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Abstract 
 

Alzheimer’s disease is the most common cause of dementia and was responsible for over 2% of all 

deaths in Sweden 2012. One of the pathological hallmarks is amyloid plaques built by fibrillated 

Amyloid β. Luminescent conjugated oligothiophenes are known to stain and give characteristic 

fluorescence spectra when staining amyloid fibrils. Little is however known about the interactions 

between LCOs and fibrils. Studies have been performed on molecules more traditionally known to 

stain amyloid fibrils. Studies have also been performed on fibrils using limited proteolysis. So far no 

studies have been performed using LCOs combined with limited proteolysis in order to study the 

interaction pattern between LCOs and fibrils. 

Amyloid β is expressed and purified using a simple few step purification protocol. The amyloid β 

peptide was then fibrillated in several generations in order to select for a homogenous fibril 

structure. This purification protocol also has the ability to purify different oligomers of Amyloid β that 

are interesting from a toxicity point of view. In this thesis optical characteristics and limited 

proteolysis with mass spectrometry are being used to studies the interactions between LCOs and 

fibrillated amyloid β. The proteolytic pattern was suggestive of an accessible N-terminal and a hidden 

C-terminal of Amyloid β M1-42 in the fibril. It was also shown that the proteolysis cleavage pattern of 

Chymotrypsin is not disrupted when the LCO pKTAA was used to stain fibrils. The emission spectra 

from the two LCOs pATAA and pKTAA changes differently when subjected to continuous excitation 

indicative of conformational changes or chemical modification. 
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Abbrevations 
Aβ = Amyloid β 

AβPP = Amyloid β precursor protein 

AD = Alzheimer’s disease 

ANOVA= Analysis of variance 

APOE = Apolipoprotein E 

CD = Circular dichroism 

CHCA = α-Cyano-4-hydroxycinnamic acid 

CICCA =  4-Chloro-α-cyanocinnamic acid 

DEAE= Dietylaminoethyl  

DHB = 2,5-Dihydroxybenzoic acid 

DNA = Deoxyribonucleic acid 

EDTA= Ethylenediaminetetraacetic acid 

LCO = Luminescent conjugated oligothiophene 

LCP = Luminescent conjugated polymer 

MALDI-TOF= Matrix assisted laser desorption ionization- time of flight 

MW= Molecular weight 

MWCO= Molecular weight cut off  

NMR= Nuclear magnetic resonance 

ON= Over night 

PAGE=  Polyacrylamide gel electrophoresis 

PBS= Phosphate-buffered saline 

PEG= Polyethylene glycol 

PSEN1 = Presenilin-1 

PSEN2 = Presenilin-2 

PVDF= polyvinylidene difluoride 

SDS= Sodium dodecyl sulphate 

SEC= Size exclusion chromatography 

TBS= Tris-buffered saline 

TBST= Tris-buffered saline Tween-20 

TFA= Trifluoroacetic acid 

THAP = 2,4,6-Trihydroxyacetophenone 

ThT = Thioflavin T 

UV= Ultra violet 

WB= Western blot 
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Introduction 
The aim of this thesis is to identify the binding site of two luminescent conjugated oligotiophenes 

(LCOs), pATAA and pKTAA, to fibrillated Aβ peptides. Alzheimer’s disease was the cause of over 2% of 

all deaths, making this disease one of the most common causes of deaths, in Sweden 2012 [1]. The 

neurodegenerative nature of this disease causes loss of memory and cognition [2]. Alzheimer’s 

disease is characterized by senile plaques and nerofibrillary tangles found in the brain [3]. The senile 

plaques consist mostly of fibrillated Aβ peptides forming amyloid plaques. LCOs show characteristic 

emission spectra upon binding to senile plaques [4]. Little is known of the binding site for LCOs on 

fibrils and there for a method of detecting this binding site would generate new knowledge about 

these LCOs. Covalent attachment of the LCO to the binding site would be detectable with mass 

spectrometric methods and is there for a suitable approach for answering the question of where on 

the fibril the LCO binds. 
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Project (system and process) 
The purpose of this 30 week master thesis was to map the binding site of two different luminescent 

conjugated oligothiophenes (LCOs) on fibrillated Aβ peptides. The project was started by making a 

rough plan for how the time should be distributed and which methods should be used. The first 

practical part was to express and purify the AβM peptide variant followed by fibrillation into 

homogeneous fibrils. The next step was limited proteolysis of the fibrils stained with LCOs, in order to 

identify the binding site. Initially this was planned to be done by inducing a crosslink between the 

fibril and the LCO. The experiments carried out the first were without crosslinking to see if the non-

modified binding interactions between fibril and LCO are strong enough to change the cleavage 

pattern of the protease. This experiment relied on that the protease could cleave the fibrillated Aβ, 

that the binding sites of the LCO where located close enough to the cleavage site leading to 

interference with the cleavage pattern and that this could be detected. If no conclusive result could 

be generated by this method of non-modified interactions the next method would be to induce a 

crosslink between the fibrils and the LCO. This method would give the opportunity not only to detect 

differences in cleavage patterns but also to detect which peptide fragment the LCO was cross-linked 

to. 
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Background 

Amyloid: biological function and diseases 
Amyloidosis is an umbrella term for several different protein misfolding diseases with the common 

factor that they form amyloid fibrils, which are deposited in the body of the affected individual. It is 

however not certain that the amyloids are the cause of disease, they can also be the result of 

disease. The definition of amyloids is deposits of protein, which gives red-green birefringence when 

stained with Congo red and subjected to cross-polarized light, a typical X-ray (cross-β) diffraction 

pattern, fibrillar appearance in electron microscopy and intra- or extra-cellular deposits in vivo. Local 

amyloidosis is when the protein is deposited in close proximity to the cells where the protein was 

synthesized. Systemic amyloidosis on the other hand is when protein deposits from blood plasma 

proteins are formed in two or more organs [5]. There is no sequential or structural homology 

between amyloidogenic proteins. In 2012, 30 different extracellular and 6 intracellular proteins were 

recognized as amyloidogenic in vivo by the International Society of Amyloidosis [6]. Amyloids have 

been found in all organs and the entire nervous system. The most well-known amyloid diseases are 

Alzheimer’s disease (AD), Parkinson’s disease and Creutzfeldt-Jakob disease [6]. 

Amyloids are not only a eukaryotic phenomenon nor is it always associated with disease. Amyloids 

with a biological function have been found in bacteria such as E. coli and Salmonella. These bacteria 

express a protein named CsgA that forms “curli fibers”, which is used by the bacteria to form biofilms 

that facilitates the possibility to attach to inert material and mediate binding to a variety of host 

proteins[7, 8, 9]. Other examples are Chirons, which are a group of proteins that are the major 

component of egg shells from fish and insects, which show amyloid like properties. These amyloids 

protect the oocyte and developing embryo from changes in temperature, mechanic pressure, 

bacteria, viruses, proteases etc. cA is a chrion protein which compose 30% of the total protein 

content in silkmoth eggshell and show X-ray diffraction pattern similar to human amyloids, Congo red 

red-green birefringence and is stained with ThT [10]. Pmel 17 is a protein expressed in mammalian 

cells that form amyloids in the melanosomes in the melanocytes. The function of the fibrillated Mα 

sub unit of Pmel17 is thought to be crucial for the polymerization of intermediates in the synthesis of 

melanin, which is a tyrosine based polymer that is protective against UV radiation. Amyloids are 

therefore essential to humans pigment production. Pmel 17 shows one of the fastest fibrillation 

kinetics, which is thought to be due to evolutionary pressure to avoid toxicity of fibrillar 

intermediates and gain function [11]. 

Alzheimer’s disease a challenge for society 
Alzheimer’s disease (AD) is the most common cause of dementia. Except for dementia many 

individuals with AD suffer from emotional changes, which cause depression, anxiety, apathy and 

delusions [3]. These symptoms can affect relatives, friends and care takers to people with AD since 

patient do not recognize family members and/or can become aggressive. Thus AD does not only 

affect the person suffering from the disease but several other persons are also affected. 

Cardiovascular disease and tumors, which are the most common causes of death in Sweden 2012, 

have slowly decreased since 1987. Deaths caused by dementia have increased fourfold during these 

25 years. This means that Alzheimer’s disease alone was the cause of over 2 % of all deaths in 

Sweden 2012 [1]. 
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Symptoms and characteristics 

Alzheimer’s disease is characterized by progressive loss of memory and cognition, psychological and 

psychiatric changes, disturbances in language, senile plaques, neurofibrillary tangles and synapse loss 

(see figure 1) [2, 3]. 

Genetic factors in AD and risk factors 

There are four genes strongly linked to AD: Amyloid β Precursor Protein (AβPP), Presenilin-1 (PSEN1), 

Presenilin-2 (PSEN2) and Apolipoprotein E (APOE), which all can affect the Aβ peptide in some of the 

following manners: increased production, change the Aβ42/Aβ40 ratio, alternate the biophysical 

properties or alternate the metabolism of the peptide. Mutations within the Aβ peptide, which are 

known disease mutants, can lead to increased propensity to fibrillate or increased production of 

Aβ40 and 42. Some mutations within the AβPP but outside the Aβ region are also associated with AD. 

These mutations affect the cleavage sites of either β- or γ-secretase, leading to increased Aβ 

production or more commonly an increase in Aβ42/Aβ40 ratio [9]. PSEN 1 and 2 are thought to be 

involved as catalytic components of γ-secretase, mutations are thought to alter the conformation of 

the gene products of PSEN1and 2, leading to change in substrate specificity [9]. Mutations in these 

genes have been shown to increase the Aβ42/Aβ40 ratio and increase production of Aβ43 [12]. The 

APOEε4 allele has been shown to be a risk factor for developing AD. The ε4 was found with a 

frequency of 0.5 in patients with familial AD compared with 0.16 in sporadic AD [13]. The APOE gene 

can be encoded by three alleles each encoding a protein of 299 amino acids (aa), which can differ at 

positions 112 and 158. ApoE2 have amino acids cysteine at both positions, ApoE3 have arginine and 

cysteine and ApoE4 have arginine at both positions [14]. The cysteine at ApoE2/3 can facilitate 

dimerization/multimerization through disulfide bridges between the monomers and keep the protein 

in an open conformation. This ability is absent in the ApoE4 variant. The Apoe3 variant seems to be 

protective against AD and the ApoE4 promotes AD [9]. 

Risk factors for developing AD are: age, family history, head injury, depression, hypertension, 

diabetes, high cholesterol, atrial fibrillation, presence of cerebral emboli and low physical and 

cognitive activity. 

 

Figure 1. The differences between a brain effected by sever AD (right) and a healthy brain (left), image taken from: 
http://www.alz.org/braintour/healthy_vs_alzheimers.asp [15]. 
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Amyloid β 
In 1987 the Aβ peptide was identified to originate from the Amyloidβ precursor protein (AβPP). The 

function of AβPP is not clear but it has been shown to be a non-essential glycosylated cell surface 

receptor [16]. When the AβPP is metabolized it is degraded by several proteases affecting the 

formation of the Aβ peptide including α-secretase at position K16, β-secretase at the N-terminal of 

D1 and E11, γ-secretase at the C-terminal of V40 or A42. All proteolytic sites are given relative to the 

Aβ peptide. If AβPP is first cleaved by α-secretase and then by γ-secretase a fragment known as P3 is 

formed. This fragment is not known to be on the amyloidogenic pathway. On the other hand if AβPP 

is first cleaved by β- secretase and then γ-secretase, the amyloidogenic Aβ fragment is formed. This 

peptide can be 39-43 amino acids long (see Figure 2). Changes in the metabolism of AβPP leading to 

increased Aβ production, increased Aβ42/Aβ40 ratio or production of mutants with increased 

propensity to aggregate into amyloid fibrils are factors known to cause AD. There is however not a 

convincing correlation between plaque load, amount of fibrils and severity of AD. The Aβ peptide 

does not only occur in monomeric and fibrillated form, it can also be found in different intermediate 

states in the form of different sized oligomers. There is a correlation between AD progression and the 

amount of oligomeric Aβ found in the patient [9]. It has been shown that oligomers of Aβ reduce 

neuronal viability 10 times more than fibrils and 40 times more than non-aggregated Aβ [17]. It has 

been found that AD brains contain 6 times more soluble Aβ compared to control brains, and the 

Aβ42 variant was 12 times higher in concentration in AD brains. Soluble Aβ was found in the size 

ranging from monomeric up to oligomers of 100 kDa [18]. 

Aβ has been shown to form free radicals that oxidize proteins, which in turn lead to loss of function. 

