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Chapter 4 

Microscopic Characterisation of the Self-Assembling Lasso Peptide 

 

This chapter presents the investigations carried out on the synthetic lasso 

peptides described in the previous chapter. As specified in section 2.1, this study 

demonstrates the ability of the synthetic peptides to aggregate into nanostructures as 

well as to provide some understanding of their physical states. Atomic force 

microscopy (AFM) was the technique of choice for the following reasons: 

• Three-dimensional topographic surface imaging enables visualisation 

of nanoparticles with sizes ranging from a few nanometers to a few 

microns. 

• No special treatment is required for sample preparation and the peptide 

samples can be prepared in physiological conditions. 

• Measurements can be made of individual nanoparticles distributed 

across a surface in different parameters. 

 

4.1. Brief introduction to Atomic Force Microscopy (AFM) 

Atomic force microscopy, also known as scanning force microscopy (SFM), is 

one of the successors to scanning tunnelling microscopy (STM) developed by 

Binning and co-workers in 1996.
1
 The AFM instrument utilises the combination of 

STM technology and a force sensing apparatus to achieve high resolution profile 

imaging of a material surface, with demonstrated resolution of fractions of a 

nanometer. The magnified image is generated by monitoring the motion of a surface 

probe as it is mechanically scanned across the surface. Because of this physical 

interaction of the probe and the surface, physical surface properties of the substrate 

can also be measured.
2
 Examples of such properties include friction forces, hardness, 

sample elasticity, adhesion and phase imaging. Unlike STM, the samples need not be 
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electrically conductive. Hence, many types of solid surfaces are accessible to 

nanoscopic investigation with unprecedented information. 

AFM can be operated in a variety of imaging modes, primarily the static 

(contact) and the dynamic (non-contact) modes.
3
 The contact mode of operation is 

run at a pre-fixed force for tip-sample interaction, i.e. the force between the tip and 

the surface remains constant during scanning by maintaining a constant deflection. 

The static tip deflection is used as a feedback signal. Most measurements of contact 

AFM are at ambient conditions although special requirements such as inert gas 

atmosphere or solvents are also applicable. In non-contact mode operation, the 

cantilever is externally oscillated at its fundamental resonance frequency. The 

oscillation amplitude, phase and resonance frequency react accordingly to the tip-

sample interaction force, thus providing information on the sample surface. These 

modes cause surface ��scratching�� from the probe. The dynamic intermittent 

(tapping) mode was developed to overcome this problem. 

The tapping mode minimises the contact between the tip and the surface by 

oscillating the cantilever at the resonance frequency of the tip to keep a constant tip-

sample interaction.
2
 The constant oscillation amplitude is maintained through a 

feedback loop by regulating the oscillation signal by a split photodiode detector. The 

vertical position of the scanner at each (x,y) data point also maintains a constant 

�setpoint� amplitude, which goes through the computer to form the topographic 

image of the sample surface. Such a setup reduces the damage to soft samples from 

the tip interaction. The tapping mode also offers a few other advantages such as 

operations in ambient and liquid environment, higher lateral resolution than other 

modes and a relatively high scanning speed. 

The important component of an AFM instrument is its surface probe. This 

probe is a sharp tip attached to a flexible cantilever made of silicon or silicon 

nitride.
4
 A laser beam can be focused onto the top surface of the cantilever and 

reflected to an array of photodiodes. The photodiodes are then measured by a 

positive four-quadrant photodetector, which in turn send out the data to the feedback 

electronics (Figure 4.1.1). Data sampling is made at discrete steps by means of an 

analog-to-digital converter and the computer reconstructs the three-dimensional 

topological image or projections from the data matrix. The probe has to be lowered 

for close contact with the surface required for scanning. Tracking the bending, 
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torsional and lateral movements of the cantilever gives measurements by comparing 

the relative output of the photodetector. 

