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ABSTRACT
A 20 weeks project at Karolinska Institutet (KI), Huddinge, Sweden is in this master thesis
summarized. Alzheimer’s disease is the most common form of dementia in the world. One of
the pathological hallmarks seen in AD patients consists of amyloid plaques assembled of beta
amyloid (Aβ) peptide aggregates. A lot of research has been done on Aβ40 and Aβ42 but not
on the longer variant with 43 residues. An earlier study by Welander et al, quantified the
Aβ43 peptide from amyloid plaque cores with high-performance liquid chromatography
coupled to mass-spectrometry (HPLC-MS/MS)1. Here, I present the initial development of an
enzyme-linked immunosorbent assay (ELISA) with the goal to quantify Aβ43 peptides in
soluble fractions of human brain tissue. An ELISA method with the possibility to quantify
Aβ43 peptides from cerebral spinal fluid might have the prospect to serve as a diagnostic tool
for AD in the future.
Commercial ELISA kits coated with antibodies against all Aβ species was not suitable for
detecting Aβ43 in soluble brain tissue from human AD patients. This is due to the high
amount of Aβ40 (and in some extent Aβ42) in the samples, which will bind to the same
epitope as Aβ43 on the capturing antibody. These shorter Aβ species will be in excess and
bind to the capturing antibody thereby ousting Aβ43 from binding in. A better way for
quantifying Aβ43 with ELISA might instead be to coat a polystyrene plate with α-Aβ43
antibodies, which are c-terminal specific to Aβ43. This will abolish the competition between
the different Aβ species and function as an immunoprecipitation of unwanted species. This
yielded adequate quantification of Aβ43 (2.64 pM) from tris-buffer saline (TBS) fractions
from a human brain sample from AD.
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PROLOGUE – HISTORY
Over 100 years ago, on November fourth 1906, German neuropathologist and psychiatrist
Alois Alzheimer gave a lecture at a congress in Tubingen, Germany. He described a 51 year
old woman, called Auguste D, which experienced severe memory disturbances and mental
incapacity. Necropsy showed bundles of neurofibers and neuropathological plaques, today
known as the major hallmarks of Alzheimer’s disease (AD). Four years later, physicist Emil
Kraepelin named the disease after its discoverer, and Alzheimer’s was after this a distinct
disease state.
Although Alzheimer’s work was the starting point of the dementia research today, the decades
that followed are still called the dark ages of AD research, in which no advances were made.
It wasn’t until 1976 a real breakthrough was seen. It was found that acetylcholine, a
neurotransmitter in the brain, is drastically decreased in Alzheimer’s patients. This paved the
way for drugs currently used to treat Alzheimer’s disease.
In the mid 80th some key advantages took place. The amino acids of the amyloid β peptide,
constituting the neurpathological plaques, were identified by George Glenner and his
technician Cai’ne Wong. Furthermore, the protein tau, constituting the neurofibrillary tangles,
was described by Jean-Pierre Brion in 1982 and confirmed by Michel Goedert three years
later.
In 1991, the first amyloid precursor protein (APP) missense-mutation in patients with earlyonset autosomal dominant Alzheimer’s disease is identified2. To date, there are 27 different
mutations in APP described. In 1993, the apolipoprotein E gene APOE4 was identified, now
known as a major risk factor for developing Alzheimer’s disease.
The first Alzheimer vaccine trial was conducted in 2001 in Europe and U.S. However, it was
stopped after serious side effects started to emerge. In 2002, a new drug, the NMDA receptor
blocker is developed.

Despite the progress that has been done in the AD research field, the disease is today
afflicting more than 35 million people worldwide. The epidemic is increasing rapidly and the
mortality rate has escalated in the last decade. 70 millions are expected to suffer from AD in
the next 20 years! No adequate treatment has been found and the imminent need for a cure is
urgent.
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ABBREVATIONS
Aβ = amyloid β-peptide
ABTST = 2,2-azino-di (3-ethyl-benzathiazoline) sulphonic acid
AD = Alzheimer’s disease
ApoE = apolipoprotein E
APP = amyloid precursor protein
Arg = arginine
AUR = Amplex® UltraRed
BBB = blood-brain barrier
BSA = bovine serum albumin
Ca2+ = Calcium2+
CD = circular dichroism
CNBr = cyanogen bromide
CNS = central nervous system
Cys = cysteine
DMSO = dimethyl sulfoxide
EDTA = ethylenediaminetetraacetic acid
ELISA = enzyme-linked immunosorbent assay
H2O2 = hydrogen peroxide
HDL = high-density lipoprotein
HIF1α = hypoxia inducible factor 1 alpha
HMGR CoA = 3-hydroxyl-3-methyl-glutaryl coenzyme A
HPLC-MS = high-performance liquid chromatography – mass spectrometry
HRP = horse-radish peroxidase
IDE = insulin degrading enzyme
IGF-1 = insulin growth-factor 1
LRP1 = low-density lipoprotein receptor-related protein 1
M/Z = mass-to-charge ratio
MAOS = membrane-associated oxidative stress
MMSE = mini-mental state examination
NEP = neprilysin
NMDA receptor = N-methyl D-aspartate receptor
NMR = nuclear magnetic resonance
PBS = phosphate buffer saline
PSEN = presenilin
RAGE = receptor for advanced glycation end-products
SDS = sodium dodecyl sulfate
SUP = supernatant
TBS = tris-buffered saline
Thr = threonine
TMB = 3,3´,5,5´-tetramethylbenzidine
VEGF = vascular endothelial growth factor
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INTRODUCTION
Project
In this master thesis 20 weeks of work at Karolinska Institutet (KI), Huddinge, Stockholm,
Sweden is summarized. The project comprised of trying to quantify the 43 residues variant of
the amyloid β-peptide (Aβ43), in post-mortem brains from patients with Alzheimer’s disease
(AD), with a newly developed enzyme-linked immunosorbent assay (ELISA). Polymerization
of this peptide might be an initial event in the progress that leads to formation of amyloid
plaque in the brains of people that develop AD.
In an earlier study by Welander et al, the Aβ43 peptide was found to be more frequently
occurring in plaque cores from AD brains, than one of the traditionally measured peptides;
Aβ401. That study was based on cleavage of amyloid β-peptides with cyanogen bromide
(CNBr). Analysis was performed using high-performance liquid chromatography (HPLC)
coupled to an electrospray ionization ion trap mass spectrometer (EIS-MS). This generated cterminal fragments of the different peptides to be quantified. Although mass-spectrometry
gives high-quality identification, it has some limitations when quantifying Aβ from soluble
brain tissue. Firstly, the throughput is low because injection has to be done sample by sample,
which will generate long test times that are very time consuming. Secondly, it is hard to
quantify Aβ peptides from anything else than amyloids or amyloid plaques, in which the
majority of content is in fact - Aβ peptides. In soluble fractions of human brain homogenize,
the large amount of other peptides present makes the Aβ peptide difficult to analyze.
In this report I present the initial development of a novel enzyme-linked immunosorbent assay
(ELISA) with the goal to quantify Aβ43 peptides in soluble fractions of human brain tissue.
An ELISA method with the possibility to quantify Aβ43 peptides might have the prospect to
facilitate diagnostic testing for AD in the future.

Protein folding and aggregation
Protein folding
Because Alzheimer’s disease is a protein aggregation disease a short introduction to protein
folding and aggregation is here followed. Proteins are built up by 20 naturally occurring
amino acids, covalently linked to create peptide bonds. The order of how the amino acids are
put together and how many amino acids there are in the primary sequence is encoded by our
genes. In order to function, the proteins need to abandon what is called a random coil state
and become folded. Because nature tends to be as energy thrifty as possible, the free energy of
the folded state is a lower than the unfolded state. The folding process of a protein often takes
less than a microsecond, but the potential conformations for a protein to adapt, are
astronomical. So if the protein should try all conformations to reach the lowest state possible,
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the time to fold would be much longer. This is stated in the Levinthal’s paradox 3. However,
there are theories to explain this paradox. The most appealing models include chaperones with
nucleation or a hydrophobic collapse as the initial step in the protein folding.
Chaperones and foldases (e.g. peptide-prolyl isomerases) are proteins that help proteins to
fold by destabilizing misfolded intermediate states or by lowering the energy barrier of the
transition states. Transition state is an intermediate in the folding process rich in energy. Due
to the earlier mentioned immense possibilities for a protein to fold, in a shorter time than
kinetically possible, the folding of proteins has to be further explained by thermodynamics.
Gibbs free energy (ΔG) is explained by ΔG = ΔH – T x ΔS, where ΔH is enthalpy, T is
temperature, and ΔS is entropy. If the initial step of folding includes a hydrophobic collapse,
the enthalpic gain (negative enthalpy) will be quite large because of hydrophobic interactions
and Van der Waals forces within the protein. Nevertheless, the entropy decreases but is
compensated by released water molecules, ensuing in an essentially zero difference in overall
entropy for the folding reaction. Consequently the enthalpic interactions results in a reduction
of Gibbs free energy that makes the folding process favorable. However, the stability gained
by going from unfolded to folded is only about 5-15 kcal/mol. In this way proteins can be
more dynamic and functional. If they were not, enzymatic reactions or transports could be
excessively time consuming, making proteins less beneficial for the cells.
There is also postulated that the folding begins with a nucleation. In the nucleation theory
there are a small number (typically three or four) residues connected with hydrogen bonding
within the protein that initiates the folding. These residues are usually close to each other both
in sequence and in the native protein.
Whether the initial folding starts with nucleation or with a hydrophobic collapse, the
thermodynamics of the folding is best clarified with some kind of energy landscape. This is
often done in form of a folding funnel (Fig. 1), which is more closely related to the
hydrophobic collapse theory than the nucleation theory. With this hypothesis the bottom of
the funnel represents the lowest free energy possible for the native state of the protein in the
intracellular fluid, the cytosol. In the denaturated state on top of the funnel the energy is
higher because of conformational entropy. The protein will on its way to the native state, most
likely bump in to and be trapped in local minima, probably just for a very short time. These
local minima are intermediates (e.g. molten globule) in a stabile state on its way to the native,
folded state. In the intermediate stage, where the protein is only partially folded, it exhibits
secondary structure in form of α-helices and beta-sheets. From an intermediate state to a
completely folded state, the protein needs to overcome the transition state, which is an
unstable, high-energy state. Proteins most likely gets help by foldases to overcome this state.
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Figure 1. Protein folding funnel, illustrating fewer conformation alternatives of the protein in the bottom of the
funnel. On the top of the funnel the conformational entropy is large, resulting in high energy. N represents the
native state and on its way to completely folded state, the protein can be kinetically trapped in molten globule
or partially folded intermediates.

Aggregation
As mentioned earlier the energy difference between folded state and random coil is very low
to make the protein more flexible. But this flexibility with low free energy difference can give
rise to amorphous aggregates. These aggregates are the result of interactions between partially
folded intermediates, peptides, or misfolded proteins (Fig 2). These species has either left the
native folded state, probably because of changes in the surrounding environment, or because it
has been trapped in the energy landscape during folding. Usually, the species that interact
with each other to produce aggregates tend to have the same peptide sequence. These
aggregates can recruit more species and build up soluble aggregates that have lower energy
than the native state of the protein. They are structured with predominant β-sheet content.
The soluble aggregates, also called oligomers can turn into insoluble fibrils that are very
difficult for the proteasome to degrade (Fig 2). The proteasome are located within the cell and
when insoluble fibrils are produced, they are located in the extracellular matrix. It is
unknown in what extent oligomers are degraded by the proteasome or other proteases in the
cytosol, luminal side, or extracellular. But the longer the aggregation process has gone, the
harder it will be for the protease to access and degrade the peptide bonds in the oligomeric
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structures. The more oligomers present, the higher the risk of formation of amyloid plaques
will be.

Figure 2. Aggregation of unfolded intermediates into beta-sheet rich amyloid-like structures. These structures
can form insoluble amyloid fibrils.