This can lead to cell death through necrosis or apoptosis. Oxidation of lipids also occurs which affect 

the cellular membrane and forms reactive aldehydes, which are toxic to neurons [2]. Aβ, when 

associated with copper (Cu+) or iron (Fe2+) ions, catalyzes the formation of H2O2. This leads to 

oxidative stress, especially of Ca2+ channels, NMDA receptors and Acetylcholine receptors. When 

these are subjected to oxidation it can cause disruption of the Ca2+ homeostasis, which can lead to 

apoptosis. It is also thought that Aβ can form pores in the cellular membrane which also disrupts the 

Ca2+ homeostasis. Aβ associated with mitochondria is thought to increase the oxidative stress in the 

cells by producing superoxide that can create NO and OH radicals. This can trigger apoptosis 

response from the cells when the oxidative stress is too severe [9]. 

 

Figure 2.  Schematic picture of AβPP and the non amyloidogenic proteolysis by α-secretase at position K16 and the 
amyloidogenic proteolysis at D1 position by β-secretase. 
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Fibril formation 
The process of protein fibrillation displays diverse pathways. In the first phase of fibrillation, only 

monomers of the peptide or protein are present and they can have an ordered or unordered 

structure. During this phase monomers form oligomers, which have an unordered structure and can 

vary in size. These oligomers then form protofibrils, which are linear aggregates that grow by 

addition of monomers at the ends, incorporation of oligomers or end-to end coalescence. Protofibrils 

then form protofilaments, which are longer and have a more ordered β-sheet structure. 

Protofilaments twist together into helices and form mature fibrils with a well-defined cross-β-sheet 

structure [19]. 

 

Figure 3. Graph shows characteristic fibrillation kinetic differences between seeded fibrillation and non-seeded. Images 
below the graph illustrate the different structural conformations present at different phases during the formation of 
fibrils from monomers. 

Fibrillation of Aβ starts only above a critical concentration of the peptide. One theory for fibril 

formation is that this is the critical micellar concentration for Aβ. At this concentration, or above, 

monomers and micelles are at fast equilibrium. Within these micelles a nuclei can be formed and 

from this nuclei fibrils can be formed, which grow by addition of monomers to the ends of the fibril 

[20]. Fibrils can have different morphology but one proposed structure comes from NMR studies and 

suggests that the Aβ peptide are packed together to form a β-strand-turn-β-strand motif that forms 

two intermolecular parallel in-register β-sheets (see Figure 3) [21]. The two β-strands are formed by 

amino acids 18-26 named β1 and 31-42 named β2. The N-terminal amino acids 1-17 appear to be 

unordered. From this structural determination it was also concluded that intermolecular side chain 

contacts are made between the odd number residues from β1 of the nth molecule in the 

protofilament with the even number residues of the β2 strand of the n-1th molecule in the 

protofilament. This is the proposed structure for protofilaments (see Figure 4) [21]. 5 or 6 of these 

protofilaments are twisted together forming a fibril [22, 23]. 
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Figure 4. Left figure shows a NMR structure of monomeric Aβ, PDB ID: 1IYT.The green colored part of the monomer can 
also be seen in the right figure, the blue colored are unordered and are not seen in the right figure. Right figure shows a 
NMR structure of AB fibril, PDB ID: 2BEG. Red amino acids from beta sheet 2 interacting with amino acids from β-sheet 1 
blue. 

The formation of measurable amounts of fibrils formed from a solution containing monomeric Aβ is 

precedent by a lag phase. As soon as fibrils are formed the speed of fibril formation is increased. This 

is known as the growth phase. The lag phase is shortened/non-existing if pre-formed fibrils are added 

to a solution containing monomeric Aβ. This phenomenon is known as seeding. One theory of 

seeding was proved in 2013 where monomers form fibrils and the fibrils grow by addition of 

monomers to the ends. The fibrils also function as catalyst for formation of oligomers from 

monomers, which then can form fibrils. This results in a positive feedback as soon as fibrils have been 

formed or added to the solution of monomers [24]. 

Formation of homogenous fibrils of Aβ 

Fibrils of Aβ will show different morphologies depending on the conditions where they were grown. 

Factors such as pH, ionic strength, concentration, temperature, stagnant or agitated conditions will 

affect the kinetics and morphology of the fibrils. Fibrils grown under identical conditions, even in the 

same test tube, will show heterogeneous morphology. Petkova et al. [25] showed that by making 

generations of fibrils using seeds from parent to daughter to granddaughter and so on will generate 

fibrils of a more homogenous morphology. The idea is that by using seeds from the early growth 

phase from generation to generation there will be a selection towards the fibrils with the 

conformation which provides the fastest kinetics [25], leading to one predominant species of fibrils 

after 3-7 generations. Once a fibril with certain morphology has been formed it will remain in the 

same conformation [26]. It is suggested that it is the difference in molecular structure of the 

protofilaments that generate different morphologies of fibrils, rather than different lateral 

association of protofilaments. It is also shown that morphologically different fibrils have different 

toxicity towards neurons. This is suggested to explain the poor correlation between plaque load and 

severity of disease in patients suffering from AD [27, 25]. 

Conjugated polymers 
Luminescent conjugated polythiophenes (LCPs) are polymers with a backbone consisting of 

thiophenes. LCOs are a well-defined variants of LCPs. 
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Figure 5. Emission spectra from different LCOs staining fibrils of recombinant Aβ1-40. Structures to the right are the LCOs 
used in to generate the spectra [28]. 

LCPs and LCOs can be used to detect proteins, aggregated proteins and DNA. LCPs/LCOs have high 

affinity towards certain biomolecules and upon binding to certain structures they give characteristic 

fluorescence spectra, leading to the possibility to distinguish binding between different molecules. 

LCOs/LCPs give rise to different spectra depending on which conformation they are in. LCOs in 

solution will give one spectrum but when locked in a certain conformation, for example when bound 

to amyloids, the spectra will change due to the changed angle of the thiophene backbone. In other 

words, the fluorescent properties of the LCOs/LCPs are dependent on the conformation (example 

spectras of different LCOs bound to fibrils see Figure 5) [29]. This gives LCOs/LCPs an advantage 

compared to antibodies that might fail to stain proteins, which have aggregated/alternative folds, or 

do not discriminate between native and amyloidogenic fold. LCOs/LCPs also have an advantage 

towards the more traditional staining molecules for amyloids, Congo Red and ThT, which only give 

information whether a sample is positive or negative for amyloids. With LCOs/LCPs more 

conformational information can be generated due to the flexible thiophene backbone. This makes it 

possible to distinguish between deposits of different proteins and to distinguish between different 

conformations of aggregates of the same protein [30, 31, 4, 32]. Unpublished data from Linköping 

University show that pATAA and pKTAA stained human AD brain sample blue shift when subjected to 

436nm light over a period of 20 min, both aggregates of Aβ and Tau show these properties (Rozalyn 

Simon personal communication) (structure of pATAA and pKTAA see figure 6). 

 

Figure 6. Structures of the two LCOs pATAA (left) and pKTAA (right) 
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Materials and Methods 

Flowchart 
This flowchart shows an outline of how this project was carried out. 

 

Transformation 
Transformation is a technique where DNA is introduced to a new cell. There are different techniques 

to introduce new DNA to bacteria, using poration of the membrane by heat shock, electricity or the 

natural infectious ability of the phage particles [33]. In this project a plasmid containing the gene for 

AβM1-42 peptide was introduced to E. Coli cells. The plasmid was a gift from Professor Sara 

Snogerup-Linse, who also published a purification protocol for the peptide [34]. The M indicates that 

there is an extra methionine in the N-terminus. This amino acid is not present in the in vivo sequence 

and is a result of the start codon at DNA level during recombinant expression. The resulting peptides 

are the 43 amino acids long variant named AβM1-42 with a molecular weight of 4646 Da and the 41 

amino acids long AβM1-40 peptide with a mass of 4462 Da. 

Electro competent cells where produced from a stock of BL21 cells following a standard protocol (see 

Appendix, 9). 

Electroporation was performed on E. Coli BL 21 PLys star electrocompetent cells using a Micropulser 

from Bio Rad. 50 µl Plys cells and 1µl of plasmid was transferred to a Bio-Rad Gene Pulser® Cuvette 

and electroporated for 5.8 ms at 2.5 kV, immediately after the electroporation 200 µl of SOC medium 

was added to the cells, mixed, transferred to a preheated (37˚C) 1.5 ml tube and incubated for 1 h. 

After the incubation the transform slurry was spread on a LB-agar plate with ampicillin (50 µg/ml) 

and chloramphenicol (30 µg/ml) and incubated over night (LB-agar recipe see Appendix, 1). 
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Mutagenesis 
Mutagenesis primers were designed using the web based design tool Primer X [35], the primers 

suggested from the program were then manually evaluated and appropriate primer pairs were 

chosen, for sequences of primers and template see appendix. Primers were synthesized by DNA 

technology A/S [36]. Mutations were done using the GeneAmp PCR System 9600 from Applied 

Biosystems and the QuikChangeTM Site-Directed Mutagenesis Kit with the sample reaction volume 

adding up to 25 µl, the protocol was followed with the exception that instead of NZY+ broth, SOC 

medium was used after the heat shock of the E. Coli XL1-blue cells[37]. The transformation reaction 

was plated on LB-agar plates and incubated over night. Single colonies were picked and incubated in 

10 ml LB medium over night. All LB based media had ampicillin (50 mg*L-1) added to them and all 

incubations were performed at 37 ˚C except the heat shock which was performed at 42 ˚C. The 

following day a plasmid preparation was performed using QIAprep® Spin Miniprep Kit. The purified 

plasmids were sent for sequencing to GATC Biotech AG. 

In order to achieve double and triple mutants (see Figure 7 for planed mutation pattern) from the 

plasmid containing the construct for AβM1-42 mutations were made in different rounds and the 

plasmid from the previous mutation where template for the next round (nucleotide sequence of 

AβM1-42 and primers for site directed mutagenesis see appendix, 6 and 7). 

 

Figure 7. The planed mutation pattern to retain every possible mutant from the four primer pairs ordered. 

Amyloid β expression and harvesting of cells 
The sequenced plasmids with the desired construct were transformed by electroporation to 

electrocompetent E. coli PLys cells. This strain facilitates high expression of proteins under control of 

the T7 promoter [38]. 

To prepare for expression of recombinant protein, single colonies from the transformed PLys cells 

where inoculated to pre-cultures tubes containing 15 ml LB-medium with ampicillin and 

chloramphenicol and incubated at 37 ˚C over night prior to the day of expression (LB-medium recipe 

and stock solution of Amp and Cam see Appendix, 1 and 3 respectively). 1.5 l of LB per pre-culture 

was pre-warmed to 37 ˚C for the following day. 

The pre-cultures where added to LB-medium together with ampicillin and chloramphenicol and 

incubated at 37˚C with agitation at 150 rpm to OD ~0.6 at 600 nm, when this OD was reached 

isopropyl β-D-1-thiogalactopyranoside (IPTG, stock solution see Appendix, 3) was added to a final 

concentration of 0.5 mM. After 4h of incubation with IPTG under the same conditions as previous the 
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cells where harvested by centrifugation at 4000 g for 30 min. The pellet from 1.5 l of cell culture was 

suspended in 30 ml of dH2O and stored at -80˚C. 

Concentration determination and quality control 

Bio-Rad DC Protein Assay 

A colorimetric protein concentration determination using Biorad DC Protein Assay was performed 

according to the manufactures recommendations. Microplate Assay protocol with 5 µl 

standard/sample, 25 µl reagent A and 200 µl reagent B per well was used [39]. Since no detergent 

was present in the sample Reagent S was not used. Aβ1-42 from rPeptide was used as reference 

standard using the following concentrations: 1 mg/ml, 0.75 mg/ml, 0.5 mg/ml, 0.25 mg/ml. 

Absorbance 

Absorbance measurements were performed using a Hitachi U2800A spectrophotometer. Since the 

amino acid sequence of AβM1-42 does not contain any tryptophans, measurements were performed 

at 275 nm where tyrosine has its absorption maxima. Calculations of the concentration of peptide 

from absorbance were performed using Lambert-Beers law, A=ε*c*l. ε=1490 M-1cm-1 was calculated 

by submitting the peptide sequence to Expasy Protparam tool [40]. Light scattering was accounted 

for by subtracting the base line absorbance at 300 nm. This leads to the following expression for 

peptide concentration: 

  
                       

                
 

Matrix Assisted Laser Desorption Ionization-Time of Flight 

MALDI-TOF is a mass spectrometry method where the molecular mass can be determined from the 

mass per charge ratio. Sample matrix is used to accomplish ionization and desorption of the sample 

in to gas phase. Sample and matrix are mixed and applied to a plate and allowed to dry. The sample-

matrix mix is then pulsed by the laser and the matrix absorbs the energy from the photons, throwing 

the sample-matrix mix in to the gas phase where the matrix can transfer charges, protons, to the 

sample molecules. The charged sample molecules are then accelerated in an electric field in to the 

flight tube where the accelerated molecules drift towards the detector. MALDI predominantly 

generates single charged states [41, 42]. 

