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Abstract 
We have used a commercial Nanoscope II atomic force microscope (AFM) with a custom designed 
tapping mode (TM) system to in situ monitor amyloid β-peptide aggregation related to Alzheimer’s 
disease (AD). The custom tapping mode setup was successfully used to image the real time 
aggregation behaviour of the arctic mutation amyloid β-peptide, Aβ(1-40), in vitro in a 
physiologically relevant buffer and compare with the behaviour of the normal wild type of the 
Alzheimer’s amyloid peptide Aβ(1-40) at the same conditions. The investigation revealed distinct 
differences in fibrillogenesis behaviour for the two peptides. Our results demonstrate a previously 
suggested alternative fibrillogenesis pathway, of highly distinct aggregates with ordered 
morphology as on-pathway. Moreover, additional investigations using a pulsed force mode (PFM) 
are under way. 
 
 
 

Introduction 
The Alzheimer’s disease, is one of the most common forms of dementia. AD affects 40 million 
people world-wide and about 170000 people in Sweden suffer from different types of AD. 
Pathological landmarks of Alzheimer patients are the abundance of two abnormal structures: 
amyloid plaques and neurofibrillary tangles. A principal constituent of the brain tissue AD plaques 
is the amyloid β-peptide (Aβ), a 39-43 amino acid peptide of known primary sequence1. The 
peptide fragment, Aβ, aggregates in a complex multi-step reaction forming well defined structures 
called amyloid fibrils. The aggregation cascade for Aβ peptides, its relevance to neurotoxicity in 
the course of AD and experimental methods useful for these studies have recently been discussed2. 
One special variant of Aβ is the Artic mutation known to exist in the north of Sweden. Carries of 
this mutation develops a progressive dementia with a mean age on-set at 57. Increased 
understanding of the molecular mechanisms involved in AD is of great importance to design a 
potential drug based on synthetic blocking molecules. 

Scanning probe techniques, such as the AFM has shown to be an especially is suitable tools 
in the research on aggregation dynamics, structure and structure-function relationships of the 
amyloid β-peptide. The AFM is used to record topographic images, but it is desired with also more 
sophisticated setups. Ultimately, we want to trace different protein conformations, identify specific 
fibril sites and trace the putative structure of Aβ-fibrils. One approach in the direction to achieve 
such results is to use chemically modified AFM tips and use methods like force volume or force 
spectroscopy since these peptides have a very amphiphilic nature. Furthermore, we want to 
evaluate the use of PFM3 methods in this research. 
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Results 
Samples were prepared by disposing a droplet of peptide solution directly onto a freshly cleaved 
mica surface, leaving it to incubate, and subsequently the surface was rinsed with excess buffer. A 
custom TM AFM system was used to image the amyloid β-peptide aggregation behaviour in vitro 
in a physiologically relevant Tris buffer (pH 7.4) and compare with the behaviour of the normal 
wild type of the Alzheimer’s amyloid peptide Aβ(1-40) at the same conditions. 

It was shown that the self-aggregation process includes a transition of peptide aggregates to a 
highly distinct and ordered morphology, which we call spherical bodies. The arctic mutant was 
shown to form aggregates and fibrils at much lower concentrations than the wild type peptide and 
at the same peptide concentration the aggregation process occurs more rapidly for the arctic 
mutant. Interestingly, the arctic mutant amyloid fibrils exhibit a large variety of polymorphs; both 
coiled and non-coiled fibril structures. The real time aggregation dynamics of Aβ(1-40)-Arc fibrils 
was studied over an extended time of continuous imaging and our “movies” revealed that different 
fibril morphologies not only co-exist in the same sample, they also grow/decompose with different 
elongation rates. The results demonstrate a previously suggested alternative fibrillogenesis 
pathway, with the spherical bodies as on-pathway. These intermediates are suspected as involved 
in the Alzheimer’s disease pathogenesis. The results are likely applicable for studies of aggregation 
kinetics, morphology and interaction with inhibitors of several other Alzheimer’s amyloid β-
peptide mutations. In addition, we also studied effects of highly soluble and biologically relevant 
aluminium-citrate compounds on the Aβ(1-40) fibrillogenesis. In these studies, along with AFM, 
solid-state NMR and TEM techniques were also applied. The AFM investigation is, however, 
unique in the sense of showing the very apparent aggregate phase transformation. 

 
 
 
 
 
 
 
 

 
 

Figure. Results from the study of arctic Aβ-peptide aggregation. (A) A probability histogram of the aggregate heights 
of the intermediate aggregates (spherical bodies) appearing prior, and simultaneous, to initial fibril formation. (B) A 
typical AFM height image of the spherical bodies. The process proceeds with rapid polymerization of amyloid fibrils. 
(C) Surface plot showing a part of a coiled fibril formed at a later stage. All coiled fibrils were found to coil in a left-
handed sense. 
 
We will present detailed results of these studies. Moreover, a custom PFM system is designed as an 
“add-on” to our AFM system. The work is in progress and we will present preliminary PFM 
images, possibly also applied research results from PFM measurements on the Aβ-peptides. 
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