
Proceedings of the 4th International Peptide Symposium 
in conjunction with the 7th Australian Peptide Conference 
and the 2nd Asia-Pacific International Peptide Symposium, 2007 

1 

Jackie Wilce (Editor) on behalf of the 
Australian Peptide Association 

Insights into the Protein Binding of Short Cationic Antimicrobial 
Peptides 

Johan Svenson*, Bj¿rn-Olav Brandsdal, Wenche Stensen, Bengt Erik Haug and John Sigurd Svendsen 

Department of Chemistry, University of Troms¿, Troms¿ N-9037, Norway 
E-mail: Johan.svenson@chem.uit.no  

 
Introduction  

Cationic peptides (CAPs) derived from truncated 
lactoferricin are efficient antimicrobial substances [1]. 
Incorporation of bulky, hydrophobic synthetic amino acids 
creates compounds well suited for killing a range of 
Gram-positive bacteria with minimal inhibitory 
concentrations (MIC) down to ~1 µM for both antibiotic 
sensitive and methicillin resistant (MRSA) strains in in 
vitro studies [2]. However, pharmacokinetic  factors like 
protein binding and proteolytic degradation (albeit their 
small size) of these compounds are issues that need be 
addressed and evaluated before they can be considered as 
more than ÓpromisingÓ candidates in the battle against 
resistant bacteria. This study was aimed at evaluating the 
extent and the effect of protein binding of this class of 
compounds. Binding of a range of promising CAPs to 
serum albumin and trypsin was studied through the use of 
calorimetry, molecular modeling and degradation studies 
[3,4]. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure. 1.  Peptide scaffold used to generate the diverse 
Arg-X-Arg-Y peptides used in the study. 
 

Results and Discussion  
 
Albumin binding:   
Isothermal titration calorimetry (ITC) studies (Figure 2) 

revealed that the different peptides (Figure 3) bind to both 
human and bovine albumins to a similar extent, with a 
dissociation constant of around 10 !M. Associated fatty 
acids had little effect on the binding, suggesting a similar 
binding in the body. In a theoretical mouse model this 
corresponds to ~95 % protein binding. The mode of 
binding involves both hydrophobic and electrostatic 

contributions but the exact place and mode of interaction is 
still under investigation.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Experimental data from the ITC runs, in this case 
20 sequential additions of CAP 2 to BSA at 25 ¡C. Each 
peak represents the generated heat upon addition. 

 
 
 
 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure. 3.  Structure the five libraries investigated with the 
variable Y- and X modifications. Note that library 4 is both 
N- and C-terminally modified. 
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Possessing a net negative charge at physiological pH, it 
is likely that the albumins compete with the bacterial 
surface for peptide binding. The bound peptides do not 
seem to be able participate in destroying bacteria, as a 
tenfold increase in MIC is seen when albumin is included 
in the antibacterial assay in physiological concentrations 
(Table 1). 

 
Table 1.  Summary of the data from the antibacterial assay 
with and without albumin present during analysis. 

 
 

 

 

 
 
 
 
 
 
 

 
1Albumin included in the antibacterial assay at physiological 
concentration (55mM) 

 
Collectively the results indicate that these antibacterial 

peptides bind to albumin and that this binding lowers the 
effective concentration of peptides available to combat 
bacteria. This drop in activity upon protein binding is not 
desired but can hopefully be circumvented by proper 
dosage allowing the peptides to continue to destroy 
bacteria. 
 
Trypsin stability:   
ITC complexation studies revealed stoichiometric 
interactions, with dissociation constants ranging from 1-20 
!M between selected peptides and trypsin.  
 

Introduction of hydrophobic C-terminal amide 
modifications and likewise bulky synthetic side chains on 
the central amino acid offered an effective way to 
increased half-life and antibacterial potency in our assays 
(Table 2). It was shown that large central hydrophobic 
X-groups prevent an efficient binding to S2 of trypsin, 
yielding increased stability. The size and shape of the 
X-group also had a large influence on the antibacterial 
activity which previously has been shown1. 
 

A similarly positive effect on the stability is seen when 
different hydrophobic C-terminal modifications are 
introduced. Of particular interest, with regards to the 
Y-groups, is the ethylphenyl modification. CAPs (CAPs 
12, 16, 17, 18) prepared this way all display superior 
stability for reasons which are not fully understood but 
under investigation. 
 
 Peptides prepared with a tertiary C-terminal amide were 
stable to tryptic degradation.  
 

N-terminal modification was tried but rapidly abandoned 
as it yielded peptides that were very rapidly degraded. 
 
Table 2.  Stability of the peptides towards trypsin 
measured as half-life (! 1/2) and antibacterial activities 
displayed as MIC. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1Peptides that showed no sign of degradation after 24 hours 
of incubation with trypsin were classified as stable in our 
assay.  
2Bacteria tested: Staphylococcus aureus (S.aureus), strain 
ATCC 25923, Methicillin resistant Staphylococcus aureus 
(MRSA) strain ATCC 33591 and Methicillin resistant 
Staphylococcus epidermidis (MRSE) strain ATCC 27626.  
 