Identification of Aβ containing fractions 

Fractions containing Aβ from the protein purification was identified using MALDI TOF as follows: 

0.5µl CHCA (recipe in Appendix, 5) was mixed with 0.5 µl sample directly on the MALDI-plate and 

dried, drying time of the matrix-sample mix was decreased by blowing on the plate with a hair dryer. 

The sample mass was den analyzed with a Voyager-DE™ STR from PerSeptive Biosystems connected 

to BioSpectrometry™ workstation. 

Optimization of protocol for detecting peptide fragments of Aβ 

Different matrices, α-Cyano-4-hydroxycinnamic acid (CHCA), 4-Chloro-α-cyanocinnamic acid (CICCA) 

[43], 2,5-Dihydroxybenzoic acid (DHB) and 2,4,6-Trihydroxyacetophenone (THAP), were tested on 

both monomeric and proteolytically cleaved Aβ, sample and matrices were mixed at volume ration of 

1:1 in a test tube before being applied on the plate. CHCA and CICCA where further tested in 

sample:matrix ratios 2:1, 1:1 and 1:2. Different numbers of layers of sample and matrix mixes were 

also tested, 1-3 layers tested, on CHCA and CICCA, one layer was applied sample on plate and let dry, 



13 
 

next layer applied on the first layer and procedure repeated, drying of the samples were tested with 

and without drying with a hair dryer. 

The protocol used for analyzing of the samples from limited proteolysis was a sample:matrix ratio of 

1:1 using the CICCA matrix in two layers without drying the sample with a hair dryer. 

Kinetic experiments 

As an important quality control of the AβM1-42/40 purification, fibrillation kinetics was tested. This 

was in order to verify that the recombinant variant of the peptide with the extra methionine in the 

N-terminal behaved like the wild type peptide. This was also a control for checking that the purified 

peptide did not contain prefibrillar aggregates that could act as seeds. Fibrillation kinetics was 

monitored using ThT, which binds to aggregates and upon binding displays an increase and a red shift 

in excitation spectra, making the emission at 480 nm increase when excited by 440 nm [44]. 

Fibrillation Kinetics of monomeric Aβ 

Measurements were performed in a Safire 2 plate reader from Tecan. Kinetic experiments were set 

up by measuring ThT emission at 480 nm using excitation wavelength of 440 nm measured every 30th 

minute, stagnant conditions, shaking 30 s prior to measurement and the temperature was kept at 

37˚C. The fibrillation buffer was set up as follow to final volume of 100 µl in each well: 0.02 M PBS 

with 1 µM ThT and 10 µM peptide (fibrillation buffer see Appendix, 2). Aβ1-42/40 from rPeptide was 

used as control. 

Fibrillation kinetics of seeded Aβ 

Seeded fibrillation kinetics was performed in the same way as kinetic measurements of fibrillation of 

monomeric Aβ with the difference that 10% (volume%) fibrillated Aβ from previous kinetic 

experiments was added to the reaction mix. 

Sodium Dodecyl Sulphate –Poly Acryl amide Gel Electrophoresis 

Proteins are denatured in excess beta-mercaptoethanol (2-mercaptoethanol) which reduces any 

disulfide bonds and sodium dodecyl sulfate which interact with hydrophobic parts of the protein 

giving a negative charge approximately proportional to the molecular weight of the protein. The 

denatured proteins are then separated by electrophoresis on a polyacrylamide gel, where large 

proteins are retained more than small proteins. As the proteins are denatured and are proportionally 

charged this gives a good estimation of the molecular weight when compared to a molecular weight 

standard applied to the gel [45]. SDS-PAGE was performed as quality control complement to MALDI-

TOF to exclude that the fractions containing Aβ peptides not were contaminated with other proteins 

which could interfere with the concentration determination or fibrillation. 

Gels, SDS-sample- and running-buffer were prepared according to the recipes in appendix, 4. The 

samples where mixed with SDS-Sample buffer 1:4 (SDS-sample buffer: Sample) and incubated in 

boiling water for 10 min before the samples were loaded on the gel. 5 µl of Precision Plus Protein™ 

Standard Dual Color from Bio-rad were also loaded on the gels as a reference for molecular weight. 

The voltage was kept constant at 100 V for as long time as it took for the reference blue 

bromothymol blue sample front to migrate near the end of the gel (recipes for SDS-PAGE see 

appendix, 4). The gel then proceeded to in gel staining or western blot. 
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Native-Poly Acryl amide Gel Electrophoresis 

Proteins are separated on a poly acrylamide gel by electrophoresis. Here the proteins are not 

modified or denatured by SDS or 2-mercaptoethanol and hence the migration is dependent on the 

protein charge, pI, molecular weight and fold. Due to that the low pI and negative charge of the Aβ 

peptide running a Native-PAGE presented no problem at the conditions this was performed. Native-

PAGE was performed as a complementary quality control to MALDI-TOF to exclude that the fractions 

containing Aβ peptides were contaminated with other proteins, which could interfere with the 

concentration determination or fibrillation. It was also performed as a complement to SDS-PAGE to 

exclude that the heavier oligomers of Aβ were not artifacts from the SDS used in the SDS-PAGE. The 

gel then proceeded to in gel staining or western blot. 

Western blot 

In Western blot proteins separated on PAGE gel are detected using antibodies against the proteins of 

interest. PVDF- membrane was put in neat methanol for ten seconds before being put in transfer 

buffer together with sponge rectangle and filter paper for 5 minutes to make sure that they were 

soaked with transfer buffer (recipe see appendix, 2). 

 The western blot sandwich was then assembled, minus pole- sponge rectangle-filter paper-

membrane-gel-filter paper-sponge rectangle-plus pole, and put in the western blot apparatus bucket 

and a current of 100 volt applied for 30 min. Directly after the electrophoresis the membrane was 

put in blocking solution (se appendix for recipe, 2) for two hours. After blocking, the membrane was 

incubated with the primary antibody 6E10 for at least three hours. The membrane was then washed 

with water and 3x5 min in TBST (se appendix for recipe, 2) followed by incubation with secondary 

antibody for 30 min. The membrane was washed with water followed by 3x5 min washing with TBST 

then 2x5 min TBS. The membrane was incubated for 5 min with Immun-star™ AP chemiluminescent 

Protein Detection systems from Bio-RAD and the chemiluminecence was captured in a Fujifilm LAS-

4000 CCD camera. Blocking and incubations with anti-bodies and TBST/TBS was done during gentle 

agitation. 

In gel staining 

Visualization of all the proteins in a gel can be performed by a variety of staining methods, in this 

case coomassie brilliant blue was used. The gel was put in a fixation solution for 10 min followed by 

staining for 1 h with Bio-RADs Bio-Safe™ Coomassie G250 stain, followed by 2 h destaining in H2O 

where the water was continuously changed. Fixation, staining and destaining was performed during 

gentle agitation. 

Circular Dichroism measurements of oligomers 

Circular dichroism can be used to give information of secondary structure, folding and binding 

properties of proteins. This technique relies on asymmetric molecules ability to absorb right and left 

handed circularly polarized light. Different structural elements within proteins affect the 

chromophores of amides of the peptide backbone causing them to shift or split there optical 

transitions resulting in different CD spectra depending on secondary structure. Characteristic peaks 

for α-helices are negative bands at 208 nm and 222 nm and positive band at 193 nm. β-sheets have a 

negative band at 218 nm and positive band at 195 nm. Disordered proteins show low ellipticity above 

210 nm and negative bands near 200 nm [46]. 



15 
 

Sample was taken from a high salt fraction, which had been shown to contain oligomers. Spectra 

were recorded between 200-280 nm at 4˚ C (native fold), 94˚C (temperature denaturation), 4˚C time 

0 (refolding), 4˚C time 2 h (2 hours refolding) and 4˚C over night (after refolding over night). A 

temperature scan was acquired at wavelength 222 during the denaturation from 4-94˚C. 

Nuclear Magnetic Resonance spectroscopy 

Nuclei oriented in an external electromagnetic field will emit radiation of radiofrequency, the nucleus 

resonant frequency, when relaxing after excitation. Excitation is accomplished by subjecting the 

nuclei to energy corresponding to the spin state separation. The resonant frequency emitted will be 

dependent of the local magnetic field around the nuclei. Structural information can be given from for 

example hydrogen nuclei in the molecule. A hydrogen nucleus in a unique chemical environment, 

effected by chemical groups within the molecule, will emit radiation of a specific frequency and 

interact with other hydrogen atoms. Different spin states couple through the chemical bonds of a 

molecule, so called scalar coupling. This results in splitting of the resonance frequency. Depending on 

how many nuclei involved in the coupling will determine the number of peaks from the splitting [47]. 

In order to detect if/how pATAA is modified when treated with reducing agents nuclear magnetic 

resonance NMR was used. NMR-spectra were recorded on a Varian 300 MHz instrument using D2O as 

solvent. 

Protonated pATAA was dissolved in H2O and NaOH was added to 3 mol equivalents to the LCO. After 

evaporation of H2O the LCO salt was resolved in D2O to a concentration of 14 mg/ml and proton NMR 

spectra were acquired. NaBH4 was added to a molar ratio of 10:1 (reducing agent: LCO) and 

incubated over night. The following day a proton NMR spectrum was acquired of the reaction 

mixture. This reduced variant of pATAA from this experiment is called redpATAA for the rest of this 

thesis. 

Protein purification 

Extracting and solubilization of inclusion bodies from harvested cells 

Sonication is a technique where energy from sound waves is used to agitate, suspend or lyse a 

sample. High frequency sound waves, >20 kHz, causes disruption of cells by shear force and 

cavitation. Cavitation is when an area is subjected to alternating compression and rarefaction 

multiple times in a short period of time. This causes bubbles in the solution which collapse and 

releases shockwaves which disrupt the cell wall and/or cellular membrane of cells causing them to 

lyse and thereby release their cellular content [48]. 

Centrifugation is performed in order to separate the inclusion bodies from lighter biomolecules of 

the lysed cells. This ability of E. coli to form these heavy inclusion bodies of overexpressed proteins 

are taken advantage of as they can be pelleted while the lighter biomolecules of E. Coli are removed 

with the supernatant. When the inclusion bodies have been separated from the soluble lighter 

molecules/complexes of the bacteria they are solubilized in urea before the ion exchange 

chromatography. 

The harvested cells were thawed on ice, centrifuged at 18 000 g for 10 min, resolved and sonicated in 

33 ml of buffer A, 10 mM TRIS-HCl and 1 mM EDTA, pH 8, followed by additional centrifugation, 

supernatant removal and pellet suspension in buffer A. These steps were repeated three times with 
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the exception that the last time the pellet was dissolved in 17 ml of urea buffer, 10 mM TRIS 1 mM 

EDTA and 8 M urea, pH 8, and sonicated once more(recipe for buffers used see appendix, 2). All 

sonications were performed as follow: total “on” time two minutes, 30 seconds on 30 seconds off 

with amplitude 30 % in a Branson Digital sonifier. 

Ion exchange chromatography, dialysis and concentration of sample 

Ion exchange chromatography is a technique where molecules are separated depending on their 

charge/polarity. By using a column resin with charged groups that can form ionic interactions with 

molecules in the sample non-interacting molecules can be washed away. The sample molecules 

which are retained in the column resin due to the ionic interactions can be eluted from the column 

by increasing ionic strength/change of pH of the buffer solution. By performing this elution of sample 

molecules as a gradient or in steps of increasing ionic strength/ change of pH molecules can be 

separated depending on the strength of the interactions with the charged column resin. In this 

purification protocol DEAE-cellulose functions as an anion exchanger due to the tertiary amine which 

is covalently attached to the cellulose resin. When protonated the amine is positively charged making 

it possible for the negatively charged Aβ peptide to form ionic interactions and be retained in the 

cellulose. Other non-interacting molecules and cellular debris are washed from the resin. The Aβ 

peptides are eluted from the resin by increasing the ionic strength with stepwise increase of NaCl in 

the elution buffer. The chloride ions will then compete with the peptide for the ionic interactions 

with the amines of the resin and the peptide will be eluted. 

Dialysis is a technique where osmosis is used to change composition of a solution. The sample is 

applied to a container with a semipermeable membrane with pores, which is placed in a solution 

with the desired composition. The pores allow molecules smaller than the pores to pass through the 

membrane and retain molecules larger than the pore size. 

Preparations of DEAE-cellulose: Pre-swollen DEAE cellulose was mixed with buffer A2, 1 M TRIS-HCl 

and 10 mM EDTA, pH 8. The cellulose was allowed to sediment, the supernatant was removed and 

the cellulose was mixed with buffer A2 again and then sedimentation procedure was repeated once 

more. 