 

 

Figure 4.1.1. The elements of an AFM instrument 

 

In order to control the sample-tip separation distance, a constant force is used 

for maintaining the Z-piezoelectric and feedback electronics are used to monitor 

such a force.
3
 The feedback electronics, together with fine-motion piezoelectric 

scanners provide sub-nanometre resolution to the scans. The scanners can be made 

of 2 cylinders comprising 4 inter-stacking ceramic sheets. Such a layout aligns the 

top surface of the scanner to be in parallel to the base during scanning. The force 

resolution in AFM can be as low as 1 nN and the topographic data from the bending 

motions of the cantilever can give resolution up to ~0.1 nm. 

 

4.2. Materials and methods 

4.2.1. Materials 

Peptides 4.2.1 (P11-4: AcN-QQRFEWEFEQQ-CNH2) [MS(ES
+
): m/z = 

1595.8, 95.4% HPLC purity@ 210 nm] and 4.2.2 (P11-20: AcN-

QQRQEQEQEQQ-CNH2) [MS(ES
+
): m/z = 1499.2, 95.1% HPLC purity@ 210 

nm] were provided by NeoMPS Groupe SNPE, Strasbourg, France (Figure 4.2.1).  
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Figure 4.2.1. Chemical structures of peptide P11-4 and P11-20 

 

Peptides 3.2.16, 3.3.17, 3.3.20, 3.3.22 and 3.3.24 were synthesised as described 

in section 3.3 (Figure 4.2.2). The detailed synthetic procedures are included in part 

IV chapter 2. 
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Figure 4.2.2. Chemical structures of peptides 3.2.16, 3.3.17, 3.3.20, 3.3.22 

and 3.3.24 
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High grade ruby muscovite mica sheets (11 nm × 11 nm × 0.15 nm) and plastic 

sample boxes were obtained from Agar Scientific Ltd., UK. Ultrapure water (18.2 

m� cm
-1

) was prepared from Barnstead NANOpure Diamond purifier (Triple Red 

Laboratory Technology, UK), NaCl (reagent grade) and NaOH pellets (reagent 

grade) were obtained from Fisher Scientific Ltd., UK. HCl (37%, reagent grade) was 

obtained from Aldrich, UK.. 

 

4.2.2. Preparation of sample substrates for AFM studies 

Peptide samples listed in table 4.2.3 were prepared for AFM analysis. The 

concentration of these samples were made up with 140 mM NaCl solution to 

approximately 5.0 mM. Table 4.2.3 also shows the quantities of peptide used for the 

preparation of each individual sample. 

 

Samples Amount of peptide and 140 mM NaCl Solution used 

A1 4.2.1 (1060 µg) in NaCl solution (101 µL) 

B1 4.2.2 (1020 µg) in NaCl solution (100 µL) 

C1 3.2.16 (102 µg) & 4.2.1 (910 µg) in NaCl solution (100 µL) 

C2 3.2.16 (29.3 µg) & 4.2.1 (970 µg) in NaCl solution (102 µL) 

C3 3.2.16 (513.1 µg) in NaCl solution (51 µL) 

D1 3.3.17 (96.4 µg) & 4.2.1 (920 µg) in NaCl solution (100 µL) 

D2 3.3.17 (38.5 µg) & 4.2.1 (980 µg) in NaCl solution (100 µL) 

D3 3.3.17 (568.9 µg) in NaCl solution (50 µL) 

E1 3.3.20 (134 µg) & 4.2.2 (910 µg) in NaCl solution (100 µL) 

E2 3.3.20 (25 µg) & 4.2.2 (980 µg) in NaCl solution (100 µL) 

E3 3.3.20 (725 µg) in NaCl solution (50 µL) 

F1 3.3.22 (94.5 µg) & 4.2.1 (930 µg) in NaCl solution (100 µL) 

F2 3.3.22 (25 µg) & 4.2.1 (960 µg) in NaCl solution (100 µL) 
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F3 3.3.22 (526.2 µg) in NaCl solution (50 µL) 

G1 3.3.24 (124.8 µg) & 4.2.1 (950 µg) in NaCl solution (100 µL) 

G2 3.3.24 (34.9 µg) & 4.2.1 (940 µg) in NaCl solution (100 µL) 

G3 3.3.24 (536 µg) in NaCl solution (50 µL) 

Table 4.2.3. A summarised list of peptide samples prepared 

 