Alzheimer’s disease
Introduction to Alzheimer’s disease
Alzheimer’s disease (AD) is the most common form of dementia in the western world. With
an accelerating prevalence it is today afflicting approximately 35 million people worldwide.
That figure is expected to double in the next 20 years. There is a link between overweight,
diabetes mellitus, and AD, which could mean that AD cases in the future could be even higher
than expected4. Obesity and diabetes occurrence have exploded all over the world in the last
generation. When this generation grows old dementia cases may be escalating in a rate that
the healthcare cannot handle. The mortality rate is increasing rapidly, and treatment for AD is
very expensive. In US, the economic cost for the condition is only preceded by heart-disease
and cancer. Due to the huge amount of expenses and immeasurable family suffering caused
by AD, it is important to understand the underlying biological mechanisms of the disease. In
this way we might be able to treat and prevent AD in the future.
Symptoms
The first symptoms usually emerge when the afflicted individual has reached 65 years of age
or older. After 65, the risk of developing AD is doubled every fifth year. Short-time memory
is impaired, probably in response to degeneration in hippocampus where memory is created.
This do not rarely result in depression due to the fact that the patient has trouble remember
small tasks e.g. where he/she put the keys or whom he/she were supposed to call. Language
worsens because of decreased signaling in hypothalamus, and the patient has trouble “finding
the right words”. Solving problems and planning gets harder when the logical parts in the
frontal lobe are compromised by the condition. Loss of appetite, which is controlled by
hypothalamus, makes the patient lose drastically in weight during the whole disease progress.
Next attribute to degenerate is the motion center in the limbic system. This leads to mood

6

swings and the temper gets harder to control. Deterioration of common sense and judgment is
followed by loss of long-term memory. In the later stages, the patient cannot remember the
most fundamental things like family and friends, and the bad coordination makes them
completely dependent of care from others. Mortality usually strikes seven to eight years after
the first symptoms has emerged, often by an infection or some other external, non-AD factor.
Pathology
The pathological hallmarks of the Alzheimer brain are constituted of extracellular senile
plaques built up by Aβ oligomers, and intracellular neurofibrillary tangles built up by
hyperphosphorylated tau protein. Vulnerable areas like hippocampus and cerebral cortex are
mainly afflicted. Aβ is a peptide built up by 40-43 amino acids and is produced in brain
throughout life. The peptide has the ability to aggregate and build up soluble oligomers,
which can proceed to insoluble fibrils that are the main component in senile plaques. The
oligomers is believed to turn the mitochondrial permeability transition pore to open, which
can lead to excess of Ca2+ ions that damage the mitochondria. They are in this way considered
toxic to neurons. The toxicity of oligomers has been questioned though. The longer 42 and 43
amino acid peptides is more aggregate prone and is produced in lower amount than Aβ40
(~80-90% Aβ produced is Aβ40). However, a biological function of amyloids in
physiological concentrations cannot be excluded.
Tau is a microtubule stabilizing protein in neurons. When hyperphosphorylated, tau can
aggregate into oligomers that can activate microglia cells, this cascade can trigger an
inflammatory response. In the long-term, tau oligomerization will turn into the insoluble
tangles. In addition to that, a caspase3 cleavage site at the asp421 residue on tau has been
identified, which could initiate a nucleation process into tangles. The cleavage of tau is
triggered by hyperglycemia and could lead to a nucleation center that promotes tau
aggregation. For the last 20 years, a heated debate whether tau or Aβ is the initial event in AD
has been ongoing. In the last couple of years the tau hypothesis has been revitalized due to the
emerging discovery of a possible link between AD and diabetes mellitus. But this thesis will
mainly be about the Aβ peptide so from now on all focus will be on Aβ and not tau.
APP processing
Amyloid precursor protein (APP) is an integral membrane protein with 695, 751, or 770 aa,
and is heavily linked with the development of AD. APP is located on chromosome 21, the
same one as individuals with Down’s syndrome (DS) has duplicates of. More or less everyone
with DS develop AD in their fourth or fifth decade. In fact, the first identified Aβ peptide was
from a DS patient. The APP processing generates Aβ peptides and mutations in APP can
result in developing AD. APP is cleaved by three secretases; alpha (α), beta (β), and gamma
(γ) (Fig. 3). In the normal pathway in a healthy individual APP is mainly cleaved by αsecretase to produce extracellular, soluble APP species. These species is very important for
memory formation and neuronal growth. The newly cleaved APP c-terminus consists of 83
amino acids and is for that reason called C83. C83 is in the next step cleaved by γ-secretase,
in which the proteolytic products are one extracellular fragment called P3, and one new
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intracellular domain. None of these newly generated species has any known harmful effects
on brain cells.
γ-secretase, a multisubunit enzyme, is responsible for cleavage of the new c-terminus of Aβ
after α- and β-secretase processing. There is no evidence for an increased amount of γsecretase in AD, but rather altered activity. This altered activity of γ-secretase may lead to
longer, more aggregate prone, Aβ42 species. This is also the case for the major familiar form
of AD.
APP is also cleaved by β-secretase, a membrane-bound aspartyl protease. This cleavage only
represents ~10% of the total cellular APP, in wich the product is a 99 aa long c-terminal
domain, called C99. γ-secretase processing of C99 generates Aβ40-42(43) peptides. It is not
known whether Aβ43 is a primary product of APP processing or if it is cleaved in an
additional step from a longer peptide variant first. In the amyloid cascade hypothesis the βsecretase cleavage is the rate-limiting step in the amyloid cascade pathway. In healthy
individuals the α-secretase pathway is the dominant way of APP processing, whereas in AD
cases the β-secretase pathway is. The amyloid cascade hypothesis is basically the result of
amyloid aggregation of Aβ, due to increased β-secretase cleavage and decreased clearance of
Aβ from the central nervous system (CNS), leading to a severe plaque formation. Why this
shift in APP processing from α-secretase cleavage to β-secretase cleavage occurs has not been
adequately clarified. Suggestions that low levels of insulin growth factor 1 (IGF-1) in serum,
as well as NMDA receptor activation have both been postulated5,6. The latter involves
theories of glutamate toxicity that activates NMDA receptors that have a high permeability for
Ca2+, which has an important role in AD development. Glutamate is an excitatory
neurotransmitter in the mammalian nervous system and is heavily increased after brain
trauma, which is a risk factor for AD7,8. NMDA receptor blockers are now a widely used
therapeutic agent in AD management. The blockers have not shown to reverse the progression
of the disease but rather to halt it.
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Figure 3. Illustration by Kojro & Postina, 2009 describing the differences between α-secretase and BACE-1
9
cleavage of APP . BACE-1 cleavage is the amyloidogenic pathway in which C99 fragments are produced. These
fragments can in an additional γ-secretase-cleavage result in Aβ fragments. α-secretase-cleavage does not
result in Aβ peptides. This is for the reason that the C83 fragments generated is cleaved in the Aβ region by γsecretase. APP have higher affinity for α-secretase than for BACE-1, but some mutations e.g. the Swedish
(K670N/M671L in APP) can instead result in higher affinity for BACE-1.

The initial amyloid cascade hypothesis from 1992 has been modified due to consistent
correlation between amyloid plaque burden and severity of the disease10. The focus has now
shifted towards soluble oligomers, which correlates better with neuronal loss and other
pathological hallmarks seen in AD11. However, a recent study has shown significant evidence
between amyloid plaque load and cognitive decline described with Braak staging12.
Braak stage is a definition of both the mental stage and the pathological stage of the patient
with dementia. This can be applied for both Parkinson disease (PD) or AD. For the mental
stage, the mini-mental state examination (MMSE) score determines the different Braak stages.
Different variables (e.g. orientation, attention, and language) are used to determine the score
with a maximum of 30 points. The amyloid burden does not always correlate with the Braak
stage so neurofibrillary tangle pathology is usually measured instead (Table 1).
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Braak Stage
1-3

MMSE score
Mental Stage
30-27
Memory disturbances.

3-4

26-20

4-5

19-11

5-6

10-0

Memory impairment,
decrease in cognitive
function, behavioral
changes.
Memory loss, paranoia,
patient can’t take care of
themselves.
End stage. Severe
memory loss, agitation,
aggression, loss of
cognitive ability and
motility.

Pathological Stage
Tau proteins start to aggregates
into tangles. The accumulation
proceeds and neurons start to
die.
More aggregates in different
parts of the brain. Tangle
formation in hippocampus.
Neurons in Transitional
entorhinal region, hippocampus,
and neo-cortex are heavily
damaged.
Extensive death of neurons in
the majority of brain regions.
Severe plaque and tangle
formation.

Table 1. Braak stage of AD; Description of the different mental and pathological stages of AD corresponding to
the MMSE score, which is a direct measurement of the patient’s cognitive ability. Tau pathology corresponds
slightly better with Braak stage than Aβ pathology.

There are some differences between individuals and the risk of developing AD. For example,
highly educated individuals has a lesser risk to develop the disease than lower educated has.
But when the first symptoms arrive, the acceleration of the disease is much faster for the high
educated individuals. Researchers theorize that because of the much higher number of nerve
cells in high educated individuals, a larger amount of amyloids is required for any symptoms
to emerge.
Mutations
Mutations, both in APP and in the PSEN1 & 2 genes, which interact with the γ-secretase
complex, have shown to promote AD development. PSEN1 & PESEN2 are the genes coding
for Presenilin 1 & 2 respectively. Without these proteins no cleavage by γ-secretase would
occur. Mutations in these two genes can lead to an increase of the Aβ42/40 ratio. Aβ42 have
more hydrophobic properties than Aβ40 and can therefore aggregate easier. The familial cases
of AD, which represent less than 0.1% of all cases, are mainly due to mutations in PSEN 1 &
2. It is estimated that approximately 2000 families in the world carrying one of these
mutations, and they have a probability to develop AD of about 99.99%. These individuals
aren’t necessary the perfect model of sporadic AD cases, but share the same pathology with
accumulated Aβ plaques. The problem with research based on AD mutations is that mutations
will give rise to an increase of Aβ production, but in the sporadic cases of AD the Aβ
accumulation may come as a consequence to some other underlying factor.
There are 19 known mutations in APP and most of them result in an increased Aβ42 to Aβ40
ratio. The most studied mutation outside the Aβ region is the Swedish double mutation
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located at the β-secretase cleavage site (K670N/M671L). This mutation results in
approximately ten times higher Aβ production compared to wild-type APP.
Of the seven known mutations inside the Aβ region, only two result in increased oligomer
production, which are consider the toxic species in the Aβ cascade hypothesis. Both of the
mutations include a substitute of the glutamic acid in position 22 of Aβ. The Dutch mutation
(E22Q) was the first APP mutation reported and was discovered in Dutch patients with
hereditary amyloidosis dominated by cerebral amyloid angiopathy from Aβ40 and few
plaques consisting of Aβ42. The Dutch mutation tends to in vitro result in a more β-sheets
rich Aβ structure, something that makes the peptide more aggregate prone.
The other APP mutation within the Aβ region is the Arctic mutation (E22G). It was initially
recognized in a Swedish family living north of the Arctic Circle. The Arctic mutation
differentiates itself from other mutations in the Aβ region in that the carriers show clinical
signs of early-onset AD. The mutation is suitable for mouse-models because the Aβ peptides
tend to aggregate very fast.
The Aβ40, Aβ42, and Aβ43 peptide
As previously mentioned the Aβ peptide consist of 40, 42, or 43 amino acids. The three
alternatively cleaved peptides differ in their hydrophobicity. The extra amino acids in the cterminal in the 42 and 43 peptides gives rise to aggregate prone characteristics (e.g. β sheets).
This is a result of the two additional, highly hydrophobic, amino acids. Aβ41 and Aβ 42 Cterminal residues are comprised of isoleucine and alanine respectively that both are
hydrophobic, while Aβ43 carries a polar, treonine in the C-terminal.
Aβ43 is not mentioned to a great extent in the literature. But this peptide is according to an
unpublished study by Saito et al., slightly less soluble than Aβ42 and may therefore be
considered as a candidate for the original cause for the amyloidogenic fibrillation that takes
place in AD. Aβ43 is frequently occurring in amyloid plaques and the preliminary
unpublished study furthermore confirms that this peptide is more toxic than Aβ42. C-terminal
of Aβ42 carries two hydrophobic residues, an isoleucine and an alanine. The aggregation
properties of Aβ43 are by some means paradoxical, because the C-terminal residue of Aβ43
consist of a hydrophilic threonine and thus should be able to mitigate the volition of the
peptide to aggregate. The fact that the hydrophilic Thr43 makes Aβ43 less soluble remains
elusive.
The tertiary structure of Aβ has not been determined. In a membrane, or membranemimicking solution (e.g. sodium dodecyl sulfate (SDS)), Aβ monomers instead confer an
alpha-helical conformation. In aqueous solution, Aβ has an unstructured random coil
conformation. The conformational state is quite unlike each other between the different
peptides. C-terminus of Aβ42 is according to NMR simulations more structured than Aβ4013.
Three amino acids differ between mouse and human in the Aβ sequence (Fig. 4). Arginine (+)
in position 5 is a glycine (0), tyrosine (0) in position 10 is a phenylalanine (0), and histidine
(+) in position 13 is an arginine (+). There is a difference between these amino acids but they
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are not known to hold important protein-protein interaction. They might have a role in the Aβ
aggregation, which differs in mouse and human14. In transgenic mice (APP/PS1) the plaque
core center tends to be larger with dense compact amyloid. Alterations in structure can also
occur due to different post-translational modifications of Aβ from human and transgenic
mice.
The Aβ40-43 sequence:
H2N-D1AEFGHDSGFEVRHQKLVFFAEDVGSNKGAIIGLMVGGVV40IAT43-COOH
H2N-D1AEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV40IAT43-COOH
6E10

