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Human  subtlet,  will  never  devise  an  
invention  more  beautif4l,  more  simple,  or  
more  direct  than  does  Nat4re—because  in  
her  inventions,  nothing  is  lacking—and  
nothing  is  superfluous.  .  .  
                                                                          Leonardo  da  Vinci  



Antibiotic resistance	
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}  Bacterial resistance to conventional antibiotics is one of the most serious problems facing 
world health today. 

}  Each year in the United States, at least 2 million people become infected with bacteria 
that are resistant to antibiotics and at least 23,000 people die each year as a direct result of 
these infections.  

}  Antibiotic-resistant infections can happen anywhere. Data show that most deaths related 
to antibiotic resistance happen in healthcare settings such as hospitals and nursing homes. 

G.  Taubes, Science 2008, 321, 356–361	
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Antimicrobial Peptides: What are they ? 

}  Gene-encoded, ribosomally 
synthesized antimicrobial 
peptides (AMPs), are an 
ancient and ubiquitous 
component of innate defense, 
found in bacteria, protozoa, 
plants, and animals ranging 
from insects to fish, 
amphibians and mammals. 

}  In the last two decades, 
several hundreds of peptides 
have been isolated in almost 
all groups of animals 

Hancock, R. E. W.; Sahl, H. G.  
Nature Biotechnol. 2006, 24, 1551–1557	



AMPs Structure	
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}  AMPs molecules are 
composed of hydrophilic, 
hydrophobic and cationic 
amino acids arranged in a 
molecule that can organize 
into an amphipathic 
structure 

Zasloff, M. Nature 2002, 415, 389–395	



Mechanism of Action	
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}  Mechanisms	  of	  an-microbial	  pep-des:	  (A)	  barrel-‐stave,	  (B)	  
carpet	  (detergent-‐like),	  and	  (C)	  toroidal	  pore	  (wormhole).	  

}  The outer mammalian cell membranes is mainly comprises 
phosphatidylcholine, phosphatidylethanolamine, sphingomyelin, 
and cholesterol, which are charge-neutral at physiological pH. 
The surfaces of both gram-negative and gram-positive bacterial 
cell walls contain large amounts of negatively charged lipids.  

	  



Mechanism of Action	
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}  The frequent occurrence of positively charged residues is a important feature 
of lytic peptides. It is thought to help the peptide to reach its target, which for 
most AMPs is believed to be the cytoplasmic membrane. 

}  This involves binding to LPS and teichoic acid by the displacement of divalent 
cations, such as Mg2+ and Ca2+, that are essential for the stability of the cell 
surface and cross-bridging the negative charges of LPS. 

  



Comparison of the Gram positive and 
Gram negative bacterial cell walls 



AMPs in current clinical studies	
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Examples	

1/3/15	Marina Kovaliov	10	

DeGrado, W. F., JACS 1999, 121, 12200	

1.5-15 µM, E. coli	

Mor, A., Nature Biotechnol. 2007, 25, 657	

3.1-6.2 µM, E. coli	

3-10 µg/mL, E. coli; 2-4 µg/mL S.eureus	

Hedrick, J. L, Nature Chemistry 2011, 3, 409	

Stensen, W., J. Med. Chem. 2011, 54, 5786	



Design and Synthesis	
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Design and Synthesis	
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}  No imposed structural rigidity 
}  Include an N-disubstituted or 

tertiary amide bond 
}  Only three synthetic steps	



Antibacterial Activity	
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Series I	
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Series II	
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Vancomycin 0.87 µg/mL	



Series III	
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Antibacterial Activity in Plasma and 
Enzyme Stability	
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}  MIC of compound 7 against S. aureus in 50% blood plasma was 30 μg/mL, no 
loss of activity was observed in physiologically relevant time frame of 3 h. 

}  7 was incubated with trypsin and showed that this type of compounds was not a 
substrate for protease.	



Mechanism of Action	
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}  Experiments with membrane potential sensitive dye 
reviled that these compounds rapidly depolarize  
the membrane of both, Gram(+) and Gram(-) 
bacteria.	

}  Compounds 3 and 7 could cause permeabilization 
of  Gram(+) and Gram(-) membrane at MIC 
concentrations. 

S. aureus (+)	

P. aeruginosa (-)	 S. aureus (+)	 E. coli (-)	



Mechanism of Action	
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Conclusions	
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}  This report illustrates a systematic way of creating highly 
potent, broad-spectrum small molecular peptide mimics which 
emulate the efficiency of AMPs.  

}  Prepared from inexpensive starting materials in only three 
steps, these compounds are selectively toxic toward bacterial 
cells (over mammalian cells) at very low concentrations. 

}  Spectroscopic and microscopic studies reveal that 
depolarization and disruption of bacterial cell membranes are 
the primary mechanisms of their bactericidal action.  

}  These promising compounds can be developed into a new 
class of antibiotics against multidrug resistant (MDR) bacteria.	
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penicillin	

tetracycline	

erythromycin	

methicillin	

gentamicin	

vancomycin	

imipenem	

ceftazidime	

levofloxacin	

linezolid	

ceftaroline	