The peptides were dissolved in 140 mM NaCl solution and vortexed to a clear 

solution. The pH values of the peptide solutions were adjusted to approximately 7.4 

by addition of 0.1 M HCl or NaOH solution. The solutions were then sonicated in 

water bath warmed to 60 ”C for 15 mins. Further heating was carried out for another 

hour at 60 ”C. Muscovite mica sheets (1 cm
2
) were used as a substrate for holding 

the peptide samples. Top layers of the sheets were removed by using a scotch tape to 

reveal the under layers, offering a clean surface. For each sample, 10 µL of peptide 

solution was pipetted onto the surface of a mica sheet. The mica sheet was 

transferred into a plastic box and allowed to dry for a day before placing into an 

AFM instrument for analysis. 

 

4.2.3. AFM surface characterisation technique 

Tapping mode
TM

 AFM of all peptide samples were achieved using a Digital 

Instrument (DI) NanoScope IIIa Multimode
TM

 Scanning Probe Microscope (SPM) 

(Santa Barbara, USA) equipped with an E- or J- type piezo-scanner. Silicon nitride 

probes (NCL) (Nanoworld, Switzerland) were used for the Tapping mode
TM

 

imaging. The cantilevers on these probes had a resonance frequency of 

approximately 180 kHz and a nominal spring constant of approximately 40 N/m. 

The tip end radius of curvature was less than 10 nm. The scan speed was recorded at 

1-2 Hz. AFM images were collected in 512 × 512 pixels. For each sample, two out 

of a series of collected AFM images from different surface regions were analysed 

and reported. Image analyses were performed using the NanoScopefi III, Digital 

Instrument (Veeco Instruments, Inc.) processing software, version 5.12r3 (2002) and 

ImageJ (Image processing and analysis in Java), version 1.41. 
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4.2.4. AFM image processing software 

A variety of software functions were executed to carry out a series of 

measurements to define different parameters present in the images. The following 

provides a brief description of the analysis functions used in the NanoScopefi III 

processing software. 

Flatten command � A process enabling an unprocessed noisy image to be 

calculated by scan lines of image to a least-square fit polynomial. Flattening 

modifies the image on a line-by-line basis and the flatten order may be selected as 

zero, first, second or third least-square fit. The z-offset removed by two scan lines to 

the chosen order, hence flattening out the image. 

Plane-fit command � The user defines and subtracts a single polynomial from the 

image. This results in smoothing out the image according to the chosen order of the 

polynomial. 

Erase scan lines � This function enables the elimination of a noisy scan line 

produced from tip-sample interactions. The thickness of scan lines can be adjusted 

accordingly. 

Zoom function � The zoom command allows selected areas of an image to be 

expanded to fill the screen. Magnifying selected areas of the original image reduces 

its picture resolution. 

Line section analysis � A line section across the three-dimensional image shows the 

surface topography along the line as defined by the user. This cross-sectional view 

allows depth, height and angular measurements of the surface profile. Active cursors 

are available to indicate the region of interest on the substrate. 

 

The following two functions in the processing software ImageJ were utilised 

for the length measurements. 

Straight lines � Measurements of the distance between two selected set points. The 

scale is according to the pixels of image. 

Segmented lines � Measurements using the segmented lines give the total length of 

more than two selected set points. 
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4.3. Results and discussion 

The following presents the AFM analyses of the samples listed in section 4.2.2. 

In collaboration with Steve Maude (SOMS, University of Leeds), a series of AFM 

scans were taken for each sample. Two scans from each series were selected for 

analysis. For each AFM scan, five different parameters of the peptide aggregations 

were examined to study the extent and nature of the nanostructures formed. These 

parameters include the height, width at half height, full twist pitch, persistence 

length and contour length. The images in figure 4.3.1 illustrate the sectional analysis 

on a sample surface. The measurements for height and width were based on the cross 

sections perpendicular to the object of interest and the red arrows indicate the point 

of measurements for individual peptide fibrils (Figure 4.3.1). 