4G8

Figure 4. The Aβ40-43 sequence for mouse (up) and human (down). Blue letters represent amino acids in Aβ
that differ in human and mouse. The red letter represents the mutation site in the Arctic and Dutch mutation.
The black, green, and orange arrows represent the cleavage sites for beta, alpha, and gamma-secretase
respectively. Brown color points out N- and C-terminal of Aβ43 peptide. The epitopes for the 6E10 and 4G8
antibodies are marked with braces between amino acids 6 to 10 and 17 to 24 respectively.

Fibrillation of Aβ
The propensity of Aβ to aggregate is highly dependent of the hydrophobicity in the c-terminal
region of the peptide. There is a possibility that Aβ fibrillation starts with a hydrophobic
collapse in the central region of the peptide, induced by Aβ42 or Aβ43 species that turns into
β-sheet rich structures. This probably creates a nucleation center for aggregation of Aβ into
oligomers. When the nucleation process has started, Aβ can congregate more Aβ species and
assemble oligomeric species. The oligomer form of Aβ is soluble and has been shown to be
highly toxic to neurons.
Theories have been postulated that the seed of the amyloid aggregates could derive from the
full-length Aβ peptide. The main focus has been on the residue serine at position 26. Ser26 has
been shown to racemize to D-form in vivo, with a rate of 0.15% per year. This indicates that
racemization is a highly age-dependent process. Racemized residues have also been found in
plaque cores from AD brains.
In fibrils, the Aβ secondary structure conformation has been elucidated with circular
dichroism (CD). The C-terminal end of Aβ can induce a beta-sheet conformation in the
central region of the peptide. This is also confirmed by new therapeutic agents, stabilizing the
central region of Aβ. This results in significantly lesser Aβ aggregation and neurotoxicity.
The toxic effect of soluble Aβ oligomers seems to origin in the central hydrophobic parts of
the peptide. Solid-state nuclear magnetic resonance (NMR) inquires indicate a tertiary
structure of Aβ in fibrils comprised of beta-strand segments, organized in an anti-parallel
beta-sheet conformation.
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In vitro studies with NMR have shown Aβ fibrils to be composed of parallel β-sheet
structures, constituting protofilaments that are twisted around each other to form the insoluble
fibril (Fig. 5). The fibrils are seen as cross-beta motif when an X-ray diffraction beam is
pointed towards the sample.

Figure 5. Figure to the Left: Electron micrograph of cross-sections with amyloid β fibrils. Middle figure: Fibrils
modulated to illustrate the cross-β motifs twined around each other to form charechteristic braid-like fibrils.
Upper figure to the Right: Model the parallel beta-sheet formation building up protofilaments in a cross-β
motif. Yellow arrow points out the fibril axis. Residue 12-24 of Aβ is colored in orange and residue 30-40 is
colored in blue. Lower figure to the right: Aβ 10-40 side-chains colored according to hydrophobic properties in
a ball-and-stick model: positively charged - blue, negatively charged – red, hydrophobic - green, and polar magenta. Petkova, Tycko (2002).

Degradation and clearance
Two major enzymes are responsible for the degradation of Aβ from the central nervous
system (CNS). Neprilysin (NEP) and insulin degrading enzyme (IDE) mainly degrade Aβ but
some additional lysosomal clearance cannot be ruled out. NEP, a membrane metallopeptidase,
is only responsible for the extracellular degradation of Aβ. IDE, also a metalloprotease, is
responsible for both intra-, and extra-cellular degradation of Aβ species. In addition to that,
IDE is responsible for insulin degradation. IDE has higher affinity for insulin than Aβ which
indicates that increased insulin levels within CNS may decrease the Aβ degradation. This has
lead to the hypothesis that there is a link between hyperglycemia, hyperinsulinemia, diabetes
and AD.
Receptor for advanced glycation end-products (RAGE) and low-density lipoprotein receptorrelated protein 1 (LRP1), are the main complexes regulating Aβ influx and out-flux from the
blood-brain barrier (BBB) respectively. RAGE is located on the luminal side (blood) of BBB,
and LRP1 on the abluminal side (brain). It is intriguing to consider a possible physiological
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role for Aβ in the brain, due to the fact that it can be transported into CNS from the peripheral
nervous system.
Function of Aβ?
Aβ plaque has been identified in post-mortem examinations of AD brains. This led to the
perception that excessive amounts of Aβ are toxic and might cause demise of numerous
neurons, which results in cognitive decline seen in AD patients. The disproportionate level of
Aβ produced in AD is caused by a shift in APP processing from α-secretase cleavage to
increased β-secretase cleavage. The levels of Aβ found in AD patients are far higher (~μg)
than in healthy control individuals (~ng). The physiological role of Aβ is not clear and have
eluded scientist for years. However, investigations have given some interesting clues to the
physiological function of the peptide.
In vitro studies has shown that hypoxia increase the Aβ production15,16. Individuals that
suffers from long-term hypoxia are likely to develop AD17. Some In vitro investigations of
hypoxia and Aβ indicate that L-type Ca2+ channels are up-regulated by the direct interaction
with Aβ in cerebellar granule neurons18. This results in increased Ca2+ conductance. Whether
this is a pathological or physiological state remains to be elucidated, but during the hypoxia
the vascular endothelial growth factor (VEGF) was increased by stabilization of the α1
subunit of the transcription factor hypoxia inducible factor (HIF1α). Aβ has been proposed to
be able to induce this function, which is neuroprotective19.
It is also suggested that Aβ40 is involved in cholesterol regulation20 (Fig. 6). The rate-limiting
step in cholesterol synthesis is the membrane enzyme complex 3-hydroxy-3-methyl-glutarylCoA reductase (HMGR), located in endoplasmic reticulum. HMGR controls the production of
cholesterol. In a study by Mattson et al. it was demonstrated that Aβ40 can down-regulate the
cholesterol production by perturbing HMGR. Cholesterol was also affected by Aβ42
production through increased γ-secretase cleavage of APP21. In addition, Aβ42 was also
shown to induce membrane-associated oxidative stress (MAOS), thereby activating SMases
that results in activation of sphingomyelin and ceramides. The ceramides can cause synaptic
damage and death of neurons. A low ratio Aβ42/Aβ40 should consequently decrease
cholesterol production and prevent MAOS. An increased ratio may on the other hand induce
neurodegeneration in this way.
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Figure 6. Illustration by Mattson et al. 2005 depicting the cholesterol regulation by HMGR. Cholesterol can
increase β- and γ-secretase cleavage resulting in ceramide production caused by Aβ42. Aβ42 will generate
SMases that activates sphingomyelin, leading to oxidative stress in neuronal membranes. Aβ40 on the other
hand can perturb HMGR and thereby lower the cholesterol production.

15

Methods used in this project: LC-MS/MS
Liquid chromatography (LC) coupled with a mass-spectrometer (MS) is a convenient way to
detect peptides in a protein mixture. In the LC part peptides and proteins are separated in a
very small (~75-1000 μm ø, ~15 cm long) column facilitating a stationary phase that slows
the sample mixture down depending on their polarity. A pump forces a mobile phase together
with the sample through the column. Depending on the polarity of the mobile phase, the
samples will elute differently. A stationary phase that is more polar than the mobile phase is
called normal phase chromatography. If the conditions are reversed, like they usually are
because more uses are then available, the method is called reversed phase chromatography.
Formic acid is often added to the LC/MS mobile phase due to its ability to reduce MS signal
suppression and thus enhance the signal detection limit.
When the peptides are separated in the end of the column, the ion source of massspectrometer part is used to vaporize and ionize the samples to provide detection and
quantification. This is done by a tumbling of the ionized peptides through a vacuum pipe
where current is applied. In the electric field the particles gets the same kinetic energy. The
only thing that differ the particles is the mass-to-charge ratio (m/z). The time it takes for the
peptides to reach the detector is therefore measured to get information about m/z. Light ions
with high charge will reach the detector before heavy ions with low charge in a given kinetic
energy. A computer will generate spectra with general abundance to m/z ratio.

Methods used in this project: Western Blot
The western blot principle comprises a gel electrophoresis, where samples are loaded onto a
gel that they migrate through. The protein size determines how far proteins travel. Large
proteins do not migrate as far as small proteins. Separation in regard to other factors, like
isoelectric point (pI) or electric charge can also be carried out. After gel separation, the gel is
put together with a nitrocellulose membrane for protein transfer.
To prevent that antibodies, applied after running the gel electrophoresis, bind to the
membrane, blocking is performed. Antibodies are also proteins and can without blocking,
nonspecifically bind to the membrane. Bovine serum albumin (BSA) or non-fat dry milk with
tris-buffered saline (TBS) is usually used as blocking reagents. However, due to the ability of
Aβ to bind to albumin, dry milk was used in our project. A detergent, such as Tween 20 is
used to remove unbound immunologicals and do in this way, reduce the background noise.
The primary antibody is applied after protein transfer and binds to the protein of interest,
while the secondary antibody is used for detection. Most commonly, horseradish peroxidase is
conjugated to the secondary antibody. When substrate is added, chemiluminescent detection is
possible.
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Methods used in this project: ELISA
Background
In the early seventies the first ELISA method papers were published,23. Different types of
ELISA have been developed since then. Direct/Indirect, competitive, and sandwich ELISA all
provides identification and quantification of antigens or antibodies. In this report most of the
focus will be on sandwich ELISA and very little on direct ELISA.
The principle of the sandwich ELISA includes a capture antibody bound to a polysterene
plate, which the peptide of interest can interact with. A primary antibody binds to the peptide
that completes the “sandwich” (Fig. 7). Either the primary antibody has a detection enzyme,
like horse radish peroxidase (HRP) or alkaline phosphatase conjugated to it, or a secondary
antibody is applied to provide visualization. A luminescent, fluoroscent, or absorbant signal is
used to detect or quantify the peptide/antigen of interest.