The location of cleavage changed when different end 
capping strategies were employed to increase the stability 
and the antimicrobial potency. Peptides with a 
hydrophobic Y-modification yielded degradation products 
indicating an interaction between the C-terminal arginine 
and the negatively charged Asp189 in S1. However, 
peptides prepared in the absence of a Y-modification or 
with an N-terminal acetylation were digested in a manner 
suggesting that the C-terminal arginine binds to S1.  

 
 This suggests that trypsin prefers a bulky hydrophobic 
element in S1' in addition to a positively charged 
side-chain in S1 and that this binding dictates the mode of 
cleavage for these substrates.  

 
Molecular modeling studies supported this hypothesis 

and it is obvious that small alterations of the tripeptide 
structure, effectively transforming it into both a tetra- and a 
pentapeptide mimic may result in two very different modes 
of trypsin binding and degradation as shown in Figures 4 
& 5. 

 

 

Peptide  MIC (!g/mL)  MIC with BSA 1 
(!g/mL)  

   
CAP 2 5 50 
CAP 9 4 30 
CAP 10 4 30 
CAP 11 2 25 
CAP 12 4 50 
CAP 13 7 40 
CAP 14 5 40 
CAP 15 2 13 

   
 

 Peptide ! 1/2 (h)1 MIC (! g/mL)2 
  S.aureus MRSA MRSE 

CAP 1 1 83 50 25 
CAP 2 2 8 11 3 
CAP 3 10 10 7 4 
CAP 4 Stable 47 6 11 
CAP 5 1 11 9 6 
CAP 6 1 14 9 6 
CAP 7 7 11 7 7 
CAP 8 3 6 4 3 
CAP 9 35 6 7 6 
CAP 10 9 7 7 6 
CAP 11 2 5 7 4 
CAP 12 30 6 8 5 
CAP 13 Stable 10 12 8 
CAP 14 Stable 8 9 6 
CAP 15 Stable 5 5 4 
CAP 16 7 145 97 81 
CAP 17 Stable 5 4 4 
CAP 18 30 4 <3 <3 
CAP 19 0.6 29 29 20 
CAP 20 0.6 50 50 10 
CAP 21 116 >100 >100 >100 
CAP 22 17 11 10 4 
CAP 23 67 25 25 5 
CAP 24 17 9 8 5 
CAP 25 88 >100 >100 9 
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Figure 4. Docking of peptide CAP 2 in the active site of 
trypsin. The different side chains (P ÓXÓ) bind to the 
corresponding pockets (S ÓXÓ, not labeled in figure) in 
trypsin. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. Docking of peptide CAP 19 in the active site of 
trypsin. The different side chains (P ÓXÓ) bind to the 
corresponding pockets (S ÓXÓ, not labeled in figure) in 
trypsin. Note that this peptide is N-terminally acetylated 
 
 

We have in this present study, through degradation and 
docking studies of a range of structurally diverse 
antimicrobial peptides, gained insight into how it is 
possible to alter the tryptic stability of this class of 

compounds. The data presented allows for the design of 
stable cationic antibacterial peptides and/or 
peptidomimetics based on the novel design principles 
listed below: 
 

á  The peptides should be kept as small as possible in 
order to limit interactions with as many binding sites in 
trypsin as possible. End-capping at either the N-terminus 
or the C-terminus can act as additional residues increasing 
the binding to the active site.  

á  The amino acid occupying the P2 site should have a 
side chain sterically preventing it from binding efficiently 
to the S2 unit of trypsin.  

á  The length and stereochemistry of the C-terminal 
end-capping has a major influence on stability. 

.  Linking the Y-group via a tertiary amide yields stable 
peptides in analogy to N-methylation.  

 
 

Acknowledgments 
 

Hilde Ulvatne Marthinsen, Toslab AS, is acknowledged 
for supplying the MIC data and for performing all the 
bacterial assays. Financial support from the Research 
Council of Norway and Lytix Biopharma is also gratefully 
acknowledged.  

References 
1. Haug, B. E., Strom, M. B., and Svendsen, J. S. (2007) Curr. Med. 

Chem. 14, 1-18. 
2.  Haug, B. E., Stensen, W., Stiberg, T., and Svendsen, J. S. (2004) J. 

Med. Chem. 47, 4159-4162. 
3. Svenson, J., Brandsdal, B-O., Stensen, W., Svendsen, J.S (2007) J. 

Med. Chem. 50, 3334-3339. 
4. Svenson, J., Brandsdal, B-O., Stensen, W., Haug, B-E., Monrad, J., 

Svendsen, J.S. (2007) Submitted to Biochemistry.  
 


