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Introduction  

The apoptosis inducing (pro-apoptotic) peptide sequence, D-(KLAKLAK)2, has been classified as a 
potent antimicrobial agent [1]. Moreover, it was found to trigger cell death in bacteria without inducing 
cytotoxicity in mammalian cell types. The chemical basis for this selectivity has been associated with 
the poly(cationic) amphiphilic nature of this peptide sequence, which facilitates cell permeability in 
negatively charged bacterial membranes and not within the zwitterionic lipid bilayers of mammalian 
cell types [1,2]. Upon cell internalization, the positively charged D-(KLAKLAK)2 sequence 
accumulates on the surface of the mitochondria and induces depolarization of the negatively charged 
mitochondrial membrane [3]. This depolarization compromises the mitochondrial membrane integrity 
and triggers the release of cell death effectors, including cytochrome c, second mitochondrial derived 
activator of caspase and the apoptosis-inducing factor (AIF) which ultimately results in the 
programmed cell death response [4]. Considering the potential of this antimicrobial peptide sequence 
in the treatment of infectious diseases, an optimized solid-phase peptide synthesis and structure 
analyses by Circular Dichroism (CD) spectroscopy is revealed in this study.  

Results and Discussion 

The D-(KLAKLAK)2 peptide sequence may prove to be a synthetic challenge by conventional 
Merrifield peptide synthesis. These types of amphiphilic peptides have been shown to aggregate during 
the course of peptide synthesis on the non-polar polystyrene-based resins causing diminished purities 
and yields [5]. Therefore, the polar poly (ethylene) glycol (PEG) resin which was shown to afford 
excellent crude purities and yields of synthetically challenging amphiphilic peptide sequences was 
adopted for our solid-phase synthesis strategy [6] (Scheme 1).  

 
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1. Solid-phase peptide synthesis of the D-(KLAKLAK)2 sequence. 



 

Peptide synthesis was conducted on a PSI 200C Peptide Synthesizer (Fairfield, NJ) with O-(6-
Chlorobenzotriazol-1-yl)-N,N,N′,N′-tetramethyluronium hexafluorophosphate, HCTU, as activator 
and coupling reagent, N-methylmorpholine, NMM, as base in N,N-dimethylformamide, DMF, as 
solvent for the coupling reactions [5]. The deprotection steps of the fluorenylmethoxycarbonyl, Fmoc, 
group were completed with piperidine in DMF. Following peptide synthesis, cleavage and 
deprotection of the peptide from the solid support was achieved with trifluoroacetic acid, TFA, with 
water and triethylsilane scavenging any unreacted side chain protecting groups (Scheme 1). The 
desired peptide sequence, 4, was synthesized in good purities (96%) and acceptable yields (40%) 
following RP-HPLC. Peptide identity was confirmed by molecular weight following LCMS analyses.  

The structure and stability properties for the D-(KLAKLAK)2 peptide sequence were next 
evaluated. Circular Dichroism (CD) spectroscopy of the peptide (30-200 M) in water and phosphate 
buffered saline (PBS) validated the anticipated α-helix peptide secondary structure in more dilute 
conditions (30 M) and β-sheets at higher concentrations (120-200 M) Figure 1a [1]. Peptide 
structural stability was next examined with the addition of a surfactant, sodium dodecyl sulfate, SDS, 
which serves to mimic the cell membrane microenvironment [1]. These conditions demonstrated a 
stable peptide secondary structure, maintaining the canonical -helix conformation, Figure 1b. These 
results demonstrates the adaptive structural properties of this important peptide sequence that are likely 
needed for cell translocation activity. 

 
Fig. 1. CD spectroscopy of D-(KLAKLAK)2 in a) PBS (30-200 M) and b) SDS (1.25-25 M). 
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