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Abstract 
 
Alzheimer’s is a widespread neurodegenerative disease, growing larger and larger in the 
world. Once developed, the disease has no cure. To this day, there is only mitigating drugs. 
To be able to start this treatment rapidly, a method to distinguish healthy individuals from 
prospective Alzheimer’s diseased needs to be developed. Cerebrospinal fluid is thought to 
contribute to the development of such method, through its close substitution of fluids, 
molecules and proteins from the brain. It may provide a progressive marker of the disease, a 
substance differently expressed in the healthy and diseased; a biomarker. 
 
The aim of the present study was to develop and evaluate a stable method for degradation and 
analysis of peptides and proteins in the cerebrospinal fluid using mass spectrometry 
techniques, such as selective reaction monitoring. Mass spectrometry is often used after a first 
dimension separation with liquid chromatography. Three degradation methods were 
evaluated, resulting in a protocol with the detergent DOC being the most beneficial. Most 
tryptic peptides occurred in a concentration of 10 % w/v due to the SDS-PAGE gels and 
database searches concomitantly. The elution pattern from the liquid chromatography enables 
a narrow selection in the sensitivity for each peptide. Chromatographic preferences such as 
column, hydrophobicity and time span was determined, and unwanted peptides filtered away.  
 
A specific protein, the amyloid precursor protein APP, is thought to play a significant part in 
the development of Alzheimer’s disease. The protein is located in the neurons, cleaved and 
processed to produce the neurodegenerating plaques found in the brain at the diseased. Three 
isoforms are found in the neurons, APP695, APP751 and APP770. When cleaved, a shorter 
soluble tryptic peptides is generated from all APP isoforms. This was the target for the current 
study, as a potential progressive biomarker. The method developed was able to separate and 
distinguish the soluble APP751 isoform, but not the APP695 or APP 770 isoforms, most 
probably due to glycosylations of the two resembling isoforms.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
Sammanfattning 
 
En av de största sjukdomarna i västvärlden är Alzheimers sjukdom, en neurodegenerativ 
sjukdom som karaktäriseras av kognitiva besvär. Sjukdomen har inget botemedel, däremot 
kan den om den upptäcks i början, mildras med vissa preparat. Detta kan fördröja den allra 
värsta utvecklingen av sjukdomen med uppåt tio till femton år. För att sjukdomen ska kunna 
upptäckas i sitt första skede behöver metoder utvecklas för detta.  
 
Biomarkörer är ett sätt att studera processer i kroppen under exempelvis sjukdom. Med 
biomarkör kan menas ett ämne som höjts eller sänkts hos sjuka i förhållande till friska 
individer.  
 
Eftersom Alzheimers påverkar hjärnan är man intresserad av att studera förändringar av 
proteinnivåer där. Ett material som anses kunna spegla hjärnans miljö är cerebrospinalvätska. 
Cerebrospinalvätskan har nära utbyte med hjärnans interstitiala vätska och eventuella 
skillnader i proteinnivåer tros avspegla sig i denna. 
 
Den utförda studien syftade till att undersöka ett protein som är inblandat i utvecklingen av 
Alzheimers sjukdom, amyloid precursor protein -APP. Proteinet sitter transmembrant i 
neuronerna och klyvs av enzymer till peptider varav vissa kan aggregera och bilda plack. 
Dessa plack stör neuronernas förmåga till kommunikation. En av de tryptiska peptider som 
bildas vid den första klyvningen är så kallat lösligt APP - sAPP. Det finns tre isoformer av 
APP som uttrycks övervägande i hjärnan, APP695, APP751 och APP770 med tyngd på den 
mest förekommande 695-isoformen. Analys av dessa lösliga delar av APP tros kunna spegla 
förloppet och framskridandet av sjukdomen. De olika isoformerna av proteinet APP ger olika 
peptider och en möjlighet att särskiljas med analytiska tekniker. 
 
Denna studie använde i första hand masspektrometriska metoder för att analysera 
proteininnehåll och mängd. Masspektrometri används oftast i samband med någon annan 
kromatografisk separationsmetod såsom vätskekromatografi. Där separeras först molekylerna 
med avseende på hydrofilicitet eller hydrofobicitet och leds sedan vidare till 
masspektrometern där peptiderna joniseras och analyseras. Genom att tillsätta en lik standard 
som är syntetiskt producerad och isotopinmärkt är det möjligt att förutsäga såväl retentionstid 
för peptiden som hur den borde joniseras. Då man vet dessa egenskaper kan 
masspektrometern programmeras att välja tiden runt den kromatografiskt eluerade toppen för 
att vara ännu mer känslig i sin mätning av joniserade fragment. Detta kallas selektiv 
reaktionsövervakning, SRM.  
 
Denna studie syftar till att mäta och skilja de tre olika isoformerna, för att med SRM sedan 
kunna gå vidare i frågan huruvida de kan fungera som en processmarkör i Alzheimers 
sjukdom. På grund av troliga glykosyleringar av två isoformer kan endast isoform 751 mätas 
och studeras. De andra isoformerna liknar varandra i större utsträckning och är troligen 
glykosylerade på samma sätt.  
 
Syftet med studien var också utveckla ett protokoll för degradering av proteiner i 
cerebrospinalvätska och undersöka deras effektivitet. Bland tre metoder valdes detergenten 
DOC i 10% w/v som mest effektiv för ändamålet. Detta utvärderades utöver MS också med 
gelelektrofores. 
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1. INTRODUCTION 
 
One of the most common diseases in modern time, and steadily increasing, is Alzheimer’s 
disease (AD). Many people worldwide are engaged in the task of trying to understand the 
progress of the disease, the components involved and the causes and effects. AD’s is the most 
common form of dementia, a neurodegenerative disease that primary affects the cognitive 
ability. The disease has no known cures, but there are drugs that can ease the symptoms. Two 
known proteins are thought to be the culprits of the disease, the amyloid precursor protein 
(APP) generating amyloid beta (Aβ) peptide and onwards plaques; and tau, generating 
neurofibrillary tangles (NFT). The plaques and tangles disturb and break down the neurons in 
the brain, causing the disease symptoms. (Blennow et al. 2006) 
 
There is a need to determine the onset of the disease, in the aim of starting treatment as soon 
as possible and give the affected a more bearable remaining life. Biomarkers, such as proteins, 
can give the necessary information. Biomarkers are biochemical substances in the body, either 
increased or decreased in a certain disease, used to evaluate a risk or prognosis for the disease 
(Blennow et al. 2012). The cerebrospinal fluid (CSF) is in direct contact with the interstitial 
fluid in the brain, and gives a good estimation of the brains condition. CSF could thus be used 
as a source of biomarker proteins (Smith et al. 2004).   
 
The aim with this study was to analyse and identify the three isoforms of the protein APP for 
further characterization as a biomarker in AD. The part of the protein studied is the soluble, 
extracellular part which is easier to extract and analyse. The soluble APP (sAPP), will be 
investigated as a progressive marker of the disease, correlating well with the advancement of 
the disease (Colciaghi et al. 2002). 
 
One part of the study was to find and evaluate a suitable method for the degradation of 
neurospecific proteins in CSF compatible with further analysis in a liquid chromatography- 
mass spectrometry (LC-MS) system for identification and potential quantification. The 
degradation method was intended to suit all kinds of proteins, but specifically APP. 
 
One of the three isoforms is dominantly found in the neurons of the brain and thought to be 
most involved in the development of AD. This isoform was considered most important and 
desirable in the measurements. The advantage using MS is the possibility to distinguish one 
isoform from another. MS measures with respect to mass and charge unlike other proteomic 
techniques such as ELISA and surface plasmon resonance. These are based on antibodies and 
their affinity for the protein. MS can provide exact masses and does not have the artefact of 
unspecific binding. MS is also a less time consuming and economic method, once the mass 
spectrometer is available. 
 
This study is based on work with clinical samples, CSF from healthy and from AD-diagnosed 
people. That is of course a large advantage in development of methods for humans.  
 