 

 

 

Figure 4.3.1. Width and height measurements of peptide nanostructures 
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4.3.1. Measurements for sample A1 

The sample A1 was prepared from peptide 4.2.1 (P11-4). The AFM scans show 

a predominant presence of fibrils in short and intermediate lengths (Table 4.3.2). The 

peptide aggregates in the first analysis demonstrated an aligned arrangement. Both 

analyses showed an average height of the peptide fibrils at approximately 0.7 nm to 

be slightly lower than expectation. The hammering effect of AFM tip on soft matter 

such as these peptide fibrils, is a possible explanation to this observation. 

 

Sample A1 � 1
st
 Analysis (Height scale: 2.0 nm) 

Parameters 

(nm) 

Average 

readings 

Standard 

deviation 

 

Height 0.7 0.1 

Width at 

half height 
26.9 4.0 

Full twist 

pitch 
62.0 8.2 

Persistance 

length 
121.0 33.6 

Contour 

length 
258.9 92.3 

Sample A1 � 2
nd

 Analysis (Height scale: 3.0 nm) 

Parameters 

(nm) 

Average 

readings 

Standard 

deviation 

 

Height 0.6 0.1 

Width at 

half height 
28.6 5.9 

Full twist 

pitch 
65.1 6.2 

Persistance 

length 
90.8 33.2 

Contour 

length 
169.2 80.8 

Table 4.3.2. Measurements taken for sample A1 
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4.3.2. Measurements for sample B1 

The sample B1 was prepared from peptide 4.2.2 (P11-20). The AFM scans 

shown in table 4.3.3 display a network made up of long, curvy and thin peptide 

fibrils. These images suggest the peptide 4.2.2 forms thinner and more flexible 

aggregates due to its less-hindered amino acid side-chains. Similar to the sample A1, 

the observed height of the fibrils was also lower than expectation. 

 

Sample B1 � 1
st
 Analysis (Height scale: 4.0 nm) 

Parameters 

(nm) 

Average 

readings 

Standard 

deviation 

 

Height 1.2 0.3 

Width at 

half height 
36.9 7.4 

Full twist 

pitch 
242.4 27.1 

Persistance 

length 
745.8 244.9 

Contour 

length 
1745.9 427.6 

Sample B1 � 2
nd

 Analysis (Height scale: 5.0 nm) 

Parameters 

(nm) 

Average 

readings 

Standard 

deviation 

 

Height 1.5 0.3 

Width at 

half height 
38.6 6.3 

Full twist 

pitch 
234.3 18.2 

Persistance 

length 
120.1 56.8 

Contour 

length 
3000.0 143.7 

Table 4.3.3. Measurements taken for sample B1 
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4.3.3. Measurements for sample C1 to C3 

The sample C1 was prepared from the peptide mixture of 3.2.16-4.2.1 (1:10). 

The peptide aggregates formed are very short and thick in general, with lengths of 

about 240 nm and widths of 22 nm. These fibrils are arranged in a crisscrossing 

manner and evenly dispersed throughout the surface of sample (Table 4.3.4). 

 

Sample C1 � 1
st
 Analysis (Height scale: 1.0 nm) 

Parameters 

(nm) 

Average 

readings 

Standard 

deviation 

 

Height 0.4 0.1 

Width at 

half height 
22.0 3.9 

Full twist 

pitch 
23.7 2.9 

Persistance 

length 
122.8 32.1 

Contour 

length 
190.0 57.1 

Sample C1 � 2
nd

 Analysis (Height scale: 1.5 nm) 

Parameters 

(nm) 

Average 

readings 

Standard 

deviation 

 

Height 0.5 0.1 

Width at 

half height 
23.7 3.1 

Full twist 

pitch 
29.2 4.2 

Persistance 

length 
165.2 32.4 

Contour 

length 
288.4 103.9 

Table 4.3.4. Measurements taken for sample C1 
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The sample C2 was prepared from the peptide mixture of 3.2.16-4.2.1 (1:50). 

The peptide fibrils are almost as equally short and thick as those in sample C1 while 

appeared to be in clusters (Table 4.3.5). 

