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The “Sand in a gearbox” effect of antimicrobial peptides: 
beyond pore formation on model membranes and real bacteria cells

▪ Rapid and broad spectrum activity

▪ Selective toward bacterial membranes

▪ Kill pathogens by making their membrane permeable

~10 million bound peptides/cell
«Sand in a gerabox»
AMPs might perturb bilayer dynamics and interfere with cellular functions

involving membrane proteins

PMAP-23 RIIDLLWRVRRPQKPKFVTVWVR

Alamethicin AcUPUAUAQUVUGLUPVUUQQFol

Magainin 2 GIGKFLHSAKKFGKAFVGEIMNS

LAH4 KKALLALALHHLAHLALHLALALKKA-NH2

Melittin GIGAVLKVLTTGLPALISWIKRKRQQ-NH2

Killer-FLIP GRKKRRQRRRFFWSLCTA

Low mobility

High emission anisotropy

NBD-PE
18.9 Å

Laurdan
11.4 Å

DPH
7.8 Å

Probe distance
from the bilayer centerHigh mobility

Low emission anisotropy

Fluorescence anisotropy and rotational mobility

High water penetration

Red-shifted emission

Low water penetration

Blue-shifted emission

High lateral mobility

Red-shifted excimer emission

Low lateral mobility

Blue-shifted monomer emission

Antimicrobial peptides Membrane-active compounds

Antimicrobial peptides: the « Sand in a gearbox» hypotehesis

Nor-Leu Nor-Phe

Steady state Time-resolved

▪ Steady state

Increase in anisotropy: decreased mobility of  the

probes

▪ Time-resolved

Increase in both the average rotational correlation

time and in the fraction of  residual anisotropy.

Probe: NBD-PE

Lipid lateral mobility: excimer formation Membrane dynamics in live bacterial cells

𝑟 𝑡 = 𝑟0 𝑓1𝑒
− Τ𝑡 𝜙1 + 𝑓2𝑒

− Τ𝑡 𝜙2 + 𝑓∞

Red shift of  Laurdan  emission spectrum of  50 nm when 

water molecules surround the naphthalene moiety. 

Reduction of  the degree of  water penetration inside the bilayer for all the compounds

𝐺𝑃 =
𝐼435nm − 𝐼500nm
𝐼435nm + 𝐼500nm

▪ Excited-state dimer formation is diffusion-limited:

Information on the lateral diffusion of  pyrene-labelled lipids

𝐸𝑥𝑐𝑖𝑚𝑒𝑟 𝜆𝑒𝑚 = 475𝑛𝑚

𝑀𝑜𝑛𝑜𝑚𝑒𝑟 𝜆𝑒𝑚 = 397𝑛𝑚

▪ PMAP effects were measured on the dynamics of  membranes of  live E. coli cells

Reduction of the lipid lateral diffusion observed with all the compounds analyzed

Roversi et al, Biophys. Chem. 300, 107060 (2023)
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[Peptidomimetic] (M)

+ AMPs

ns timescale

<ϕ> (ns) f
[PMAP-23]=0 µM 3.2±0.2 0.10±0.02

[PMAP-23]=5 µM 3.8±0.1 0.20±0.04

[Magainin]=0 µM 2.2±0.1 0.06±0.03

[Magainin]=19 µM 2.5±0.1 0.13±0.04

Membrane viscosity: fluorescence anisotropy Membrane hydration: generalized polarization

D. Roversi,1 Z. Vaezi,1,2 A. Bortolotti,1 C. Di Stefano,1 S. Bonacorsi,1 V. Santucci,1 C. Aisenbrey,3 M. M. Konai,4 Y.

Acharya,4 R. Khosravi-Far,5 B. Bechinger,3 J. Haldar,4 and L. Stella,1

1Tor Vergata University of Rome, Rome, Italy; 2Tarbiat Modares University, Tehran, Iran; 3Institut de Chimie de Strasbourg, Strasbourg, France; 
4Jawaharlal Nehru Centre for Advanced Scientific Research, Bengaluru, India; 5Harvard Medical School and Beth Israel Deaconess Medical Center, 

Boston, MA, United States

Probes motions are slower and more hindered: increase of  membrane viscosity

Increase in DPH anisotropy and laurdan GP, and an initial rise, followed by a decrease in 

pyrene excimer to monomer intensity ratio. 

All the compounds induce an increase of  membrane viscosity, a reduction of  water penetration and of  lipid lateral mobility. The overall effect is a 

membrane stiffening of  the vesicle. 

PMAP-23 affects membrane dynamics also in real, live cells

Lipid order parameters: 2H ssNMR spectroscopy

▪
2H ssNMR spectroscopy studies to measure peptide

effects on lipid order parameter of  POPC/POPG 2/1

liposomes.

Systems investigated

pH 7.4

No significant peptide effects were observed on the 

order parameter of  the zwitterionic or anionic lipids.

https://doi.org/10.17952/37EPS.2024.P2062


	Diapositiva 1

