (~ 4 Å) between the 
guanidinium-bearing carbon Cξ of Arg and 
ammonium-bearing carbon Cε of Lys and the 
phosphate of lipid head groups has been 
confirmed by solid state NMR,  indicating the 
critical role of cationic amino acids in the 
antimicrobial action of AMPs  7. The function of 
the H-bond however, is not limited to the initial 
electrostatic attraction. Its formation enables the 
peptide bond and charged residues to overcome 
the Born repulsion and facilitates their insertion 
into the lipid bilayer 8,9. This explains why 
abolishment or reduction of the hydrogen-
bonding ability in the guanidinium group either 
by dimethylation or charge reduction drastically 
reduces antimicrobial activity in some AMPs, 
such as PG-110.  Thus, the antimicrobial action of 
AMPs is highly correlated with the Arg or Lys 
content, as confirmed by several studies using  
histone-derived peptides – buforin II,  
DesHDAP1,  Arg-rich and Lys-rich histones11-13. 
However, significant differences in the stabilities 
of H-bond of Lys and Arg influence the depth of 
insertion into the bilipid layer and consequently 
their contribution to antimicrobial activity 14. This 
is because Lys –ammonium is monodentate and 
adopts a relatively mobile β-turn state in its 
interaction with the phosphate head groups, 
resulting in the formation of a weak and 
transient H-bond. In contrast, Arg-guanidinium is 
bidentate and adopts a rigid β-strand 
conformation which stabilises the  H-bond and 
favours a deeper insertion into bacterial cell 
membrane. The difference in stability of H-bonds 
explains the several observations of changes in 
antimicrobial activity in Lys- for- Arg 
substitution15,16.  It must be stated emphatically 
that depth of insertion into membranes is 
multifaceted and not dependent only on 

electrostatic interaction  between Arg and Lys 
residues and LPS of Gram-negative bacteria or 
teichoic acid of Gram-positive bacteria, because 
other amino acids such as Pro have been found 
to modulate depth of insertion 17.  It has been 
demonstrated that differences in the molecular 
densities and constitution of the inner and outer 
leaflet of the membrane expressed as 
spontaneous lipid curvature (SC) drastically 
influence the depth and orientation of insertion 
(SC)18, 19. The SC influences the folding and 
insertion of α- helical and β-barrel AMPs into the 
membranes. For example, α- helical AMPs adopt 
a parallel orientation in membranes with 
negative SC such as 1-palmitoyl-2-oleoyl 
phosphatidylcholine (POPC), but assume a tilted 
orientation or become completely buried in 
positive SC like dimyristoyl phosphatidylcholine 
(DMPC). For beta-barrel AMPs, a positive SC 
greatly facilitates membrane insertion, but 
insertion is severely limited in negative SC. 
These results highlight the interdependence of 
AMP insertion into membranes on peptide 
backbone rigidity or flexibility, amphipathicity 
and lipid composition of the bacterial 
membrane. It is not possible to manipulate one 
factor without affecting the others because they 
are not mutually exclusive. This explains why the 
role of primary structure in antimicrobial activity 
must be considered on a one-on-one basis rather 
than a generalisation. 
 
AMPs that enter cells via membrane-bound 

surface receptors 

The antimicrobial activity of several AMPs 
appears to be dependent on interaction with 
membrane receptors as illustrated in Figure 120.  
These include  lantibiotics such as  copsin from 
Coprinopsis cinerea21,22,  the  fungal defensin, 
eurocin from Eurotium amstelodami 23,  human 
AMPs such as HNP-1 and hBD-324 and teixobactin 
from Eleftheria terrae 25, which bind to lipid II on 
the bacterial surface. Lipid is required in shuttling 
of building blocks for peptidoglycan synthesis, 
and disruption of its activity severely impairs cell 
wall synthesis. Overall, it appears that blocking of 
bacterial cell wall synthesis via lipid II binding is a 
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common but very potent antimicrobial strategy 
among all eukaryotes and prokaryotes, possibly 
due to its highly conserved domain25,   and this 
represents an attractive target for drug 
development.  

Recently, several receptors other than lipid II 
have been described in bacteria. These include 
UppP (undecapreny pyrophophosphate 
phosphatase),  the enzyme involved in the 
biosynthesis of lipopolysaccharide and 
peptidoglycan, which acts as a receptor for 
lactococcin G and enterocin 1071 (two-chain 
bacteriocins)26. Garvicin ML (GarML) and the 
leaderless class II bacteriocin LsbB, produced by 
Lactococcus lactis subsp. lactis BGMN1-

5,interact with  receptors such as  maltose  ABC 
transporter and  the yvjB gene, respectively 27,28. 
The maltose ABC transporter plays a critical role 
in starch and maltose utilisation in the bacterial 
cell. Mutants that lack the malEFG gene cluster 
for this transporter are resistant to GarML. The 
mannose phosphotransferase system (man-PTS) 
has also been identified as a receptor for some 
class II nonlantibiotics, including pediocin-like 
bacteriocins, the lactococcal bacteriocins 
lactococcin A and B and microcin E492 from 
Klebsiella29. This system plays a key role in sugar 
uptake among Firmicutes and 
Gamaproteobacteria.  
Various antifungal defensins are known to act 
through sphingolipid and phospholipid receptors 
in the plasma membrane and cell wall of yeast 
and fungal cells. The major receptors that 
mediate antifungal activity are the sphingolipids 
receptor glucosylceramide (GlcCer), and the 
phospholipids receptors   
inositolphosphorylceramide (IPC), mannosyl-IPC 
(MIPC) and mannosyldi-IPC (M(IP)2C). It has 
been demonstrated by Aerts et al.30  that the 
plant defensin RsAFP2 from Raphanus sativus  
binds to GlcCer and induces apoptosis and 
activation of caspases, leading to the 
accumulation of ROS-susceptible fungal and 
yeast cells such as Candida albicans. The absence 
of the glucosylceramide synthase gene (GCS) or 
GlcCer receptors with modified ceramide moiety 
confers resistance to the antifungal. Similarly Dm 

AMP1 from Dahlia merckii has been found to 
exhibit its fungicidal activity in S. cerevisiae using 
M(IP)2C as a receptor. This is premised on the 
observation that  S. cerevisiae strains with a non-
functional IPT1 allele, the gene that codes for 
M(IP)2C receptors,  and thus lacking M(IP)2C in 
their membranes, were found to be highly 
resistant towards DmAMP1 as compared to the 
wild type (WT)31. Some antifungal proteins such 
as Penicillium chrysogenum antifungal protein 
(PAF) have been reported to act through a G-
protein-coupled signal transduction pathway,  
triggering cell death by apoptosis or inducing 
imbalance in Ca(+2) homeostasis in filamentous 
fungi, including Aspergillus nidulans and 
Aspergillus fumigatus 32.  

 

Figure 1: Overview of receptors in bacterial cells 
and the AMPs that bind to them. These 
receptors include membrane-bound receptors 
like Lipid II, undecaprenyl pyrophosphate 
phosphatase (UppP), the maltose ABC 
transporter and the mannose 
phosphotransferase system. The maltose ABC 
transporter is a tetramer of MalE, MalF, MalG 
and MalK, each of which is represented by a 
colour. The yvjB gene serves as a receptor for the 
class II leaderless bacterion LsbB, produced by   
Lactococcus lactis subsp. lactis BGMN1-5 and 
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codes for the Zn-dependent metallopeptidase 
enzyme is shown in red within the bacterial cell.  

