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ABSTRACT 

Here we report on using small unnatural helical beta peptides to form higher order geometries. These peptides are known 
to self-assemble by supramolecular recognition, via a unique 3-point H-bonding motif. This self-assembly pattern leads 
to unprecedented head-to-tail self-assembly, thus continuing the intramolecular helix into a fibrous superstructure. The 
smallest peptide still capable of self-assembly had a sequence of only three beta amino acids. We demonstrated a 
hierarchical self-assembly process, which can be designed to form macroscopic silk-like threads as well as complex 
nanometer scale surface structures. We have achieved radial as well as parallel geometries. Both the synthesis and the 
derivatization of the fibres is relatively straigthforward, making this platform technology ideally suited for the highly 
exacting requirements of materials science.  
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1. INTRODUCTION  

 
Until recently, nanotechnology has been dominated by top down nanofabrication. While a plethora of bottom-up 
approaches have been proposed, the ability to create patterns in a spatially consistent manner is still a challenge[1,2]. The 
most success has been achieved using biomaterials such as peptide amphiphiles[3]. However, the limitations of the 
amphiphile self-assembly - the low specificity and selectivity of the self-assembly motif, and the dependence on an 
aqueous environment - still does not allow for the design of hierarchical structures. Supramolecular self-assembly offers 
the means to overcome the existing limitations and design new functional nanomaterials. The specificity and selectivity 
offered by supramolecular recognition minimizes defects, while the geometrically optimized physical bonding networks 
introduce high strength. In recent work[4] we reported the design of a unique supramolecular self-assembly motif for the 
head-to-tail assembly of small, inherently helical unnatural beta peptides, effectively turning the self-assembled structure 
into a continuation of the intramolecular helix. These helices have a perfect pitch, with exactly three amino acids per 
turn, and thus the residues are aligned along the helix. We described how these core fibrils bundled to form microscopic 
and macroscopic threads. Here we describe the formation of complex geometries based on the same principle. 

 

2. EXPERIMENTAL 

 

MATERIALS. Spectrophotometric grade solvents were purchased from Sigma Aldrich. Peptides were synthesized as 
described[4] using standard solid state synthetic methods. Beta amino acids were purchased from GL Biochem. Peptide 
solutions were freshly prepared in methanol, isopropanol, acetone and chloroform solvents by dissolving 1 mg of the 
lyophylized peptide in 1 ml of each solvent separately. The solutions were vortexed for 3 min, and then incubated for at 
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least 24 hr before use. Peptide solutions were drop cast onto mica surface, dried under N2, aged overnight and imaged 
with AFM. 

ATOMIC FORCE MICROSCOPY. Deposits were characterized using atomic force microscopy (AFM) with an 
Ntegra system (NT-MDT, Russia), in scan-by-sample configuration. NSG30 NT-MDT silicon cantilevers were used with 
a typical spring constant of 72 N m-1 and a nominal tip radius of 10 nm. All samples were imaged under ambient 
conditions using semi-contact (tapping) mode at 512x512 pixel resolution and 0.5-1 Hz scan rate. 

 

3. RESULTS AND DISCUSSION 

 
The AFM images show fibrous material with a geometry that suggest a well defined one dimensional self-assembly into 
fibres (figure 1). It is apparent that the smaller fibres twist into consecutively larger structures in a hierarchical manner. 
Thus the self-assembly follows two motifs. The supramolecular self-assembly provides the fibrous core structure while 
adhesion between the fibres leads to the formation of branched hierarchical structures.  

 

Figure 1 ac- L I A on mica surface, imaged by AFM.  The scale is 10 m. The peptide was dissolved in methanol and 
mixed with isopropanol for deposition.  Typical heights of fibres are 20-30 nm  

 

In the second example, the structures have been radial in appearance (figure 2). In this case the self-assembly process 
was aborted by quick drying. Imaging revealed the presence of non-assembled material that has coated the surface; the 
layer is viscous and it causes high probe adhesion to the surface, further confirming its amorphous nature. Since the self-
assembly did not proceed, here the initial stages are visible. The fibre nucleation happens simultaneously at several 
places, and fibre growth proceeds from these sites initially in a distorted radial geometry, forming twisted branches in a 
hierarchically decreasing geometry from the center outwards.  

The major advantage of this process over amphiphilic self-assembly is that the two motifs are distinctly different in their 
specificity and selectivity, and are responsible for two different geometrical trends. Thus, while it is possible to control 
the geometry to some extent by the balance of hydrophobic and repulsive interactions in the case of amphiphilic self-  
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Figure 2 Peptides were deposited from methanol with an addition of isopropanol. Self-assembly was aborted via quick 
drying.  The nucleation sites of fibre formation are visible as radial structures. 

 

assembly[5], the design presented here is superior in that a highly specific and selective supramolecular self-assembly 
motif provides the core structures. 

4. CONCLUSIONS 

Fibrous surface structures have been created using supramolecular self-assembly of small unnatural  peptides. These 
surface structures might be radial or parallel. The structures are based on a 3-point H-bonding motif that implements 
head-to-tail self-assembly, in essence a continuous helical structure, of small non-amphiphilic peptides. The structure 
offers itself for easy functionalization with three well-defined functional sites in a trigonal geometry. Thus it is a 
platform technology for applications that rely on the delivery of complex payload in a spatially controlled geometry. 
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