The protein RAB will sometimes be included in measurements, because of its possibility as 
new biomarker regarding its involvement in the synaptic process, and a curiosity from the 
department’s side. 
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2. BACKGROUND 
 

2.1 Alzheimer’s disease 
 
AD is the most common form of dementia, accounting for 50-60% of all cases. It is 
characterized by memory disturbances, loss of cognitive functions and depression among 
other symptoms, leading to confusion, insecurity and inability to handle everyday tasks. 
About 24 million people were affected by dementia worldwide in 2001 and it is assumed to 
increase to 81 million in 2040. In people older than 85 years, the prevalence is 24-30%. 
(Blennow et al. 2006) 
 
AD, as many other neurodegenerative diseases is a rapidly growing problem, apart from the 
diseased, both economically and for the relatives. Along with the population getting older and 
older, the estimated costs for only AD are 50 billion SEK each year (2009). The prevalence is 
largest among over 65 years of age. Every year, 25 000 new cases are discovered and 2009, 
there was 140 000 people suffering, solely in Sweden. Since the population steadily is 
increasing, this will be an even more severe problem every year. (Blennow and Zetterberg 
2009) 
 
There are difficulties determining if a person with mild cognitive impairment (MCI) will 
develop AD or not, e.g. just stay in the MCI state. The assessment is made by physicians and 
demands extended clinical follow-up. Efforts and studies are made to find a suitable method 
for being able to determine this early (Blennow and Hampel 2003). On that account, there is a 
need to distinguish between AD and other dementia disorders to be able to treat the disease in 
incipient stages. Also there is a huge need for an unbiased marker. The diagnosis now is 
outlined by National institute of Neurological and disorder and Stroke and the Alzheimer 
Disease and related disorders and is mainly based on the exclusion of other types of 
dementias. The diagnosis is confirmed by physicians and can thus differ between patients. 
(Blennow and Hampel 2003) 
 
The dementia is divided into phases, beginning with subjective cognitive impairment SCI, 
into mild cognitive impairment MCI, towards mild dementia, moderate dementia and at last 
severe dementia (Blennow and Zetterberg 2009).The aim is to be able to start treatment for 
the disease as early as in the MCI phase, were yet relatively little destruction of the neurons 
have occurred. These different stages are diagnosed by physicians, based on cognitive tests. 
The needs for other unbiased markers are of great potential.  
 
Autopsy findings shows that the brain of diseased persons have plaque depositions and also to 
large extent NFT’s (Fig.1). This disturbs the neurons’ normal activity and ability to send 
signals between each other. There is a possibility that even 20-30 years before the onset of the 
disease, plaque burden and tau loads start to increase but with no significant symptoms, why 
unbiased markers are needed early in a possible diagnosis. (Blennow and Hampel 2003) 
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Fig 1. The image of plaques and NFT’s in an AD brain when stained post mortally. (Blennow et al. 2006) 
 
There are a few different subgroups of AD. The major form is the sporadic form, more than 
99 % of all cases of AD belongs to this subgroup and is either non-inherited, or sometimes 
weakly hereditary. This group is also divided into early onset (before 65 years of age) with 3-
4% of all sporadic cases and late onset (after 65 years of age) with remaining cases. The 
second subgroup is mixed AD or vascular dementia, sometimes included into the sporadic 
subgroup since neither this is inherited. This subgroup accounts for all cases in which stroke 
or other cerebrovascular damage leads to AD. The last subgroup is the familial AD form 
where autosomal (non-gender) dominant mutations of a few specific genes, e.g. the APP and 
presenilin genes, generate AD. Less than 1 % of all cases of AD belong to this subgroup. 
(Blennow and Zetterberg 2009) 

 
 
Fig. 2. The types of dementia, inherited and non-inherited forms. The largest occurring form is the sporadic, in 
which mixed AD and vascular dementia is included. 
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Some genetics however, seems to increase the risk for developing AD. These are the familial 
mutations, as already mentioned, that can occur in the APP gene and the highly homologous 
presenilin genes. The prevalence is however very low for familial AD. Some studies show 
that the APOE ε4 allele increases the risk of developing AD and lower the age of onset. 
(Blennow et al. 2006) 
 

2.1.1 Amyloid precursor protein 
 
The APP gene is located on chromosome 21 in humans and encodes for the amyloid precursor 
protein APP. APP is synthesized in the endoplasmatic reticulum and transported to the trans-
Golgi network. Three major isoforms of APP arise from splicing of the APP gene; these are 
APP695, APP751 and APP770 (the number responding to how many amino acids each 
consists of). APP is a type-I transmembrane protein with a single transmembrane domain, a 
short peptide tail in the cytoplasm and a long peptide chain (ectodomain) placed 
extracellularly. APP shares conserved regions in the ectodomain with other APP family 
member such as APLP1 and APLP2 (amyloid beta precursor-like proteins), but also in the 
cytoplasmic part. APP695 is typically located in neurons in the brain and the other two 
isoforms APP751 and APP770 is expressed in most tissue neurons and astrocytes (Prior et al. 
1991; Rohan de Silva et al. 1997). APP751 and APP770 contain a Kunitz protease inhibitor 
(KPI) domain, while the APP695 does not. Assumptions are that the function of APP in 
neurons is to maintain the condition through neurite outgrowth, trafficking of neuronal 
protein, transmembrane signal transduction. In AD, there is an overexpression of the isoforms 
with KPI-domain, e.g. 770 and 751. It can also be an overexpressed cleavage with the 
enzymes α-secretase, β-secretase and γ-secretase. β-secretase in combination with γ-secretase 
generates 40 or 42 amino acid long peptide fragments. Both the 40 and 42 peptide is the main 
accumulative peptides in plaques. (Muller and Zheng 2012; Zhang et al. 2011) 
 
If α-cleavage occurs, it generates a large ectodomain called sAPPα, s indicating a soluble 
peptide. The α-secretase is a zinc metalloproteinase, a member of the ADAM (a disintegrin 
and metalloproteinase) family. sAPPα is thought to have an important role in neuronal 
survival and regulation of neuronal stem cell proliferation. In combination with α-cleavage, γ-
cleavage can occur (Fig. 3). These two in combination generates a rapidly degrading peptide 
fragment P3 with no known task and thus assumed to not be important in AD pathogenesis. 
(Zhang et al. 2011) 
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Fig 3. The two pathways of processing APP protein. Either α- or β-secretase can cleave the APP extracellularly. 
After α- or β-secretase cleavage, γ-cleavage occurs in the membrane, releasing an extracellular ectodomain 
(sAPPα or sAPPβ) and a smaller fragment; Aβ40-42 or P3. It is the Aβ40-42 peptide that is considered to be the 
main component in plaques in an AD brain. Figure modified from (Zhang et al. 2011). 
 
 
If β-cleavage occurs, it also generates a large ectodomain, called sAPPβ. Beta-site APP 
cleaving enzyme 1 (BACE1) is a major β-secretase responsible for cleavage. It is a 
membrane-bound aspartyl protease. Overexpression induces cleavage and downregulation 
inhibits cleavage. β-secretase in combination with γ-cleavage generates the neurotoxic Aβ42 
peptide or the less toxic Aβ40 peptide (Zhang et al. 2011). Aβ is produced in the normal cell 
metabolism, degraded by neprilysin, a peptidase, and cleared from the brain by efflux 
(Blennow et al. 2006).  By inhibiting BACE1’s activity, less Aβ is produced and this is the 
reason why efforts are made to develop drugs that target BACE. Other known β-secretases is 
BACE2 and cathepsin B. Excess amount of Aβ42 is believed to lead to synaptic dysfunction, 
intraneuronal fibrillary tangle formation and sometimes neuron loss where deposited. The 42 
amino acid long peptide is more hydrophobic and therefore more prone to aggregate and form 
oligomers than the 40 amino acid peptide.(Zhang et al. 2011). 
 