 

Molecular insight into membrane translocation 

models and membrane disruption mechanisms 

The membrane-bound proteins in bacterial cells 
form a dynamic complex with the lipids and 
polysaccharides that are involved in key 
processes such as cell-cell communication or 
signalling, membrane transport and cellular 
energetics. Disruption of these critical functions 
was considered as the main mechanism of action 
of AMPs. Several studies on the interaction of 
AMPs with bacterial cells indicate leakage of cell 
content and delocalisation of peripheral 
membrane proteins in proportion to the ratio of 
AMP concentration to phospholipid content33-35. 
Given the wide variation in membrane 
ultrastructure, it is not difficult to predict that a 
given AMP may act by different mechanisms in 
different membrane environments due to the 
formation of a repertoire of varied peptide-
peptide and peptide-lipid complexes. The 
formation of these complex multimeric 
structures upon interaction and insertion into 
the membrane results in the formation of 
transmembrane channels or pores, which have 
long been associated with the antimicrobial 
activity of AMPs6,10.  
Some AMPs such as alamethicin are able to 
insert perpendicularly into the cell membrane 
and disperse the lipids to form pores stabilised 
by the wall formed by the peptides36. This barrel-
stave model of peptide translocation has the 
hydrophobic domain of the peptide interacting 
with the fatty acyl group of the membrane lipids, 
whilst the hydrophilic groups line the pore. Pore 
diameter widens as peptide concentration 
increases, resulting in rapid leakage of cellular 
content and eventually cell death37. 
Alternatively, other AMPs orient parallel to the 
surface and induce weak transient toroidal or 
worm-hole pores in the membrane, as a result of 
displacement of phospholipid head groups. The 

displacement of lipids strains and thins the 
membrane, and closure of the pores allows the 
peptide to translocate the membrane. This has 
been characterised for α-helical peptides such as 
megainins, protegrins and melittin6,36. However, 
at very low peptide concentrations, a 
spontaneous disordered pore is observed in the 
interaction of these AMPs with membranes, but 
with only one or two peptides lining the pore38. 
Alternatively, the AMPs can attach to various 
locations on the surface of the cell membrane, 
induce a localised displacement of lipids to form 
numerous small pores and disintegrate the 
membrane by micellisation or in a detergent-like 
manner at a threshold concentration. Cecropins 
derived from haemolymph of Hyalophora 
cecropia destroy E.coli membranes using this 
carpet model of membrane lysis39. Doherty et al. 
40 describe an in-plane diffusion or partial 
insertion model for short peptides like 
tachyplesin-1 that are unable to induce 
transmembrane pores. Their fast diffusion across 
the membrane forms transient pores that 
compromise membrane integrity. Epand et al. 41 
describe an induction of anionic lipid clustering 
away from zwitterionic ones in Gram-negative 
bacteria as a possible mechanism of membrane 
perturbation. This clustering was attributed to 
their higher charge density, since this is absent in 
peptides with lower charge densities such as 
magainin. Mattila et al. 42  described a novel 
mechanism of membrane targeting in which  
temporin B and L, indolicidin   bind to  oxidised 
phospholipids through the formation of Schiff 
base between the amino group of peptides and 
the functional group of oxidised lipid aldehydes.  
Indolicidin is also able to compromise the 
osmotic balance of cells by forming complexes 
with anionic organic compounds, and it 
translocates them across the cell membrane 
without forming pores43. Other peptides such as 
NK-lysin have been found to induce permeability 
by electroporation44. Overall, the insertion of 
AMPs into membranes induces collapse of the 
cell wall or cell shape, resulting in decreased 
adhesiveness, leakage of water and intracellular 
materials causing loss of turgidity, impairment of 
osmoregulation and reorientation in time and 
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space of membrane-bound protein complexes 
that are crucial in respiration and cell-wall 
biosynthesis45-47. 
Although membrane perturbation does not 
always lead to cell death it remains a very simple 
but complex and unspecific mechanism with a 
debilitating effect on cell viability 48.  
 
Inhibition of cell wall biosynthesis and other 

extracellular processes 

As stated previously, some AMPs such as Bac7, 
thrombin-induced platelet microbicidal protein 1 
(tPMP-1), gramicidin D, and protamine are 
microbicidal without membrane perturbations, 
indicating the existence of other molecular 
mechanisms and targets49. These molecular 
targets, as revealed by several transcriptomic 
studies, are numerous, form a continuum and 
principally involve the inhibition of various 
components of cell wall synthesis, such as lipid II 
and UppP or the uncontrolled release of cell 
wall-degrading enzymes, including autolysins or 
phospholipases by pep5, and some defensins10, 24 
. 
Genome-wide transcriptional analysis of 
molecular events triggered by the insertion of 
AMPs into the membrane reveals a complicated 
cellular response pattern aimed at counteracting 
the myriad of defects caused by the AMP, mainly 
by reinforcing cell wall synthesis. The presence of 
an AMP in the membrane triggers an entire set 
of genes or regulons involved in  aerobic energy 
production, cell wall biosynthesis and lipid 
metabolism extra-cytoplasmic-function sigma 
factors, post-translational modification, protein 
turnover and chaperones50-52. Examples of these 
genes include msrA, which encodes methionine 
sulfoxide reductase, an enzyme that protects 
against oxidative damage and the recU gene, 
which is involved in DNA replication, 
recombination and repair . There is a general up-
regulation of the stress molecular chaperones/ 
proteases HtrA and Hsp33 and genes related to 
carbohydrate metabolism and energy 
production, such as NADH dehydrogenase I 
(nuoA), succinate dehydrogenase (sdhD), 

fumarate reductase (frdC), and nitrate reductase 
(nirD) genes.   
 
Inhibition of intracellular targets 

Most AMPs rich in cationic amino acids or 
bearing a sequence similarity to histones, 
including buforin II, are able to accumulate 
rapidly within cells without significant membrane 
perturbation and bind to DNA and RNA53. Similar 
results have been reported for tryptophan-
proline-rich AMP indolicidin54 and the proline-
rich AMPs (Pr-AMP) like apaedicins and oncocins 
that bind to the 70S of ribosomes, as well as 
molecular chaperons inhibiting protein 
biosynthesis and proper folding of nascent 
proteins55 . Kriszan et al.56 have shown that 
capistruin inhibits the growth of Burkholderia 
and closely related Pseudomonas strains, by 
interaction with DNA-dependent RNA 
polymerase, in just the same way as its structural 
analogue micrococin (MccJ25) produced by E. 
coli. The molecular basis of preference for 
nucleic acids appears to be related to the 
cationic and hydrophobic residues, because 
apaedicins and oncocins bind to DNA and RNA 
via the active site residues (Arg17 and Leu18) 
and (Lys3, Tyr6, Leu7, and Arg11), respectively. 
 
