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Abbreviations: DOPC: 1,2-dioleoyl-sn-glycero-3-phosphocholine;
DOPG: 1,2-dioleoylsn-glycero-3-phospho-(1′-rac-glycerol); DOPE: 
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine; DPC: n-dodecyl 
phosphatidylcholine; LPS: Lipopolysaccharide; LUV: Large Unilamellar 
Vesicles; SDS: Sodium Dodecyl Sulphate; TFE: 2,2,2-trifluoroethanol

Introduction
More than 90% of lung infections in cystic fibrosis (CF) patients 

are caused by Pseudomonas aeruginosa [1]; further CF pathogens 
include clinical isolates of Burkholderia cepacia, Staphylococcus aureus 
and Stenotrophomonas maltophilia, a newly emerging pathogen [2]. 
Current therapies are targeted at reducing obstruction, inflammation, 
or infection, but pathogenic bacteria easily develop resistance to 
conventional antibiotics [3]. Such molecules affect vital microbial 
functions through recognition and interaction with specific targets 
involved in metabolic reactions within cells. The susceptibility of these 
target molecules to mutations makes it easy for the microbes to become 
resistant to antibiotics. This strongly encourages the quest of novel 
antimicrobials especially for the treatment of chronic infections. 

Antimicrobial peptides in the treatment of cystic fibrosis

Antimicrobial peptides are a key component of the innate immune 
system in multicellular eukaryotes acting as the first line of defense against 
infectious agents [1,4]. In particular, Cationic Antimicrobial Peptides 
(CAMPs) are small positively charged peptides with an amphipathic 
structure, active against Gram-positive and Gram-negative bacteria, fungi, 
as well as protozoa. Cationicity is an important feature that favors the 
attraction and binding of CAMPs to the microbial cell surface composed of 
negatively charged components, such as lipopolysaccharides (LPS) present 
in the outer membrane of Gram-negative or lipoteichoic acids in the cell 
wall of Gram-positive ones [5] while the amphipathic nature of the CAMPs 
fosters their insertion into the membrane [3].

The chemico-physical features of these peptides make them 
extremely attractive candidates for development as therapeutics for CF. 
Indeed they are usually multifunctional exhibiting not only fast acting 
and broad-spectrum bactericidal properties but also anti-inflammatory 
and immunomodulatory activities [6,7]. Some endogenous cationic 
antimicrobial peptides are secreted by lung epithelial cells; however their 
concentration in the lung is quite low and the high-salt environment 
created on the apical side of CF epithelial cells impair their effectiveness 
[1] as observed for human cathelicidin AMP LL37, histidine-richpeptide 
P-113, indolicidins, gramicidins, bactenecins, and magainins, all known 
to be salt sensitive [8]. Therefore, a promising therapeutic approach
would be to exogenously apply cationic antimicrobial peptides with
combined antimicrobial and anti-inflammatory activity.

Over the last decades, efforts have been addressed to identify novel 
antimicrobial peptides from diverse sources [9].

An innovative approach to identify a cryptic and valuable 
peptide: the story of VLL-28