Figure 7. Schematic illustration of the sandwich ELISA principle; A capture antibody binds the peptide/antigen
of interest, which is detected with a secondary antibody/ detection antibody. A HRP-conjugated secondary
antibody is used to provide visualization. A substrate like 3,3´,5,5´-Tetramethylbenzidine or Amplex® UltraRed
can be used as a substrate for an absorbent or fluorescent reaction with HRP. In this example a 96 well plate is
illustrated.

In a direct ELISA the antigen rather than antibody is coated on the plate and the monoclonal
antibody are applied afterwards to detect the antigen.
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Plate
There are some different types of ELISA microwell plates available when coating on
polysterene as done in this experiment. In this project 96-well plates with detachable strips
was used. The type of detection, background noise, and signal decides which plate to use. If
absorbance is used, the plate needs to be transparent so the light can cross through the wells.
The sensitivity is reduced when using absorbance because all components in the wells can
affect the signal, not just the substrate treated detection antibodies.
If fluorescence or luminescent assays are performed, transparent plates is not recommended
because risk of cross-talk between wells. The signal is also reduced since all fluorescent
signals are not focused up from the wells for detection. A more suitable plate is white or black
wells. Black wells will reduce background but reduce the signal. White wells will increase the
signal but also the background noise. The best way to decide what plate to use is to measure
the signal-to-noise ratio.
When coating plates, there are some aspects to have in mind. The shape of bottom in the wells
is important to obtain the strongest signal. Flat bottom wells are most traditionally used and
will let the signal pass through the well if absorbance detection is used. This might be a
problem with rounded wells. They also provide the optimal optical characteristics. However,
flat bottom wells can leave fluid left in the well (10-15 μl) after washing. This can be a
problem, because Tween 20 is often used in the washing reagent and there might be some left
in the wells after washing. Tween 20 can impede with the hydrogen peroxide (H2O2) used in
the reaction with the fluorescent reagent, thus result in lower signal. A rounded well improves
the washing and can increase the sensitivity if very small amount of sample is used. A third
choice is a hybrid between rounded and flat bottom wells, the each well plate. Each wells or
easy wells that they are also called, have a flat bottom but with rounded edges. In summary:




Flat bottom wells – Optimal optical characteristics.
Round bottom wells – Improved washing.
Flat-bottom wells with rounded edges – Improved washing and maintained optical
characteristics.

Volumes of the wells can also differ; traditionally 330-350 μl wells are used, but lately halfvolume plates with ~190 μl have emerged on the market. The latter has the same height as the
full-volume wells but differ in bottom area. The half-volume wells have the advantage that
lesser amount of sample and antibodies are used.
Binding capacity between wells can be diverse. High-binding plates typically bind 400 – 500
ng of IgG/cm2, whereas low- and medium-binding plates bind 100-200 ng of IgG/cm2. The
advantage with the high-binding plate is the increased signal yielded at detection.
Coating
There is numerous coating buffers used for coating antibodies on the polysterene treated
plates. Traditionally, 50 mM carbonate buffer (pH 9.6), 10 mM PBS (pH 7.2), or 10 mM Tris
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(pH 8.5) is used. The optimum concentration of antibodies used to coat, typically ranges
between 0.1 μg/ml to 10 μg/ml. If too much antibody is loaded the sensitivity starts to
decrease. This is called the hook effect due to the shape of the slope on the titration curve
(Fig. 8). Hook effect is postulated to emerge when antibodies goes from a monolayer on the
polystyrene surface to form a bilayer of antibodies on top of each other. The best way to find
out the optimum concentration of coated capturing antibodies is to perform a titration.
Antibodies are expensive, so if a lower concentration can be used it can also have economic
benefits.

Figure 8. “Hook effect” illustrated by Kirkegaard & Perry Laboratories, Inc. A decrease in signal is seen when too
much capturing antibodies are loaded. It may be due to a double layer of antibodies.

Blocking
The polystyrene plate will bind any kind of protein. But the antibodies applied when coating
might not cover the whole plate. To prevent that the analyte, in this case Aβ peptide, do not
interact and bind unspecific to the plate, blocking is performed. Bovine serum albumin or
non-fat dry milk are commonly proteins used that can attach to non-occupied surface. Another
advantage with blocking is that it will stabilize the antibodies already bound to the surface.
This reduces steric hindrance and denaturation among the antibodies. Usually blocking is used
together with some kind of detergent, like Tween 20 or Triton X-100. This works as a
temporary blocking in the assay. The effect of blocking will be a lower back-ground noise and
elimination of false positive results.
Washing
The most convenient way to wash a 96-plate plate, as used throughout this whole project, is
with a plate washer. The washing will remove remaining antibodies/antigens/peptides left in
the well after incubations. It is advantageous to use a detergent in the washing step. The
detergents can temporary block surfaces that are exposed during the washing when some
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bound molecules are released. One way to wash the wells is to fill them with washing buffer
and incubate for 10 minutes before removing the fluid.
Antibodies
In the ELISA “sandwich” one coating antibody is used to capture the antigen/peptide of
interest. Monoclonal antibodies are most often used in sandwich assays. If polyclonal
antibodies are used for capturing the primary antibody should be monoclonal. Monoclonal
have only one binding site and is specific for only one epitope. But although the monoclonal
antibodies are supposed to be specific because of this property, there is a risk that cross
reaction occurs. If another epitope have similar three-dimensional structure it might bind to
the monoclonal antibody.
The stronger the interaction between antibodies and antigens, the lower the concentration of
antigens can be applied. This saves sample and standard peptides while the higher affinity
between antibody and antigen increases the signal-to-noise ratio.
Samples
The samples that are applied to the capturing antibody are compared against a standard curve
in the sandwich ELISA. Known concentrations of the peptide of interest will represent the
curve. An example from this project of how a standard curve may look like with the peptide
APP beta 43 is presented in Figure 9.

Aβ43 standard curve

(Signal)
30000
25000
20000
15000
10000
5000
0
0

10

20

30

40

(pM)

Figure 9. Example of an Aβ43 standard curve with known concentrations of the peptide. The polynomial slope
is often better to use the longer the Aβ peptide is. Aβ40 for example gives a straight line. The phenomenon of
polynomial slope is not satisfactory explained but it is conceivable that it has something to do with the
hydrophobicity of the peptides.
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Everything that is measured e.g. standard curve and samples, should be applied to the wells in
duplicated or triplicates. In this way pipetting errors or other external factors can be
discovered. To give an accurate concentration, the samples should be diluted in different
dilutions to give different measured concentrations (Fig. 10). In this way factors that might
hamper or increase the signal of the sample peptide can be discovered when calculating the
actual concentration.
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Figure 10. Example of sample dilution. Samples are diluted in three different concentrations, resulting in three
different signals. Multiplication should generate approximately the same calculated concentration for all three
samples.