Rational AMP design 

The overall objective of rational design of AMPs 
is not limited to enhancing activity but also 
encompasses minimising production costs by 
limiting the length/structure to the smallest 
amino acid domain that is responsible for the 
antimicrobial activity. Again, the modified 
peptide must be able to retain its original activity 
or have a narrower spectrum of activity against a 
select microbe under physiological saline 
conditions and in complex biological fluids, whilst 
resisting degradation by host enzymes 57. 
 It is clear from the various studies that a given 
AMP employs a myriad of different mechanisms 
in a panel of microbes, whilst a given microbe 
displays different levels of sensitivity to different 
classes of AMP. Details of the molecular basis for 
these differences have not been explained from 
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the huge data collected so far, making the design 
and prediction of synthetic AMPs a complicated 
task. However, results from several structure-
activity studies in different membrane 
environments have identified the size, the 
sequence, the degree of structuring (for 
example, helical content), the net charge, the 
overall hydrophobicity, the amphipathicity and 
the respective widths of the hydrophobic and 
hydrophilic faces of the helix as key determinants 
of antimicrobial activity20. Although these 
parameters are interrelated, the general strategy 
of increasing the cationicity and keeping 
moderate hydrophobicity of the template AMP  
has been found to be very effective in improving 
antimicrobial or antitumor activity, whilst 
supressing haemolytic activity 58. This is probably 
because the active regions of AMPs are generally 
amphipathic59. Yang et al.58 reported enhanced 
anticancer activity in six analogues of temporin-
1CEa, a naturally occurring α- helical  and 
amphipathic AMP derived from skin secretions of  
the  Chinese brown frog Rana chensinensis, by 
either increasing cationicity or 
increasing/decreasing hydrophobicity. This is 
generally done by replacing neutral and acidic 
amino acids with lysine or leucine residues on 
the polar face and non-polar face of the α-helix. 
This strategy has  recently been employed to 
improve the antimicrobial and anticancer activity 
of antimicrobial peptides present in the venom 
of scorpions 60,61.  
Several AMP modification techniques involving 
changing the cationic and hydrophilic character 
have been described and reviewed. The most 
common involve designing molecules imitating 
AMP structure and function, such as AMP 
mimetics and hybrid AMPs. Mimetics are 
synthetic, non-peptidic molecules constructed 

with peptoids, β-peptides, arylamides, 
oligomers or phenylene ethynylenes that mimic 
the properties and activities of naturally 
occurring AMPs. Examples include the anti-
Mycobacterium tetrameric, alkylated, cationic 
peptoid (1-C134mer) and antimicrobial and 
antitumour mimetics based on enhanced 
cationicity such as Oligoacyl- lysine (OAK)62,63.  

The hybrids differ from the mimetics in that they 
are conjugates of the active regions of two to 
three naturally occurring peptides. Common 
examples include the family of cecropin A–
melittin (CEME) and CEMA family of peptides. 
CEME is composed of amino acid residues 1–8 of 
cecropin A and amino acid residues 1–18 of 
melittin, whilst CEMA is a congener of CEME with 
a modified and enhanced cationic C-terminus.  
The formation of hybrids with extra cationicity 
improves their ability to bind lipopolysaccharide 
(LPS) and lipoteichoic acid (LTA) and  increase 
membrane permeabilising ability whilst reducing 
haemolytic activity64. Some recent techniques 
include the incorporation of transition metal 
complexes with protein binding motifs to form 
metallo drugs, as demonstrated by Libardo et 
al.65.  
 
Conclusion 

Modification of natural AMP templates to 
produce novel anti-infective drugs holds great 
potential in the fight against multi-drug resistant 
microorganisms. The singular advantage of 
reducing the emergence of drug-resistant strains 
still remains a major motivation in this pursuit. 
Although many templates with enhanced 
biological activity have been designed using 
various concepts, the challenge of treatment 
failures still remains a threat to public health. It 
is very possible to overcome this challenge, but 
more information from structural-activity studies 
is needed to guide drug design concepts. For 
now, the preferred strategy in all these 
developments remains modifying the 
amphipathicity by reducing minimising 
hydrophobicity and increasing the cationicity to 
improve membrane disruption, or attaching 
AMPs to transition metals to form metallodrugs. 
 
Acknowledgements 

This work was supported by CAPES, CNPq, 
FUNDECT and FAPDF and the University of Cape 
Coast, Ghana. 

 
References 



Abgal C.M. et al.                                                                                                                                                         20 

1. Epand, R. M.; Vogel, H. J. “Diversity of 
antimicrobial peptides and their mechanisms of 
action,” Biochimica et Biophysica Acta, 1999 , 
1462 ( 1-2), 11–28. PMID: 10590300 

2. Zhang, L., Rozek,A.; Hancock, R. E. W.,  
“Interaction of cationic antimicrobial peptides 
with model membranes,” The Journal of 
Biological Chemistry, 2001, 276 ( 38), 35714– 
35722. PMID: 11473117 

3. Afacan, N.J.; , Laure M. Janot.;  R.E. W. 
Hancock., Host Defense Peptides: Immune 
Modulation and Antimicrobial Activity In Vivo 
Antimicrobial Peptides and Innate Immunity 
Progress in Inflammation Research , 2013, 321-
358,  DOI 10.1007/978-3-0348-0541-4_13 
 
4. Hilchie, A. L.; Wuerth, K.; Hancock, R.E. W., 
Immune modulation by multifaceted cationic host 
defense (antimicrobial) peptides,  Nature Chemical 
Biology, 2013, 9, 761–768,  
doi:10.1038/nchembio.1393. 
 
5. Deslouches, B., Steckbeck, J. D., Craigo, J. K., 
Doi, Y., Mietzner, T. A., Montelaro, R. C., Rational 
design of engineered cationic antimicrobial 
peptides consisting exclusively of arginine and 
tryptophan, and their activity against multidrug-
resistant pathogens  Antimicrobial Agents 
Chemotherapy ,2013,  57, 2511–2521. doi: 
10.1128/AAC.02218-12. 
 
6.  Brogden, K.A., Antimicrobial peptides: pore 
formers or metabolic inhibitors in bacteria? 
Nature Reviews Microbiology, 2005, 3, 238-250, 
doi:10.1038/nrmicro1098. 
 
7.  Bechinger, B.; Salnikov, E., The membrane 
interactions of antimicrobial peptides revealed 
by solid-state NMR spectroscopy, Chemistry and 
Physics of Lipids, 2012,  165, 282–301.    
doi: 10.1016/j.chemphyslip.2012.01.009. 
 
8. Tang, M.; Alan, J. W.; Hong., Mei.,  Effects of 
Arginine Density on the Membrane-Bound 
Structure of a Cationic Antimicrobial Peptide 
from Solid-State NMR Biochimica  Biophysica 

Acta, 2009, 1788(2): 514–521, 
doi:  10.1016/j.bbamem.2008.10.027 
 
9.  Su, Y.; Li, S.; Hong, M., Cationic Membrane 
Peptides: Atomic-Level Insight of Structure-
Activity Relationships from Solid-State NMR, 
Amino Acids. 2013,44(3),821–833. 
doi:10.1007/s00726-012-1421-9. 
 
