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Although many studies have pointed out the promising role of antimicrobial peptides (AMPs) 
as therapeutical agents, their translation into clinical research is being slow due to the limitations 
intrinsic to their peptide nature. A number of structural modifications to overcome this problem 
have been proposed, leading to enhanced AMP biological lifetimes and therapeutic index. In this 
work, the interaction between liposomes of different lipidic composition and a set of peptides 
derived from Cecropin A-melittin was studied. As template we used the hybrid peptide CA(1–
7)M(2–9) [H-KWKLFKKIGAVLKVL-amide], that was previously studied by some of us [1,2], 
and proved to be a very active peptide. From this template, a series of trimethylated peptides were 
synthesized and their antimicrobial activity assessed [3]. 

In the present study we characterized the structure adopted by the parental peptide, CA(1–
7)M(2–9), with POPE liposomes, as this lipid is the main component of the bacterial membrane. 
For that, we prepared mixtures of the peptide and model membrane at different L:P ratios, founded 
to be critical according to previous studies [1,2]. The mixtures were prepared in HEPES (10 mM, 
100 mM NaCl, pH 7.4) or in PBS buffer. The POPE liposomes formed in these conditions have a 
multilamellar structure. 

Small angle X-Ray diffraction (SAXD) experiments were performed at beamline A2 in 
HASYLAB at DESY. The sample was equilibrated at each selected temperature for 5 min before 
exposure to radiation. Temperature scan was performed at a scan rate 1oC/min and the 
diffractograms were recorded for 10 s every minute.  

 
Fully hydrated POPE in the temperature range 20-90 °C goes through the following phases: gel 
→liquid crystalline →hexagonal phase. On cooling from 90 to 20 oC we found the lattice 
parameters: a=72.2 Å for the hexagonal phase (at 71°C), d=50.6 Å for the lamellar liquid 
crystalline phase (at 65 °C), and  d=62.2 Å in the lamellar gel phase (at 20 oC). When the peptide is 
added at a P:L ratio of 1:10, in addition to the structural changes typical for the lipid itself, 
diffractograms obtained in the temperature scan (Fig.1) show the presence the other structures. Fig. 
2 shows a diffractogram extracted from this scan at the temperature of 65 oC. The peaks observed at 
low s (Å-1) range fit well with reflections related to a superposition of two cubic phases of different 
symmetry and lattice parameters: a cubic phase of Pn3m space group with the lattice parameter 
a=148.5 Å, and the second of Im3m space group with the lattice parameter 190.7 Å. The ratio of 
the obtained unit cell parameters aIm3m/aPn3m=1.284 is close to the ideal Bonnet relation of 1.279 
[5], supporting the chosen indexing. 
The observation of superimposition of these two cubic phases was already observed for the 
antimicrobial peptide melittin, when in mixture with POPE [4]. The lattice parameter of the 
observed hexagonal phase (a=75.6 Å) and the periodicity of the lamellar phase (d=51.8 Å) (Fig. 2) 
are somewhat different from the corresponding parameters for pure POPE (a=72.2 Å and d=50.6 Å) 
at the P:L molar ratio used (1:10). These results indicate that part of lipid is forming the observed 
cubic phases with the peptide, and the remaining lipid (probably with same peptide) still forms a 
hexagonal phase with somewhat affected parameters. Next experiments will be performed at 



different L:P molar ratio, so as to give a more detailed undersatnding of the interaction mechanism.  
The observed behaviour confirms recent observations on the importance of cubic phases in the 
mechanism of action of antimicrobial peptides. 
 

    
 

Figure 1: Left: Difractograms for the cooling scan of POPE + CA(1-7)M(2-9) at 1oC/min. 
Right: POPE + CA(1-7)M(2-9) at a ratio L:P of 8:1 (mol/mol) at 65 oC.  

Insert - s(Å-1) = f(h2+k2+l2)1/2 

 

This peptide was also studied in mixtures with POPE/POPG (3:1), and in this system it 
presents a completely different behavior (results to be presented). In our previous studies by SAXD 
on a peptide of the Lactoferramopin family, LFampin 265-284 with DMPC/DMPG (3:1), we 
observed a micellar cubic phase of Pm3n type. We can thus conclude that the structure depends 
critically both on peptide and on lipid system. We have under way studies of two new peptides 
derived from this one as a template, where they are trimethylated at 2 different lysines, namely 6 
and 7 [3].  
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