Two methods for elution was used and a test using surfactant in one of the elution methods resulting 

in three purification protocols. 

i) The urea solubilized inclusion bodies were incubated with the prepared DEAE cellulose and then 

the slurry was applied to a Büchner funnel with a filter paper and washed with buffer A. Elution was 

done in fractions of buffer A with increasing ionic strength (50, 75, 100, 125, 150, 200, 250, 300, 500 

mM NaCl). The fractions were collected and dialyzed, 3.5 kDa cut off against 1 mM NaOH at 4 ˚C over 

night. The dialyzed fractions were concentrated by placing the dialysis tube on a bed of PEG 20 000. 

ii) Performed like purification i) with the following modifications: 50 mM NaCl and 0.1% triton-X was 

added to the urea buffer, buffer A used in washing of the DEAE cellulose and to buffer A used when 

eluting the fractions. The fractions were eluted with 4X10 ml buffer A with 150 mM NaCl and 4X10 ml 

buffer A with 500 mM NaCl, hence named low salt and high salt fractions respectively. Concentration 

of the samples after dialysis was done with centrifugal filter units with a molecular weight cut off 3 

kDa instead of PEG 20 000. 
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iii) Performed like purification i) with the following modifications 25 mM NaCl was added to the urea 

buffer and buffer A used in washing of the DEAE cellulose. The fractions were eluted with 4X10 ml 

buffer A with 150 mM NaCl and 4X10 ml buffer A with 500 mM NaCl, hence named low salt and high 

salt fractions respectively. Concentration of the samples after dialysis was done with centrifugal filter 

units instead of PEG 20 000. 

After concentration, the samples were analyzed using MALDI-TOF to identify AβM containing 

fractions. Fractions containing AβM in 1 mM NaOH where then lyophilized, resolved in HFIP, 

sonicated, lyophilized again and dissolved in MilliQ H2O to a final concentration of 2 mM NaOH 

followed by the ultracentrifugation. 

Ultracentrifugation 

Is a separation method where proteins are separated depending on their sedimentation coefficient s 

(unit S, Svedberg). The sedimentation coefficient can be calculated from the formula 

  
 

 
 

t is the time, in hours, required to pellet a certain particle and k is the rotor pelleting efficiency which 

can be calculated from the formula: 

  
  
    
    
  

 
    

    
 

Where ω is the angular velocity of the rotor in radians per second (ω= 0.105*rpm) rmax is the 

maximum radius and rmin is the minimum radius [49]. Ultracentrifugation was performed to eliminate 

pre-existing aggregates which functions as seeds and increase the fibrillation kinetics, leading to that 

the Aβ peptides might fibrillate under storage conditions, which shortens the “shelf life” of 

monomeric Aβ and the control for when fibrillation is started is lost which may play a role in 

generating homogenous fibrils. 

The lyophilized protein was dissolved in Milliq H20 to a final concentration of 2 mM NaOH. The 

dissolved sample was then centrifuged at 175 000 g (70 000 rpm) for 18 h at 4˚C in a Optima™ MAX 

Preparative Ultracentrifuge using a TLA-120.2 Rotor from Beckman Coulter®. The supernatants were 

collected from each sample and frozen or kept at 4˚C until further use. 

Size exclusion chromatography 

In size exclusion chromatography (SEC), molecules are separated according to size and/or shape. This 

is accomplished in media which forms pores. Smaller molecules will be able to enter the pores and 

larger molecules will have partial or non-access to the pores leading to that smaller molecule has a 

larger access volume than larger molecules. Large molecules that are not able to enter the pores will 

be eluted first due to a comparative low access volume and molecules with full access to the pores 

will be eluted last due to the large access volume. This means that it is only possible to separate 

molecules within the range of smallest molecule which is excluded from the pores to the larges 

molecule with full access to the pores [50]. Superdex 75 is a matrix where the pores are formed by 

particles consisting of porous agarose with covalently attached dextran, which is able to separate 

globular proteins within the range of 3* 103-7*104 g/mol [50]. Gel filtration was performed to 

separate monomeric Aβ from oligomeric and separate different oligomers from each other.  
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A Superose 12 10/300 GL column with unknown conditional status, due to storage for 3 years 

without usage, was revived by pumping 0.02 M PBS buffer trough the column for at least 16 h. 

Separations was then made using an ÄKTA purifier. Sample volume of 200 µl was applied using a flow 

rate of 0.5 ml/min with 0.02 M PBS buffer, monitoring UV absorbance at 215 and 280 nm using a 96 

well fraction collector. Samples from purification protocol i) from fractions 125, 150 and 500 mM 

where used. Between every separation cleaning and equilibration of the column was performed 

according to the manufacturer recommendations [50]. During the separation of the 150 and 500 mM 

fractions the absorbance measurements indicated that the separation had failed and after an 

inspection of the column it was found that the gel matrix had collapsed. Resulting in a separation 

with clear defined peaks from the 125 mM fraction, just one broad peak emerged from the gel 

filtration of 150 and 500 mM fractions. After the separations protein concentration determination 

was performed using the Bio-Rad DC protein assay and fibrillation kinetic experiments were 

performed on the collected fractions. 

A G50 column was prepared by packing a 10/300 GL column with G50 matrix. Fractions to be 

separated were produced according to purification protocol i). This time only 500 mM fractions was 

separated in order to isolate “oligomers” that had been observed on WB. Separation was performed 

in the same manner as the Superose 12 column, fractions were collected, protein concentration 

determination was performed using the Bio-Rad DC protein assay and fibrillation kinetics was tested. 

Native-PAGE WB and SDS-PAGE WB were performed on the fractions with highest concentration. 

A third separation was made on a Superdex 75 10/300 GL column using an ÄKTA purifier. Samples 

were from purification protocol iii) purification batch 1 and 2 both fraction 4 (Pp ii) Pb 1 Fr. 4 and Pp 

ii) Pb 2 Fr. 4). Loaded with a sample volume of 200 µl. Flow rate of 0.8 ml/min with 0.02 M phosphate 

buffered salin (PBS) (Medicago), maximum backpressure 1.8 MPa, monitoring UV absorbance at 215 

nm and 280 nm using a 96 well fraction collector with a fraction volume of 0.5 ml. Equilibrations, 

cleaning and storage of the column were performed according to the manufactures 

recommendations [AB]. Concentration determinations were performed using absorbance at 275 nm, 

fibrillation kinetics was performed and a Native-PAGE WB was made. 

Production of homogenous fibrils 
The reason for making homogenous fibrils was to generate fibrils displaying identical binding sites for 

LCOs. In a heterogeneous mixture of fibrils it is possible that a variety of binding sites are displayed 

depending on the fibril conformation. Therefore homogenous fibrils would increase the chance of 

detecting specific binding sites. 

10 µM of monomeric AβM1-42 in 0.02 M PBS was incubated at 37 ˚C for 8 h under stagnant 

conditions, generating the first generation. Second generation fibrils was produced by adding 10% 

(volume%) fibrils from the first generation to 10 µM monomeric AβM1-42 in 0.02 M PBS and 

incubated under the same conditions as the first generation. This was repeated by seeding the n 

generation with seeds from the n-1 generation to generation 5th or 6th generation. 5th and 6th 

generation fibrils was harvested by ultracentrifugation, described in “ultracentrifugation”. 

Supernatant was removed and pellet was resuspended in 100 mM ammonium bicarbonate buffer. 



19 
 

Limited proteolysis 
Proteolysis takes place in a variety of biological processes where proteases activate, inactivate and 

degrades proteins. Proteolysis is also a part of the biochemical tool box. It is possible to identify 

proteins by degrading proteins and then analyzing the resulting fragments and sequencing the 

peptides using for example mass spectrometry. This is done by complete proteolysis. Limited 

proteolysis can however give more information than just identification or sequence information. 

Limited proteolysis can be performed using non-optimal conditions, pH, temperature, salts, 

detergents etcetera or it can be performed in a limited time frame that does not allow the protein to 

be completely degraded. This gives information of which parts of the protein that are accessible for 

proteolysis. For example cleavage sites that are on the surface of a protein are more likely to be 

subjected to proteolysis than sites that are located in the core of the protein. Protein ligands can also 

affect the cleavage pattern of the protease if the protein-ligand interactions are strong enough [51]. 

During this project, limited proteolysis was used to identify the binding site of the LCO to Aβ fibrils. 

By fibrillating Aβ peptides to homogenous fibrils and thereby presenting one structure with a limited 

type of binding for the LCO it should be possible to identify the binding site for the LCO by comparing 

cleavage patterns between homogenous fibrillated Aβ stained/non-stained. This requires that the 

LCOs binding interaction is strong enough to prevent the protease from hydrolyzing the peptide 

bond. Limited proteolysis has been used before to provide structural information of Aβ fibrils and 

therefore a possible method to determine the binding site of LCOs [52]. 

Trypsin cleaves peptide bonds N-terminal of the basic amino acid arginine (R) and lysine (K). 

Cymotrypsin is suggested to cleave C-terminal of phenylalanine (F), tyrosine (Y) and leucine (L) in the 

AβM1- 42[53]. 

Sequence of AβM1-42 with putative cleavage sites for trypsin and chymotrypsin: 

 

Monomeric and fibrillated AβM1-42 , unstained and stained with 0.6 µM pATAA or pKTAA, was 

proteolysed by trypsin or chymotrypsin at a weight ration of 1:10 (enzyme: AβM1-42) in 100 mM of 

ammonium bicarbonate (NH4HCO3) buffer and incubated at 37˚C. Control experiments contained 

only AβM1-42 and trypsin/chymotrypsin in ammonium bicarbonate buffer. The reaction was stopped 

by removing aliquots of the reaction mixture, adding TFA of a final concentration of 3% and mixing. 

The stopped reactions were stored on ice, incubated on a sonication bath for 1 h and analyzed by 

MALDI-TOF. 

Reduction of pATAA and pKTAA 
Aldehydes and ketones are known to undergo decomposition by photolysis through a free radical 

mechanism [54]. Free radicals are highly reactive and this could be used to form a covalent bond 

between pATAA/pKTAA and fibrillated Aβ. Aldehydes and ketones are also known to form Schiff 

bases with primary and secondary amines. Schiff bases are not stable and are hydrolyzed back to 

aldehydes/ketones and amines in aqueous solutions. In order to create a more stable bond, the 

Schiff base can be reduced to a secondary or tertiary amine by using NaCNBH3 or NaBH4 [55]  
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Different attempts were made to facilitate formation of covalent bonds between Aβ fibrils and the 

two LCO’s. Several experiments, listed below, were performed. 

A: 5:th generation fibrils were stained with pATAA or pKTAA and incubated for 20 min under UV light 

(366 nm) in 1.5 centrifuge tubes. While still under UV light NaBH4 or NaCNBH3 was added to a final 

concentration of 0.2 M and incubated for additional 20 min under UV light and then kept at room 

temperature over night to let the reducing reaction to complete. Samples where then fully 

proteolyzed over night using the conditions described in “Limited proteolysis” and analyzed using 

MALDI-TOF. 

B: 5th generation fibrils were stained and 5µl of the mixture was added to a microscope glass slide 

and exposed to light of 436 nm using a Leica DM6000B microscope. Spectra where colected at 

different time points using a Spectraveiw system attached to the microscope and after 20 min of 

incubation reducing agents were added and the sample were kept in the 436 nm light for a couple of 

minutes. The following day the stained and reduced spots where washed three times with water and 

then the fibrils were resolved using 20% TFA and analyzed using MALDI-TOF 

C: 5:th generation fibrils where stained with pATAA or pKTAA in a 96 well plate with transparent 

bottom subjected to light of 436nm using the Leica microscope. Reducing agent was added while the 

sample was kept under 436nm light. The samples were then analyzed using MALDI-TOF. 

Staining of APP 23 mouse brain 
Brain tissue from transgenic APP23 mice[56] was used to investigate the effect of reducing agent on 

the LCOs. Cryo sections of mouse brain from an 18 months old mouse on a microscope slide were 

provided by Sofie Nyström. The samples were fixed by 10 min incubation in 96% ethanol, 10 min in 

70% ethanol, 10 min H2O and 10 min 0.02 M phosphate. The samples were stained for 30 min with 

0.2µg/ml pATAA/redpATAA/pKTAA/pFTAA. Samples were washed with PBS for 3*5 min. The sample 

was left to dry prior to mounting with fluorescence mounting media (Dako), cover glass was added 

and sample was incubated over night. Spectra were acquired in a, Leica DM6000B microscope with a 

Spectraview system, at time 0 and after 20 min of 436 nm excitation. For each time point 8 spectra 

were recorded.  