10. Nguyen, L.T.; de Boer.; Zaat, S.A.J.; Vogel, H. 
J., Investigating the cationic side chains of the 
antimicrobial peptide tritrpticin: Hydrogen 
bonding properties govern its membrane-
disruptive activities Biochimica et Biophysica 
Acta (BBA) - Biomembranes, 2011, 
1808(9),2297–2303 
doi:10.1016/j.bbamem.2011.05.015 
 
11. Cutrona, K.; Elmore, D., Role of arginine and 
lysine in the antimicrobial mechanism of histone-
derived peptides The FASEB Journal, 2013, 27, 
1021.6 DOI: 10.1096/fj.1530-6860 

12. Tagai, C.; Morita, S.; Shiraishi, T.; Miyaji, 
K.; Iwamuro, S., Antimicrobial properties of 
arginine- and lysine-rich histones and 
involvement of bacterial outer membrane 
protease T in their differential mode of 
actions,Peptides, 2011,32(10),2003-9. doi: 
10.1016/j.peptides.2011.09.005. 

13. Morita, S.; Tagai, C.; Shiraishi, T.; Miyaji, 
K.; Iwamuro, S., Differential mode of 
antimicrobial actions of arginine-rich and lysine-
rich histones against Gram-positive 
Staphylococcus aureus. Peptides, 2013, 48,75-
82,doi: 10.1016/j.peptides.2013.07.025. 

14. Su, Y.; Li,S.; Hong, M., Cationic Membrane 
Peptides: Atomic-Level Insight of Structure 
Activity Relationships from Solid-State NMR, 
Amino Acids, 2013, 44(3), 821–833, 
doi:10.1007/s00726-012-1421-9.  

15. Nakase, I.; Okumura, S.; Katayama, S.; Hirose, 
H.; Pujals,S.; Hirofumi, Y.;  Arakawa,S.; Shimizu, 
S.; Futaki, S.,  Transformation of an 
antimicrobial peptide into a plasma membrane-
permeable, mitochondria-

http://link.springer.com/search?facet-author=%22Nicole+J.+Afacan%22
http://link.springer.com/search?facet-author=%22Laure+M.+Janot%22
http://link.springer.com/search?facet-author=%22Robert+E.+W.+Hancock%22
http://link.springer.com/search?facet-author=%22Robert+E.+W.+Hancock%22
http://link.springer.com/book/10.1007/978-3-0348-0541-4
http://link.springer.com/bookseries/4983
http://www.nature.com/nchembio/journal/v9/n12/abs/nchembio.1393.html#auth-1
http://www.nature.com/nchembio/journal/v9/n12/abs/nchembio.1393.html#auth-2
http://www.nature.com/nchembio/journal/v9/n12/abs/nchembio.1393.html#auth-3
http://www.nature.com/nchembio/journal/v9/n12/abs/nchembio.1393.html#auth-3
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19059201
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19059201
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19059201
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19059201
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19059201
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19059201
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19059201
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19059201
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19059201
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19059201
http://dx.doi.org/10.1016%2Fj.bbamem.2008.10.027
http://www.sciencedirect.com/science/article/pii/S0005273611001490
http://www.sciencedirect.com/science/article/pii/S0005273611001490
http://www.sciencedirect.com/science/article/pii/S0005273611001490
http://www.sciencedirect.com/science/article/pii/S0005273611001490
http://www.sciencedirect.com/science/article/pii/S0005273611001490
http://www.sciencedirect.com/science/journal/00052736
http://www.sciencedirect.com/science/journal/00052736
http://www.sciencedirect.com/science/journal/00052736/1808/9
http://dx.doi.org/10.1016/j.bbamem.2011.05.015
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tagai%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21930170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morita%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21930170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shiraishi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21930170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miyaji%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21930170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miyaji%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21930170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iwamuro%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21930170
http://www.ncbi.nlm.nih.gov/pubmed/21930170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morita%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23932939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tagai%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23932939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shiraishi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23932939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miyaji%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23932939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miyaji%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23932939
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iwamuro%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23932939
http://www.ncbi.nlm.nih.gov/pubmed/23932939
http://pubs.rsc.org/en/results?searchtext=Author%3AIkuhiko%20Nakase
http://pubs.rsc.org/en/results?searchtext=Author%3AShinya%20Okumura
http://pubs.rsc.org/en/results?searchtext=Author%3ASayaka%20Katayama
http://pubs.rsc.org/en/results?searchtext=Author%3AHisaaki%20Hirose
http://pubs.rsc.org/en/results?searchtext=Author%3AHisaaki%20Hirose
http://pubs.rsc.org/en/results?searchtext=Author%3AHisaaki%20Hirose
http://pubs.rsc.org/en/results?searchtext=Author%3AHirofumi%20Yamaguchi
http://pubs.rsc.org/en/results?searchtext=Author%3ASatoko%20Arakawa
http://pubs.rsc.org/en/results?searchtext=Author%3AShigeomi%20Shimizu
http://pubs.rsc.org/en/results?searchtext=Author%3AShiroh%20Futaki


21                Journal of Postdoctoral Research June 2015: 14–24 
 

targeted peptide via the substitution of lysine 
with arginine, Chemical Communications, 2012, 
48, 11097-11099  DOI: 10.1039/C2CC35872G 

16. Torcato, I.M.; Huang, Y-H.; Franquelim, H. G.; 
Gaspar, D.; Craik, D.J.; Castanho, M.A.R.B.; 
Henriques, S.T., Design and characterization of 
novel antimicrobial peptides, R-BP100 and RW-
BP100, with activity against Gram-negative and 
Gram-positive bacteria,  Biochimica et Biophysica 
Acta, 2013 ,1828, 944–95539. 
doi:10.1016/j.bbamem.2012.12.002 
 
17. Fernandez D.I.;  Lee, T.H.; Sani, M.A.; Aguilar, 
M.I.; Separovic, F., Proline facilitates membrane 
insertion of the antimicrobial peptide maculatin 
1.1 via surface indentation and subsequent lipid 
disordering. Biophysical Journal 2013, 104(7), 
1495-507, doi: 10.1016/j.bpj.2013.01.059. 

18. Różycki, B.; Lipowsky, R., Spontaneous 
curvature of bilayer membranes from molecular 
simulations: Asymmetric lipid densities and 
asymmetric adsorption, J. Chem. Phys 2015, 
 142, 054101, 
http://dx.doi.org/10.1063/1.4906149 

19. Strandberg, E.;  Ulrich, A. S., AMPs and OMPs: 
Is the folding and bilayer insertion of β-stranded 
outer membrane proteins governed by the same 
biophysical principles as for α-helical 
antimicrobial peptides? Biochimica et Biophysica 
Acta (BBA) – Biomembranes 2015, 
doi:10.1016/j.bbamem.2015.02.019 

20. Yeaman, M.R.; Yount,N.Y.,  “Mechanisms of 
antimicrobial peptide action and resistance,” 
Pharmacological Reviews, 2003, 55(1), 27–55. 
PMID: 12615953 

21. Chugunov, A.; Pyrkova, D.; Nolde,D.; 
Polyansky, A.; Pentkovsky, V.; Efremov, R.,  Lipid-
II forms potential ‘‘landing terrain’’ for 
lantibiotics in simulated bacterial membrane  
Scientific Reports, 2013, 3, 1678, DOI: 
10.1038/srep01678. 