The central hypothesis formed regarding Aβ production is called the Amyloid cascade 
hypothesis. This states that the clearance and production of Aβ is unbalanced and leads to an 
oligomerisation and accumulation further on to plaque deposition. This theory seems to fit 
when drawing parallels to people with Down’s syndrome, carriers of an extra chromosome, 
the one where the APP gene is located. These people develop plaques early in life. This is also 
the case for the familial forms of AD, where the mutated gene will generate more APP and 
thus more Aβ. The Aβ released when cleaved by β-secretase and γ-secretase is, regarding to 
the amyloid hypothesis, undergoing some conformational change into a more β-sheeted 
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structure that oligomerises. This form of misfolded Aβ oligomer triggers the other Aβ species, 
turning them more prone to aggregation. A neurovascular hypothesis suggests dysfunctional 
blood vessels to be the culprit, not able to deliver nutrients to neurons and unable of handling 
the clearance of Aβ. (Blennow et al. 2006) 
 

2.1.2 tau protein 
 
Tau is a microtubule-associated phosphoprotein located in neuronal axons (Fig. 4). Six 
different isoforms are found and lots of phosphorylation sites. The phosphorylation plays a 
great part in the behaviour of the protein by regulating its physiological function. Tau 
decreases its supportive microtubule activity when aberrant phosphorylation occurs, this 
feature most often associated with AD. When hyperphosphorylated, tau is cleaved and form 
oligomers to give fibrils, which in turn generates NFT’s, in a pattern very like plaque 
formation. When microtubuli starts disrupting, the event will trigger mass dissociation of 
normal tau bound to microtubuli (Fig. 4). (Blennow and Hampel 2003; Pritchard et al. 2011)  
 
 

 
 
Fig. 4. When tau gets hyperphosphorylated, it stops its stabilizing activity in the microtubules of the neuron. 
Microtubuli starts to fall apart and the released protein clumps. The disintegrating molecule is unable to 
signalling and considered as a dying neuron. (National Institute of Health 2007) 
 
The phosphorylation responsible for microtubule destabilization and NFT’s occurs at 
Threonine 231 and Serine 262 and the phosphorylation of these sites can in turn affect other 
sites to phosphorylate, thus resulting in a negative spiral towards more tangles (Pritchard et al. 
2011). The amount of tangles and NFT’s correlate positively with the progression of the 
disease, although only tau is not always sufficient to develop AD. It is believed that the NFT’s 
are not the toxic species; it is the oligomeric and monomeric types (Pritchard et al. 2011). The 
tau pathology is a process that starts early and intracellularly in the neurons and spreads to 
hippocampus and further on towards neocortical association areas (Blennow et al. 2006).  
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2.1.3 Treatment of AD symptoms 
 
One of the current treatments in AD is acetylcholineesterase inhibitors. The role of 
acetylcholineesterase inhibitors is to slow down the degradation of the signal substance 
acetylcholine, which is a signal substance in the synaptic cleft between neurons in the brain in 
the so called cholinergic system. If less enzyme is able to degrade the signal substance, this 
amplifies the signal between neurons, leading to an enhanced cholinergic activity. Some 
studies have shown modest effects on the cognitive symptoms and some benefits are also seen 
for function and behaviour. This treatment only mitigates the symptoms but some cases of 
MCI did not progress to AD during a three year study of treatment with this inhibitor. The 
drugs available on the market are mainly acetylcholinesterase inhibitors and suits different 
progressions of AD. (Blennow et al. 2006; Norlén et al. 2009) 
 
Another treatment is a NMDA-receptor antagonist for decreasing the neurotransmitter 
glutamate’s activity. Increased activity is believed to impair neuronal function. (Blennow et 
al. 2006)  
 
Further on will possible treatments in studies and clinical trials be discussed. One of them is 
β-secretase inhibitors. One of the major components in the plaques consists of the Aβ peptide, 
40 or 42 amino acids long. This peptide is proteolytically cleaved from the precursor protein 
by the enzyme β-secretase and γ-secretase. Since the γ-secretase is located in the middle of 
the cell membrane, it is hard to target. The β-secretase in turn is an extracellular enzyme and 
could in theory be inhibited by drugs. (Blennow and Hampel 2003). Another version is to 
shift the APP processing towards α-secretase pathway instead of cleavage by β-secretase, 
thereby reducing the Aβ production. (Blennow et al. 2006). These substances are in clinical 
trials with hopeful expectations. (Blennow et al. 2012) 
 
Other methods discussed and under investigation in the treatment of AD is vaccination, both 
active and passive immunisation. The anti-Aβ antibodies may bind to the plaques and enhance 
clearance by microglia. γ-secretase inhibitors, Aβ fibrillisation inhibitors and β-sheet breakers 
are thought to affect, and possibly also anti-inflammatory drugs. (Blennow and Hampel 
2003). Tau aggregation inhibitors, microtubule stabilizing agents and immunotherapy towards 
tau is under investigation as potential treatments (Pritchard et al. 2011). 
 
 

2.2 CSF 
 
The function of the liquid around the brain, CSF, is to protect during blood pressure changes, 
regulate the environment in the central nervous system and mechanically let the brain float in 
the skull, thereby facilitate the weight of the brain. (Brown et al. 2004) 
 
CSF is a salty solution secreted from the four choroid plexus’ ventricle walls and also 
ependymal lining cells. Choroid plexus consists of capillaries and transporting epithelium 
from ependyma. A “pump” creates an osmotic gradient that regulates water and solutes in 
plasma. CSF flows from ventricles to the subarachnoid space, thus surrounding the entire 
brain down the spinal cord before being absorbed back to the blood by special villi. CSF 
exchanges solutes and removes waste products from interstitial fluid that surrounds the 
neurons. A sample obtained by lumbar puncture is presumed to work as an indicator of the 
environment of the brain.(Brown et al. 2004; Di Terlizzi and Platt 2006; Silverthorn et al. 
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2004). Dissolved substances uptaken by the brain through the blood-brain-barrier and those 
synthesised by the brain diffuse freely between interstitial fluid and CSF. (Di Terlizzi and 
Platt 2006) 
 
CSF flow functions as drainage for the brain, providing a sink where waste products are 
secreted and removed.  This is because the brain does not have a lymphatic system. One of the 
differences between CSF and blood plasma is the protein concentration, much more protein is 
found in plasma. (Brown et al. 2004) 
 
The blood-CSF barrier is made from the junctional complexes between the epithelial cells in 
the choroid plexus, with restricted passage of molecules and ions (Brown et al. 2004). Larger 
molecules, as peptides and polypeptides can only pass through brain-CSF ependymal cells, 
which is hardly a tight junction but more a gap (Fig. 5) (Smith et al. 2004). CSF influence the 
neurons greatly by its composition, one example is the respiration control out of pH changes 
in the CSF. Constant production of CSF will keep the concentration of compounds that freely 
diffuse between plasma and CSF low. The exchange of peptides through the blood-CSF 
barrier is thought to be limited by poor diffusion of hydrophilic and low lipid solubility 
molecules such as peptides. (Brown et al. 2004; Smith et al. 2004) 
 
 

 
 
Fig. 5. The filtration and diffusion of blood and CSF. The cells between the brain and the CSF are ependymal 
and have gap junctions with less selectivity meaning that proteins or peptides can diffuse relatively freely. As 
opposed, between the CSF and the blood, there are tight junctions with much more selectivity and more 
restricted passage to and from the blood. Also the blood-brain-barrier consists of tight junctions. A sample of 
CSF is therefore considered to give a measurement of the brains environment. (Smith et al. 2004) 
 
About 10-30 % of the CSF arises directly from the interstitial fluid; the rest is generated from 
the choroid plexus’. A sample of CSF should therefore represent 10-30% of the proteins and 
peptides located in the brain and give a rather good measure of the brains condition and 
environment. One aspect is the fact that the choroid plexus also is affected in late AD and the 
diffusion of peptides may be affected (Smith et al. 2004). 
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2.3 Biomarkers 
 
One of many applications of proteomics is the search for new biomarkers. A biomarker is 
defined as a biological feature of a cell, tissue or organism that corresponds to a particular 
physiological state. The disease biomarkers are often proteins that appear or disappear or 
more often increase or decrease in concentration in the presence of a disease. Toxicity 
markers have the same concept and measures if a protein is affected during treatment of a 
certain drug. Molecular biomarkers, such as mutations, appear prior to pathological symptoms 
and are therefore easier to target and treat in the early stages. Biomarkers are possible 
monitors of a progress of the disease. The ideal biomarker is highly specific for the disease or 
condition. A combination of biomarkers can also be sufficient to respond to a disease. 
(Twyman 2004) 
 
There are two groups of diagnostic markers; state markers which reflect the intensity of the 
disease, as total tau concentration corresponding to neuronal damage or; stage markers which 
reflect how far the disease has proceeded, today measured with X-ray computed tomography 
or magnetic resonance imaging. State markers are of primal concern in the efforts to treat 
patients before they develop severe AD. (Blennow and Hampel 2003) 
 
Applied and clinically used biomarkers nowadays are among others: CRP, a protein that 
increases 1000-fold during inflammation, autoimmune disorders trauma or infection 
(Maksimowicz-McKinnon et al. 2004); P53, a protein involved in preventing cancer where 
mutation of the protein is disadvantageous for the development of cancer (Zong et al. 
2012)and the prostate specific antigen found in elevated levels in men with prostate disorders 
(De Angelis et al. 2007). Others are well-known, as the measurement of body temperature that 
responds to fever and the high cholesterol levels that accounts for vascular diseases (Olsson 
2006). Most of these biomarkers have not been found using proteomic techniques, but 
proteomics holds a promise for the future in many areas. 
 

