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peptides deriving from a protein sequence is that they are unlikely to retain their secondary 

structure under physiological conditions due to the absence of stabilizing residues that enable 

the protein to properly fold15,18. A lack of secondary structure in a recognition site-mimicking 

peptide increases the energy necessary for target binding, as the specific conformation must 

form upon binding. Due to this, promoting secondary structure formation (such as an α-

helix) in these short peptides prior to binding, may overcome the energetic penalty and 

potentially increase biological activity19. 

 One technique that can achieve this goal is the cyclization of peptides, which can 

induce helical formation within the cyclic portion. Cyclizing peptides results in a structure 

with limited flexibility and increased resistance to protease degradation, which can correlate 

to improved stability in vivo as the diameter of the α-helical cyclized peptide is larger than 

the protease active sites18. To aid in the synthesis of cyclic peptides, it is desirable for the 

linear peptide chain to have the propensity to fold into an α-helix. In order to identify the 

optimal location within a sequence for the cyclic region to promote helical formation while 

maintaining binding affinity to a specific target, a ‘staple scan’ can be performed. This is 

done by manipulating each residue that is not essential for target binding, and subsequently 

evaluating the ensuing structure20. In an α-helix, which contains 3.6 amino acid residues per 

turn, residues at positions i, i+4, and i+7 occur on the same face of the helix when the 

peptide is folded correctly19; therefore, introducing covalent bonds via stapling at these 

positions can stabilize an α-helical conformation21.  

 To investigate the effect that truncation has on the bioactivity and helicity of the 

RHAMM HABDs and the subsequent cyclization, a staple scan was performed for both the 

first HABD (HABD1) and the second HABD (HABD2). The focus was on creating i, i+4 

lactam staples throughout the HABDs, positioning the staples between the two basic residues 

that make up the essential BX7B motif. After each staple was created, the helicity and 

bioactivity of the peptide was evaluated and compared to the linear, unstapled sequence. This 

was done in order to identify and assess any stapled RHAMM analogues that may have 

potential for therapeutic use for treating diseases that involve HA fragmentation such as 

prostate cancer. 
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2.2 Results and Discussion 

2.2.1 Synthesis of peptides 

The effect of synthetic bridging on the degree of α-helicity and the 

binding/bioactivity of the truncated binding domains was studied. All peptides were 

synthesized by Fmoc solid-phase peptide synthesis (SPPS). The linear sequences were 

synthesized using the native amino acid sequence from those portions of the protein (Scheme 

2.1). 

 

Scheme 2.1 - General Fmoc-SPPS method used to synthesize linear peptides to yield 

either the acetylated or non-acetylated sequences. 

 

 The staple scan was performed to identify the effect of synthetic bridging on the 

degree of α-helicity and resulting bioactivity of the truncated binding domains. Cyclization 

was carried out by replacing two amino acids within the sequence with glutamic acid and 

lysine and creating a lactam bridge between their side chains (Figure 2.1).  
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Figure 2.1 – Location for cyclization of peptides using lactam bridge staples (a) cyclic 

peptides derived from HABD1. Compound numbers indicated, see Table 2.1 for 

structure; (b) cyclic peptides derived from HABD2. Compound numbers indicated, see 

Table 2.2 for structure. 

 

The sequences were synthesized by solid-phase peptide synthesis; however, the 

glutamic acid and lysine residues were protected by allylester and allyloxycarbonyl 

protecting groups respectively. These protecting groups allow for the selective deprotection 

of those amino acids using a palladium (0) catalyst so they can subsequently be coupled. The 

remaining protecting groups were removed and the lactam-bridged peptide was cleaved from 

the solid support to obtain the cyclized peptide sequences (Scheme 2.2).  
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Scheme 2.2 - General method showing the formation of the lactam bridge between a 

glutamic acid residue and a lysine residue. 

 

Linear and cyclized peptides were synthesized for HABD1, RHAMM(531-541) (Table 2.1) 

and the HABD2, RHAMM(553-562) (Table 2.2). All peptides (with the exception of 

compounds 7-11) were carboxyamidated and N-terminal acetylated to maintain a neutral 

charge at the termini, allowing them to better mimic the native protein22. Compounds 7-11 

have a free, charged N-terminus in order to study the effects of this charge on helicity and 

binding. All peptides were purified and characterized by LC-MS.  
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Table 2.1 - Sequences of binding domain one (HABD1) where (i, i+4) staples were 

placed in cyclized versions. Mean residue ellipticity values at 222 nm, ratios of mean 

residue ellipticities at 222/208 nm and percentage helicity that were determined at 

20°C. 

 Sequence 

Water 40% TFE/Water 

[θ]222 x103 

(deg 

cm2/dmol) 

[θ]222/

[θ]208 

% 

Helicity 

[θ]222 x103 

(deg 

cm2/dmol) 

[θ]222/

[θ]208 

% 

Helicity 

1 Ac-NLKQKIKHVVKLKDE-NH
2
 -1.14 0.11 6.3 -12.42 0.74 40.3 

2 
cyclo-4,8(Ac-

NLK[EKIKK]VVKLKDE-NH
2
) 

-2.45 0.38 6.9 -12.49 0.80 44.5 

3 
cyclo-5,9(Ac-

NLKQ[EIKHK]VKLKDE-NH
2
) 

-2.82 0.43 8.2 -12.43 0.84 38.0 

4 
cyclo-6,10(Ac-

NLKQK[EKHVK]KLKDE-NH
2
) 

-2.61 0.44 7.8 -12.55 0.85 40.8 

5 
cyclo-7,11(Ac-

NLKQKI[EHVVK]LKDE-NH
2
) 

-3.84 0.55 11.1 -14.22 0.86 42.5 

6 
cyclo-8,12(Ac-

NLKQKIK[EVVKK]KDE-NH
2
) 

-1.79 0.31 19.1 -16.02 0.82 41.5 

 

 

 

 

 

 

 