22. Essig, A.; Hofmann, D.; Münch, D.; Gayathri, 
S.; Künzler, M.; Kallio, P.T.; Sahl,H-G.; Wider, G.; 

Schneider, T.; Aebi, M.,  Copsin, a novel peptide-
based fungal antibiotic interfering with the 
peptidoglycan synthesis, Journal of Biological 
Chemistry, 2014, 
http://www.jbc.org/cgi/doi/10.1074/jbc.M114.5
99878   

23.Oeemig, J. S.; Lynggaard, C.; Knudsen, 
D.H.; Hansen, F.T.; Nørgaard, K.D.; Schneider, 
T.; Vad, B.S.; Sandvang, D.H.; Nielsen, L.A.; Neve, 
S.; Kristensen, H.H.; Sahl, H.G.; Otzen, 
D.E; Wimmer, R., Eurocin, a new fungal defensin: 
structure, lipid binding, and its mode of action,  
Journal of Biological Chemistry, 2012, 
7,287(50),42361-72, doi: 
10.1074/jbc.M112.382028.  

24. Wang, G., Human Antimicrobial Peptides and 
Proteins, Pharmaceuticals 2014, 7, 545-594, 
doi:10.3390/ph7050545 

25. Ling, L.L.; Schneider,T.; Peoples,A.J.;  
Spoering, A.L.; Engels, I.; Conlon,B.P.; Mueller, A.; 
Scha¨berle,T.F.; Hughes, D.E.; Epstein, S.;Jones, 
M.; Lazarides,L.;  Steadman, V.A.; Cohen,D.R.; 
Felix, C.R.; Fetterman,K.A.; Millett, W.P.; 
Nitti,A.G.; Zullo, A.M.; Chen, C.; Lewis,K., A new 
antibiotic kills pathogens without detectable 
resistance, Nature, 2015, 
doi:10.1038/nature14098 0 0  

26. Kjos M.; Oppegård, C.; Diep, D.B.;  Nes, 
I.F.; Veening, J.W.; Nissen-Meyer, J.; Kristensen, 
T., Sensitivity to the two-peptide bacteriocin 
lactococcin G is dependent on UppP, an enzyme 
involved in cell-wall synthesis. Molecular 
Microbiology,  2014,92(6),1177-87. doi: 
10.1111/mmi.12632.  

27.Uzelac, G.; Kojic, M.; Lozo, J.; Aleksandrzak-
Piekarczyk, T.; Gabrielsen, C.; Kristensen, T.; Nes, 
I.F.; Diep, D.B.; Topisirovic, L. A., Zn-dependent 
metallopeptidase is responsible for sensitivity to 
LsbB, a class II leaderless bacteriocin of 
Lactococcus lactis subsp. lactis BGMN1-5. Journal 
of  Bacteriology, 2013, 195(24),5614-21, doi: 
10.1128/JB.00859-13.   

http://dx.doi.org/10.1016/j.bbamem.2012.12.002
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fernandez%20DI%5BAuthor%5D&cauthor=true&cauthor_uid=23561526
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=23561526
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sani%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23561526
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aguilar%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=23561526
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aguilar%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=23561526
http://www.ncbi.nlm.nih.gov/pubmed/?term=Separovic%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23561526
http://www.ncbi.nlm.nih.gov/pubmed/23561526
http://scitation.aip.org/content/contributor/AU1108927;jsessionid=14s2c85w4lai9.x-aip-live-03
http://scitation.aip.org/content/contributor/AU0028006;jsessionid=14s2c85w4lai9.x-aip-live-03
http://dx.doi.org/10.1063/1.4906149
http://dx.doi.org/10.1016/j.bbamem.2015.02.019
http://dx.doi.org/10.1016/j.bbamem.2015.02.019
http://dx.doi.org/10.1016/j.bbamem.2015.02.019
http://dx.doi.org/10.1016/j.bbamem.2015.02.019
http://dx.doi.org/10.1016/j.bbamem.2015.02.019
http://dx.doi.org/10.1016/j.bbamem.2015.02.019
http://www.jbc.org/cgi/doi/10.1074/jbc.M114.599878
http://www.jbc.org/cgi/doi/10.1074/jbc.M114.599878
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oeemig%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lynggaard%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Knudsen%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Knudsen%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hansen%20FT%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=N%C3%B8rgaard%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schneider%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schneider%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vad%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sandvang%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nielsen%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neve%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neve%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kristensen%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sahl%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Otzen%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Otzen%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wimmer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23093408
http://www.ncbi.nlm.nih.gov/pubmed/23093408
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kjos%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24779486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oppeg%C3%A5rd%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24779486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diep%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=24779486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nes%20IF%5BAuthor%5D&cauthor=true&cauthor_uid=24779486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nes%20IF%5BAuthor%5D&cauthor=true&cauthor_uid=24779486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Veening%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=24779486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nissen-Meyer%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24779486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kristensen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24779486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kristensen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24779486
http://www.ncbi.nlm.nih.gov/pubmed/24779486
http://www.ncbi.nlm.nih.gov/pubmed/24779486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Uzelac%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24123824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kojic%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24123824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lozo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24123824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aleksandrzak-Piekarczyk%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24123824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aleksandrzak-Piekarczyk%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24123824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gabrielsen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24123824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kristensen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24123824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nes%20IF%5BAuthor%5D&cauthor=true&cauthor_uid=24123824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nes%20IF%5BAuthor%5D&cauthor=true&cauthor_uid=24123824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diep%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=24123824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Topisirovic%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24123824
http://www.ncbi.nlm.nih.gov/pubmed/24123824
http://www.ncbi.nlm.nih.gov/pubmed/24123824


Abgal C.M. et al.                                                                                                                                                         22 

28. Cotter, P.D., An 'Upp'-turn in bacteriocin 
receptor identification, Molecular 
Microbiology, 2014, 92(6), 1159-63, doi: 
10.1111/mmi.12645.  

29. Diep, D.B.; Skaugen, M.; Salehian, Z.; Holo, 
H.; Nes, I.F., Common mechanisms of target cell 
recognition and immunity for class II 
bacteriocins. Proceedings of the National 
Academy of  Science, U S A, 2007, 104(7):2384-
9.doi: 10.1073/pnas.0608775104 
 
30. Aerts, A, M.; Carmona-Gutierrez, D.; Lefevre, 
S.; Govaert, G.;  François,I. E.J.A.; Madeo, F.; 
Santos, R.; Cammue, B.P.A.; Thevissen, K The 
antifungal plant defensin RsAFP2 from radish 
induces apoptosis in a metacaspase independent 
way in Candida albicans,  FEBS Letters, 2009, 583 
(15), 2513–2516 
doi:10.1016/j.febslet.2009.07.004 
 
31.  Im, Y.J.; Idkowiak-Baldys, J.; Thevissen, 
K.; Cammue, B.P.; Takemoto, J.Y., IPT1-
independent sphingolipid biosynthesis and yeast 
inhibition by syringomycin E and plant defensin 
DmAMP1, FEMS Microbiology Letters, 
2003,223(2),199-203.  
PMID:12829286 

32. Hegedus, N.; Leiter, E.; Kovács, B.; Tomori, 
V.; Kwon, N.J.; Emri, T.; Marx, F.; Batta, 
G.; Csernoch, L.; Haas, H.; Yu, J.H.; Pócsi, I., The 
small molecular mass antifungal protein of 
Penicillium chrysogenum--a mechanism of action 
oriented review. Journal of  Basic Microbiology, 
2011 51(6),561-71, doi: 
10.1002/jobm.201100041.  