Schmidtchen et al. demonstrated that heparin-binding motifs of 
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endogenous mammalian proteins exhibit antimicrobial activity [10]. 
They suggested that the regular spacing of cationic residues in heparin 
binding peptides generates amphipathic/cationic structures closely 
resembling those of typical CAMPs. Starting from their work and 
based on our expertise on thermophilic proteins/enzymes [11-17], we 
hypothesized that several anionic-polymers-binding proteins could be 
used as sources of CAMPs, including nucleic acid binding proteins such 
as transcriptional factors or proteins involved in stabilization or repair 
of DNA and RNA. With this purpose we have employed a new in silico 
method for the identification of potential cryptic CAMPs (funded by 
FFC grant #20/2014, Pane et al. manuscript submitted) based on the 
correlation between antimicrobial activity and charge/hydrophobicity. 
By employing this method a potential CAMP has been identified in the 
primary structure of Stf76 protein [16], a transcription factor encoded 
by pSSVx, a hybrid plasmid–virus from the archaeon Sulfolobus 
islandicus [17,18]. The selected 28-residue peptide, encompassing Val-
37 and Arg-64, was named VLL-28. It has a net charge of +8 at pH 7 
and 43% of hydrophobic residues; hence, it closely resembles CAMPs 
in length, charge and hydrophobic residues content [19]. Stf76 solution 
structure was recently resolved by Nuclear Magnetic Resonance (NMR) 
spectroscopy and residues involved in the interaction with DNA were 
identified [16]. Very interestingly the main group of residues involved 
in DNA binding is in the region 37-64. The characterization of VLL-
28 confirmed that it possesses all the typical features of CAMPs. 
First of all, VLL-28 turned out to be a broad-spectrum antimicrobial 
peptide, being active on Gram+ and Gram- bacteria including some 
clinically relevant strains in CF, such as P. aeruginosa and S. aureus. 
Secondly, VLL-28 shows several relevant chemical physical properties. 
In particular, CD studies demonstrated that VLL-28 is unstructured in 
solution, whereas it acquires a well-defined secondary structure in the 
presence of membrane mimetics, like TFE, DPC and SDS. In addition 
both the leakage and fusogenic assays showed that the peptide interacts 
and selectively damages the DOPC/DOPG (4/1) or DOPE/DOPG (4/1) 
LUVs, which mimic bacterial membranes likely inducing the formation 
of a pore. Finally, we found that VLL-28 retains the ability to bind 
nucleic acids even if, differently from the parent protein, it displays a 
preferential binding to ssDNA and RNA and the propensity to form 
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unspecific high molecular weight aggregates upon interaction with 
nucleic acids. In agreement with these findings, in E. coli cells VLL-
28 was found to be not entirely located in the membrane but also in 
the cytoplasm though at lower concentration. Altogether, these results 
suggest that antimicrobial properties of this peptide reside in a multi-
layered killing mechanism involving both membrane damages and 
nucleic acid binding as demonstrated for buforinII [20].

VLL-28 is the first CAMP isolated from the archaeal kingdom being 
active against bacterial pathogens. Indeed, the updated antimicrobial 
peptide database (APD, http://aps.unmc.edu/AP/) includes only four 
AMPs from archaea, all halocins (or microhalicin) from halophilic 
microorganisms targeting archaeal species. VLL-28 derives from 
a thermophilic transcription factor encoded by a virus infecting 
Sulfolobus spp. which thrives under harsh conditions. Interestingly, 
thermophilic proteins are usually more stable to extreme chemico-
physical conditions such as pH, temperature, denaturing agents, 
salt concentration and moreover the protein thermostability is often 
associated with increased proteolytic resistance [21,22]. Because of 
its thermophilic nature, it is expected that VLL-28 could represent an 
optimal scaffold to get variants with improved resistance to proteases 
thus overcoming one of the major bottlenecks of the employment of 
CAMPs for CF treatment. VLL-28 primary structure could be modified 
in terms of length and amino acid composition, to increase its protease 
stability, without affecting its activity. In particular the insertion of 
specific chemical modifications such as i) an all-hydrocarbon bridge 
within the peptide backbone connecting a couple of unnatural α,α−δ 
substituted amino acids forming a peptide macrocycle [23] or ii) 
D-aminoacids and/or modified amide bounds, could render VLL-28 
less susceptible to protease cleavage [24]. All these studies are currently 
underway.

In addition to a broad bactericidal activity, VLL-28 is also endowed 
with significant anti-Candida activity [19], an advantage, since those 
pathogens can be present in the CF lungs and other antibiotics used 
in CF therapy often lack useful Gram-positive and fungal coverage [1] 
(Figure 1).

Conclusion
Being VLL-28 a potent antimicrobial and antifungal agent, it 

represents a promising “lead compound” for future development of 
novel drugs to be exploited in therapeutic treatment of CF disease. 
Since the resistance to proteases is a prerequisite for the treatment of 
CF, innovative approaches voted to the achievement of such goal well 
suit to this demanding task. We aim at obtaining a panel of protease-
resistant VLL-28 derivative peptides with anti-microbial activity against 
different relevant clinical strains for CF to be used in alternative to and/
or in combination with conventional antibiotics. 

