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The antimicrobial peptide NKCS is very active against Gram-positive and Gram-negative bacteria 
and does not show a toxic activity against human red blood cells [1, 2]. NKCS is a membrane active 
peptide and the phospholipids of the bacterial cytoplasmic membrane constitute the primary target. 
The antibacterial in vitro tests performed with the Gram-negative bacterium Escherichia coli 
revealed however that the peptide looses the activity in the presence of divalent cations (10 mM 
MgCl2). The influence of the peptide on the structure and the phase behavior of the membrane in 
the absence and presence of magnesium ions was investigated with SAXS technique. 

The liposomes composed of POPE (1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine) were 
used to mimic the cytoplasmic membrane of E. coli. The multilamellar vesicles with the final lipid 
concentration of 25 mg/mL were prepared by the hydration of POPE films with the sodium 
phosphate buffer (10 mM, pH 7.0) at 30°C. The peptides were added to obtain the final 
lipid:peptide molar ratio 300:1. The influence of peptides on the POPE liposomes in the presence of 
divalent cations was studied using the POPE lipid films hydrated at 30°C with the sodium 
phosphate buffer (10 mM, pH 7.0) containing 10 mM MgCl2. These samples were prepared with a 
lipid:peptide molar ratio 100:1. The measurements were performed at the Soft Condensed Matter 
Beamline A2. The samples were heated up at the rate of 1°C/min from 20°C to 85°C.  

The pure POPE liposomes in the absence of magnesium ions were characterized by two phase 
transitions. At 25°C the melting of acyl chains was observed. The repeat distance in POPE 
multilayers existing in a liquid crystalline phase was calculated as 55.0 Å at 37°C. The second 
transition was observed at 67°C and the new structure was identified as an inverse hexagonal phase. 
The addition of NKCS did not change the temperature of acyl chain melting, however significantly 
affected the inverse hexagonal phase transition. NKCS shifted the temperature of this transition by 
10°C toward higher values. The peptide stabilized the bilayer and inhibited the formation of non-
lamellar structures [3]. 

Different situation was observed after the addition of NKCS to POPE liposomes hydrated in the 
presence of MgCl2. The experiment performed with the pure POPE vesicles showed that the lipids 
behaved in the same manner as when they were hydrated in the absence of magnesium ions. The 
liquid crystalline phase transition occurred at 25°C and the inverse hexagonal structure appeared at 
66°C. The repeat distance was calculated as 53.8 Å at 37°C. The addition of the peptide did not 
have any influence on the structure or phase behavior of POPE. The liquid crystalline and inverse 
hexagonal phase transitions were found at 25°C and 66°C, respectively. The repeat distance was 
determined as 53.8 Å at 37°C.  

The results indicate that the presence of magnesium cations at a high concentration of 10 mM does 
not influence the structure of POPE bilayer. The surface of POPE membrane is slightly anionic due 



to the fact that the negative charge of phosphate group is partially exposed on the surface [4]. The 
positively charged ions probably form a shield on the surface of POPE lipid bilayer, interacting with 
the negatively charged phosphate group. In result NKCS cannot interact with the bilayer. 

 

 

Figure 1. (A) The diffraction pattern of POPE:NKCS at the lipid:peptide molar ratio 300:1 in the absence of 
MgCl2. (B) The diffraction pattern of POPE:NKCS at the lipid:peptide molar ratio 100:1 in the presence of  
10 mM MgCl2. The temperature of inverse hexagonal phase transition is marked in red. 
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