2.3.1 Using CSF in biomarker discovery 
 
As previously mentioned, the CSF surrounds and is in contact with the extracellular space of 
the brain. It is therefore thought to reflect possible events in the brain. CSF is possible to 
obtain from patients through a rather innocuous method called lumbar puncture where 10-12 
millilitres are tapped and analysed. A key concept in the investigations of biomarkers in AD is 
the assumption that every change of protein levels in the brain corresponds to an equivalent 
decreased or increased amount in the CSF. 
 
CSF consists of many highly abundant proteins (Fig. 6). Biomarkers often are among the low 
abundance proteins and in many cases are the analyses disturbed by albumin, a carrier protein 
and the most frequent protein in the blood and CSF (Fanali et al. 2012). 
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Fig. 6. The composition of CSF. sAPP’s and Aβ are among the pool of low abundant proteins. The severity in 
analyzing the tiny amount of proteins when considering the vast abundance of the others remains a hard task in 
the study of proteomics. (Ekegren et al. 2008) 
 
The CSF biomarkers so far in clinical use in AD are the Aβ42 peptide, lowered, the T-tau 
(total tau), increased, and P-tau (phosphotau), increased. The lowering of Aβ42 is thought to 
be due to these peptides being incorporated in plaques to a greater extent and less Aβ42 is able 
to diffuse to the CSF. Up to 50 % lower levels of Aβ is found in AD compared to controls 
using ELISA assays (Sunderland et al. 2003). The increased amount of tau is thought to 
respond to the tau protein not being able to bind and stabilize microtubuli, therefore diffusing 
freely in a greater amount in the CSF. The level of P-tau probably reflects formation of NFT’s 
and the phosphorylation. The increase of T-tau in the AD patients were 300 % compared to 
the control group. (Blennow et al. 2012; Sunderland et al. 2003) 
 
The advantage of measuring both T-tau and P-tau is because possible exclusion of other 
diseases such as Creutzfeldt-Jakob disease where only levels of T-tau increases. AD in 
contrast displays elevated levels of both P-tau and T-tau (van Harten et al. 2011). The 
diagnostic accuracy rises when measuring all of these three biomarkers at the same time, in 
comparison to measuring only one (Blennow et al. 2012). If all three are used, the 
discrimination between AD cases and non-AD cases is over 80 % in specificity and sensitivity 
(Blennow and Hampel 2003). The combination of measurements of tau and Aβ42 have a 
sensitivity of 95% and specificity of 83% for the detection of incipient AD in patients with 
MCI. It is possible to predict the rate of cognitive decline. (Blennow et al. 2006; Blennow et 
al. 2012) 
 
One of the novel biomarkers for AD is the sAPP domains, α and β, that arises when either α-
secretase or β-secretase has initially cleaved APP (Blennow et al. 2012). This may be a good 
measurement of the APP processing rate and ultimately the amount Aβ emerging (Colciaghi 
et al. 2002). Other pre- and postsynaptic proteins such as Rab3a, synaptotagmin and 
synaptosomal-associated proteins are examined as possible biomarkers for AD (Blennow et 
al. 2012). 
 
CSF biomarkers can contribute to drug development in some ways, like early diagnosis or 
improved diagnosis, as well as monitoring the drugs in the body and their biochemical effects. 
Some aspects though, are a disadvantage for the theory. Biomarker studies are based on a 
clinical diagnosis and hence increase the risk for misdiagnosis. Elderly people in general can 
have plaque and tangles to the amount that it should be interpreted as AD biochemically but 
without experiencing the symptoms. Also, it can be hard to differ between other dementias 
just by using biomarkers, because of overlapping pathologies. 
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2.4 Proteomics 
 
Proteins are the main component of all biological systems and therefore very relevant to 
study. Only by studying interactions and structure of a protein, it is possible to tell something 
about the function. (Twyman 2004) 
 
The genome is all the genes in an organism, the transcriptome is the complete set of mRNA 
and at last, the proteome is the complete collection of proteins in a given cell. The genome is 
more of a static entity while the transcriptome and proteome are more dynamic since they 
depend on surrounding conditions. One single gene can give rise to several mRNA’s and even 
more proteins. Factors that affect the transcriptome and the proteome are alternative splicing, 
promoters, different start and stop codon use, and post-translational modifications. Many 
proteins are given their functions after being transcribed. The location of the protein also 
affects its functions. (Blackstock and Weir 1999) 
 
The proteome is described as “the complete set of proteins produced by a given cell or 
organism under a defined set of conditions”. The proteome is a rather complex and dynamic 
entity that depends on factors such as sequence, structure, abundance, localization, 
modification, interaction and biochemical function. Since the main goal in molecular biology 
can be described as to determine the function of the genes, their products and links to produce 
a great network, the proteomics provide a large part of information. Proteomics is called “top 
down” discovery and mirrors the usual approach that is the isolation and characterization of 
individual genes and proteins and the study of each component. Proteomics is also in this case 
providing a new approach to protein studies. (Twyman 2004) 
 
Proteomics is the study of all proteins transcribed from RNA in one cell or organelle at a 
certain time, its functions and its structure. It includes possible translational modifications of 
the protein such as methylation, phosphorylation or glycosylation. Proteomics is large-scale 
studies, able to analyse plenty of proteins in the same way at the same time. This is important 
since while the genome is consistent, the protein expression differs because of translational 
factors. Clinical proteomics is based on what protein content information possible to gain 
from one sample only. The word proteomics is sometimes used for a combination of protein 
purification techniques and MS. (Blackstock and Weir 1999) 
 
The revolution occurred in the 90’s as DNA sequencing arose. All the information of new 
genes that were discovered was imported into databases. Many unknown genes were also 
discovered and changed the “old” way of studying proteins. This made it possible to study in 
a more holistic manner. Due to these findings, the central dogma that characterized molecular 
biology could be broadened (Fig. 7).  
 
 

 
 
Fig. 7.  The traditional versus reductionist approach to proteomics. The traditional version is much narrower 
and the reductionist opens up for a broader way to study genes, mRNA’s and proteins. 
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Proteomics is the idea of completeness; all proteins should be identified and studied. All 
measurements require high throughput techniques, why this is a costly area. Proteins are not 
fixed, meaning that a single measurement in one time point may not give enough information. 
Proteins alter their location and function. The easiest thought is that one protein is transcribed 
from one gene, but that is a serious understatement since mRNA splicing occurs, proteolytic 
activity changes and there is also diversity in the modifications. (Lawrance et al. 2005) 
 
Most drugs target proteins and that is why proteins are so interesting to study in this respect. 
The measurement of alterations of the proteome in fluid and tissues is possible. What is called 
expression proteomics is the disease-marker discovery including the toxicology studies and 
the drug target validation method. In proteomics, the subcellular locations of proteins and the 
interactions of proteins can be studied. (Blackstock and Weir 1999) 
 
One drawback of proteomic techniques is the lack of an amplification method for proteins, 
such as PCR for DNA. Scarce proteins are difficult to visualize or study because other 
proteins are more abundant. (Twyman 2004) The proportion of proteins varies widely as seen 
in fig. 6. 
 
The unbiased techniques have no selection of protein, they are able to detect all new proteins 
and allow for changes in the protein. Biases techniques have a fixed and identified protein and 
antibodies generated towards the targets for the analysis.  
 