Detection
For detection, an enzyme reaction is needed. Horse radish peroxidase is the most common
enzyme for ELISA systems, although alkaline phosphatase is also used in a minority of
assays. HRP is a holoenzyme that becomes oxidized by H2O2. A substrate in form of a
hydrogen donor then reduces HRP to yield a detectable product. If a chemiluminescent
substrate is used, oxidized HRP will oxidize the substrate to a radical. This radical can form
an endoperoxidase which can emit light that is detected.
If absorbance is used for detection a 3,3´,5,5´-Tetramethylbenzidine (TMB) is the preferable
substrate to react with HRP. It has a faster turnover- and reaction rate than 2,2-azino-di (3ethyl-benzathiazoline) sulphonic acid (ABTST), that is also a common substrate. Addition of
TMB results in a blue color that will turn in to yellow when an acidic stop solution is added. It
is measured at 650 nm.
If fluorescence is used there are some different substrates to choose between. Amplex®
UltraRed (AUR) is a common choice for detection. Others are Thermo Scientific
QuantaRed™ and QuantaBlu™. AUR was used in this project and is excited at 544 nm and
emits light at 590 nm.
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Experiments
LC-MS/MS
Aβ40 and Aβ42 standard peptides were supplied in liquid form in the kit provided for the
ELISA assays. Because this project involves a novel ELISA method development for
detection of Aβ43, the standard Aβ43 is not supplied in any kit and has to be prepared from
powder. To determine the concentration and purity of the Aβ43 standard peptide, it was
compared against Aβ40 and Aβ42 peptides with LC-MS/MS. We trusted that concentration of
Aβ40 and Aβ42 standard solution from the commercialized kits was accurate. The Aβ43
solution from powder could then be compared with those concentrations. When comparing
Aβ species from samples, CNBr cleavage of M35 is usually performed to generate c-terminal
fragments of 5-8 amino acids. But because peptides were contained in different solutions,
middle fragments were cleaved by trypsin. BSA, Aβ42, and Aβ43 were measured with LCMS/MS to determine the Aβ43 concentration from a weighted Aβ43 peptide.
Peptides were prepared in concentrated hexafluoro-2-isopropanol (HFIP). HFIP keeps Aβ
predominantly in α-helical structure and prevents aggregation. It will also break down β-sheet
structure and disrupt hydrophobic forces. HFIP is very hydrophilic and will in buffer provide
a polar-nonpolar interface that promotes Aβ aggregation.
After the peptide preparation the Aβ43 standard peptide was preserved in dimethyl sulfoxide
(DMSO) and maintained in -80°C. DMSO is a polar aprotic solvent that prevents secondary
structure formations of the Aβ peptide. DMSO completely dissolves amyloid fibrils by
breaking the hydrogen bonds, which are important to keep amyloids in a low-energy state.
Western blot
In order to determine whether Aβ42 peptides can cross-react with the α-Aβ43 antibody a
western blot was performed. A mouse IgG α-human Aβ 6E10 antibody (Signet Laboratories,
Inc, Dedham, MA, USA) was used as a positive control. The 6E10 antibody binds to the Nterminal-related regions of Aβ residues (amino acids 6 to 10, illustrated in figure 4), thus both
Aβ42 and Aβ43. A mouse IgG α-Aβ42 antibody (The Genetics Company, Schlieren, Schweiz)
was used as a positive control for Aβ42 peptides. Rabbit α-human Aβ43 IgG antibody
(Immuno-Biological Laboratories Co., Ltd, Hamburg, Germany) was used to determine
whether Aβ42 cross-reacts or if the antibody is as specific as guarantied.
ELISA
Commercial ELISA: Before full-scale experiments could be performed, ELISA optimization
was carried out for approximately 15 weeks. First weeks basically included training on old
ELISA kits (passed expiration date) to produce satisfactory standard curves with standard
Aβ40 and Aβ42 peptides. Numerous different conditions; concentration of the different
antibodies used, optimal concentrations of buffer ingredients, blocking, detection, and time
conditions were tried in the optimizing part.
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One sample (named 182) was prepared from brain homogenates in this project, but
experiments were performed with six additionally, earlier prepared (by H Welander), brain
homogenates. After the brain homogenization all samples were divided into one TBS
fractions (called SUP1) and three SDS fractions (called SUP2 – SUP4). It is interesting to see
what fraction that contains most Aβ. In that way, some fractions may also be omitted in future
experiments. Quantification of Aβ40 and Aβ42 with ELISA was therefore performed on the
182 sample. The information of the 182 sample was scanty, but we knew that the patient was
a confirmed case of AD. There were no data available in regard of ApoE distribution or
whether the AD was familiar or not. The part of brain investigated was not from a specific
brain region but rather from general cortex.
The supernatant fractions 2, 3, and 4 of the samples were as mentioned after brain
homogenization treated with SDS. Standard curve was therefore mixed with a low
concentration (<1%) of SDS to mimic the conditions in the samples. It was a relatively high
concentration (1%) of SDS used in SUP2 – SUP4. SDS can be used to either accelerate Aβ
aggregation or to keep the peptide in α-helical conformation. When used in small
concentrations (<0.1 μM), SDS accelerates aggregation by providing an anionic micelle
interface for Aβ. More Aβ molecules share the same SDS micelle structures. In contrast,
higher concentrations of SDS, above the so called critical micelle concentration, SDS stabilize
the α-helical contents of the peptide which results in no aggregation. All Aβ gets its own SDS
micelle layer.
Samples and standards were also treated in different concentrations of urea for 1 hour to
dissolve possible aggregates, but it was impossible to run an ELISA in those conditions. After
the dilution of the samples there was a small concentration of urea still in the samples. This
concentration was used in the standard curve as well. In addition, experiments with different
concentrations of urea were performed but did not give any useful data and are for this reason
omitted from the materials & methods part.
Both absorbance with TMB and fluorescence with AUR were initially used for detection of
Aβ40 and Aβ42. But because Aβ43 seems to occur in such small concentrations (~1:100
compared to Aβ40) it was detected with fluorescence, which has a higher sensitivity than
absorbance. AUR was therefore chosen for detection of all peptides from then on.
After the Aβ40 and Aβ42 quantification our intension was to quantify Aβ43 in ELISA
commercialized kits. This needed some additional optimization of antibodies and buffers that
was performed for a couple of weeks.
Aβ43 coated ELISA: After initial Aβ43 quantification experiments we came to the conclusion
that Aβ40 in brain samples can saturate the capturing antibodies in the commercialized
ELISA kits. The capturing antibody can interact with all Aβ species and if too much Aβ40
peptides are present in the sample, they will occupy enough sites thus preventing Aβ43 to be
bound. A new ELISA was therefore developed. In this novel ELISA we instead of using
commercial kits, coated our own plates with antibodies specific against Aβ43. In this way the
sensitivity is expected to be higher and most of Aβ43 should be quantified. In addition to that,
we used a HRP-conjugated α-human Aβ 6E10 antibody for detection. The 6E10 antibody is
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specific to the N-terminal region of Aβ and thus binds all Aβ species. The use of a HRPconjugated antibody simplifies the procedure and reduces the time scale of the experiment,
because no secondary antibody is needed. However, we did an additional test with a nonconjugated α-human Aβ 6E10 antibody to see if the signal could be increased.
For the novel ELISA, different blocking recipes were used to find the optimal blocking. In
previous unpublished work on Aβ43 from mouse brain samples, bovine serum albumin (BSA)
has been used. However, Aβ43 can bind albumin and might therefore increase the background
signal. To see whether this assumption is right dry-milk was also used as comparison.
However, spite a lot of testing, it was still impossible to detect Aβ43 with this approach.
We also wanted to know whether Aβ in samples can be quantified with our own developed
ELISA or not. This was done with a sandwich-ELISA by coating a 4G8 antibody, specific
against the mid-section of all Aβ peptides (amino acids 17 to 21, illustrated in figure 4).
Detection was performed with a 6E10 antibody, specific to N-terminal part of Aβ. Two
different epitopes on Aβ is necessary, thus the two different α-Aβ antibodies. Blocking
conditions was once again tested.
Direct ELISA: We tried a different approach by testing a direct ELISA. In the direct ELISA a
sample was coated directly to the ELISA polystyrene plate. α-human Aβ43 antibodies are
then applied to only detect Aβ43. However, the problem is that the huge amount of other
protein in the sample makes it very hard to detect Aβ43. The fluorescent antibody seems to
cross-react with a lot of other proteins in the sample. In addition, it is possible that Aβ40
occupies too much surface that sufficient concentrations of Aβ43 are not able to bind to the
microwell plate.
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MATERIALS & METHODS
LC-MS/MS
Peptide preparation
Standard Aβ40 and Aβ42 peptides for ELISA experiments came provided in Wako kit©
(Wako Pure Chemical Industries, Ltd, Neuss, Germany), but the Aβ43 standard had to be
prepared from powder (Bachem, Weil am Rhein, Germany). To determine the concentration of
the Aβ43 standard peptide it was compared against Aβ40 and Aβ42 peptides, also made of
powder. 1226 μg, 16 μg, and 64 μg bovine serum albumin (BSA), Aβ40, and Aβ42
respectively were weighed in 0.6 ml siliconized tubes.
Measurements
In order to confirm that the weighted Aβ43 standard actually had the concentration calculated,
LC-MS/MS experiments were performed. 2 mM CaCl2 and 90 mM NH4HCO3 solutions were
made. 100 µl HFIP was added to each tube. 15 min incubation followed and sonication for 5
minutes. 30 min speed-vacuum centrifugation for followed until there was no liquid left.
DMSO was added to each tube to get a final concentration of 100 µM. The peptide purity for
Aβ40 and Aβ42 was estimated to be 75% and 99% for BSA. 2 mM CaCl2 and 90 mM
NH4HCO3 solutions were made. BSA, Aβ40, and Aβ42 were diluted 1000x in CaCl2NH4HCO3. 45 µl of the CaCl2-NH4HCO3 solution was transferred to a 0.6 ml siliconized tube.
This was repeated four times and BSA, Aβ40, Aβ42 & Aβ43 solutions were diluted 100x to
give a final concentration of 0.01 µM. 1 μl trypsin (2.2 μg/μl) was added to each tube and the
samples were incubated ~16-18 hours in 37°C.
Buffers were prepared according to a zip-tip manual. ZipTipsC4 (Millipore, Billerica, MA,
USA) were equilibrated using 2x10 µl wetting solution (50% ACN in H20). Zip tipping was
performed according to zip-tip manual. Eluates of sample contained 50 pmol of each protein.
Remaining elution buffer was removed with vacuum centrifugation for 30 min and
reconstituted in wash solution. 50 µl wash solution was added to get 1 pmol/µl in each
sample. The mixture was transferred to a MS-vial and LC-MS/MS was performed with a 6330
Ion Trap LC/MS (Aglient Technologies, Santa Clara, CA, USA). The web-based database
MASCOT (Matrix Science Ltd) was used to identify the peptides applied.

Western Blot
Peptide preparation
A western blot determined whether the α-Aβ43 antibody was Aβ43 specific. 170 µg of Aβ42
peptide (Bachem, Weil am Rhein, Germany) was weighed and dissolved in HFIP. The
samples were incubated for ~16-18 hours. Aliquots were made from the dissolved peptide and
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dried with Maxi-Dry Lyo speed vacuum centrifuge. Aliquots were mixed in DMSO to a final
concentration of 10 µM.
After the LC-MS/MS experiment, a new Aβ43 standard peptide (>95% purity, PeptaNova
GmbH, Sandhausen, Germany) was prepared. 54 ng was weighted up and 278 μl HFIP was
added to give a concentration of 40 μM and the solution was incubated in room temperature
for ~16-18 hours. Speed vacuum followed for 45 min to remove fluid. 20 μl DMSO was
added to give a final concentration of 10 μM and the peptide was stored in -80°C.
Procedure
Aβ42 and Aβ43 peptides were diluted in tricine buffer to a concentration of 0.1445 µM and
0.1477 µM respectively, corresponding to 10 ng of peptide. Peptides were loaded to a tricine
gel divided into three sections and separated with electrophoresis (140 V) for 1.5 hour. The
nitrocellulose membrane was washed in 5% milk solution for 3 x 10 min and in PBST (0.1%
Tween 20) for 5 min. Monoclonal mouse IgG α-human Aβ 6E10 antibody (Signet
Laboratories, Inc, Dedham, MA, USA) was used as a positive control. In addition to that, a
mouse IgG α-Aβ42 antibody (The Genetics Company, Schlieren, Schweiz) and a rabbit αhuman Aβ43 IgG ab (Immuno-Biological Laboratories Co., Ltd, Hamburg, Germany) was
used to determine any cross-reactions between Aβ species and antibodies. A molecular weight
ladder was added and the gel was loaded according to table 3. Membranes were incubated
after transfer with shaking for two days in 4°C.

Antibody
(dilution)
Lane
Peptide

Mouse IgG α-human
Aβ 6E10 ab (1:3000)
1
2
3
MW
42
43

Mouse IgG α-human
Aβ42 ab (1:500)
4
5
6
42
43
MW

Rabbit IgG α-human
Aβ43 ab (1:500)
7
8
9
42
43
MW

Table 3. Gel and membrane cut into three pieces, one for each antibody. A molecular weight standard and the
two Aβ peptides were applied to each antibody.