Acknowledgement

This work was supported by FFC#20/2014 “Identification and characterization 
of LPS-neutralizing human peptides: potential tools to control inflammation 
in cystic fibrosis lung disease” and by BIP (BioIndustrial Processes) CUP: 
B25C13000290007.

References

1.	 Zhang L, Parente J, Harris SM, Woods DE, Hancock RE, et al. (2005) 
Antimicrobial peptide therapeutics for cystic fibrosis. Antimicrob Agents 
Chemother 49: 2921-2927.

2.	 Amin R, Waters V (2016) Antibiotic treatment for Stenotrophomonas maltophilia 
in people with cystic fibrosis. Cochrane Database Syst Rev 14: 7. 

3.	 Zaiou M (2007) Multifunctional antimicrobial peptides: Therapeutic targets in 
several human diseases. J Mol Med (Berl) 85:317-329.

4.	 Galdiero S, Falanga A, Berisio R, Grieco P, Morelli G, et al. (2015) Antimicrobial 
peptides as an opportunity against bacterial diseases. Curr Med Chem 22: 
1665-1677.

5.	 Mangoni ML, Luca V, McDermott AM (2015) Fighting microbial infections: A 
lesson from amphibian skin-derived esculentin-1 peptides. Peptides 71: 286-
295. 

6.	 Waters V, Smyth A (2015) Cystic fibrosis microbiology: Advances in antimicrobial 
therapy. J Cyst Fibros 14: 551-560. 

7.	 Pane K, Sgambati V, Zanfardino A, Smaldone G, Cafaro V, et al. (2016) A 
new cryptic cationic antimicrobial peptide from human apolipoprotein E with 
antibacterial activity and immunomodulatory effects on human cells. FEBS J 
283: 2115-2531.

8.	 Mohanram H, Bhattacharjya S (2016) Salt-resistant short antimicrobial 
peptides. Biopolymers 106: 345-356.

9.	 Ageitos JM, Sánchez-Pérez A, Calo-Mata P, Villa TG (2016) Antimicrobial 
peptides (AMPs): Ancient compounds that represent novel weapons in the fight 
against bacteria. BiochemPharmacol S0006-2952(16)30301-X. 

10.	Andersson E, Rydengård V, Sonesson A, Mörgelin M, Björck L, et al. (2004) 
Antimicrobial activities of heparin-binding peptides. Eur J Biochem 271: 1219-
1226.

11.	Prato S, Vitale RM, Contursi P, Lipps G, Saviano M, et al. (2008) Molecular 
modeling and functional characterization of the monomeric primase-polymerase 
domain from the Sulfolobus solfataricus plasmid pIT3. FEBS J 275: 4389-4402.

12.	Fiorentino G, Del Giudice I, Bartolucci S, Durante L, Martino L, et al. (2011) 
Identification and physicochemical characterization of BldR2 from Sulfolobus 
solfataricus, a novel archaeal member of the MarR transcription factor family. 
Biochemistry 50: 6607-6621. 

13.	Contursi P, D’Ambrosio K, Pirone L, Pedone E, Aucelli T, et al. (2011) C68 from 
the Sulfolobus islandicus plasmid-virus pSSVx is a novel member of the AbrB-
like transcription factor family. Biochem J 435: 157-166.

14.	Contursi P, Fusco S, Limauro D, Fiorentino G (2013) Host and viral transcriptional 
regulators in Sulfolobus: An overview. Extremophiles 17: 881-895.

15.	Contursi P, Fusco S, Cannio R, She Q (2014) Molecular biology of fusello 
viruses and their satellites. Extremophiles 18: 473-489.