More subcategories of proteomics are developing; secretome; the secreted proteins and the 
cellular proteins from vesicles and exosomes; cell surface proteome, labelled with 
biotinylating agents and interesting because of signalling pathway across membrane, 
phosphoproteome; mainly focusing on phosphorylations, and interactome; the study of 
interactions from protein to protein. (Lawrance et al. 2005) 
 
MS made proteomics usefulness raise. Zeptomole sensitivity is possible to obtain and a 
sampling rate of just around a thousand molecules is enough, though the low-abundant 
proteins are scarcely identified. Just one peptide from each protein can be sufficient to 
identify the protein using search algorithms in databases, but usually two or more peptides of 
the same sort are required to exclude possible misinterpretation. Antibody based, protein 
microarrays and tissue arrays are methods used in the vast field that is proteomics. (Lawrance 
et al. 2005) 
 

2.4.1 Mass spectrometry in proteomics 
 
MS based proteomics are divided into identification, absolute and relative quantification.  
 
Identification using proteomics depend on a tandem mass spectrum giving a pattern that is 
possible to compare with other spectra in database libraries for matching. The tandem mass 
spectrum must give reproducible results under same conditions. (Lam 2011) 
 
The identification methods are divided into three groups (Fig. 8). De novo sequencing is the 
clueless investigation, only depending on algorithms to account for which peptide it is. 
Sequence database searching methods rely on known peptides from known protein sequences, 
put together in a sequence database. Spectral library searching can only be carried out if the 
peptides sought have previously been detected and identified. (Lam 2011) 
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Fig. 8. Three types of identification methods after tandem MS. (Lam 2011) 
 
The relative quantification can compare the amount of protein between healthy and diseased 
individuals and gives a quantitative ratio, e.g. a relative change. The absolute quantification 
gives valuable information of the absolute amount of protein in the sample. Also these 
methods can be divided to further subgroups as shown in Fig. 9. 

Fig. 9. Several techniques of quantification, which is an important step in proteomics. Biomarker discovery is 
based on an increased or decreased amount of protein in a certain fluid. To be able to quantify the amount found 

in sample, labelled agents in known amount are added. (Nikolov et al. 2012) 
 
Relative quantification (Fig. 9) in MS is based on the comparison between same samples in 
two or more experiments or two or more samples in the same experiment, where the labelling 
agents differ in isotopic composition but not in physical and chemical properties and are thus 
suitable for an even comparison. These vary between heavy, 13C, and light, 12C isotopes and 
give a shift in the peptide’s peak in the mass spectrum due to the mass difference. The heavy 
isotopes can either be incorporated into the protein as it is transcribed (metabolic labelling), or 
a chemical group with heavy isotopes can be attached to the protein or peptide after 
transcription (chemical labelling). The mass spectrometer then measures the amount of 
standard labelled with heavy isotopes in comparison with light isotopes after fragmentation. 
Examples of these techniques are isotope-coded affinity tag (ICAT) and isobaric tags for 
relative and absolute quantification (iTRAQ). (Nikolov et al. 2012) 
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Absolute quantification (Fig. 9) wants to determine the absolute amount or copy number of 
heavy label protein in the sample mixture. This can be achieved by adding peptides labelled 
with heavy isotopes in a known amount and concentration to the sample as an internal 
standard, AQUA (absolute quantification). This requires a certain amount of knowledge in 
prior experiments such as the optimum fragmentation, elution time of chosen peptide, m/z-
value and collision energy. Two peaks are obtained in the MS spectra that are associated to 
the same tryptic peptide, one with the light isotopic endogenous peptide, and one with the 
heavy peptide. In the case with AQUA peptides, the fragmentation needs to be complete or 
the measurement will not be truthfully quantifying. Also missed protease cleavages will 
decrease the signal in the experiment and not give accurate data. (Nikolov et al. 2012) 
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3. EXPERIMENTAL THEORY 
 
Proteomics is as earlier described the study of the proteome. Analyzes of proteins are 
commonly carried out using a combination of a separating technique such as LC or gel 
electrophoresis followed by MS methods for identity, quantity or function. The usual flow for 
analyzing proteins and peptides can be concluded as shown in Fig. 10. 
 

 
 
Fig. 10. A usual flow chart for analyzing proteins and peptides in proteomics. 
 
The aim with the present study was to determine and evaluate a reproducible degradation 
method for obtaining a good pre-mass spectrometric method using CSF as starting material. 
 
 

3.1 Tryptic digestion 
 
Trypsin is a serine protease that hydrolyses proteins. Trypsin cleaves at a particular site, on 
the carboxylic side of the amino acid arginine, R and lysine, K (Silverthorn et al. 2004). On 
that basis it is possible to predict how a certain peptide should be optimally cleaved. 
Databases are created after the predicted trypsin cleavage pattern and it is possible to match 
analysed sequences or peptides to the database. Trypsin is rapidly degrading itself and is 
therefore stored in -20°C until use. To stop trypsin from degrading more, pH can be lowered 
beneath 4, where the enzyme is reversely inactive. Trypsin is specifically a good degrading 
enzyme in combination with MS since it cleaves the peptides to a size where they ionizes and 
fragments good. (Promega Corporation 2011) 
 
 

3.2 SDS-PAGE  
 
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) is a technique 
developed to separate different proteins due to molecular weight; their electrophoretic 
mobility. When sample is applied in the wells, a current is applied over the gel in the cassette 
and the sample begins to move. A lighter protein is able to travel further in the gel while a 
heavy protein remains in the beginning of the gel. SDS is an anionic detergent that binds to 
the polypeptide backbone stochiometrically and carries large negative charge. This means that 
the larger protein, the more negative charges and the slower the migration through the gel. A 
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smaller protein binds less to SDS and is not hindered due to charge. This gives a relative 
difference in mass between the proteins that can be visualized on the gel. Ions and ion 
fragments should travel very fast through the gel because of the current and their size. 
(Twyman 2004; Weber and Osborn 1969) 
 
Also, the gel sieves the proteins due so size to a certain extent. The fewer crosslinks between 
the monomers in the gel, the larger pores. The concentration of the gel is also a factor in 
sieving. (Twyman 2004) 
 
 

3.3 Immunoprecipitation (IP) 
 
IP uses superparamagnetic beads to selectively sort out a specific protein out of a fluid. By 
using magnetic beads coated with antibodies against the antigen (protein) of interest applied 
directly to the solution, proteins or peptides are easily depleted.  
 
IP can also be used in the aim of concentrating a protein. After precipitating the protein, it is 
possible to run WB to determine molecular weight, quantity and presence of the protein. By 
using the magnetic beads, handling is simple when removing the supernatant or excess buffer, 
the tubes are simply put close to a high-power magnet and the beads with chemically bound 
groups will remain attached. (Life Technologies Corporation 2009) 
 
 

3.4 Western Blot (WB) 
 
WB is a technique which separates proteins according to size in a polyacrylamide gel 
electrophoresis and then detects the specific protein of interest using antibodies. After 
separation on gel, the bands corresponding to all different proteins are transferred onto a 
nitrocellulose or PVDF membrane. Detection is carried out using two antibodies. The 
membrane is first blocked from further non-specific binding. The first antibody applied is 
selective against the antigen, binding only to the antigen. The second antibody is selected to 
bind to the first antibody. Attached to the second antibody is most commonly an enzyme or 
biotin with conjugated molecule illuminating light or colour for detection and possible 
quantification. (Beardslee 2012; Berg et al. 2007; Centers for Disease 1989) 
 
 

3.5 Liquid chromatography (LC) 
 
LC is the separation of molecules, such as proteins, in an aqueous mixture with the use of two 
phases, one fixed, solid, called stationary phase, and one free-moving, liquid, called mobile 
phase. The solid phase is made of silica beads with covalently attached groups which can 
interact with peptides. The separation occurs because proteins have different affinity for 
binding to either the solid or mobile phase. Low affinity for binding stationary phase results in 
a quicker movement since the molecule is more prone to stay in the mobile phase, and not 
interacting strong enough with stationary phase. High affinity hence means interacting with 
the stationary phase and gives slower movement. Separation with LC is most compatible for 
MS analysis and the study of proteins and peptides. (Ekman et al. 2008; Twyman 2004). High 
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performance liquid chromatography (HPLC) have more uniform particles and an increased 
flow rate in comparison to usual LC (Ekman et al. 2008). 
 