Membrane was washed again 3 x 10 min in PBST (0.1% Tween 20) and secondary antibody
was applied. For visualization of the primary 6E10 antibody, a HRP-linked sheep IgG αmouse antibody (GE Healthcare, Uppsala, Sweden) was added. For visualization of the αAβ42 antibody, a HRP-linked sheep IgG α-mouse antibody was added. For visualization of
the α-Aβ43 antibody, a HRP-linked donkey IgG α-rabbit antibody was added. All of the
secondary antibodies were diluted 1:5000 times. One hour of incubation and shaking was
followed by washing for 3 x 10 min in PBST (0.1% Tween 20). ECL™ Plus was used as a
substrate and diluted according to manual. ECL™ Plus was added to the membranes and 5
min incubation followed. Hyperfilm was used for detection with luminescence. 30 sec, 1 min,
5 min, 15 min, 30 min, and 45 min were used for film development.
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ELISA
Brain homogenization
To be able quantify brain samples with ELISA, brain homogenates needed to be in liquid
form. Our sample 182 was homogenized according to protocol: 2.5 g of general cortex human
brain tissue, from a confirmed case of AD was supplied from the brain-bank in Karolinska
Institutet (Stockholm, Sweden). Supernatant was saved in each step. The brain tissue was
homogenized using a pestle-homogenizer, 25 strokes at 1500 rpm in 1x tris-buffered saline
(TBS), pH 7.4. Complete™ protease inhibitor (Roche Applied Science, Basel, Switzerland)
was added to the mixture. TBS (1x pH 7.4) was added to a final volume of 10 ml.
Homogenate was centrifuged for 1 hour at 50 000 g and pellet was re-homogenized in TBS
(1x pH 7.4) containing 1% SDS. Another centrifugation followed at 50 000 g for one hour.
The centrifugation and homogenization was repeated three times.
For all brain samples except 182 that was prepared by us, the pellet was washed 5 times in
TBS (1x pH 7.4) and dissolved in 80% formic acid, at 37°C in a shaker, 600 rpm for ~16-18
hours. This was done by a previous co-worker H Welander, KASPAC, NVS, Karolinska
Institutet. In total the aliquots were made from one fraction with TBS soluble samples
(SUP1), and three fractions with SDS soluble samples (SUP2-4). All aliquots were stored in 20°C. In total there were seven brain samples prepared from confirmed AD cases; 182
(prepared by us), 192, 198, 202, 212, 216, 252 (prepared by H Welander)
ELISA Kit to detect Aβ40, Aβ42, and Aβ43
A general procedure for detection of Aβ40 with the commercial kits: Samples (stored in 20°C) and Aβ43 (stored in -80°C) was thawed on ice and in room temperature respectively.
Standard diluent and ELISA plates was stored in -4°C and put in room temperature 30 min
before procedure. Standard concentrations for Aβ40 was prepared according to kit
instructions, ranging between 0 pM and 100 pM and 100 μl was applied to each standard
point. Sample 182 (TBS, SDS 1-3) were diluted 1000 times in standard diluent from kit and
100 μl was applied to each well. Incubation followed 16-18 hours in 4°C. Plate was washed
five times in wash solution using a microplate washer. 100 μl human/rat, HRP-linked, BA27
α-Aβ40 (Wako II, Neuss, Germany) was applied to each well. Incubation followed for 1 hour
in 4°C. Washing step was repeated. Amplex® UltraRed (AUR) was prepared according to
manual with DMSO and handled in the dark due to its light-sensitive properties. 50 μl AUR
(10 mM) and 2.25 μl H2O2 (30% 9.8 M) was mixed in 10 ml PBS (1x) to a final concentration
of 50 mM AUR. 100 μl AUR working solution was added to each well. Incubation followed
for 30 min in dark. Plate was shaken and fluorescence (544 nm excitation, 590 nm emission)
was detected with fluorometer. Gain was adjusted so the highest value was around 50000
Units. Samples were transferred from the transparent ELISA plate to a white plate to prevent
cross-reaction between wells. Fluorescence was measured again.
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A general procedure for detection of Aβ42 with the commercial kits: Samples (stored in 20°C) and Aβ43 (stored in -80°C) was thawed on ice and in room temperature respectively.
Standard diluent and ELISA plates was stored in -4°C and put in room temperature 30 min
before procedure. Standard concentrations for Aβ40 was prepared according to kit
instructions, ranging between 0 pM and 20 pM and 100 μl was applied to each standard point.
Sample 182 (TBS, SDS 1-3) were diluted 1000 times in standard diluent from kit and 100 μl
was applied to each well. Incubation followed 16-18 hours in 4°C. Plate was washed five
times in wash solution using a microplate washer. 100 μl human/rat, HRP-linked, BC05 αAβ40 (Wako II, Neuss, Germany) was applied to each well. Incubation followed for 1 hour in
4°C. Washing step was repeated. 100 μl AUR working solution was added to each well.
Incubation followed for 30 min in dark. Plate was shaken and fluorescence (544 nm
excitation, 590 nm emission) was detected with fluorometer. Gain was adjusted so the highest
value was around 50000 Units. Samples were transferred from the transparent ELISA plate to
a white plate to prevent cross-reaction between wells. Fluorescence was measured again.
A general procedure for detection of Aβ43 with the commercial kits: Samples (stored in 20°C) and Aβ43 (stored in -80°C) was thawed on ice and in room temperature respectively.
Standard diluent and ELISA plates was stored in -4°C and put in room temperature 30 min
before procedure. Aβ43 standard (10 µM) was diluted to concentrations of 40, 20, 10, 5, 2.5,
and 0 pM. Aβ40 and Aβ42 standard were diluted from 100 to 0 pM and 20 to 0 pM
respectively. Sample 182 (SUP2 and SUP3) was diluted 20, 40, 80, and 160 times in lowbinding microcentrifuge tubes. Low-binding pipette tips were used in all steps where sample
or standard is handled (for all protocols). Solutions were vortexed and 100 μl standard and
samples was applied to each well. Incubation in 4°C for ~16-18 hours followed.
Primary monoclonal rabbit IgG α-human Aβ43 antibody (IBL, Minneapolis, MN, USA) was
thawed on ice and diluted 1:500 in PBST (0.05% Tween 20). This antibody was first diluted
according to manual by solubilizing 50 μg in 1 ml milli-Q water. Aliquots were stored in 20°C. Plate was washed five times in wash solution using a microplate washer. 100 μl of
primary α-Aβ43 antibody was applied in each well and incubated for 3 hours in room
temperature. Plastic film covered the ELISA plate for evaporation prevention during all
incubations. The secondary IgG donkey HRP-linked α-rabbit antibody (GE Healthcare,
Buckinghamshire, UK) was diluted 1:5000 times in PBST (0.05% Tween 20). Washing step
was repeated and 100 μl of secondary HRP-conjugated antibody was applied. Incubation
followed for 2 hours at room temperature.
Washing step was repeated and 100 μl AUR working solution was applied to each wells. 30
min incubation in dark followed. Plate was shaken and fluorescence (544 nm excitation, 590
nm emission) was detected with fluorometer. Gain was adjusted so the highest value was
around 50000 Units. Samples were transferred from the transparent ELISA plate to a white
plate to prevent cross-reaction between wells. Fluorescence was measured again.
Determination of Aβ40 and Aβ42 content in TBS and SDS fractions: Standard Aβ40 was
diluted to 100, 50, 25, 12.5, 6.25, 3.125, and 0 pM in standard diluent provided from kit.
Standard Aβ42 was diluted to 20, 10, 5, 2.5, 1.25, and 0.625 pM in standard diluent provided
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from kit. One additional curve for each peptide was also prepared to mimic the conditions in
the SDS fractions. Those standard curves contained 0.1% SDS. TBS (SUP 1) and SDS
fractions (SUP 2-4) from sample 182 were all diluted 10, 20, and 40 times and added to wells
in triplicates. Rest of procedure was performed according to the general protocol (see top of
material & methods section).
Saturation tests: Saturation tests were performed to see how much Aβ40 can bind to the
capturing antibody. Aβ43 standard curve (40, 20, 10, 5, 2.5, and 0 pM) was prepared by
diluting Aβ43 standard, first in DMSO followed by standard diluent. An additional standard
curve of Aβ43 containing 10% supernatant of sample 182 was also prepared. Five different
concentrations (10000, 2500, 500, 100, 20 pM) of Aβ40 were prepared, all containing 20 pM
Aβ43 standard peptide. Sample 182 was diluted 10, 15, and 20 times. Rest of procedure was
performed according to the general protocol (see top of material & methods section).
Aβ43 coated ELISA
After failing to quantify Aβ43 with the commercial kit provided, we switched to coating our
own plates. A titration experiment was performed to determine the best coating concentration
of the primary antibody. Concentrations between 0.1 μg/ml and 10 μg/ml of α-human Aβ43
antibody were used for coating with a spiked concentration of Aβ43 standard (20 pM).
Different blocking buffers (dry-milk (5%), BSA (5%), and buffer D (1% BSA)) and
concentrations (0.02% and 0.05% Tween 20) was also tried for blocking optimization.
Unblocked wells and only blocked wells without capturing antibodies were also tried. After
optimization a general protocol could be concluded:
A general procedure for detection of Aβ43 with plates coated with α-human Aβ43 antibody:
Stored aliquots of previously used IgG α-human Aβ43 antibody (IBL, Minneapolis, MN, USA)
was thawed on ice. A white, high-binding, half-volume microwell plate with polystyrene
wells (Corning GmbH, Kaiserslautern, Germany) was coated with 50 μl of 0.1 μg/ml αhuman Aβ43 antibody diluted in 1x PBS, pH7.2. Incubation followed for ~16-18 hours in
4°C. Blocking with 190 μl 1x PBST (0.05% Tween 20), pH 7.4 containing 5% dry-milk
followed. Plate was incubated for 2 hours in room temperature. Aliquots of standard peptides
of Aβ43, stored in -80°C, were thawed in room temperature. Aliquot of human brain sample
from general cortex, stored in -20°C, were thawed on ice.
Standard was diluted to 40, 20, 15, 10, 5, 2.5, and 0 pM in 1x PBS (5% dry-milk, 0.05%
Tween 20), pH 7.4. Sample 182 (SUP1 and SUP2) were diluted 20 and 40 times in 1x PBS
(5% dry-milk, 0.05% Tween 20), pH 7.4. 100 μl of standard and samples were added to wells.
Incubation followed for ~16-18 hours in 4°C. Washing in 1x PBST (0.05% Tween 20) in
microplate washer followed. 100 μl primary IgG HRP-linked α-human Aβ 6E10 (Biosite,
Stockholm, Sweden) was added to each well and incubation followed for two hours. Washing
step was repeated. 50 μl AUR (10 mM) and 2.25 μl H2O2 (30% 9.8 M) was mixed in 10 ml
PBS (1x) to a final concentration of 50 mM. 100 μl of AUR mixture was added to each well
and incubation followed in dark for 30 min. Fluorescent measurements followed.
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Direct ELISA
In the direct ELISA BSA (5%), dry-milk (5%) was tried as blocking solutions. Samples were
diluted 20 and 80 times in the different blocking buffers. A white, high-binding, half-volume
microwell plate with polystyrene wells (Corning GmbH, Kaiserslautern, Germany) was
coated with 50 μl of the different diluted samples. Some wells were left empty and samples
were also spiked with a 20 pM Aβ43 standard. Samples were incubated for 16-18 hours in
4°C. Washing in 1x PBST (0.05 % Tween 20) followed. Blocking with 190 μl PBST containg
1x PBS, pH 7.2, 0.05 % Tween 20, and 5 % dry-milk or 190 μl PBST containing 1x PBS, pH
7.2, 0.05 % Tween 20, and 1 % BSA) was performed and incubation followed for two hours
in room temperature. Some wells were left unblocked. Washing step was repeated.
100 μl of IgG α-human Aβ43 antibody (IBL, Minneapolis, MN, USA) (50 μg/ml) diluted 1000
times was added and a 100 μl of monoclonal mouse IgG α-human Aβ 6E10 antibody (Signet
Laboratories, Inc, Dedham, MA, USA) diluted 1000 times was added as a positive control.
Some wells were left without adding any antibodies as a negative control. Incubation
followed for three hours. Washing step was repeated. 100 μl IgG donkey HRP-linked α-rabbit
antibody (GE Healthcare, Buckinghamshire, UK) diluted 1000 times was added and
incubation followed for 2 hours. 50 μl AUR (10 mM) and 2.25 μl H2O2 (30% 9.8 M) was
mixed in 10 ml PBS (1x) to a final concentration of 50 mM. 100 μl of AUR mixture was
added to each well and incubation followed in dark for 30 min. Fluorescent measurements
followed.
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RESULTS
LS-MS/MS
LS-MS/MS was used to determine whether the Aβ43 batch used as ELISA standard were to
be trusted. BSA, Aβ42, and Aβ43 were measured with LC-MS/MS to determine the Aβ43
concentration from a weighted Aβ43 peptide. LC-MS/MS confirmed the initial suspicions that
the Aβ43 standard had an inaccurate concentration. Base peak area (bpa) was calculated to
667 million units for Aβ43 and 1045 million units for Aβ42 (Fig. 11). Aβ40 values were
omitted due to inconclusive values. No trypsin peaks were observed in the chromatogram, but
fragments clearly indicated that cleavage had occurred. In the BSA control drive, the 300
most intensive peaks were chosen for the web-based database MASCOT (Matrix Science
Ltd).

Figure 11. Top spectrum obtained with 6330 LC-MS/MS apparatus from Agilent Technologies, illustrating the
ratio between the three different Aβ peptides. Aβ40 concentration was low, probably because of too low
amount weighted up and impurities in the old peptide batch used. This value was therefore omitted. Aβ42 had
approximately a peak twice as high as the Aβ43. Middle spectrum shows the 663.5 Aβ peak in the LC-MS
spectrum. More detailed demonstrated in the Aβ43 MS/MS spectrum in the bottom picture.
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WESTERN BLOT
Aβ43 bands could clearly be detected after 30 minutes development (Fig. 12). Aβ42 was not
detected in this lane with monoclonal rabbit IgG α-human Aβ43 antibody (IBL, Minneapolis,
MN, USA). The positive control worked well. The monoclonal mouse IgG α-human Aβ 6E10
antibody (Signet Laboratories, Inc, Dedham, MA, USA) that is suppose to interact with all Aβ
species gave bands for both Aβ42 and Aβ43 after 30 seconds development. Dimers of Aβ42
and Aβ43 could be detected for the 6E10 antibody (not shown in figure). Dimers could also
be seen for Aβ43 with the α-Aβ43 antibody. Gel became a bit deformed during
electrophoresis and molecular weight ladder is therefor omitted from the results.

Dimers

Monomers

Figure 12. Left; α-human Aβ 6E10 ab have bound both Aβ42 and Aβ43 peptides after 30 sec detection in dark
room. A plausible dimerization of Aβ42 is seen but not with Aβ43. Dimerization with Aβ43 could be seen after
longer incubation time. Right; Detection of Aβ43 with α-human Aβ43 ab but not with Aβ42, after 30 min
detection in dark room. Plausible dimerization of Aβ43. The values had to be somewhat estimated due to a
slightly deformed gel after the electrophoresis, but should still be trustworthy.