16.	Contursi P, Farina B, Pirone L, Fusco S, Russo L, et al. (2014) Structural and 
functional studies of Stf76 from the Sulfolobus islandicus plasmid/virus pSSVx: 
A novel peculiar member of the winged helix-turn-helix transcription factor 
family. Nucleic Acids Res 42: 5993-6011.

Figure 1: Schematic representation of the antimicrobial activity of VLL-28 
peptide.

http://aps.unmc.edu/AP/
http://dx.doi.org/10.1128/AAC.49.7.2921-2927.2005
http://dx.doi.org/10.1128/AAC.49.7.2921-2927.2005
http://dx.doi.org/10.1128/AAC.49.7.2921-2927.2005
http://dx.doi.org/10.1002/14651858.CD009249.pub4
http://dx.doi.org/10.1002/14651858.CD009249.pub4
http://dx.doi.org/10.1007/s00109-006-0143-4
http://dx.doi.org/10.1007/s00109-006-0143-4
http://dx.doi.org/10.2174/0929867322666150311145632
http://dx.doi.org/10.2174/0929867322666150311145632
http://dx.doi.org/10.2174/0929867322666150311145632
http://dx.doi.org/10.1016/j.peptides.2015.04.018
http://dx.doi.org/10.1016/j.peptides.2015.04.018
http://dx.doi.org/10.1016/j.peptides.2015.04.018
http://dx.doi.org/10.1016/j.jcf.2015.02.005
http://dx.doi.org/10.1016/j.jcf.2015.02.005
http://dx.doi.org/10.1111/febs.13725
http://dx.doi.org/10.1111/febs.13725
http://dx.doi.org/10.1111/febs.13725
http://dx.doi.org/10.1111/febs.13725
http://dx.doi.org/10.1002/bip.22819
http://dx.doi.org/10.1002/bip.22819
http://dx.doi.org/10.1016/j.bcp.2016.09.018
http://dx.doi.org/10.1016/j.bcp.2016.09.018
http://dx.doi.org/10.1016/j.bcp.2016.09.018
E:\TotalJournals\OMICS\JGSGT\JGSGTVolume.7\Volume-7.5\JGSGT-7.5_W\JGSGT 16-379 (308)\OMICSGroup-16-379 Q1 APPROVED\10.1111\j.1432-1033.2004.04035.x
E:\TotalJournals\OMICS\JGSGT\JGSGTVolume.7\Volume-7.5\JGSGT-7.5_W\JGSGT 16-379 (308)\OMICSGroup-16-379 Q1 APPROVED\10.1111\j.1432-1033.2004.04035.x
E:\TotalJournals\OMICS\JGSGT\JGSGTVolume.7\Volume-7.5\JGSGT-7.5_W\JGSGT 16-379 (308)\OMICSGroup-16-379 Q1 APPROVED\10.1111\j.1432-1033.2004.04035.x
http://dx.doi.org/10.1111/j.1742-4658.2008.06585.x
http://dx.doi.org/10.1111/j.1742-4658.2008.06585.x
http://dx.doi.org/10.1111/j.1742-4658.2008.06585.x
http://dx.doi.org/10.1021/bi200187j
http://dx.doi.org/10.1021/bi200187j
http://dx.doi.org/10.1021/bi200187j
http://dx.doi.org/10.1021/bi200187j
http://dx.doi.org/10.1042/BJ20101334
http://dx.doi.org/10.1042/BJ20101334
http://dx.doi.org/10.1042/BJ20101334
http://dx.doi.org/10.1007/s00792-013-0586-9
http://dx.doi.org/10.1007/s00792-013-0586-9
http://dx.doi.org/10.1007/s00792-014-0634-0
http://dx.doi.org/10.1007/s00792-014-0634-0
http://dx.doi.org/10.1093/nar/gku215
http://dx.doi.org/10.1093/nar/gku215
http://dx.doi.org/10.1093/nar/gku215
http://dx.doi.org/10.1093/nar/gku215


Citation: Pedone E, Notomista E, Galdiero S, Varcamonti M, Contursi P (2016) A Trans-Kingdom Antimicrobial Peptide Targeting Cystic Fibrosis 
Pathogens. J Genet Syndr Gene Ther 7: 308. doi: 10.4172/2157-7412.1000308

Page 3 of 3

Volume 7 • Issue 5 • 1000308
J Genet Syndr Gene Ther, an open access journal
ISSN: 2157-7412 

17.	Contursi P, Cannio R, She Q (2010) Transcription termination in the plasmid/
virus hybrid pSSVx from Sulfolobus islandicus. Extremophiles 14: 453-463. 