3.5.1 Reverse phase chromatography 
 
Reversed phase (RP) is separation according to hydrophobicity. It is a chromatographic 
method consisting of hydrophobic solid material and a polar solvent and therefore pH 
dependent. The stationary phase contains hydrophobic matrix with hydrophobic groups 
attached to. The sample is applied to the column and then washed with a polar or hydrophilic 
solvent to eliminate all polar compounds such as salt. Since peptides are hydrophobic, they 
will attach to the silica column and stay during hydrophilic conditions until eluted with a 
gradually increasing hydrophobic solvent. (McNaught et al. 1997; Twyman 2004) 
 

3.5.2 Ion exchange chromatography (IEC) 
 
IEC separates the proteins according to interactions between charged functional groups in the 
stationary phase and opposite charge in the sample molecule. It is non-selective of the 
different protein classes or the mass of each protein. The solid phase contains chemically 
charged groups with cationic or anionic resins. Fractions are eluted in buffer with increasing 
ionic strength or pH, why the sample should have a heterogenous charge for best result, 
obtained with altering pH changes. Strong cation exchange (SCX) is one example, binding to 
positively charged groups. Strong anion exchange (SAX) is the reverse, binding to negatively 
charged groups. (Twyman 2004) 
 

3.5.3 Multidimensional chromatography 
 
To be able to separate complex mixtures, more dimensions of separation can be added to the 
process. The first dimension can be a SCX column and from that, they are eluted into 
fractions, separately applied to the HPLC-MS/MS system. It is of importance that the eluent 
used for fractionating is compatible with the gradient in the HPLC-MS/MS system. One 
example of such gradient is acetonitrile, ACN, which rarely interacts with the ion exchange 
separation. These steps are nowadays most often combined in a column before entering the 
mass spectrometer. The aim with fractioning the samples is the increased amount of sample 
possible to apply on the column, for the discovery of low abundance proteins. (Twyman 
2004) 
 
 

3.6 Mass spectrometry (MS) 
 
A mass spectrometer consists of three main components (Fig. 11); the ion source, the mass 
analyzator and the detector. Depending on type of analyte and information desired different 
configurations are employed. In this work two different spectrometers have been used. One is 
a high resolution device and has been coupled to nano-LC and is used for exploratory 
proteomics and method development while the other is coupled to regular LC and is used for 
quantitative measurements. Both instruments use electrospray ionization (ESI) as ion source. 
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Fig. 11. The three main elements of a mass spectrometer. 
 

3.6.1 The ion source – electrospray ionization (ESI) 
 
For analysis of proteins and peptides the two commonly used ion sources are ESI and matrix-
assisted laser desorption/ionization (MALDI). ESI is the standard source for coupling to LC 
and can handle a wide range of flow rates, from little less than nL/min to mL/min. Samples in 
ESI (Fig. 12) are dissolved in a polar volatile solvent and run through an emitter with high 
potential, either positive or negative. The potential forces the fluid to form a Taylor cone with 
all the negative or positive charges in front. The voltage potential also causes the fluid to form 
a spray which forms small charged droplets over the distance. The droplets evaporate by flow 
of nitrogen or some other inert gas and become smaller and smaller, bearing the same charge. 
These steps form the dehydrated ions, they are then ejected into the mass spectrometer. 
(Ekman et al. 2008; Twyman 2004) 
 
 

 
 
Fig. 12. The formation of charged peptides and particles using electrospray ionization. When pressure and 
current is applied, droplets with charges form and solution evaporates, leaving only charged particles to be 
analyzed in the mass analyzer. (Royal Society of Chemistry 2003) 
 

3.6.2 The triple quadrupole (QqQ) instrument 
 
A quadrupole is a small device that separates ions in a certain range of mass-to-charge ratio 
(m/z). A mass spectrum is obtained when scanning a certain m/z range while measuring the 
amount of ions passing through at each m/z setting. One quadrupole analyzer consists of four 
rods in an arranged pattern. Geometrically opposite rods are pairwise connected; one pair at 
positive polarity and the other at negative. By applying a combination of static and radio 
frequency voltages to the rods, they will act like a filter. Thus, it is possible to select ions with 
different m/z. (Ekman et al. 2008) 
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A triple quadrupole (QqQ) instrument consists of three quadrupoles in series, which allows 
for tandem mass spectrometry (MS/MS) measurements. In MS/MS mode, the first quadrupole 
is set to transmit a certain m/z, to the second quadrupole, which is a collision cell (since no 
separation is required here, usually a hexapole or an octapole is used instead). By allowing a 
small amount of gas, e.g., N2, into the cell, the selected species undergoes so-called collision-
induced dissociation (CID) and a number of ion (and neutral) fragments are obtained. The 
third quadrupole now acts as a filter for the fragments and only those fragment ions that 
selected will pass through and hit the detector (Fig. 13). (Ekman et al. 2008) 
 

 
 
Fig. 13. The principle of a triple quadrupole, where the first quadrupole chooses the parent ion, the second cell 
is the fragmentation region where particles collide with gas, and the third selects the product ions after collision 
and dissociation of the parent ion. (The Samuel Roberts Noble Foundation 1997-2012) 
 
The detector consists of an electron multiplier (EM) that amplifies the relatively weak ion 
signal to a greater signal at the anode, the end of the multiplier. When the ion reaches the first 
dynode (often an alkali or alkali earth metal) on the multiplier, sometimes with voltage, it 
causes a cascade of electrons to come loose and aim for the next dynode. This will generate a 
more intense signal the more dynodes attached in the device. (Ekman et al. 2008) 
 
A QqQ mass spectrometer can operate in four different modes. In precursor mode one of the 
quadrupole filters is set to scan the desired m/z range (the other quadrupole is set to allow all 
ions to pass through). Neutral loss mode is used to identify a class of molecules with a 
common functional group, which easily comes off in the CID process, e.g., phosphate. Here 
the Q1 and Q3 are set to scan in coupled mode, i.e., if phosphate loss is to monitored that 
means a loss of 80 Da in the CID cell; Q3 is then set to transmit at exactly 80 Da less than Q1 
at any given point of time. This way fragments of ions that lose a group of mass 80 Da in the 
CID cell are detected. Product ion mode is used to obtain structural information and 
compound identity. Here Q1 is set to transmit a desired m/z. These ions are then fragmented 
in the CID cell. Q3 is the scanned over a suitably wide m/z range allowing for detection of 
possible fragment ions. This is the standard MS/MS mode for compound identification. 
Lastly, acquisition in single reaction monitoring (SRM) mode is used for quantification. Here 
both Q1 and Q3 are set to transmit only a certain, but not the same, m/z. Thus, a relatively 
specific combination of precursor m/z and fragment m/z is measured. To enhance the 
specificity, Q3 can be set to toggle between three different fragments. (Ekman et al. 2008) 
 

3.6.3 The hybrid linear quadrupole ion trap/Fourier transform ion cyclotron resonance 
instrument (LQIT/FTICR) 

 
The principle of the LQIT is almost the same as for a quadrupole mass filter. Instead of just 
filtering ions entering, the ions are trapped in the device. All ions can then be scanned out of 
the trap to a detector providing a precursor scan, or ions of a chosen m/z can be isolated (all 
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other ions are forced out of the trap) and then excited and fragmented by CID. If desired 
further isolation and fragmentation steps can be performed, so-called MSn. Finally in this 
particular hybrid instrument, stored ions can be further transmitted to the ICR cell for high 
resolution analysis. (Ekman et al. 2008) 
 
Ions travelling to the ion cyclotron resonance (ICR) cell are trapped in a strong magnetic field 
and will start to orbit in a cyclotron motion. They move at different angular velocity 
according to their m/z. The ions chosen for detection are excited and move close to the edges 
in the ICR cell and an image current is detected when they pass by detection electrodes (Fig. 
14). The signal is then Fourier transformed from a time spectrum to a frequency spectrum and 
thus a mass spectrum is obtained. The FTICR analyzer provides both the highest mass 
resolution and the best mass accuracy of the analyzers available. (Ekman et al. 2008) 
 
In the FTICR experimental setup a combination of both a quadrupole ion trap and Fourier 
transform ion cyclotron resonance acquisitions is performed. Analyte molecules eluted from 
the nano-LC are ionized in the ESI source and injected into the LQIT where they are trapped. 
These ions are then further transported to the ICR cell for high resolution acquisition. 
Meanwhile, another set of similar ions are injected into the LQIT, similar in the aspect that 
they are eluted at the same time. In a so-called data dependent mode, the software now 
determines which of the ions detected in the ICR cell that should be subjected to MS/MS 
analysis, e.g., the seven with highest intensity. The selected are, one at a time, isolated, 
fragmented, and scanned in the LQIT. Since the LQIT is faster, more sensitive, and for tryptic 
peptides the high resolution and mass accuracy is not needed this is possible. (Ekman et al. 
2008) 
 
 

 
 
 
Fig. 14.  The setup of a FTICR spectrometer. A magnetic field accelerates the ions and plates detect the ions as 
they pass by giving them relative values. It is Fourier transformed from a function of time to the frequency 
spectrum that is analysed. 
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4. MATERIAL & METHODS 
 
The overall procedure was divided into two main parts. The first task was to find a suitable 
and reproducible method for digestion of CSF. The optimal method should generate as many 
cleavages of the protein as possible including as much peptides as possible and as low charges 
of the peptide ions as possible. To evaluate these factors, LQIT-FTICR and SDS-PAGE were 
used. 
 