33.  Ashrafuzzaman, M.;  Andersen, O.S.;  
McElhaney, R.N., The antimicrobial peptide 
gramicidin S permeabilizes phospholipid bilayer 
membranes without forming discrete ion 
channels   Biochimica et Biophysica Acta (BBA) - 
Biomembranes, 2008, 1778(12), 2814–2822 
doi:10.1016/j.bbamem.2008.08.017 
 
34. Capone,R.; Mustata, M.; Jang, H.; 
 Ramachandran, S.; Nussinov, R.; Lal, R.,  

Protegrin-1 (PG-1), an antimicrobial peptide 
forms ion channels: atomic force microscopy, 
channel conductance, and molecular dynamics 
simulation study, Biophysical Journal, 2009, 
98(3)1,9a–10a doi:10.1016/j.bpj.2009.12.057  
 
35. Wenzel, M.; Chiriac, A.I.; Otto, A.; Zweytick, 
D.; May, C.; Schumacher, C.; Gust, R.; Albada, 
H.B.; Penkova, M.; Krämer, U.; Erdmann, 
R.; Metzler-Nolte, N.; Straus, S.K.; Bremer, E.; 
Becher, D.; Brötz-Oesterhelt, H.; Sahl, 
H.G.; Bandow, J.E., Small cationic antimicrobial 
peptides delocalize peripheral membrane 
proteins. Proceedings of the  National Academy 
of  Science, USA, 2014, 111(14), E1409-18, doi: 
10.1073/pnas.1319900111.   

36. Mihajlovic, M.; Lazaridis.; T., Antimicrobial 
peptides in toroidal and cylindrical pores. 
Biochimica et  Biophysica Acta, 2010, 1798(8), 
1485-93, doi: 10.1016/j.bbamem.2010.04.004. 
 
37. Guilhelmelli,F.;  Vilela,N.;  Albuquerque, P.; 
Derengowski, L.S.;  Silva-Pereira, I.; Kyaw, C.M., 
Antibiotic development challenges: the various 
mechanisms of action of antimicrobial peptides 
and of bacterial resistance, Fronteirs in 
Microbiology, 2013, 9;4:353. doi: 
10.3389/fmicb.2013.00353. 
 
38. Sengupta, D.; Leontiadou,  H.;  Mark, 
A.E.; Marrink, S.J., Toroidal pores formed by 
antimicrobial peptides show significant 
disorder, 2008, 1778(10),2308-17, doi: 
10.1016/j.bbamem.2008.06.007.  

39. Rangarajan, N.; Bakshi, S.; Weisshaar, J.C., 
Localized permeabilization of E. coli membranes 
by the antimicrobial peptide Cecropin A.  
Biochemistry,  2013, 24, 52(38):6584-94. doi: 
10.1021/bi400785j.  

40. Doherty, T.; Waring, A.J.; Hong, M., Peptide-
lipid interactions of the beta-hairpin 
antimicrobial peptide tachyplesin and its linear 
derivatives from solid-state NMR,  Biochimica et 
Biophysica Acta, 2006, 758(9), 1285-91. PMID: 
16678119 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cotter%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=24811684
http://www.ncbi.nlm.nih.gov/pubmed/24811684
http://www.ncbi.nlm.nih.gov/pubmed/24811684
http://www.sciencedirect.com/science/article/pii/S0014579309005298
http://www.sciencedirect.com/science/article/pii/S0014579309005298
http://www.sciencedirect.com/science/article/pii/S0014579309005298
http://www.sciencedirect.com/science/article/pii/S0014579309005298
http://www.sciencedirect.com/science/article/pii/S0014579309005298
http://www.sciencedirect.com/science/article/pii/S0014579309005298
http://www.sciencedirect.com/science/article/pii/S0014579309005298
http://www.sciencedirect.com/science/article/pii/S0014579309005298
http://www.sciencedirect.com/science/article/pii/S0014579309005298
http://www.sciencedirect.com/science/journal/00145793/583/15
http://www.sciencedirect.com/science/journal/00145793/583/15
http://dx.doi.org/10.1016/j.febslet.2009.07.004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Im%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=12829286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Idkowiak-Baldys%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12829286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thevissen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12829286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thevissen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12829286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cammue%20BP%5BAuthor%5D&cauthor=true&cauthor_uid=12829286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takemoto%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=12829286
http://www.ncbi.nlm.nih.gov/pubmed/12829286
http://www.ncbi.nlm.nih.gov/pubmed/12829286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hegedus%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leiter%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kov%C3%A1cs%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tomori%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tomori%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kwon%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Emri%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marx%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Batta%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Batta%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Csernoch%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Haas%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%B3csi%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21780144
http://www.ncbi.nlm.nih.gov/pubmed/21780144
http://www.ncbi.nlm.nih.gov/pubmed/21780144
http://www.sciencedirect.com/science/article/pii/S0005273608002629
http://www.sciencedirect.com/science/article/pii/S0005273608002629
http://www.sciencedirect.com/science/article/pii/S0005273608002629
http://www.sciencedirect.com/science/article/pii/S0005273608002629
http://www.sciencedirect.com/science/journal/00052736
http://www.sciencedirect.com/science/journal/00052736
http://www.sciencedirect.com/science/journal/00052736/1778/12
http://dx.doi.org/10.1016/j.bbamem.2008.08.017
http://www.sciencedirect.com/science/article/pii/S0006349509018621
http://www.sciencedirect.com/science/article/pii/S0006349509018621
http://www.sciencedirect.com/science/article/pii/S0006349509018621
http://www.sciencedirect.com/science/article/pii/S0006349509018621
http://www.sciencedirect.com/science/article/pii/S0006349509018621
http://www.sciencedirect.com/science/article/pii/S0006349509018621
http://www.sciencedirect.com/science/journal/00063495/98/3/supp/S1
http://dx.doi.org/10.1016/j.bpj.2009.12.057
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wenzel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chiriac%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Otto%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zweytick%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zweytick%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=May%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schumacher%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gust%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Albada%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Albada%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Penkova%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kr%C3%A4mer%20U%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Erdmann%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Erdmann%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Metzler-Nolte%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Straus%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bremer%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Becher%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Br%C3%B6tz-Oesterhelt%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sahl%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sahl%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bandow%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=24706874
http://www.ncbi.nlm.nih.gov/pubmed/24706874
http://www.ncbi.nlm.nih.gov/pubmed/24706874
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mihajlovic%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20403332
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lazaridis%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20403332
http://www.ncbi.nlm.nih.gov/pubmed/20403332
http://www.ncbi.nlm.nih.gov/pubmed/24367355
http://www.ncbi.nlm.nih.gov/pubmed/24367355
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sengupta%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18602889
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leontiadou%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18602889
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mark%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=18602889
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mark%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=18602889
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marrink%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=18602889
http://www.ncbi.nlm.nih.gov/pubmed/18602889
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rangarajan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23988088
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bakshi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23988088
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weisshaar%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=23988088
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weisshaar%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=23988088
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weisshaar%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=23988088
http://www.ncbi.nlm.nih.gov/pubmed/?term=Doherty%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16678119
http://www.ncbi.nlm.nih.gov/pubmed/?term=Waring%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=16678119
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16678119
http://www.ncbi.nlm.nih.gov/pubmed/16678119
http://www.ncbi.nlm.nih.gov/pubmed/16678119


23                Journal of Postdoctoral Research June 2015: 14–24 
 

41. Epand, R. F.; Maloy,W.L.;  Ramamoorthy, 
A.; Epand, R.M., Probing the “Charge Cluster 
Mechanism” in Amphipathic Helical Cationic 
Antimicrobial Peptides, 
Biochemistry, 2010, 49 (19), 4076–4084 
DOI: 10.1021/bi100378m 

42.  Mattila, J.P.; Sabatini, K.; Kinnunen, P.K.J.,  
Oxidized phospholipids as potential molecular 
targets for antimicrobial peptides Biochimica et 
Biophysica Acta (BBA) - Biomembranes, 2008, 
1778(10), 2041–2050  
doi:10.1016/j.bbamem.2008.03.020 
43.  Rokitskaya, T.I.; Kolodkin, N.I.; Kotova, 
E.A.; Antonenko, Y.N.,  Indolicidin action on 
membrane permeability: carrier mechanism 
versus pore formation Biochimica et  Biophysica  
Acta,  2011 808(1):91-7. 
doi:10.1016/j.bbamem.2010.09.005.  