32

ELISA
Aβ43 quantification with commercial kit
A suitable dilution for samples when quantifying Aβ40 and Aβ42 was concluded to be 1000
times. For standard peptides of Aβ43 in the commercial kits the best conditions were also
determined: Best signal-to-noise ratio was seen with the primary α-human Aβ43 antibody,
rabbit IgG (IBL, Minneapolis, MN, USA) diluted 1:500, and the donkey α-rabbit, HRPconjugated IgG (GE Healthcare, Buckinghamshire, UK) diluted to 1:5000. Standard diluent
provided in the kit was initially used for sample preparation.
The two new buffers (PBST and Buffer D) were tested to see if signal-to-noise ratio could be
increased (Fig. 13). Although PBST had a lower signal-to-noise ratio (3.10) than Buffer D
(3.26), additional experiments showed that sensitivity was lost in the low regions with buffer
D. All Aβ43 standard concentrations between 0 pM and 10 pM were in the noise regions,
whereas for PBST detection between 5 pM and 10 pM was possible. PBST (0.05% Tween 20,
pH 7.4) was concluded to be a better sample buffer than buffer D (0.02 M PBS, pH 7.0, 0.4
NaCl, 2 mM EDTA, 1% BSA).

Signal-to-noise ratio buffers
20000

Ratio: 3.08

Fluorescent signal

16000
12000

Ratio: 3.10
Ratio: 3.26

Signal

8000

Noise
4000
0
PBST (1:500,
1:5000)

Buffer D (1:500,
1:5000)

Buffer D (1:100,
1:500)

Figure 13. Initial PBST vs. Buffer D test with different primary and secondary antibody solutions. Blue bars
represent the fluorescent signals with PBST (0.05% Tween 20, pH 7.4) and Buffer D (0.02 M PBS, pH 7.0, 0.4
NaCl, 2 mM EDTA, 1% BSA). Black-grey bars represent the background noise. Two settings of antibody solutions
were used in the experiment. First: A 1:500 dilution for the primary antibody and a 1:5000 dilution for the
secondary HRP-linked antibody. Second: A 1:100 dilution for the primary antibody and a 1:500 dilution for the
secondary HRP-linked antibody. The best signal-to-noise ratio was yield with Buffer D, a 1:500 primary antibody
dilution and a 1:5000 secondary antibody dilution.
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Determination of Aβ40 and Aβ42 content in TBS and SDS fractions
Standard curves had r-values of 0.995 and 0.991 for Aβ40 and Aβ42 respectively. TBS and
SDS fractions from sample 182 were back-calculated from the original weight of brain tissue
and are presented in the table below:

Fraction
of sample
182

Backcalculated
Aβ40 conc.
(pM)

Backcalculated
Aβ42 conc.
(pM)

Conc. Aβ40
(pmol/g wet
tissue)

Conc. Aβ42
(pmol/g wet
tissue)

Conc. Aβ40
(fg/g wet
tissue)

Conc Aβ42
(fg/g wet
tissue)

TBS
SDS 1
SDS 2
SDS 3

35846
8773
7654
11331

1613
2012
2201
4516

143.38
9.47
7.29
4.31

6.45
2.17
1.23
1.72

33.121
2.188
0.990
0.994

1.429
0.481
0.273
0.380

Most of Aβ content is detected in the TBS fraction for both Aβ40 and Aβ42. The ratio
between TBS and SDS fraction is lower for Aβ42 than for Aβ40 (Fig. 14 and 15).

Aβ40
Conc. (fg/g wet tissue)

35
30
25
20
15

Aβ40

10

Aβ42

5
0
TBS

SDS 1

SDS 2

SDS 3

Sample 182 fractions

Figure 14. Aβ40 concentrations in fg/g wet tissue from the four different sample fractions. Aβ42 concentrations
are also included in the figure represented by blue bars.
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Aβ42
Conc. (fg/g wet tissue)

1,6
1,4
1,2
1
0,8
0,6

Aβ42

0,4
0,2
0
TBS

SDS 1

SDS 2

SDS 3

Sample 182 fractions

Figure 15. Aβ42 concentrations in fg/g wet tissue from the four different sample fractions. The ratio between
TBS and SDS is lower for Aβ42 than for Aβ40.

Saturation tests
Aβ40 saturated the capturing antibodies in the commercial ELISA kits (Fig. 16). The more the
sample was diluted, the higher the back-calculated concentration became.

(pM)
25

Measured conc. SUP 1

(pM)
350

Calculated conc. SUP 1

300

20

250
15
10

200
10x

15x

150
20x

100

5
0

10x

15x

20x

50
0

Dilutions

Dilutions

Figure 16. To the left: Measured concentration Aβ43 with different dilutions in the three blue bars. To the right:
Orange bars represent the actual concentration in the sample calculated. The more diluted the samples are,
the more Aβ43 can be detected. This is due to a saturation of the capturing antibodies caused by Aβ40 and
Aβ42.

The saturation was confirmed with saturation experiments (Fig. 17 and 18). Saturation curve
shows spiked samples of 20 pM Aβ43 in different concentrations of Aβ40. When the Aβ40
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concentration is increased to approximately 500 pM the Aβ43 signal starts to decrease. With
the knowledge of the concentration Aβ40 (35846 pM) from sample 182, the saturation curve
showed that the dilution of samples, with this concentration, needs to be at least 80 times to
circumvent the saturation problem. But when using this high dilution on samples, the Aβ43
signal ended up in the background noise.

Saturation curve Aβ40

signal
8500
8000
7500

20 pM of Aβ43

7000

in each point

6500
6000
5500
5000
4500
4000
3500
20

40

80

160

320

640 1280 2560 5120 10240

konc Aβ40 (pM)

Figure 17. Saturation curve illustrating the how the concentration Aβ40 is saturates the plate by binding to the
α-Aβ ab. Y-axis shows the fluorescent signal and X-axis the Aβ40 concentration in pM. Every sample is spiked
with 20 pM of Aβ43. The more the concentration Aβ40 that is applied to the wells, the more the Aβ43 signal
decreases. It means lesser molecules of Aβ43 can bind to the α-Aβ ab. The saturation begins at around 500 pM
of Aβ40 and is total at approximately 10 nM.

In addition to the saturation experiment with increasing Aβ40 concentrations, a standard
curve containing 10% supernatant sample in tandem with a regular Aβ43 standard curve was
prepared (Fig. Y). This clearly indicated that Aβ40 ousts Aβ43 from binding to the capturing
antibody. In the lower concentrations of Aβ43 from both standard and sample, there are more
Aβ43 present, thus a higher signal than from Aβ43 standard alone. In the higher
concentrations, the Aβ43 standard curve together with sample did not follow the polynomial
shape of Aβ43 standard alone. When more Aβ43 shall bind to the antibody in these regions
there are not enough free antibodies available, resulting in a lower signal than for Aβ43
standard alone.
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Aβ43 standard + Aβ43 standard containing 10% supernatant

(Fluorescent units)

30000
25000
Normal standard
20000
15000
AB43 + 10% Sup

10000
5000
0
0

10

20

30

40

50

Conc. (pM)

Figure 18. Aβ43 standard in normal conditions with standard diluent (blue) and with 10% supernatant in the
standard diluent (red). Y-axis shows the fluorescent units and X-axis the concentration Aβ43 in pM. The 10%
SUP is clearly containing too much Aβ40 (and Aβ42), which saturates the capturing antibody in the plate. This
result in lesser molecules of Aβ43 species bound. In the low-region concentrations, Aβ43 standard and sample
can still bind sufficient to the ab. In the higher concentrations it gets ousted by Aβ40 from the supernatant.

Aβ43 coated ELISA
The Aβ43 coated ELISA gave results that could be used for quantification the final day of
experiments. The initial experiments where titration of α-Aβ43 antibody was performed in
concentrations between 1 μg/ml and 10 μg/ml, indicated that this method may work. A high
signal for both detection antibodies, 6E10 with and without HRP conjugation, was obtained
(12000 to 8800 & 53300 to 44000 fluorescence units respectively) for all concentrations.
Non-coated wells with only blocking, standard, and antibodies generated very low signals
(~3600 & 3500 fluorescence units respectively). This adequate blocking and strong signal
could not be repeated. The final experiment gave blocking around 12500 units. Standard
curve had an r-value of 0.997 (Fig. 20). Concentration pmol/ g wet tissue and fg/g wet tissue
is presented in table below:

Fraction
of sample
182

Measured
Aβ43 conc.
(mean pM)

Conc. Aβ43
in sample
(pM)

Conc. Aβ43
(pmol/g wet
tissue)

Conc Aβ43
(fg/g wet
tissue)

TBS 20x
TBS 40x
Mean

17003
14165

676.4
639.5

2.71
2.56
2.64

12.51
11.82
12.17
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Aβ 43 standard
19000

(Fluorescence units)

18000

R = 0.997

17000
16000
15000

Aβ43

14000
13000
12000
0

10

20

30

40

50 (Conc. pM)

Figure 20. Standard curve for Aβ43 with concentrations between 0 pM and 40 pM. Signal shows a relatively
high noise level, but a sufficiently strong signal for quantification and an r-value of 0.997.

Direct ELISA
The direct ELISA could not generate any useful results. Our direct ELISA is described below
(Figure 21). The difference between 20 and 80 times diluted samples did not differ enough
between each other. When we coated the 20 pM spike of Aβ43 standard with the samples 20
and 80 times diluted, there was no difference from samples without spike. All these samples
were blocked with BSA. With this coating a higher signal was obtained than if we just
skipped the blocking part.
When we blocked with dry-milk instead of BSA the signal was decreased. It seemed as the
blocking worked better but there was no difference between 20 pM spiked samples and
without spike. The 6E10 antibody that was used as a positive control gave very high signal.
This antibody binds to all Aβ species and probably there was a lot Aβ bound to the plate.
When we applied only HRP-linked antibody in absence of α-Aβ43 antibody to a coated
sample diluted 80 times, the signal was very high. The blocking was performed with BSA and
clearly this did not work. However, when we left out the coating and blocked with BSA, the
signal was very low. This indicates that the interaction between HRP-linked antibody and αAβ43 antibody is rather low, or that the epitope on the α-Aβ43 antibody is bound to the plate
and thus preventing interaction with HRP-linked antibody.
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Direct ELISA
6E10 ab

Fluorescent signal

60000
45000

No α-Aβ43 ab

30000
15000

BSA
blocking

80x

Dry-milk
blocking

20 pM
20 pM

20x
20 pM
20 pM

0

No
blocking

80x

Coating

Figure 21. Plate coated with 20 and 80 times diluted samples. Two wells were left uncoated. Brown bars
represent BSA blocking (1x PBS, pH 7.2, 1% BSA, and 0.05% Tween 20). Red bars represent dry-milk blocking (1x
PBS, pH 7.2, 5% dry-milk, and 0.05% Tween 20) and gives a lower signal than for BSA blocking. The blue bar
represents unblocked wells. 20 pM spiked Aβ43 standard were also mixed for coating with both 20 and 80
times diluted samples. The 6E10 antibody that was used as a positive control gives as expected the highest
signal. It seems like the blocking has worked in the wells that were uncoated.
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DISCUSSION
LC-MS/MS
The Aβ40 results from the LC-MS/MS running were not satisfying. That may have been to an
impure peptide batch. The peptide did not dissolve adequately, and was cloudy in the HFIP
solution during preparation. The amount of peptide weighted was very small and gave
fluctuations in weight, which can affect the calculated end concentration. As a result of this,
Aβ40 was excluded from the comparison.
Aβ43 concentrations from LC-MS/MS did not correspond well to Aβ42 concentrations that
were almost twice as high. A new batch of Aβ43 peptide was therefore used for later ELISA
experiments.