Staining of recombinant Amyloid β fibrils 
Recombinant fibrils of AβM1-42 were stained with pATAA/pKTAA/pFTAA/redpATAA to determine the 

effects of light exposure on the spectral properties. 10 µM fibrils from the 5th generation and 1 µM 

LCO where mixed and applied to a microscope slide. The samples were allowed to dry and emission 

spectra were recorded after excitation 436 nm, at time points 0 and 20 min of continuous exposure 

of 436 nm light and after 1 h of incubation in darkness after expositor for 20 min of 436 nm light. 

Spectra were also recorded for stained fibrils reduced with NaBH4 after exposure to 436 nm light for 

20 min. From each time point 8 ROIs for collection of spectra were selected. All spectra were 

collected using Leica DM6000B microscope and a Spectraview system. 

Staining of recombinant Amyloid β fibril in solution 
Recombinant fibrils of AβM1-42 were stained with pATAA/pKTAA/pFTAA/redpATAA to further 

characterize redpATAA. 10 µM fibrils from the 6th generation and 1 µM LCO and added to a 96 well 

plate, spectra were recorded in a Safire 2 plate reader (Tecan). Emission spectra were recorded using 

excitation wavelength of 440 nm. 
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Statistical analysis 
Microsoft Excel using Analysis toolpak, ANOVA and t-test where used in the statistical analysis of the 

results. Graphs and normalizations where done in graph pad prism. 

Results 

Site directed mutagenesis 
Site directed mutagenesis was performed in order to generate disease related mutants and for 

further investigation. Cysteine mutants were made to generate a “chemical handle“ making it 

possible to covalently attach different chemical groups to the sulfide group of the cysteine mutant. 

The first round of site directed mutagenesis resulted in zero colonies visible on the E22G (Arctic) and 

the I41Stop plate, while countless number of colonies were found on the LB-agar plate with D1C 

mutants. Three D1C colonies where picked for plasmid prep and sequencing and two colonies on the 

E22Q (Dutch) were picked for plasmid preparation and sequencing. The results from the sequencing 

showed that all three D1C colonies where successful mutants. One of the two E22Q (Dutch) colonies 

where still WT variant of AβM1-42, but the second had a change in nucleotide sequence which made 

it AβM1-40 even though the mutant did not correspond to the primer sequence (se appendix for 

complete sequence of this spontaneous stop mutation). This was named AβM1-40SS “Spontaneous 

Stop”(“spontaneous stop” sequence see appendix, 8). 

The second round of site directed mutagenesis was built upon the AβM1-42, AβM1-42 D1C and the 

spontaneous stop AβM1-40SS variant. Three colonies where picked from every LB-agar plate with 

mutants and sent for sequencing. See results from second round of mutagenesis in (Table 1). 

template Intended mutation Expected result Not expected result 

AβM1-40SS D1C AβM1-40SS DIC AβM1-40SS D1C, E22Q  

AβM1-40SS E22G - AβM1-42 E22G, AβM1-40 
E22G(planed stop) 

AβM1-40SS E22Q - AβM1-42 E22Q, AβM1-40SS 

AβM1-42 D1C I41Stop AβM1-40 D1C - 

AβM1-42 D1C E22G AβM1-42 D1C, E22G - 

AβM1-42 D1C E22Q AβM1-42 D1C, E22Q  - 

AβM1-42  E22G -  AβM1-42  

AβM1-42  E22Q AβM1-42 E22Q - 

Table 1. The templates, mutations intended from the templates, expected results and not expected 

results from sequencing of the second round of mutations. 

Purification protocols 
In order to purify as much Aβ with adequate fibrillation kinetics three purification protocols were 

tested. 

Purification protocol i) 

After the ion-exchange chromatography, MALDI-TOF revealed that AβM1-42 was present in the 

fractions eluted with 125-200 and 500 mM NaCl. Fractions 125-200 formed a white pellet with 

brown-ish elements when lyophillized. The 500 fraction, which had been divided in two due to a 

large elution volume, formed a significantly larger homogenous white pellet. The concentration 

determination from the Bio-rad DC protein assay showed that the fractions ranging from 125 to 200 
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mM NaCl had a protein concentration between 48-118 µM, the two 500 mM NaCl fractions had a 

concentration between 492 µM and 659 µM. The results from the fibrillation kinetics did not show 

any positive results, only small increases in ThT intensity could be observed for the fractions. To 

verify that the fractions actually contained Aβ a gel filtration was made by adding G50 gel to a 

Pasteur pipet and adding fractions and eluting with PBS. The fractions were then analyzed by dot plot 

and labeled with antibody directed towards Aβ. This showed positive results but it also showed that 

the Aβ vas eluted in a broad range of fractions indicating different sizes were present in the sample. 

A second purification using the same protocol was performed and showed similar results. Samples 

from 125-200 mM NaCl and some of the 500 mM fractions where pooled in one “low salt” 

respectively “high salt” fraction and the lyophilization and dissolving Aβ in HFIP was repeated, this 

time letting the resolvation continue for over 72 h, then lyophilized again and dissolved in water. And 

fibrillation kinetics was performed. This time the low salt fraction showed spontaneous fibrillation 

kinetics. Figure 8 shows a western blot of fractions from this purification protocol. 

 

Figure 8. Western blot from SDS-PAGE arrow A indicates band of oligomers in wells 1 and 2 at 75 kDa. Arrow B indicates 
the level of monomeric Aβ that can be seen in well 1-5. Well 1 and 2 contain sample from fraction eluted with 500 mM 
NaCL well 3-5 samples from fractions of low salt. All fractions are from Purification protocol i) Purification batch 1. 

Purification protocol ii) 

The mass spectra from the MALDI-TOF only showed positive results for the fractions eluted with high 

salt concentration. This was also confirmed by a western blot of a SDS-PAGE gel of the samples, see 

Figure 9. The western blot only showed the heavier 6E10 positive oligomers of AβM1-42, no 

monomeric Aβ could be detected in either the low or high salt fractions. Fibrillation kinetics did not 

reveal any spontaneous fibrillation for the high salt fractions at 10 µM. Parallel to this experiment 

seeding experiments were also being performed where the fractions were seeded with fibrils from 

Aβ1-42 ordered from rPeptide or peptides from previous successful fibrillations of low salt fractions 

from protocol i) with the additional elongated HFIP resolvation step. In this seeding experiment high 

salt fraction which had only contained oligomers showed increasing ThT intensity over time when 

seeded with fibrils from rPeptides Aβ1-42. And low salt fraction from prototcol i could be seeded by 

Aβ1-42 and from seeds formed by AβM1-42 from previous kinetic experiments, see Figure 10. 
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Figure 9. Western blot from SDS-PAGE gel, Sample from Purification protocol ii) Purification batch 1. Well 1-4 low salt 
fraction 1-4, well 5 ladder precision Plus Protein™ Standards from Bio-Rad, well 6-9 high salt fraction 1-4. Arrow A 
indicates the larges oligomers at ~75 kDa, arrow B indicates lighter oligomers down to 37 kDa, arrow C indicates the 
height where monomeric are expected to be found. 

 

Figure 10. Fibrillation kinetics from Purification protocol ii) Purification batch 1 high salt fraction 2 and 4 seeded and non-
seeded. Y-axis ThT emission intensity at 480nm when excited by 440 nm. X-axis time in minutes. Samples with 10% seed 
(fibrillated Aβ42, from rPeptide) show increase in ThT intensity over time. Non-seeded samples maintain a constant ThT 
intensity. 

In order to isolate these oligomers and to secure the presence of just oligomers and no monomeric 

Aβ portions from these high salt fractions where dialyzed in 1 mM NaOH for >60 h using a membrane 

with a 12-14 kDa cut off. WB from a SDS-PAGE revealed that the oligomers were still present in the 

dialyzed samples, see Figure 11. Fibrillation kinetics showed negative results. 
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Figure 11. Show WB of SDS-PAGE sample before and after dialysis >60 h with a MWCO of 12-14 kDa. Well 3 and 4 high 
salt fractions from Purification protocol ii) before Dialysis, well 5 ladder, well 6 and 7 high salt fractions from Purification 
protocol ii) after dialysis. Arrow indicates level of oligomers at 75 kDa. 

Purification protocol iii) 

This protocol showed AβM1-42 positive results in all low and high salt fractions when using MALDI-

TOF. Fibrillation kinetics revealed that all low salt fractions spontaneously fibrillated and that seven 

out of ten of the high salt fractions also fibrillated. When seeding experiment was performed the 

result showed that all low and high fractions showed increase in ThT intensity and the lag phase was 

shortened, see figure 12. 

 

Figure 12. Fibrillation kinetics from Purification protocol iii) samples are from both low salt, Fraction 1, and high salt, 
Fraction 5, fractions. The kinetics shown is both seeded (indicated by arrow A) and spontaneous fibrillation (indicated by 
arrow B) from the two fractions. Y-axis shows normalized emission intensity of ThT at 480 nm after excitation at 440 nm. 
X-axis show time in minutes. 

This protocol was also used to purify AβM1-40 where all low salt fractions showed positive results 

when MALDI-TOF spectra where acquired but none of the high salt fractions. All low salt fractions 

showed spontaneous fibrillation and where able to be seeded when fibrillation kinetics where 

performed. For AβM1-40 a trend towards slower kinetics in the later fractions were observed the 

experiment was run in duplicates. Figure 13 shows that in the first fraction the duplicates display 

almost identical kinetics and in the second fraction the lag phase have been prolonged to twice as 

long and the difference between the duplicates have increased. In the third and fourth fraction the 

lag phase has tripled if they and one of the samples from each fraction doesn’t even seem to 

fibrillate. This indicates some sort of quality difference between the different fractions. 
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Figure 13. Normalized ThT intensity at 480 nm from fibrillation kinetics of AβM1-40 Purification protocol iii). The graph 
shows a systematic increase and error in fibrillation lag time following the numbers of fractions eluted. Y-axis ThT 
emission intensity at 480 nm when excited by 440 nm. X-axis time in minutes. Arrow A indicates when 1:st fraction starts 
to fibrillate, arrow B 2:nd fraction, arrow C fraction 3 and 4. 

Gel filtration 
Gel filtration was performed in order to separate monomers from oligomers in the high salt fractions. 

This would result in higher yield of monomeric Aβ and a possibility to investigate the oligomers 

further when isolated. 

Superose12: Resulted in separation of three peaks when monitoring at 215 and 280 nm from the low 

salt fractions. The separation of the high salt fraction was unsuccessful due to that the column 

collapsed sometime between/under the runs of 150 and 500 mM fractions. No fibrillation could be 

seen in the fibrillation kinetics experiment from these gel filtrations. 

G50: resulted in the separation of two broad peaks where none showed any fibrillation kinetics. The 

Native-PAGE WB showed a smear of 6E10 positive lines indicating that isolation of Aβ oligomers of a 

specific MW failed. The SDS-PAGE WB did not show any positive result. 

Superdex 75: 5 peaks: 8.5-9.5 ml, 11.5-12.5 ml, 14-15 ml, 16.5-17.5 ml and 20-21 ml where separated 

from the gel filtration of sample from purification protocol ii, purification batch 2 fraction. 4. The 

peaks are named after their elution volume from the column. Fibrillation kinetics from the gel 

filtration revealed that the 14-15 ml fraction spontaneously fibrillated and showed shorter lag-time 

when seeded. None of the other fractions showed any fibrillation kinetics. The Native-PAGE, figure 

14, revealed that the 14-15 ml fraction contained monomeric Aβ but that the purification protocol ii, 

purification batch 2 fraction. 4 before gel filtration also mostly was composed of monomers. If there 

were oligomers in the sample they were not purified in detectable amounts. 
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Figure 14. Native-PAGE gel stained with Bio-safe™ coomassie G-250 stain, from Gel filtration on Supeerdex 75 column of 
sample Purification protocol ii) Purification batch 2, Fraction 4. Load order: 1,20-21 ml 2, 16.5-17.5 ml, 3, 14-15 ml, 4, 
11.5-12.5 ml, 5, 8.5-9.5 ml, 6, Purification protocol ii) Purification batch 2, Fraction 4 before gel filtration, 7 IEF standard 
pI 4.5-9.6. Samples are named after their elution volume from the Superdex column. 