The second task was to develop a µLC-SRM-MS method on the QqQ for analyzing the 
peptides. This task included decisions of gradient suitable for sAPP isoforms, amplification 
the signals for each peptide and evaluation of the reproducibility of the method. Once the 
method was set to match these criteria, a small clinical trial was carried out and possible 
glycosylations attempted to be determined (Fig. 15). 
 

 
Fig. 15. Procedure flow chart of the study with respect to methods. The two main tasks were evaluation of 
degrading method and the SRM method development. A small test on clinical samples was also carried out. 
 

4.1 Protocol evaluation 
 
Three protocols for digestion of CSF were investigated and evaluated (Table 1). 
 
Protocol name DOC GnHCl High temperature 

reduction protocol 
Detergent DOC GnHCl DTT 
Buffer ABC TEAB ABC 
 
Table 1. Concluding table of the three different methods evaluated. 
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4.1.1 Dodeoxycholate protocol (DOC) 
 
100 µl CSF were treated with 10%, 1% or 0.1% w/v DOC (Fluka Analytical) detergent, 
diluted with 25 mM ABC-buffer (Riedel-de Haën), reduced with 50 mM TCEP (Thermo 
Scientific), vortexed and incubated in 60°C for 30 minutes. The samples were then alkylated 
with 100 mM iodoacetamide (Sigma Aldrich), incubated at room temperature for 30 minutes 
and degraded by trypsin (Promega) over night in 37°C. The trypsination was stopped by 
adding 50 µl 10% formic acid (FA), (Fluka Analytical), then vortexed and centrifuged. (Proc 
et al. 2010) 
 

4.1.2 Guanidinium hydrochloride protocol (GnHCl) 
 
100 µl CSF were diluted with 4M GnHCl (Sigma Aldrich) in 100 mM TEAB buffer (Fluka 
Analytical), reduced with 50 mM TCEP and incubated in 60°C in 30 minutes. The samples 
were then alkylated with iodoacetamide to a final concentration of 10 mM and incubated at 
room temperature for 30 minutes. After incubation, 100 mM TEAB and 100% ACN 
(LabScan) were added before trypsin addition. Trypsination took place over night in 37°C and 
stopped after night by adding 10% FA. The samples were centrifuged and the supernatant was 
transferred to a new tube. 
 

4.1.3 High temperature reduction protocol with dithiothreitol (DTT) 
 
To 100 microliter of CSF was 5 µL of 105 mM DTT (Sigma Aldrich) in 50mM ACB buffer 
added, giving a 5mM active concentration of DTT. Samples were incubated in 3 minutes in 
90°C and cooled down to room temperature for approximately one hour. 5 µL of 44 mM 
iodoacetamide in 50 mM ABC buffer was added giving an active concentration of 2 mM and 
samples were incubated in dark for 30 minutes in room temperature. 5 µL of trypsin (from a 
20 µg trypsin vial dissolved in 50 µL 50 mM ABC buffer) was added and followed by 
incubation over night in 37°C. To stop trypsination, 5 µL of 10% trifluoroacetic acid (TFA), 
(Thermo Scientific), was added and centrifuged. 
 
All protocols were followed by solid phase extraction - desalting, a type of RP extraction and 
chromatography (C18, SepPak 50mg, Waters). The samples were analysed on LQIT/FTICR, 
LTQ-FT Ultra (Thermo), QqQ, TSQ Vantage (Thermo) or applied on SDS-PAGE (Novex, 
invitrogen). When run on LQIT/FTICR, samples were dissolved in 0.1% FA, for samples run 
on QqQ dissolved in a standard mix of APP peptides and 0.1% FA. When analysed on gel, the 
samples were speed vacuum dried and dissolved in 20 µL LDS NuPage (Novex, invitrogen) 
buffer and incubated for 10 minutes in 70°C. The gel was set up due to the manufacturer’s 
instructions and a protein ladder was added in the first well. The proteins were allowed to run 
on the gel at 150 V for 1 hour, fixed and stained due to instructions. 
 

4.2 Fractionation trials 
 
To increase the amount of sample possible to apply on the LC column, fractionation trials 
were carried out. The intent was to separate the peptides of interest from CSF high abundance 
proteins such as albumin and IgG. 
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4.2.1 Strong cation exchange (SCX) 
 
TopTip-SCX (Dalco, Chromtech) was used to fractionate 100 µl CSF. Samples were applied 
on a column activated with 100% ACN for desalting (MacroSpin, NestGroup), washed 
several times with 0.1% TFA and eluted with an 80% ACN and 0.1% TFA solution. For 
fractionating the desalted sample a TopTip was prepared by 50% ACN in 0.05% TFA 
washings and eluted stepwise with 20% ACN and increasing ammonium acetate (Fluka) 
concentration, 20-400 mM. 
 

4.2.2 High lipophilic balance (HLB) 
 
100 µl CSF samples, alkalined, were applied on an Oasis HLB column (Waters), already 
activated with methanol and washed with 1% NH3. Samples were eluted with 1% NH3 in 
increasing halt ACN (10 - 90%). HLB is a type of ion exchange, but with the opportunity to 
choose acidic or alkalined conditions of the column and sample.  
 

4.3 LC gradient & column for µLC-SRM-MS (QqQ) 
 
Five and ten centimetres column was used for RP-HPLC and several gradients of solutions 
were tested, to gain the best retention time for all peptides sought. The ideal gradient is able to 
separate all peaks with different distribution FA and ACN. At first, the solvent is solely 0.1% 
FA and among time, more and more 80% ACN is added. The final chosen gradient has the 
conformation described in Fig 16. 
 

 
 
Fig. 16. Scheduled gradient, A - 0.1% FA, B - 80% ACN. 
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4.4 SRM method development 
 
After separating peptides sufficiently on LC, a SRM method was developed in respect to 
which standards to use and peaks high enough to detect. The SRM method uses the QqQ 
instrument and settings. 
 

4.4.1 Standards 
 
To be able to foresee where peptides elute, a synthetic peptide of APP was used. The different 
standards mimic some parts of the protein that is specific for each isoform. The chosen 
AQUA peptides in Table 3 were mixed and used as standards. These are APP2, APP3, APP5, 
APP6, and APP8 with specificity for different peptides (Table 2). 
 
standard name sequence numbers  APP isoform 

specificity 
AQUA labelled 
fragment m/z 

endogenous 
fragment 
m/z 

APP2 352-359 770 463,252 458,248 
APP3 364-377 770 697,866 693,859 
APP5 289-302 695 690,858 686,851 
APP6 289-301 751/770 766,821 761,817 
APP8 439-450 695/751/770 692,832 687,828 
 
Table 2. The standards used in the study, their isoform specificity and the mass to charge ratio of the synthetic 
and the endogenously occurring peptide. 
 
The enzymes used to create these AQUA standards have specific cleavage sites and gives the 
known fragments. They are isotope labelled, giving a slight shift in the molecular weight, but 
easily distinguished. The advantage of this method is that both the endogenous peptide and 
the synthetic peptide have the same chemical properties and will travel together through the 
whole procedure. 
 