18.	Menzel P, Gudbergsdóttir SR, Rike AG, Lin L, Zhang Q, et al. (2015) 
Comparative metagenomics of eight geographically remote terrestrial hot
springs. Microb Ecol 70: 411-424.

19.	Notomista E, Falanga A, Fusco S, Pirone L, Zanfardino A, et al. (2015) The 
identification of a novel Sulfolobus islandicus CAMP-like peptide points to 
archaeal microorganisms as cell factories for the production of antimicrobial 
molecules. Microb Cell Fact 14: 126.

20.	Park CB, Kim HS, Kim SC (1998) Mechanism of action of the antimicrobial
peptide buforin II: Buforin II kills microorganisms by penetrating the cell
membrane and inhibiting cellular functions Biochem Biophys Res Commun
244: 253–257.

21.	Ahmad S, Kumar V, Ramanand KB, Rao NM (2012) Probing protein stability
and proteolytic resistance by loop scanning: A comprehensive mutational
analysis. Protein Sci 21: 433–446.

22.	Pedone E, Saviano M, Rossi M, Bartolucci S (2001) A single point mutation 
(Glu85Arg) increases the stability of the thioredoxin from Escherichia coli. 
Protein Eng. 14: 255-260.

23.	de Paola I, Pirone L, Palmieri M, Balasco N, Esposito L, et al. (2015) Cullin3-
BTB interface: A novel target for stapled peptides. PLoS One. 10: e0121149. 

24.	Di Grazia A, Cappiello F, Cohen H, Casciaro B, Luca V, et al. (2015) D-Amino
acids incorporation in the frog skin-derived peptide esculentin-1a(1-21)NH2 is
beneficial for its multiple functions. Amino Acids 47: 2505-2519.

http://dx.doi.org/10.1007/s00792-010-0325-4
http://dx.doi.org/10.1007/s00792-010-0325-4
http://dx.doi.org/10.1007/s00248-015-0576-9
http://dx.doi.org/10.1007/s00248-015-0576-9
http://dx.doi.org/10.1007/s00248-015-0576-9
http://dx.doi.org/10.1186/s12934-015-0302-9
http://dx.doi.org/10.1186/s12934-015-0302-9
http://dx.doi.org/10.1186/s12934-015-0302-9
http://dx.doi.org/10.1186/s12934-015-0302-9
http://dx.doi.org/10.1006/bbrc.1998.8159
http://dx.doi.org/10.1006/bbrc.1998.8159
http://dx.doi.org/10.1006/bbrc.1998.8159
http://dx.doi.org/10.1006/bbrc.1998.8159
http://dx.doi.org/10.1002/pro.2029
http://dx.doi.org/10.1002/pro.2029
http://dx.doi.org/10.1002/pro.2029
http://dx.doi.org/10.1093/protein/14.4.255
http://dx.doi.org/10.1093/protein/14.4.255
http://dx.doi.org/10.1093/protein/14.4.255
http://dx.doi.org/10.1371/journal.pone.0121149
http://dx.doi.org/10.1371/journal.pone.0121149
http://dx.doi.org/10.1007/s00726-015-2041-y
http://dx.doi.org/10.1007/s00726-015-2041-y
http://dx.doi.org/10.1007/s00726-015-2041-y

	Title
	Corresponding Author
	Abbreviations
	Introduction 
	Antimicrobial peptides in the treatment of cystic fibrosis 
	An innovative approach to identify a cryptic and valuable peptide: the story of VLL-28 

	Conclusion
	Acknowledgement
	Figure 1
	References