CD spectroscopy of oligomers 

CD spectra were acquired in order to give structural information of the oligomers. Since oligomers 

were not isolated no structural determination could be performed. At 4˚C the sample showed most 

negative elipticity at 208 nm with a plateau at 216 nm. When heated to 94˚C the most negative 

elipticity was found at 203 nm. Refolding for 0 and 2h showed similar results with the most negative 

elipticity at 206 nm. After refolding over night the most negative ellipticity is at 208 nm with a 

plateau at 218 nm. Figure 15 show CD spectra from folded oligomers, denatured and refolding for 2 h 

and over night.  
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Figure 15. CD spectra of high salt fraction containing oligomers at four different time points: Left graph show CD spectra 
of native oligomers at 4˚C (red) and oligomers denatured at 94˚C (blue). Top right graph oligomers refolding after 
denaturation, samples at 4˚C after refolding for 2 h (blue) and overnight (red). Bottom right graph show temperature 
scan from 4 to 94˚C of oligomers using fixed wavelength at 222 nm monitoring CD spectra. 

Limited proteolysis 
Limited proteolysis was performed on monomeric Aβ stained and unstained with pKTAA in order to 

see if pKTAA interfered with the cleavage of monomeric Aβ. The limited proteolysis of fibrils stained 

and unstained with LCO was performed in order to see if binding of LCOs could interfere with the 

cleavage pattern of the protease and thereby locate the binding site of the LCO. 

Results from the limited proteolysis are shown in the three tables 2, 3 and 4 for monomeric and 

fibrillated AβM1-42. 

Proteolysis of monomeric Aβ 

Time (min) Monomeric  Degraded peptides 

0 M1-16  

5 M1-5  

10 17-28  

15 17-42  

45 6-42  

55 6-16  

60 - 6-42 

Table 2. Result from limited proteolysis of monomeric AβM1-42 by Trypsin. Column 1 show the time 

the proteolysis reaction had been active before it was stopped. Column 2 show at what time a 

peptide first was detected from the proteolysis. Column 3 show at what time a peptide no longer 

was detectable in the spectra. 



28 
 

Time (min) Monomeric Degraded peptides 

0   

5 21-34, 20-34, 5-17, 5-19, 5-20, 21-42, 
M1-17, M1-19, M1-20 

 

10 - 5-20, 21-42, M1-19, M1-
20, 21-42 

20 - - 

30 M1-10  

50 5-10, 35-42, 11-17, 11-19  

70 - - 

240 21-42, 20-42, M1-19, M1-20  

ON M1-4 21-42 

Table 3. Result from limited proteolysis of monomeric AβM1-42 by chymotrypsin. Column 1 show the 

time the proteolysis reaction had been active before it was stopped. Column 2 show at what time a 

peptide first was detected from the proteolysis, peptides marked in bold font are peptides that 

reappear in the spectra. Column 3 show at what time a peptide no longer was detectable in the 

spectra. Monomers stained with pKTAA showed the same cleavage pattern as only monomers.  

Proteolysis of fibrils stained with pKTAA 

The first spectra that where good enough to analyze was the effect of LCOs bound to fibrils where 

when chymotrypsin was used to degrade 5th generation fibrils stained with pKTAA. No difference 

could be seen between the spectra from when the proteolysis of 5th generation fibrils was compared 

with the spectra from 5th generation fibrils stained with pKTAA. 

Time (min) Fibrillated 
peptide 

Fibrillated peptide 
stained by pKTAA 

Degraded 
peptides 

0 M1-17, M1-19 M1-17, M1-19 - 

5 5-17, 5-19, M1-20 5-17, 5-19, M1-20 - 

10 11-17, 11-19, 11-
20,M1-10, 20-34, 
20-42 

11-17, 11-19, 11-20,M1-
10, 20-34, 20-42 

- 

20 5-10, 21-34, 5-20, 
21-42 

5-10, 21-34, 5-20, 21-42 - 

40   5-20 

60 M1-4 M1-4 - 

100 - - - 

240 35-42 35-42 - 

ON 5-42 5-42 11-19, 11-20, 5-
19, 21-42, M1-17, 
20-42, M1-19, 
M1-20 

Table 4. Result from limited proteolysis of 5th generation fibrils stained and not stained vid pKTAA by 

chymotrypsin. Column 1 show the time the proteolysis reaction had been active before being 

stopped. Column 2 and 3 show at what time a peptide first was detected from the proteolysis of 

fibrils and fibrils stained with pKTAA respectively. Column 4 shows at what time a peptide no longer 

was detectable in the spectra. 
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Reduction of pATAA and pKTAA stained AβM1-42 fibrils 
Reduction of LCO staining fibrils was performed in order to reduce any possible Schiff’s base formed 

between LCOs and the fibrils. This in order to form a stable secondary amine, which would covalently 

attach the LCO to the fibril. 

A: The first attempt to analyze these reduced-proteolyzed-fibril-LCO-mixtures generated no results 

from the MALDI-TOF spectra. Attempts made to clean and concentrate the sample on 

chromatography media, Zip Tip® C18 and C4 from Millipore™, did not improve the result. 

B: The MALDI-TOF spectra generated a peak with low intensity at the m/z of the AβM1-42 peptide 

but no peaks could be found corresponding to a modified AβM1-42 peptide. 

C: No spectra generated indicated that the AβM1-42 had been modified. 

NMR  

NMR spectroscopy was performed on pATAA and redpATAA in order to fin out how the reducing 

agent NaBh4 affected the LCO. 

pATAA 
1H NMR (300MHz, D2O) δ 9.44 (2H, s), δ 7.46 (2H, s), δ 7.06 (2H, s), δ 6.86 (14H, s), δ 3.42 (6H, d) 

redpATAA 

 1H NMR (300MHz, D2O) δ 6.79 (16H, m), δ 3.42 (4H, d) 

Staining of APP mouse brain 
Staining of APP23 mouse brain was done in order to find out how the LCOs would react when 

staining tissue sample and excited by a wavelength of 436 nm. 
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pATAA 

Aβ plaques showed two distinct spectral regions; the blue dense core and the yellow/orange 

periphery (see Figure 16). Spectral differences between time 0 and 20 where therefore only 

compared as core-core and peripheral-peripheral. After excitation for 20 min the spectra showed a 

slight blue shift, the dense blue core emission peak changed from 548 nm at time 0 to 543 nm after 

20 min. Yellow/orange peripheral emission peak changed from 566 nm to 556 nm after 20 min. Both 

these shifts showed to be significant after statistical analysis (Figure 16). 

 

Figure 16. Left: Graphs showing the emission spectra acquired from plaque of an 18 month APP 23 mouse brain stained 
with pATAA and subjected to continuous excitation by 436 nm after 0 min (Graph A) and 20min (Graph B), X-axis 
emission wavelength Y-axis normalized and averaged emission intensity of quadruplicates. Images to the right show the 
spectral images taken when spectra where acquired after 0 min (upper) and 20 min (lower). 

pKTAA 

Aβ plaques stained with pKTAA showed similar pattern as plaques stained with pATAA, with a dense 

blue core with a yellow/orange peripheral region (Figure 17). Hence pKTAA section was treated the 

same way as pATAA when analyzed. After excitation for 20 min the spectra made a slight blue shift, 

the dense stained blue core emission peak changed from 579 nm at time 0 to 568 nm after 20 min. 

Yellow/orange peripheral emission peak changed from 592 nm to 585 nm after 20 min. The spectral 

difference of the blue core of the plaque showed to be significant. The spectral difference of the 

yellow/orange peripheral did not show a significant different shift (Figure 17). 
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Figure 17. Left: Graphs showing the emission spectra acquired from plaque of 18 month APP 23 mouse brain stained with 
pKTAA and subjected to continuous excitation by 436 nm after 0 min (Graph A) and 20 min (Graph B), X-axis emission 
wavelength Y-axis normalized and averaged emission and intensity of quadruplicates. Images to the right show the 
spectral images taken when spectra where acquired after 0 min (upper) and 20 min (lower). 

pFTAA and redpATAA 

pFTAA and redpATAA did not show the same spectral differences between core and peripheral as 

pATAA and pKTAA. When the spectral property of redpATAA was evaluated it showed remarkable 

similarities with pFTAA. RedpATAA showed the maximum emission peak, 536.5 nm, at the same 

wavelength as pFTAA when excited by a wavelength of 436 nm. RedpATAA also showed a shoulder in 

the emission spectrum where pFTAA showed a second peak, 505 nm. To discriminate between the 

two LCOs peak ratios, 505/536, where compared. The peak ratio for pFTAA was 0.81 and 0.77 for 

redpATAA, this difference between the peak ratios was significant (Figure 18). 
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Figure 18. Left: Graph showing emission spectra from plaque of APP23 mouse brain stained with pFTAA (green) and 
redpATAA (blue), X-axis emission wavelength Y-axis normalized and averaged emission intensity of octuplicate. Right: 
spectral image taken when fluorescence spectra was acquired upper pFTAA lower redpATAA. 

Staining of recombinant AβM1-42 fibrils 
These experiments were done in order to find out how the LCOs react when continuously exposed to 

a wavelength of 436 nm and if the reaction was reversible. This was performed on LCOs staining 

fibrils and LCOs without fibrils. 

pATAA staining of recombinant AβM1-42 fibrils 

After 20 min of excitation at 436 nm AβM1-42 stained with pATAA showed a shift from 547 nm to 

545 nm. After incubating the sample for 1h in darkness the emission peak was found at 546 nm 

(Figure 19). These shifts were found not to be statistically significant. After NaBH4 reduction of bound 

probe the emission peak had shifted to 534 nm, which was significantly different from the time 

dependent spectra from pATAA on recombinant fibrils (Figure 20). 
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Figure 19. Graph shows emission spectra from fibrillated AβM1-42 stained with pATAA at three time points each being 
an average of eight normalized emission spectra. Blue line-emission spectra after 0 min of excitation at 436nm. Red line- 
emission spectra after 20 min of excitation at 436 nm. Green line- emission spectra after 20 min of excitation at 436 nm 
followed by 1h in darkness, X-axis emission wavelength Y-axis normalized and averaged emission intensity. Images show 
fibrillated AβM1-42 stained with pATAA at time points from left to right: t=0, t=20 and after incubation for 1h in 
darkness. 

 

Figure 20. Left: Graph showing the emission spectra acquired from fibrils of AβM1-42 stained with pATAA and subjected 
to continuous excitation by 436 nm after 20 min and reduction with NaBH4, X-axis emission wavelength Y-axis 
normalized and averaged emission intensity from octuplicates. Image to the right show AβM1-42 fibrils stained with 
pATAA after reduction of NABH4 in situ. 

pATAA free dye 

After 20 min of excitation at 436 nm pATAA showed a shift from 548 nm to 560 nm. After incubating 

the sample for 1 h in darkness the emission peak was found at 557 nm. Shifts from t=0 to T=20 and 1 

h in darkness was found to be significant (Figure 21). The shift from t=20 and 1 h in darkness was not 

significant. 
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Figure 21. Graph shows emission spectra from pATAA at three time points each being an average of eight normalized 
emission spectra. Blue line-emission spectra after 0 min of excitation at 436 nm. Red line- emission spectra after 20 min 
of excitation at 436 nm. Green line- emission spectra after 20 min of excitation at 436 nm followed by 1h in darkness, X-
axis emission wavelength Y-axis normalized and averaged emission intensity. Images show pATAA at time points from 
left to right: t=0, t=20 and after incubation for 1 h in darkness. 

pKTAA staining of recombinant AβM1-42fibrils 

After 20 min of excitation at 436 nm AβM1-42 stained with pKTAA showed a shift from 570 nm to 

555 nm. After incubating the sample for 1h in darkness the emission peak was found at 564 nm 

(Figure 22). All these shifts where found to be significantly different. After NaBH4 reduction the 

emission peak was shifted to 529 nm, which was statistically significant and a change in shape of the 

emission spectra can be seen (Figure 23). 

 

Figure 22. Graph shows emission spectra from fibrillated AβM1-42 stained with pKTAA at three time points each being an 
average of eight normalized emission spectra. Blue line-emission spectra after 0 min of excitation at 436 nm. Red line- 
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emission spectra after 20 min of excitation at 436 nm. Green line- emission spectra after 20 min of excitation at 436 nm 
followed by 1h in darkness. Images show fibrillated AβM1-42 stained with pKTAA at time points from left to right: t=0, 
t=20 and after incubation for 1 h in darkness. 

 

Figure 23. Left: Graph showing the emission spectra acquired from fibrils of AβM1-42 stained with pKTAA and subjected 
to continuous excitation by 436 nm after 20 min and reduction with NaBH4, X-axis emission wavelength Y-axis 
normalized and averaged emission intensity from octuplicates. Image to the right show AβM1-42 fibrils stained with 
pKTAA after reduction of NABH4. 

pKTAA free dye 

After 20 min of excitation at 436nm pKTAA showed a shift from 569 nm to 555 nm. After incubating 

the sample for 1 h in darkness the emission peak was found at 556 nm. Shifts from t=0 to t=20 and 1 

h in darkness was found to be significant. Shift from t=20 and 1 h in darkness was not significant 

(Figure 24). 