 

Sample C2 � 1
st
 Analysis (Height scale: 2.5 nm) 

Parameters 

(nm) 

Average 

readings 

Standard 

deviation 

 

Height 0.7 0.1 

Width at 

half height 
33.0 7.1 

Full twist 

pitch 
47.5 7.7 

Persistance 

length 
272.0 105.7 

Contour 

length 
380.0 76.2 

Sample C2 � 2
nd

 Analysis (Height scale: 2.5 nm) 

Parameters 

(nm) 

Average 

readings 

Standard 

deviation 

 

Height 0.7 0.7 

Width at 

half height 
37.8 6.5 

Full twist 

pitch 
52.1 4.2 

Persistance 

length 
236.0 57.5 

Contour 

length 
425.9 144.6 

Table 4.3.5. Measurements taken for sample C2 

 

The sample C3 was prepared from the peptide 3.2.16. The AFM scans display 

the sample as a dense and rough surface that is similar to polymer blobs and craters. 

These features are, however, unable to provide a clear visual assessment of the 

peptide fibril network (Table 4.3.6). 
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Sample C3 � 1
st
 Analysis (Height scale: 2.5 nm) 

Parameters 

(nm) 

Average 

readings 

Standard 

deviation 

 

Height 0.7 0.2 

Width at 

half height 
29.9 4.3 

Full twist 

pitch 
56.9 13.1 

Persistance 

length 
159.9 29.4 

Contour 

length 
285.6 74.5 

Sample C3 � 2
nd

 Analysis (Height scale: 2.5 nm) 

Parameters 

(nm) 

Average 

readings 

Standard 

deviation 

 

Height 0.7 0.2 

Width at 

half height 
28.5 6.1 

Full twist 

pitch 
59.8 9.7 

Persistance 

length 
227.3 63.7 

Contour 

length 
383.6 62.2 

Table 4.3.6. Measurements taken for sample C3 
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4.3.4. Measurements for sample D1 to D3 

The sample D1 was prepared from the peptide mixture of 3.3.17-4.2.1 (1:10). 

The fibrous-looking peptide aggregates represent a packed anisotropic network, with 

lengths up to approximately 1 µm. This ratio of mixture allowed the peptide 

monomers to aggregate well (Table 4.3.7). 

 

Sample D1 � 1
st
 Analysis (Height scale: 2.0 nm) 

Parameters 

(nm) 

Average 

readings 

Standard 

deviation 

 

Height 1.0 0.2 

Width at 

half height 
19.6 3.2 

Full twist 

pitch 
24.4 4.0 

Persistance 

length 
302.8 86.9 

Contour 

length 
1022.8 258.6 

Sample D1 � 2
nd

 Analysis (Height scale: 2.0 nm) 

Parameters 

(nm) 

Average 

readings 

Standard 

deviation 

 

Height 1.1 0.2 

Width at 

half height 
19.6 4.1 

Full twist 

pitch 
23.1 2.7 

Persistance 

length 
349.6 115.1 

Contour 

length 
841.7 277.3 

Table 4.3.7. Measurements taken for sample D1 

 

The sample D2 was prepared from the peptide mixture of 3.3.17-4.2.1 (1:50). 

The peptide aggregates are distributed evenly across the surface of the sample but 

lack an aligned network arrangement (Table 4.3.8). 
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Sample D2 – 1st Analysis (Height scale: ) 

Parameters 
(nm) 

Average 
readings 

Standard 
deviation 

 

Height 0.7 0.1 

Width at 
half height 

24.5 6.5 

Full twist 
pitch 

35.7 7.5 

Persistance 
length 

210.1 66.8 

Contour 
length 

552.0 184.1 

Sample D2 – 2nd Analysis (Height scale: ) 

Parameters 
(nm) 

Average 
readings 

Standard 
deviation 

 

Height 0.6 0.1 

Width at 
half height 

27.1 4.4 

Full twist 
pitch 

35.5 5.4 

Persistance 
length 

244.8 80.0 

Contour 
length 

526.4 92.5 

Table 4.3.8. Measurements taken for sample D2 

 

The sample D3 was prepared from the peptide 3.3.17. The short peptide fibrils 

are sparsely distributed on the sample surface with no apparent network observed. 

This limited aggregation suggests hindrance in self-assembling of the lasso peptide 

3.3.17 due to its bulky cyclic sequence (Table 4.3.9). 


