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Antimicrobial peptides (AMP) are a promising class of antimicrobial agents in the battle against bacteria 
that have built up resistance to conventional antibiotics. The mechanism by which these peptides kill 
bacteria is still poorly understood. The interaction of the peptides with the bacterial cell walls has been 
suggested to be responsible for the bactericidal effect [1,2,3]. Thus far, this interaction has not been 
visualized nor is there much data on the kinetics of this interaction. Traditional Atomic Force Microscopy 
(AFM) is a useful tool for observing the changes in the cell wall of living cells [4], but due to its slow 
image acquisition speed it cannot provide insight into the dynamics of the mechanism. We have used 
custom-built AFM components based on small cantilevers [5] to image for the first time the bactericidal 
action of antimicrobial peptides in real time. With this system, we investigated the activity of the chimeric 
AMP CM15 with nanometer spatial- and seconds temporal-resolution on live E.coli cells. We observed 
rapid changes in surface morphology of the cells after injection of the AMP (see figure 1), with a 
response time that differs between individual monoclonal bacteria in the same image (see figure 2). Using 
combined AFM and fluorescence microscopy, we correlated the change in cell morphology to cell wall 
permeability and cell death [6].   The results of this study show that high-speed atomic force microscopy 
can reveal distinctively different behavior of individual cells than compared to the behavior of bulk cells. 
In the case of the antimicrobial peptides, the presence of an incubation-phase gives new indications for 
the mechanism by which the antimicrobial peptide attacks the bacterium. We believe that this technique 
will enable a whole new method of characterizing and studying the effectiveness of synthetic 
antimicrobial peptides.   
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Figure 1: Bacterial response to antimicrobial peptides. Left: some bacteria have been attacked by the 
AMP (rough bacterial surfaces) but some still resist the antibiotic (smooth bacteria upper right 
corner). Right: 7 seconds later all bacteria are affected. 

Figure 2: Variations onset time for bacterial cell death induced by antimicrobial peptides. The cells 
respond to the antimicrobial peptide on different time scales. The time it takes for the bacterium to 
be fully affected by the peptide consists of a time variant incubation phase (flat parts of the curves) 
and a time invariant active phase (increasing parts of the curve). 
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