 

Figure 24. Graph shows emission spectra from fibrillated pKTAA at three time points each being an average of eight 
normalized emission spectra. Blue line-emission spectra after 0 min of excitation at 436nm. Red line- emission spectra 
after 20 min of excitation at 436 nm. Green line- emission spectra after 20 min of excitation at 436 nm followed by 1h in 
darkness. Images show pKTAA at time points from left to right: t=0, t=20 and after incubation for 1 h in darkness. 

pFTAA and redpATAA staining of recombinant AβM1-42 fibrils 

Both pFTAA and redpATAA showed an emission peak at 552 nm when excited by 436 nm. pFTAA 

shows a tendency but not obvious display of its characteristic double peaks found in Aβ plaques 
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(Figure 18) and redpATAA does not show a shoulder at shorter wavelengths of the spectrum (Figure 

25). 

 

Figure 25. Left: Graph showing the emission spectra acquired from fibrils of AβM1-42 stained with pFTAA (blue line) and 
redpATAA (red line) excitation by 436 nm. X-axis emission wavelength Y-axis normalized and averaged emission intensity 
from octuplicates. Left image show AβM1-42 fibrils stained with pFTAA. Right image show AβM1-42 fibrils stained with 
redpATAA. 

After reduction of NaBH4, pFTAA showed double emission peaks at 508 nm and 540 nm and 

redPATAA displayed an emission peak at 536 nm (Figure 26). 

 

Figure 26. Left: Graph showing the emission spectra acquired from fibrils of AβM1-42 stained with pFTAA (blue line) and 
redpATAA (red line) after reduction using excitation wave length 436 nm. X-axis emission wavelength Y-axis normalized 
and averaged emission intensity from octuplicates. Left image show AβM1-42 fibrils stained with pFTAA after reduction. 
Right image show AβM1-42 fibrils stained with redpATAA after reduction. 

Staining of fibrils in solution 
Staining of fibrils in solution was intended as a quality control of the fibrils from different generations 

to see if any fibrils had been formed. 

Staining of recombinant fibrils of 6th generation with pFTAA revealed a double peak at 518 nm and 

542 nm after excitation at 440 nm (Figure 27). 

 

Figure 27. Graphs showing emission spectra of pFTAA, right graph emission intensity, left graph normalized emission 
intensity. Blue line (pFTAA ref)-1 µM pFTAA in PBS. Red line (pFTAA Fibrils)- 1 µM pFTAA, 10 µM fibrils in PBS. 
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Staining of recombinant fibrils of 6th generation with pKTAA revealed triple emission peaks at 554 

nm, 570 nm and 588 nm after excitation at 440 nm (Figure 28). 

 

Figure 28. Graphs showing emission spectra of pKTAA, right graph emission intensity, left graph normalized emission 
intensity. Blue line (pKTAA ref)-1 µM pKTAA in PBS. Red line (pKTAA Fibrils)- 1 µM pKTAA, 10 µM fibrils in PBS. 

Staining of recombinant fibrils from 6th generation with pATAA revealed a shift of emission from 540 

nm to 544 nm and an intensity increase of the emission (Figure 29). 

 

Figure 29. Graphs showing emission spectra of pATAA, right graph emission intensity, left graph normalized emission 
intensity. Blue line (pATAA ref)-1 µM pATAA in PBS. Red line (pATAA Fibrils)- 1 µM pATAA, 10 µM fibrils in PBS. 

Staining of recombinant fibrils from 6th generation with redpATAA revealed a shift of emission 

intensity peak from 516 nm to 526 nm and the appearance of a second peak at 510 nm (Figure 30). 

 

Figure 30. Graphs showing emission spectra of redpATAA, right graph emission intensity, left graph normalized emission 
intensity. Blue line (redpATAA ref)-1 µM redpATAA in PBS. Red line (redpATAA Fibrils)- 1 µM redpATAA, 10 µM fibrils in 
PBS. 

Discussion 

Site directed mutagenesis of Aβ 
In summary nine genetic variants of AβM were generated by site directed mutagenesis. The 

unexpected mutations from the mutagenesis indicate that there had been a plasmid contamination 
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between the primers. For example the triple mutant AβM1-40SS D1C, E22Q should not have been 

possible after just 2 mutation rounds, this was planned in the third mutation round. The spontaneous 

stop (SS) sequence is more confusing. This sequence seems to be a combination of duplicating a part 

of the DNA close to the end of the gene for AβM1-42 plus randomly added nucleotides further out 

side of the 3’ end of the gene. Since this duplication of nucleotides contain the stop sequence at the 

right position for AβM1-40 it is tempting to think that this duplication was initiated by contaminating 

primers from the stop sequence. The additional randomly added nucleotides are still puzzling, but on 

the positive side it generated useful constructs. 

Purification protocols 

Purification protocol i) 

The two elution peaks, 125-200 mM NaCl and 500 mM NaCl, of AβM1-42 from this protocol where 

the first peak contain monomeric peptides and the second peak contain monomeric and oligomeric 

peptides could be explained by a concomitant gel filtration effect from the DEAE cellulose matrix. 

Purification protocol ii)  

The fact that no AβM1-42 could be found in the low salt fractions using this protocol indicates that 

the Triton-X used in this protocol promotes the formation of oligomers. These oligomers are stable 

which was proved in the experiment where oligomers where kept in a dialysis membrane, with 

MWCO 12-14 kDa allowing monomers to escape, for more than 60h. The fact that these oligomers 

could not be seeded to fibrillate indicates that the seeded fibrillation kinetics observed before the 

dialysis was the result of monomeric AβM1-42 present in the sample. 

Purification protocol iii)  

This protocol generated the largest amount of AβM1-42 that was fibrillation competent. This 

protocol is also capable of purifying AβM1-40. The only difference is that the shorter peptide only 

elutes in the low salt fractions and no peptides where found in the high salt fractions. This might be 

an indicator that the AβM1-40 peptide is less prone to oligomerize than AβM1-42. 

The reason for the differences in fibrillation kinetics and the reproducibility between the fractions 

from purifying AβM1-40 is unknown. The faster kinetics in the early fractions would suggest that 

prefibrillar aggregates are present. Prefibrillar aggregates should however be dissolved in the HFIP 

solvation of the lyophilized AβM1-40 or sedimented during the ultracentrifugation. 

Gel filtration 

The gel filtration using the revived Superose 12 and “in house” packed G50 columns yielded no Aβ 

fractions which fibrillated and the PAGE WB analysis showed no results indicating that oligomers of a 

specific MW had been isolated. Gel filtration on the Superdex 75 column generated one fraction that 

fibrillated but no fraction could be shown to contain oligomeric Aβ. 

Limited proteolysis 
When checking pKTAAs ability to block the cleavage site of chymotrypsin. The generated cleavage 

pattern showed no differences between stained and unstained fibrils. This might be due to a number 

of reasons including: 1, the binding interactions between pKTAA and fibrils are not strong enough to 

disrupt the cleavage pattern of chymotrypsin. 2, the binding pocket for pKTAA is not located in an 
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area where it can disrupt the cleavage pattern of the protease. 3, the concentration of 0.6 µM pKTAA 

was not sufficiently high to block enough cleavage sites to be detected by the MALDI-TOF. 

Structural information from the limited proteolysis of Aβ fibrils 

The first peptide fragments to be detected in the MALDI-TOF were the M1-17 and M1-19 at time 

point 0. Indicating that the β1 strand is facing outwards when protofilaments forms fibrils, this is in 

accordance with Paravastu et al. (2008) [27]. The fragments appearing after 5 min, 5-17, 5-19 and 

M1-20, confirms this. So does the 11-17, 11-19, 11-20, M1-10 and 20-42 fragments appearing after 

10 minutes of proteolysis. The appearance of the 20-34 fragment after 10 minutes shows that the β2 

strand now are exposed to the solvent and thereby proteolysed (see Figure 31 for visualization), or 

that the fibrils are starting to dissociate after proteolysis of the β1 strand. This is confirmed by the 

appearance of the 21-34 fragment after 20 min. 

 

Figure 31. The appearance of fragments from the limited proteolysis using chymotrypsin. Left the two first fragments 
appear M1-17 and M1-19 at t=o. At the next time point, middle image, t=5 min the fragment M1-20 was identified. Right 
image show the fragment 20-34 detected after 10 minutes of proteolysis. 

Structural information from the limited proteolysis of monomers 

Limited proteolysis of monomers show a randomly distributed proteolysis pattern revealing that 

most cleavage sites of the peptide are exposed to the solvent indicating monomeric Aβ. The 

degradation of the M1-19, M1-20 and 21-42 fragments after 5 min that appear again at time point 

240 min however indicates that there is some protective structure. This might be explained by that 

there is both monomeric and oligomeric AβM1-42 present in the sample. Support for this notion of 

two populations would likely show the pattern if monomeric AβM1-42 is proteolyzed (time point 5 

min) first generating these, M1-19, M1-20 and 21-42 peptides, these peptides gets proteolyzed (time 

point 10 min) into smaller fragments, then reappear (time point 240 min) when oligomers are 

proteolyzed after the monomers. 

CD spectroscopy 
CD spectra were acquired from a sample containing a mixture of oligomers and monomers because 

no isolation of oligomers could be proved. CD spectra where acquired from oligomers at there native 

fold at 4˚C, at denatured at 94˚C, refolding at 4˚C after 0 h, 2 h and after refolding over night. Since 

this was a mixture of different oligomers and monomeric Aβ no secondary structure determination 

could be performed but hints of the secondary structure could be given. 

No secondary structure prediction was made from the data generated from these CD measurements. 

In order to achieve good predictions of the secondary structure CD data down to ~190 nm should be 

included. Since separating oligomers of a specific MW failed the CD sample also contains different 

types of oligomers as well as monomers each contributing to the signal. This information can 
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however give information on changes within the sample and hints about the secondary structure. A 

distinct negative peak at 208 nm and a shoulder at 216 nm indicates a mixture of α-helical and β-

sheet conformation. The differences between the native fold 4˚C and the 94˚C denatured sample 

shows that the ordered secondary structure is lost when the temperature is increased, which is 

expected. When the sample is cooled down again for refolding at time 0 and 2h it can be seen that 

some ordered secondary structure is regained. The data from the over night refolding shows that the 

native structure has been regained but with lower intensity in the spectra. This indicates that there 

are at least two folding events, one with fast kinetics and one with slow kinetics. The fast folding 

event could be explained by that this is the denatured monomers regaining their structure. The slow 

folding event can be the reformation of oligomers. The lower intensity might be due to fibrillation 

and the fibrils sedimented to the bottom of the cuvette lowering the concentration of monomers 

and oligomers. Monitoring of the denaturation of the oligomer mixture at 222 nm revealed a 

denaturation curve with low cooperativity of the denaturing oligomers. If this is a result of different 

oligomers present in the sample or if this is how the oligomers are unfolded remains unclear. 

NMR spectroscopy of pATAA and redpATAA 
NMR spectroscopy of pATAA and redpATAA revealed that pATAA react when treated with NaBH4. 

The NMR spectra revealed that it is the aldehyde group reacting as predicted. For pATAA the 

aldehyde proton can be found as a peak at 9.44 ppm which had completely disappeared after the 

reduction, indicating that the aldehyde was reduced. Between 6.5 ppm and 7.5 ppm several peaks 

could be found which would correspond to the protons on the thiophene backbone. These peaks are 

not sufficiently resolved and therefore peaks could not be assigned. After the reduction these peaks 

from the backbone had been merged to one large multiplet. The fact that this multiplet is within the 

same ppms as the backbone before reduction indicates that the double bonds of the thiophene were 

not affected by the reduction. The 3.40 ppm peak for redpATAA indicates that the carboxylic acids 

where not reduced. See Figure 32 for suggested structure of redpATAA. 

 

Figure 32. Suggested structure of redpATAA. 

pATAA and pKTAA 
pATAA showed significant shifts when staining Aβ plaques in the APP mouse and the dried LCO were 

also able to show an emission shift however as a red shift. No emission spectral shift could be 

detected when pATAA stained recombinant fibrils. pKTAA showed a significant spectral shift in the 

core of the plaque in the APP mouse but not on the periphery of the plaque, the dried LCO, also 

showed significant shifts alone and on recombinant fibrils but only the shift on recombinant fibrils 

were reversible, not for unbound LCO.  

The fact that both LCOs show significant spectral shifts when no fibrils are present reveals that 

amines are not essential for the LCOs to react, the red shift of pATAA without fibrils however 

indicates that different chemistry is taking place. The inability to shift back to the original peak 
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indicates that this is an irreversible or slow reaction for the isolated LCO. It however does not exclude 

that the LCO can react with fibrils. The reversibility of the shift on fibrils indicate that pKTAA react 

with the fibrils in a reversible manner or that the fibrils catalyzes the regeneration of pKTAA after the 

excitation at 436 nm. The reason for the emission peak of pATAA not shifting could be that the 

reversible reaction with the fibril is faster than the formation of a bond between pATAA and the 

fibril. 

