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Peptide 
MW 

(g/mol) 

Net 

charge 

(pH=5.5) 

% hydrophobic 

amino acids 

Secondary 

structure 

Bacteria 

selectivity 

AMP-1 4400 +4.6 40 ɓ-sheet  Gram-positive 

AMP-2 2500 +8.5 20 random coil Broad 

spectrum 

AMP-3 4500 +6.3 35 Ŭ-helix/random coil Broad 

spectrum 
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Hydrophobicity:       AMP-1 > AMP-3 > AMP-2 
Net charge:               AMP-2 > AMP-3 > AMP-1 
Molecular weight:   AMP-3 ~ AMP-1 > AMP-2 
 

Antimicrobial effect of dispersions 

Modified from ref. [3] 

GMO:water +AMP 

70:30 w/w 

GMO:OA:water + AMP 

64:16:20 w/w  

(A) GMO reference (B) GMO 1% AMP-3 

(C) GMO/OA reference (D) GMO/OA 1% AMP-2 

AMP-Antimicrobial peptide 

GMO-Glycerol monooleate 

OA-Oleic acid 

LC-Liquid crystalline 

LCNP-Liquid crystalline nanoparticle 

 

Main findings 
Å The most hydrophobic peptide (AMP-1) induced an increase in negative curvature of a cubic LC system, while 

the most hydrophilic peptide (AMP-2) induced a decrease in negative curvature. 

Å The hexagonal LC phases were not affected by any of the AMPs.  

Å Peptides AMP-1 and AMP-2 loaded in dispersed cubic gels showed preserved antimicrobial activity, whereas 

AMP-3 loaded  particles displayed a loss in its broad spectrum bactericidal properties. 

Å The hexagonal AMP loaded LCNPs showed a clear reduction in antimicrobial activity. 

Introduction and aim of study 

Sample preparation 
LC gels were prepared by mixing melted GMO or GMO/OA mixtures (40 °C) 

with a water solution containing AMP, and let equilibrate. LCNP dispersions 

were made by fragmenting LC gels (5 w %) in 5 mM acetic acid buffer pH 5.5 

containing 1 % F127 stabilizer, using ultra-sonication pulses (3 s on 7 s off) for 

5 min (GMO) or 10 min (GMO/OA). The LC gels were loaded with 0.25-1.5 w 

% AMP, resulting in 125-750 µg/ml in the dispersions. 

The antimicrobial peptides  

Characterization of gels & dispersions 

Depending of the nature of the introduced guest molecules, in this case the AMPs, the 

curvature, and in turn the LC structure, may change. In general, addition of lipophilic 

compounds to the GMO/water LC system induce transition to reverse hexagonal phase 

(increased negative curvature), while molecules having a pronounced amphiphilic 

character induce transition to lamellar LC phase (decreased negative curvature) [5]. 

The LC structure of the AMP loaded cubic and hexagonal gels and dispersions were revealed using  SAXS. When 

peptides were added in the cubic GMO gel, the LC structure was kept (Ia3d for AMP-3), changed to another cubic 

symmetry (Pn3m for AMP-2) or gradually turned into a hexagonal phase (AMP-1). The hexagonal gels did never 

change LC phase upon incorporation of any of the AMPs, at studied concentrations. Interestingly, independent of 

the cubic symmetry the undispersed LC gel adapted, it turned into the cubic Im3m space group when dispersed. 

As for the AMP-1 containing GMO gels, hexagonal phase was also present in the dispersions, at the highest 

concentration studied. The hexagonal GMO/OA gel dispersions did all display presence of hexagonal structure.  
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Peptide loading efficacy plotted as function of ɕ-potential, for dispersion of cubic (A) and hexagonal (B) 

LC gels, is shown below. The diameter of the bubbles is proportional to its mean particle size. Numbers 

inside circles represent initial peptide loading (w %) in the LC gels. Dispersed cubic GMO LC gels 

showed lower peptide loading efficacies (41-86 %), compared to dispersions of GMO/OA LC gels (>90 

%), and different trends were observed  between the peptides.  
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GMO gels Dispersions GMO/OA gels Dispersions 

The number of antibiotic resistant bacteria is constantly increasing and has 

become a vast problem in the health sector. Antimicrobial peptides (AMPs) are 

present in all organisms as part of the innate defense system. These peptides 

are promising therapeutics to treat various infection diseases, due to their fast 

and non-specific mechanism of action and because bacteria are less prone to 

develop high-level resistance [1, 2]. One problem that limits the use of AMPs is 

their lack of chemical and proteolytic stability. However, this problem may be 

avoided by incorporating them into clever drug delivery vehicles. In this study we 

investigated how 3 different AMPs influenced the liquid crystalline (LC) structure 

of a cubic (glycerol monooleate/water) and hexagonal (glycerol  

 

 

 

 

 

monooleate/oleic acid/water) gel and evaluated if dispersions of those, liquid 

crystalline nanoparticles (LCNPs), had a maintained antimicrobial effect. 

 

Characterizations of the peptide loaded bulk LC gels were done using small 

angle x-ray scattering (SAXS). The peptide loaded LCNPs were characterized in 

terms of particle size and size distribution, ɕ-potential, structure (SAXS and 

cryogenic Transmission Electron Spectroscopy, Cryo-TEM) and peptide loading 

efficacy (Ultra Performance Liquid Chromatography, UPLC). The antimicrobial 

effect of the LCNPs was investigated in-vitro using minimum inhibitory 

concentration (MIC) tests.  

Majority of the peptide loaded GMO-based LCNPs maintained the antimicrobial activity as for 

unformulated peptide. AMP-2 formulated in GMO-based LCNPs appeared to be particular effective in 

inhibit growth of S. aureus and E. coli strains . However, an apparent decrease in antibacterial activity 

was noted for the AMP loaded GMO/OA LCNPs. This observation could partly be explained by the high 

peptide loading efficacy >95 %, indicating that a release of peptide might be necessary to give the 

desired effect.  

Adapted from ref. [4] 

       Increased negative curvature 

Im3m     Pn3m     Ia3d 

Scale bars= 100 nm 
UF= unformulated peptide 

AMP-1 AMP-2 AMP-3 

A, Cubic dispersions 

100 nm 

AMP-1 

AMP-2 

AMP-3 

B, Hexagonal dispersions 
AMP-1 

AMP-2 

AMP-3 

100 nm 