44. Miteva,M.;  Andersson, M.; Karshikoff,A.; 
Otting, G., Molecular electroporation: a unifying 
concept for the description of membrane pore 
formation by antibacterial peptides, exemplified 
with NK-lysin FEBS Letters, 1999, 462 ,155–158 
doi:10.1016/S0014-5793(99)01520-3 
 
45. Dufrêne, Y. F., Atomic force microscopy in 
microbiology: new structural and functional 
insights into the microbial cell surface , mBio,  
2014, 5(4):e01363-14. doi:10.1128/mBio.01363-
14 

46. Olivieri, C.; Buonocore,F.; Picchietti, S.; 
 Taddei,A. R.;  Bernini,C.;  Scapigliati, G.; Dicke, 
A.A.; Vostrikov,V.V.;  Veglia, G.;  Porcelli, F., 
Structure and membrane interactions of 
chionodracine, a piscidin-like antimicrobial 
peptide from the icefish Chionodraco hamatus 
Biochimica et Biophysica Acta (BBA) – 
Biomembranes 2015 1848 (), 1285-1293, 
doi:10.1016/j.bbamem.2015.02.030 

47. Wilmes, M.; Stockem, M.; Bierbaum, 
G.; Schlag, M.; Götz, F.; Tran, D.Q.; Schaal, 
J.B.; Ouellette, A.J.; Selsted, M.E.; Sahl, H.G., 

Killing of staphylococci by θ-defensins involves 
membrane impairment and activation of 

autolytic enzymes, Antibiotics (Basel), 2014, 
3(4):617-631. PMID: 25632351 

48. Koo, S. P.; Bayer, A.S.; Yeaman, M.R., 
Diversity in antistaphylococcal mechanisms 
among membrane-targeting antimicrobial 
peptides,  Infection and  
Immunity, 2001,69(8):4916-22 PMID: 

 11447168 
49. Gennaro, R.; Zanetti, M., Structural features 
and biological activities of the cathelicidin-
derived antimicrobial peptides, 
Biopolymers,2000, 55, 31–49. PMID:10931440 

50.Wenzel,M.; Kohl, B.; Münch, D.; Raatschen, 
N.; Albada, H.B.; Hamoen, L.; Metzler-Nolte, 
N.; Sahl, H.G.; Bandow, J.E., Proteomic response 
of Bacillus subtilis to lantibiotics reflects 
differences in interaction with the cytoplasmic 
membrane. Antimicrobial  Agents and 
Chemotherapy, 2012 56(11),5749-57, doi: 
10.1128/AAC.01380-12. 

51. Kingston,A.W.;  Liao, X.; Helmann, J.D., 
*Contributions of the σW, σM, and σX Regulons to 
the Lantibiotic Resistome of Bacillus subtilis 
Molecular Microbiology, 2013, 90(3): 502–518. 
doi:  10.1111/mmi.12380 

52. Tiricz,H.; Szu˝cs, A.;  Farkas, A.; Pap,B., 
Lima,R.M.;  Maróti, G.; Kondorosi, E.; Kereszta, 
A., Antimicrobial Nodule-Specific Cysteine-Rich 
Peptides Induce Membrane Depolarization-
Associated Changes in the Transcriptome of 
Sinorhizobium meliloti  Applied and 
Environmental Microbiology (2013) 79(21),6737–
6746 doi:10.1128/AEM.01791-13 

53. Uyterhoeven, E.T.; Butler, C.H.; Ko, 
D.; Elmore, E.D., Investigating the nucleic acid 
interactions and antimicrobial mechanism of 
buforin II FEBS Letters, 2008, 582, 12, 1715–1718 
doi:10.1016/j.febslet.2008.04.036 

54. Hsu, C.H.; Chen, C.; Jou, M.L.; Lee, A.Y.; Lin, 
Y.C.; Yu, Y.P.; Huang, W.T.; Wu, S.H., Structural 
and DNA-binding studies on the bovine 
antimicrobial peptide, indolicidin: evidence for 
multiple conformations involved in binding to 

http://pubs.acs.org/action/doSearch?ContribStored=Epand%2C+R+F
http://pubs.acs.org/action/doSearch?ContribStored=Epand%2C+R+F
http://pubs.acs.org/action/doSearch?ContribStored=Ramamoorthy%2C+A
http://pubs.acs.org/action/doSearch?ContribStored=Epand%2C+R+M
http://www.sciencedirect.com/science/article/pii/S0005273608001223
http://www.sciencedirect.com/science/article/pii/S0005273608001223
http://www.sciencedirect.com/science/article/pii/S0005273608001223
http://www.sciencedirect.com/science/journal/00052736
http://www.sciencedirect.com/science/journal/00052736
http://www.sciencedirect.com/science/journal/00052736/1778/10
http://dx.doi.org/10.1016/j.bbamem.2008.03.020
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rokitskaya%20TI%5BAuthor%5D&cauthor=true&cauthor_uid=20851098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kolodkin%20NI%5BAuthor%5D&cauthor=true&cauthor_uid=20851098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kotova%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=20851098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kotova%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=20851098
http://www.ncbi.nlm.nih.gov/pubmed/?term=Antonenko%20YN%5BAuthor%5D&cauthor=true&cauthor_uid=20851098
http://www.ncbi.nlm.nih.gov/pubmed/20851098
http://www.ncbi.nlm.nih.gov/pubmed/20851098
http://dx.doi.org/10.1016/S0014-5793(99)01520-3
http://dx.doi.org/10.1016/j.bbamem.2015.02.030
http://dx.doi.org/10.1016/j.bbamem.2015.02.030
http://dx.doi.org/10.1016/j.bbamem.2015.02.030
http://dx.doi.org/10.1016/j.bbamem.2015.02.030
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilmes%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25632351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stockem%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25632351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bierbaum%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25632351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bierbaum%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25632351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schlag%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25632351
http://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%B6tz%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25632351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tran%20DQ%5BAuthor%5D&cauthor=true&cauthor_uid=25632351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schaal%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=25632351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schaal%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=25632351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ouellette%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=25632351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Selsted%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=25632351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sahl%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=25632351
http://www.ncbi.nlm.nih.gov/pubmed/25632351
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koo%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=11447168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bayer%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=11447168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yeaman%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=11447168
http://www.ncbi.nlm.nih.gov/pubmed/11447168
http://www.ncbi.nlm.nih.gov/pubmed/11447168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wenzel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22926563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kohl%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22926563
http://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%BCnch%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22926563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Raatschen%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22926563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Raatschen%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22926563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Albada%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=22926563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hamoen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22926563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Metzler-Nolte%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22926563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Metzler-Nolte%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22926563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sahl%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=22926563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bandow%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=22926563
http://www.ncbi.nlm.nih.gov/pubmed/22926563
http://www.ncbi.nlm.nih.gov/pubmed/22926563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kingston%20AW%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20X%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Helmann%20JD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=23980836
http://dx.doi.org/10.1111%2Fmmi.12380
http://www.sciencedirect.com/science/article/pii/S0014579308003633
http://www.sciencedirect.com/science/article/pii/S0014579308003633
http://www.sciencedirect.com/science/article/pii/S0014579308003633
http://www.sciencedirect.com/science/article/pii/S0014579308003633
http://www.sciencedirect.com/science/journal/00145793/582/12
http://dx.doi.org/10.1016/j.febslet.2008.04.036
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hsu%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=16034027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16034027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jou%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=16034027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20AY%5BAuthor%5D&cauthor=true&cauthor_uid=16034027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20YC%5BAuthor%5D&cauthor=true&cauthor_uid=16034027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20YC%5BAuthor%5D&cauthor=true&cauthor_uid=16034027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20YP%5BAuthor%5D&cauthor=true&cauthor_uid=16034027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20WT%5BAuthor%5D&cauthor=true&cauthor_uid=16034027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=16034027