The fact that pATAA and pKTAA shift emission peaks when isolated and that no covalent coupling 

between the LCOs and fibrils could be detected by reduction made it not possible to confirm if a 

Schiff base is induced by subjecting the LCO stained fibrils to 436 nm radiation. 

Conclusions 
 Aβ fibrils are degraded step wise from the N-terminal towards the C-terminal by 

chymotrypsin 

 pKTAA does not affect the cleavage pattern of chymotrypsin 

 pATAA and pKTAA will react when excited by 436nm. This reaction is affected when bound to 

fibrils 

 No covalent Schiff’s base formation between Amyloid β fibrils and LCO could be isolated 

Future recommendations 
 Explore the chemistry of the reactions when excitation WL 436nm is used, e. g. block Lys 16 

and 28 to address the formation of Schiff’s base 

 Shorter excitation WL (250-330 nm) to induce free radicals which can promote covalent 

bonds between pATAA/pKTAA and fibrils 

 Design and synthesize LCOs optimized to form covalent cross links 

 Further investigation of the oligomers of AβM1-42 to find out if they have biological 

relevance and if they can be used as models of Aβ1-42 oligomers for further research. 

 Investigate if LCOs can be used to detect these oligomers and if the spectra differ from 

staining of fibrillated Aβ 
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Appendix 

1, Cultivating broths 

LB-medium:  20g/l Peptone    

  20g/l NaCl    

  10g/l Yeast extract   

  dH2O to desired volume  

LB-Agar:   LB-medium with 15g/l agar added 

Al LB-medium/Agar where autoclaved before use  

2, Buffers 

Buffer A:   10mM TRIS    

  1mM EDTA    

  set pH to 8.0 with HCl 

Buffer A2:  1M TRIS    

  10mM EDTA    

  set pH to 8.0 with HCl 

Urea buffer:  10mM TRIS    

  1mM EDTA    

  8M Urea    

  set pH to 8.0 with HCl 

Fibrillation buffer: PBS tablet from Medicago   

  0.28M NaCl    

  0.0054M KCl    

  0.02M Phosphate   

  1µM ThT (Thioflavin T, is only added if the fibrillation kinetics are 

monitored) 

Transfer Buffer (WB): 20mM TRIS    

  150mM Glycine   

  20% Methanol   

  dH2O to desired volume 

TBS buffer (WB): 10mM TRIS    

  150mM NaCl    

  dH2O to desired volume 

TBST buffer (WB): Ad 0.1 %(v/v) Tween-20 to TBS buffer 

Blocking solution (WB): Ad 5% (w/v) Bovine serum albumin to TBS Buffer 

Primary Ab solution: Ad 0.01% 6E10 to blocking solution 



47 
 

Secondary Ab solution: Ad 0.1% Rb pAb to MS IgG to blocking solution 

3, Stock solutions 

Ampicillin:  50mg/ml (solved in dH2O) 

Chloramphenicol: 30mg/ml (solved in 95% Ethanol) 

IPTG:  0.5M (solved in dH2O) 

4, Poly acrylamide gel 

Two ten well gels for SDS-PAGE or Native-PAGE: 

Concentration gel: 1.25ml 33% acrylamide   

  2.5ml 1% bisacrylamide   

  1.25 ml Buffer II (0.541M TRIS, pH 6.1 adjust with HCl) 

  4.8ml dH2O    

  200µl 5% K2S2O8   

  20µl TEMED (Tetramethylethylenediamine) 

Separation gel: 4ml 33% acrylamide   

  1.4ml 1% bisacrylamide   

  2ml Buffer III (2.122M TRIS, pH 9.2 adjust with HCl) 

  1.4ml dH2O    

  200µl 5% K2S2O8    

  23µl TEMED 

10* SDS-PAGE Running buffer:    

  30.3g/l TRIS    

  144 g/l Glycine   

  10g/l SDS    

  dH2O to desired volume 

10* Native-PAGE Running buffer:    

  30.3g/l TRIS    

  144 g/l Glycine   

  dH2O to desired volume 

4* SDS-PAGE sample buffer:     

  125mM TRIS    

  20% (v/v) Glycerol   

  10% (v/v) 2-mecaptoethanol   

  0.5mg/ml Bromophenol Blue   

  4% (w/v) SDS    

  dH2O to desired volume 
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Fixation solution for PAGE gels: 

 40% MeOH     

 10% Acetic acid    

 in H2O 

5, MALDI matrices  

Alpha -cyano-4-hydroxycinnamic acid matrix (CHCA):   

  10mg/ml alpha -cyano-4-hydroxycinnamic acid 

  500µl Acetonitril   

  500µl 0.1% TFA in dH2O 

4-chloro-alpha-cyanocinnamic acid matrix (CICCA):   

   5mg/ml 4-chloro-alpha-cyanocinnamic acid 

   800µl Acetonitil  

   200µl 0.1% TFA in dH2O 

6, Sequences of mutagenesis primers and template 

Result from sequencing of the “wild type” AβM1-42 plasmid. The sequence for the peptide is 

highlighted in bold font. The “n” nucleotide marked with red have been removed when designing of 

the DIC mutant primer paires, this was done after studing the Pet3a vector which the Pet Sac vector 

is a variant of. Nucleotides marked with yellow GA should be mutated to TG to form the D1C mutant. 

Nucleotide marked with blue G shall be mutated to C to form the Dutch E22Q mutant. Nucleotide 

marked in green A shall be mutated to G to form Arctic E22G mutant. The nucleotides colored in 

mangenta ATC shall be mutated to TAA to form the shorter AβM1-40 variant.  

>10902638.seq - ID: ABetaM1-42wt-T7 on 2013/1/31-0:33:8 automatically edited with PhredPhrap, 

start with base no.: 9 Internal Params: Windowsize: 20, Goodqual: 19, Badqual: 10, Minseqlength: 

50, nbadelimit: 1 

cTanaaTnTTTTTgTTTaCTTtaAgnAaGGAgaTATACATATGgaCGCTGAATTCCGTCACGACTCTGGtTACGAAG

TTCACCACCAGAAGCTGGTGTTCTTCGCTGAAGACGTGGGTTCTAACAAGGGTGCTATCATCGGTCTGATGG

TTGGTGGCGTTGTGATCGCTTAATAGGAGCTCGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGG

CTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTG

AAAGGAGGAACTATATCCGGATATCCACAGGACGGGTGTGGTCGCCATGATCGCGTAGTCGATAGTGGCTCC

AAGTAGCGAAGCGAGCAGGACTGGGCGGCGGCCAAAGCGGTCGGACAGTGCTCCGAGAACGGGTGCGCATA

GAAATTGCATCAACGCATATAGCGCTAGCAGCACGCCATAGTGACTGGCGATGCTGTCGGAATGGACGATATC

CCGCAAGAGGCCCGGCAGTACCGGCATAACCAAGCCTATGCCTACAGCATCCAGGGTGACGGTGCCGAGGAT

GACGATGAGCGCATTGTTAGATTTCATACACGGTGCCTGACTGCGTTAGCAATTTAACTGTGATAAACTACCGC

ATTAAAGCTTATCGATGATAAGCTGTCAAACATGAGAATTCTTGAAGACGAAAGGGCCTCGTGATACGCCTAT

TTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGgGAAATGTGCGCGGA

ACCcCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTC

AATAATATTGAAnAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCcttTTTtgCGGCATTtTGC

CTTCCTGTTTTTgCTCACCCAGAAAcGctGGTGAAAGTAnAAGATGCTGAAgATCAGTTGGGTGCAcGAGTGGGT

TACATCGAACTGgaTCTCAACaGCGgnaanaTccttgAgannTTTcnncCCGAAnAACgTTTtcCaaggat 

7, Mutation primers 

AβM1-42 D1C mutant: 
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Forward: 5' GAAGGAGATATACATATGTGCGCTGAATTCCGTCACGAC 3' 

Reverse: 5' GTCGTGACGGAATTCAGCGCACATATGTATATCTCCTTC 3' 

 

GC content: 46.15% Location: 7-45 

Melting temp: 78.1°C Mismatched bases: 2 

Length: 39 bp Mutation: Substitution 

5' flanking region: 18 bp Forward primer MW: 12039.96 Da 

3' flanking region: 19 bp Reverse primer MW: 11932.89 Da 

AβM1-42 I41STOP mutant: 

Forward: 5' CTGATGGTTGGTGGCGTTGTGTAAGCTTAATAGGAGCTCGATCCG 3' 
Reverse: 5' CGGATCGAGCTCCTATTAAGCTTACACAACGCCACCAACCATCAG 3' 
 
GC content: 51.11% Location: 103-147 
Melting temp: 80.4°C Mismatched bases: 3 
Length: 45 bp Mutation: Substitution 
5' flanking region: 21 bp Forward primer MW: 13994.19 Da 
3' flanking region: 21 bp Reverse primer MW: 13688.07 Da 

AβM1-42 E22Q (Dutch) mutant: 

Forward: 5' GCTGGTGTTCTTCGCTCAAGACGTGGGTTCTAAC 3' 
Reverse: 5' GTTAGAACCCACGTCTTGAGCGAAGAACACCAGC 3' 

 
GC content: 52.94% Location: 51-84 
Melting temp: 80.4°C Mismatched bases: 1 
Length: 34 bp Mutation: Substitution 
5' flanking region: 16 bp Forward primer MW: 10455.89 Da 
3' flanking region: 17 bp Reverse primer MW: 10429.91 Da 

AβM1-42 E22G (Arctic) mutant:  

Forward: 5' CTGGTGTTCTTCGCTGGAGACGTGGGTTCTAAC 3' 

Reverse: 5' GTTAGAACCCACGTCTCCAGCGAAGAACACCAG 3' 

 

GC content: 54.55% Location: 52-84 

Melting temp: 80.6°C Mismatched bases: 1 

Length: 33 bp Mutation: Substitution 

5' flanking region: 16 bp Forward primer MW: 10182.70 Da 

3' flanking region: 16 bp Reverse primer MW: 10085.69 Da 
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8, Spontaneous stop sequence 
Spontaneious stop sequence from the first round of mutation, 

intended mutation E22Q.  

>E22Q_2-T7 11019181 

CCAGGGATTCTCTAGAATAATTTTGTTTAACTTTAAGAAGGAGATATACATATGGACGCTGAATTCCG

TCACGACTCTGGTTACGAAGTTCACCACCAGAAGCTGGTGTTCTTCGCTGAAGACGTGGGTTCTAACA

AGGGTGCTATCATCGGTCTGATGGTTGGTGGCGTTGTGTAAGCTTAATAGGAGCTGGTGTTCTTCGCT

CAAGACGTGGGTTCTAACAAGGGTGCTATCATCGGTCTGATGGTTGGTGGCGTTGTGATCGCTTAATA

GGAGCTCGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAAT

AACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAAGGAGGAACTATA

TCCGGATATCCACAGGACGGGTGTGGTCGCCATGATCGCGTAGTCGATAGTGGCTCCAAGTAGCGAAG

CGAGCAGGACTGGGCGGCGGCCAAAGCGGTCGGACAGTGCTCCGAGAACGGGTGCGCATAGAAATTGC

ATCAACGCATATAGCGCTAGCAGCACGCCATAGTGACTGGCGATGCTGTCGGAATGGACGATATCCCG

CAAGAGGCCCGGCAGTACCGGCATAACCAAACCTATGCCTACAGCATCCAGGGTGACGGTGCCGAA 

Nucleotides colored in Blue build the sequence encoding the AβM1-40 

peptide 

Nucleodides marked in yellow are part of the original sequence 

Nucleotides marked in red are part of the duplication and randomly 

added nucleotides.  

 

9, Production of electrokompetent cells 
E. coli BL21 cells were taken from a stock and pre grown at 37˚C ON in 10 ml LB-medium. The pre 

grown cells were added to 1 l LB-medium and incubated at 37˚C and grown to OD 0,5. The cells were 

then put on ice for 1 h. after the incubation on ice the cells were centrifuged at 4000 g for 15 min, 

resuspended in 1 volume ice cold H2O, centrifuged at 4000 g for 10 min, resuspended in ½ volume ice 

cold H2O, centrifuged at 4000 g for 10 min, resuspended in 1/50 volume ice cold 10 % glycerol, 

centrifuged at 4000 g for 10 min, resuspended in 1/100 volume ice cold 10 % glycerol. The cells were 

portioned in to 1.5 ml tubes 250 µl/tube, frozen in liquid N2 and stored in -80˚C.  

 