WESTERN BLOT
Western blot was performed to investigate the specificity of the α-Aβ43 ab. If the estimation
that Aβ42 occurrence is approximately ten times higher than Aβ43 is right, cross-reactivity
would be easy to detect with WB. WB confirmed that the α-Aβ43 antibody in fact was
specific for Aβ43, thus no Aβ42 was detected with the α-Aβ43 antibody. This is important
when considering that the newly developed sandwich ELISA model is coated with these
antibodies. Both Aβ42 and Aβ43 could be detected already after 30 seconds of development
with the 6E10 antibody, which is specific for all Aβ species. This establishes that there was
nothing wrong with the peptide applied.
The gel became a bit deformed in the gel electrophoresis. This is something that can occur
when running with too high voltage. That might have been the cause for the bands that ended
up with slightly higher values than expected.

ELISA
Aβ43 quantification with commercial kits
For the SDS fraction a high dilution contributes to that SDS doesn’t interfere with the
detection of Aβ. SDS in higher concentrations in the Aβ standard curve generated
concentration with great fluctuations. Different concentrations of urea were used to denature
potential aggregates formed by Aβ43. The results from these experiments were not successful
because of large fluctuations in standard and samples.
The fluorescent signal generated when the ELISA plate was measured, had different strength
from time to time despite the fact that the same conditions were used. This raises questions
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about reproducibility when measuring Aβ43 with this set up. However, the fluctuations in
signal could have been caused by lack of stop solution used. When using stop solution, e.g.
after 30 min, you will always measure with signal generated after this time. Without stop
solution, there is a risk that measurements are performed at different times, which can alter
the signal between two experiments. The reason for not using stop solution is that it can
sometimes reduce the sensitivity, which needs to be high in an experiment like this.
Aβ43 from amyloids in mice has in an unpublished study by Saito et al. been quantified using
a sandwich ELISA with the same antibodies and conditions as in this project. In that study,
samples were prepared from amyloid material and not soluble fractions like in this project.
The other successful quantification study on Aβ43 with LC-MS/MS was also prepared from
plaque cores. This facilitates the quantification, given that longer species of Aβ is more
abundantly present in insoluble fractions than in soluble. Furthermore, in plaque cores the
levels of Aβ40 are significantly lower than in soluble fractions, which enable quantification
with commercial kits.
Determination of Aβ40 and Aβ42 content in TBS and SDS fractions
In plaque cores there is more Aβ42 than Aβ40 found due to the longer peptide’s more
aggregate prone characteristics. In this project, the Aβ40 concentrations in the TBS soluble
fractions of brain tissue were approximately 23 times higher than for Aβ42. This is
presumably because Aβ40 is produced in a greater degree than Aβ42 and also because it is not
found in plaques as frequently as the longer peptide. The concentration ratio between TBS
and SDS was much lower for Aβ42 than for Aβ40 (~3 compared to ~16). This is most likely
due to Aβ42 being more hydrophobic than Aβ40 and thus more difficult to solubilize. It is
intriguing to believe that Aβ43 might have an ever lower ratio than Aβ42.
Saturation tests
The saturation tests were performed with believes that Aβ40 can saturate the capturing
antibodies in the commercial kits. Different dilutions of a sample are used to make sure the
concentrations are trustworthy. In the kit, the capturing antibody can bind all Aβ species. If
e.g. one percent of the total Aβ amount from the sample is Aβ43, but the samples applied to
the wells are not diluted enough, the statistic probability will be that levels of Aβ43
interacting with the capturing antibodies is approximately the same between the different
dilutions. In this way the calculated concentrations will differ between dilutions.
In our first test an Aβ43 standard curve was prepared with 10% brain sample. An additional
Aβ43 standard curve was also used to compare with. In the lower concentrations of the
curves, the standard with 10% sample addition is higher than the standard without sample.
But in the higher concentrations of the curves, the signal is reversed; The Aβ43 standard
without sample gets a stronger signal than the Aβ43 standard curve with sample. It is
plausible that Aβ43 can bind to the capturing antibody only to a certain degree, because of the
high amount of Aβ40 in the samples. The slope of the curve with 10% sample also has a more
horizontal shape than the curve where sample is absent.
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The second test was performed with increasing concentrations of Aβ40 standard peptides with
spiked 20 pM Aβ43 standard in them. After approximately 500 pM of Aβ40 the signal from
Aβ43 started to decrease and continued to decrease when more Aβ40 was present. This
clearly indicates that Aβ40 can saturate commercial kit plates used for Aβ40 and Aβ42
quantification, when brain samples from human Alzheimer patients are used in relatively low
dilutions. When we quantified Aβ40 and Aβ42 with these kits dilutions of 1000 times were
used. This will not saturate the antibodies coated to the plate. However, if the low levels of
Aβ43 are to be quantified with these plates, the high dilution factor might be an issue.
To investigate how much the samples needs to be diluted, the Aβ40 concentration in a sample
was compared to the saturation curve. We concluded that the sample probably needs to be
diluted 80 times or more to avoid saturation. But with these dilutions Aβ43 peptides will only
generate signal close to or in the background noise.
Aβ43 coated ELISA
After initial experiments with coating the α-Aβ43 antibody to a polystyrene plate,
anticipations were high due to satisfying blocking and high signal. But the results could not be
repeated in the following experiments due to unsuccessful blocking despite using the same
blocking reagent. The blocking problems continued and why it only worked adequately in the
first experiment remains elusive. Some speculations about the antibody used for Aβ43
detection should be mentioned. Firstly, the α-Aβ43 antibody may not be suitable for coating.
In the product sheet there is no mentioning of it being used in ELISA experiments. Secondly,
the thaw-and-freeze cycle during experiments might reduce the functionality of the antibody.
The best signal was in fact obtained when α-Aβ43 had not been previously thawed. This,
however, suggest that the antibody might be utilized for coating if it has not been previously
thawed.
The ELISA signal generated from Aβ43 from samples may be stronger if a 6E10 antibody is
used together with 4G8 as detection antibodies. In this way all Aβ43 species, including
truncated variants and dimers, can be caught. The 4G8 antibody that was used for trying to
detect Aβ43 was probably used in too high concentration, because the signal was a lot higher
than for the 6E10. Due to time limitations we unfortunately had no time to try different
concentrations and see whether we would obtain a better signal.
It may be possible to quantify Aβ43 with this method with additionally tuning. Quantification
of Aβ43 was accomplished last day of thesis lab time but further experiments are needed to
confirm these results. In that experiment 5 μg/ml coating antibodies and 5% BSA blocking
was used and all incubations except AUR were performed in fridge. In low temperatures
antibodies are more stable and the risk of denaturation is reduced, but on the other hand this
increases the experiment time several days because longer incubation times are then needed.
The amount of coating antibodies (5 μg/ml) that was used is relatively high and for large-scale
experiments this concentration might not be feasible. More experiments are needed to
conclude if the increase in blocking had any effect.
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Direct ELISA
The direct ELISA tried in this experiment did not yield any useful results. The blocking
problems continued to occur also with this approach. If one major problem should be depicted
with this method it is probably the presence of other proteins in the sample. It is conceivable
that other proteins saturate the plate during coating and that insufficient amount of Aβ43
cannot bind in as a consequence of this. The direct ELISA was only tried once and more
experiments are needed to be able to draw further conclusions from the experiments.
Levels of Aβ in soluble brain tissue
Compared to other Aβ40 and Aβ42 quantification studies on soluble brain tissue, our obtained
concentrations (143.38 & 6.45 pmol/g wet tissue respectively) must be considered relatively
low. We were in pM range whereas the levels usually are in the μg och ng range. On the other
hand, our sample was from general cortex, meaning we do not know from what part of cortex
sample derived from. Some parts, e.g. occipital cortex and frontal cortex often have high
levels of Aβ depositions. In addition to that, it is very hard to draw any conclusions about the
Aβ levels obtained due to low number of fractions and samples analyzed in the few
experiments performed.
The levels of Aβ43 (2.64 pmol/g wet tissue) was lower than Aβ42 (6.45 pmol/g wet tissue),
which was expected since both the HPLC-MS study by Welander et al. and the unpublished
study by Saito et al. on Aβ43 with a sandwich ELISA, showed higher levels of the shorter
variant of Aβ. In the latter study it was reported that the BC05 α-Aβ42 can cross-react with
Aβ43. This may influence the results as well. The difference between Aβ42 and Aβ43 was as
said small and maybe the real value is even lower. It was projected that Aβ43 concentrations
should be lower than Aβ42 in soluble fractions due to its more hydrophobic characteristics.
Future prospects
Aβ43 quantification might serve as a diagnostic tool for AD in the future. Due to time
limitations it was not possible to proceed with quantification from CSF samples.
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CONCLUSIONS
Commercial ELISA kits coated with antibodies against all Aβ species are not suitable for
detecting Aβ43 from soluble human brain tissue. This is due to the high amount of Aβ40 (and
in some extent Aβ42) in the samples, which will bind to the same epitope as Aβ43 on the
capturing antibody. These shorter Aβ species will be in excess and bind to the capturing
antibody thereby ousting Aβ43 from binding in. A better way for quantifying Aβ43 with
ELISA might instead be to coat a polystyrene plate with α-Aβ43 antibodies, which are cterminal specific to Aβ43. This will abolish the competition between the different Aβ species
and function as an immunoprecipitation of unwanted species. This yielded adequate
quantification of Aβ43 (2.64 pmol/g wet tissue) the final day of the experiments. This was in
the TBS fraction of sample 182. Aβ40 and Aβ43 were determined to be 143.38 pmol/g wet
tissue and 6.45 pmol/g wet tissue respectively in the same fraction. More experiments are
needed to confirm the results yielded.
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EPILOGUE – FUTURE
Although there still to date is no adequate pharmaceutical treatment in which Alzheimer
disease can be completely haltered, the knowledge today might still contribute with some
positive prospect for the future. For instance, right now the first large clinical immunization
trial is performed on patients from US. The passive vaccination, to date in phase 1, is a result
of monoclonal antibody development in Uppsala University against Aβ protofibrils. This will
hopefully decrease the amyloid burden and perhaps halt the cognitive decline.
Personally, I think the interesting advances are made in the field of Alzheimer’s disease diabetes type 3. Susanne de la Monte was the doctor who first coined “diabetes type 3” based
on that mouse brains could produce insulin and be insulin resistance. Her work was followed
by Dr Mary Newport who got interested in the subject after her husband Steve was diagnosed
with Alzheimer’s disease. She published her story three years ago at
http://www.coconutketones.com/whatifcure.pdf. Her idea was that brain cells did not get
enough glucose and needed an alternative fuel. She gave Steve coconut-oil supplements, very
rich in saturated fatty acids. This pushed the beta-Hydroxybutyric acid, also known as
ketones, production, which facilitates a new fuel for brain cells that might have been insulin
resistant. Ketones are also produced in the body during starvation and when eating a very-low
carbohydrate diet (under 50 g/day). If glucose concentration in the body is too low, the brain
cells will use ketones for energy.
Steve, who at one stage had a MMSE score of 14, progressed and was able to form sentences
better than before only a couple of hours after the coconut-oil treatment. After 37 days, the
improvement was staggering. Steve was told to draw a clock a three times, the day before
starting treatment with coconut-oil, after two weeks, and after 37 days and the improvement
was amazing (Fig. 22)*.

Figure 22. Steve Newport’s pictures of a clock; A is the day before starting with supplements of coconut-oil, B is
two weeks after, and C is 37 days after taking the supplements.

Three natural substances have been shown to be able to degrade beta amyloids; Curcumin, the
active substance in turmeric, hyperforin, the active substance in St. John’s Wort, and garlic
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extract. In addition, the cognitive decline seen in AD has been somewhat haltered by a
number of natural substances as vitamin D, vitamin B12, and polyunsaturated n-3 fatty acids.
It is intriguing to consider some of these beta amyloid degrading substances or somekind of
vaccination together with a low-carbohydrate ketone driving diet, preferable with coconut-oil
supplements as a possible treatment of AD.

*Steve Newport’s health status, together with a lot of other people who has taking the same therapeutic
treatment as Steve, can be followed at Dr. Mary Newport’s blog at http://coconutketones.blogspot.com/
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