Abgal C.M. et al.                                                                                                                                                         24 

membranes and DNA. Nucleic Acids Research, 
2005, 20, 33(13),4053-64.  
PMID: 16034027 
 
55.  Krizsan, A.; Volke, D.; Weinert, S.; Sträter, 
N.; Knappe, D.; Hoffmann, R., Insect-derived 
proline-rich antimicrobial peptides kill bacteria 
by inhibiting bacterial protein translation at the 
70S ribosome. Angewandte Chemie 
(International Edition in English), 
2014,53(45),12236-9.   doi: 
10.1002/anie.201407145.  

56. Kuznedelov,K.; Semenova, E.; Knappe, T.A.; 
Mukhamedjarov, D.; Srivastava, A.; Chatterjee, 
S.; Ebright, R.H.; Marahiel, M.; Severinov, K., The 
antibacterial threaded-lasso peptide capistruin 
inhibits bacterial RNA polymerase  Journal of 
Molecular Biology, 2011, 412(5), 842–848. 
doi:  10.1016/j.jmb.2011.02.060 

57. Brogden, N.K.; Brogden, K.A., Will new 
generations of modified antimicrobial peptides 
improve their potential as pharmaceuticals? 
International Journal of Antimicrobial Agents, 
2011, 38(3): 217–225. 
doi:10.1016/j.ijantimicag.2011.05.004 

58. Yang, Q.Z.; Wang, C.; Lang, L.; Zhou, 
Y.; Wang, H.; Shang, D.J., Design of potent, non-
toxic anticancer peptides based on the structure 
of the antimicrobial peptide, temporin-1CEa, 
Archives of  Pharmacal  Research. 2013, 
36(11):1302-10. doi: 10.1007/s12272-013-0112-
8.  

59. Tossi, A.; Tarantino, C.; Romeo,D., Design of 
synthetic antimicrobial peptides based on 
sequence analogy and amphipathicity,  European 
Journal of  Biochemistry, 1997, 250:549–558. 
PubMed: 9428709 
 
60. Almaaytah, A.; Tarazi, S.; Abu-Alhaijaa, A.; 
Altall, Y.; Alshar'i, N.; Bodoor, K.; Al-Balas, Q.,  
Enhanced Antimicrobial Activity of AamAP1-
Lysine, a Novel Synthetic Peptide Analog Derived 
from the Scorpion Venom Peptide 
AamAP1. Pharmaceuticals 2014,7, 502-516 
 doi: 10.3390/ph7050502 

 
61. Du, Q.; Hou, X.; Wang, L.; Zhang, Y.; Xi, X.; 
Wang, H.; Zhou, M.; Duan, J.; Wei, M.; Chen, T.; 
Shaw, C., AaeAP1 and AaeAP2: Novel 
Antimicrobial Peptides from the Venom of the 
Scorpion, Androctonus aeneas: Structural 
Characterisation, Molecular Cloning of 
Biosynthetic Precursor-Encoding cDNAs and 
Engineering of Analogues with Enhanced 
Antimicrobial and Anticancer 
Activities. Toxins 2015, 7,219-237. 
doi:10.3390/toxins7020219 

62. Radzishevsky, I.S.; Rotem, S.; Bourdetsky, D.; 
Navon-Venezia, S.; Carmeli, Y.; Mor, A., Improved 
antimicrobial peptides based on acyl-lysine 
oligomers,  Nature Biotechnology, 2007; 25:657–
659. PubMed: 17529972 
 
63. Zaknoon, F.; Sarig, H.; Rotem, S.; Livne, L.; 
Ivankin, A.; Gidalevitz, D.; Mor, A.,   Antibacterial 
properties and mode of action of a short acyl-
lysyl oligomer. Antimicrob Agents Chemother. 
2009; 53:3422–3429. doi:  10.1128/AAC.00010-
0964. Piers, K.L.; Hancock, R.E.W., The 
interaction of a recombinant cecropin/melittin 
hybrid peptide with the outer membrane of 
Pseudomonas aeruginosa. Molecular 
Microbiology, 1994, 12:951–958. [PubMed: 
7934902] 
65. Libardo, M.D.; Cervantes, J.L.; Salazar, J.C.; 
Angeles-Boza, A.M., Improved Bioactivity of 
Antimicrobial Peptides by Addition of Amino-
Terminal Copper and Nickel (ATCUN) Binding 
Motifs  ChemMedChem. 2014 9(8):1892-901. 
doi: 10.1002/cmdc.201402033. 
 

http://www.ncbi.nlm.nih.gov/pubmed/16034027
http://www.ncbi.nlm.nih.gov/pubmed/16034027
http://www.ncbi.nlm.nih.gov/pubmed/?term=Krizsan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25220491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Volke%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25220491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weinert%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25220491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Str%C3%A4ter%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25220491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Str%C3%A4ter%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25220491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Knappe%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25220491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffmann%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25220491
http://www.ncbi.nlm.nih.gov/pubmed/25220491
http://www.ncbi.nlm.nih.gov/pubmed/25220491
http://www.ncbi.nlm.nih.gov/pubmed/25220491
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuznedelov%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Semenova%20E%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Knappe%20TA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mukhamedjarov%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Srivastava%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chatterjee%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ebright%20RH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marahiel%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Severinov%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=21396375
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=21396375
http://dx.doi.org/10.1016%2Fj.jmb.2011.02.060
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20QZ%5BAuthor%5D&cauthor=true&cauthor_uid=23609760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23609760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23609760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23609760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23609760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23609760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shang%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=23609760
http://www.ncbi.nlm.nih.gov/pubmed/23609760
http://dx.doi.org/10.3390/toxins7020219
http://dx.doi.org/10.1128%2FAAC.00010-09
http://dx.doi.org/10.1128%2FAAC.00010-09
http://www.ncbi.nlm.nih.gov/pubmed/24803240