The green sequence is specific for the 751 and 770 amino acid long isoforms, the blue for the 
770 isoform only; the red for 695 isoform only and the black is specific for all three isoforms 
(Fig. 17). When using these standards, it is possible to discriminate between the different 
isoforms detected in the experiment, due to these known peptide sequences. 
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Fig. 17. The different standard fragments synthetically developed; including the standards for this study. The 
number responds to the order they were synthesized. APP8 can be used as for all isoforms and APP6 for the 
isoforms APP751 and APP770. APP5 is specific for the APP695 isoform, since the order of amino acids, e.g. 
fragment construction, is not the same as for any of the other isoforms. 
 
Comparing to the peaks of these added synthetic peptides, it is possible to predict the LC 
retention time of the endogenous peptide. If a peak occurs with the same retention time in the 
corresponding window, it is most often the same. A well chosen standard is easy fragmented 
in the ESI, consequently gives the same spectrum and the same fragments. 
 

4.4.2 Signal amplification  
 
To gain a better signal for all peptides in the SRM experiments, different amount of starting 
material was tested. The amounts varied from 100 μl up to 400 μl CSF (Table 3). Also the 
amount of each standard AQUA APP peptide was revised to gain good signal intensity for 
each of the standards. 
 
 
CSF 200 μl 300 μl 400 μl 
DOC 10% w/v 100 μl 150 μl 200 μl 
ABC buffer 490 μl 735 μl 980 μl 
TCEP 80 μl 120 μl 160 μl 
IoAc 90 μl 135 μl 180 μl 
trypsin 40 μl 60 μl 80 μl 
FA 10 % to stop 
trypsination 

100 μl 150 μl 200 μl 

 
Table 3. The amounts of other ingredients for the DOC protocol using different starting amount of CSF. 
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4.5 Data analysis 
 
Every protein is able to be identified from its peptides. These can be theoretically determined 
when considering the protein or peptide. Prediction of all the cleavage sites and all possible 
combinations after trypsin cleavage are considered. The theoretical tryptic peptides are put 
into a database for comparison. When inserting measured data of endogenous peptides into 
the database, algorithms compare and evaluate similarities to a theoretical peptide and report 
this compliance as a percentage score. This is called peptide mass fingerprinting (PMF). 
(Twyman 2004) 
 

4.5.1 Proteome discoverer 
 
The databases used, Proteome discoverer (Thermo), contain all possible peptides for each 
protein, and the theoretical masses when cleaved by trypsin. Comparison of the possible 
theoretical peptides with the ones gained in experiments enables a possible prediction of the 
theoretical responding protein of the sample peptides. 
 
The data achieved in the FTICR experiments were processed in Proteome discoverer, where 
several criteria can be set to selectively and easier sort out specific proteins or peptides. 
Comparison between different measurements and criteria’s is easily achieved. The specific 
criteria intended for this purpose was those with 1 missed trypsin cleavage and also which 
distribution of charges. Those were evaluated for which of the methods were more 
advantageous. 
 

4.5.2 Pinpoint 
 
From every SRM experiment, data is analysed and assembled in Pinpoint. Work flow in the 
program is to look for the highest peak that is the highest intensity in the recorded spectra. 
Also for the matching fragmentation of the standard, thereby evaluating if the peak in 
question is the sought peptide. Fragmentation is shown as different coloured lines in the 
peaks, generating a pattern. The pattern should correlate with the ones of the standard AQUA 
peptides if it is the same peptide. Export of areas under the peak is possible, thereby obtaining 
relative intensities versus area. 
 
 

4.6 Search for possible glycosylations 
 
Glycosylation is an enzymatic process where glycans are added to proteins. There is only one 
out of two glycosylations that is possible on the APP695 isoform, and that is O-glycosylation. 
Studies have previously shown that, O-glycosylation of the Aβ peptide, the APP695 and the 
APP770 isoform are possible (Halim et al. 2011; Kitazume et al. 2010; Perdivara et al. 2009). 
To discover if there are such glycosylations present on the sAPP695 isoform, some 
experiments were performed. 
 
Samples were both treated due to the DOC protocol and a new protocol, Rapigest (4.6.2). The 
latter was included as opposed to DOC because of earlier studies where it showed good 
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results. DOC-treated samples were analysed with both TQ and FTICR while Rapigest-treated 
samples only were analysed on FTICR. 
 

4.6.1 Immunoprecipitation 
 
IP was carried out using the P2-1 antibody as primary antibody, specific for APP. With IP it is 
possible to sort out the peptide or protein of interest from a complex mixture if the epitope 
matches. No consideration is made to glycosylations unless they exist in the epitope binding 
site. Everything will ideally be precipitated. By selectively just sorting out APP out of CSF 
protein mixtures, the possibility of getting an intensified and pure signal for only APP 
increases. Superparamagnetic beads coated with antibody sheep anti-mouse IgG was coupled 
to P2-1and crosslinked. The antibodies were blocked and CSF sample added. 
 

4.6.2 Rapigest protocol  
 
Dried immunoprecipitated sample was dissolved in 10 µL 0.1% Rapigest (Waters) in 50 mM 
ABC and incubated while shaken for 30 minutes in room temperature. 10 µL 10 mM DTT in 
50 mM ABC was added and followed by incubation in 90ºC for 3 minutes. Samples were 
allowed to cool down to room temperature, 5 µL 10 mM iodoacetamide in 50 mM ABC was 
added and samples were incubated 30 minutes, room temperature, in dark. 5 µL of trypsin (1 
µg dissolved in 200 µL 50 mM ABC) was added and samples were incubated over night in 37 
ºC. To stop trypsination, 2 µL of 10% TFA was added and followed by incubation for 45 
minutes in 37ºC, centrifuged, and speed vacuum dried. To hydrolyse samples, they were 
dissolved in 0.1 M FA and shaken for 5 minutes in room temperature, then incubated 1 hour 
in 80ºC. 
 

4.6.3 Western blot 
 
WB was run on immunoprecipitated samples. This is to get an overview of the three isoforms 
if they migrate differently and are able to be separated by that means. In case APP695 exists 
in sample, it should have migrated longest due to its lower molecule weight. The difference 
between APP751 and APP770 will not be distinguishable because of their similar molecular 
weight. 
 
From the corresponding gel, bands could be cut out and digested in-gel. By doing so, this can 
ensure that there really is APP770 and APP695 isoforms present in CSF and that they indeed 
are modified in some way, why they are not seen in QqQ experiments where a fixed m/z is 
chosen. 
 
 

4.7 Clinical sample test 
 
The developed method (4.1-4.6) was applied on three biochemically diagnosed AD patients 
and three control patients. Biochemically diagnosed in this context means Aβ42 levels <530 
pg/ml, T-tau > 400 pg/ml and P-tau > 80 pg/ml, but no diagnosis has been given (Hansson et 
al. 2006; Sjogren et al. 2001). AD diagnosis includes the statement of a physician in 
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combination with positive results of these three biomarkers. Well worth noticing is that the 
people in the control group has sought medical advice for some sort of memory impairment, 
but the three biomarkers defined as particularly AD specific was “negative”, and they are 
therefore considered as controls. 200 µl was used as starting material volume. 
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5. RESULTS & DISCUSSION 
 
The overall procedure of the study with respect to results and discussion (Fig. 18). 
 

 
Fig. 18. Procedure flow chart of the study with respect to evaluation of methods. 
 

5.1 Protocol evaluation 

5.1.1 DOC, GnHCl or high temperature reduction protocol 
 
The three protocols were run on SDS-PAGE to evaluate the degrading efficiency of trypsin in 
combination with the protocols. Also the effects of single (s) versus double (d) trypsin doses 
were evaluated (Fig. 19). 
 

 
Fig. 19. Lane 1: DOC 10% (s), 2: DOC 10% (d), 3: High temperature reduction (s), 4: High temperature 
reduction (d), 5: GnHCl (s). 6: GnHCl (d). (s) - single dose of trypsin, (d) - double dose of trypsin. 
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The peptide extracts were analysed on the LQIT/FTICR instrument, and generated following 
results, processed in Proteome discoverer (Fig. 20, 21). 
 

 
 
Fig. 20. The distribution of charge among peptides in the samples with single or double trypsination. The fewer 
charges, the better ionization and easier detected in MS. No +1 ions were sorted out because waste products 
often has this charge. DOC 10% double trypsination showed best results, but single trypsination also showed 
resonably good distrubution of charges and was thus preferred out of economical aspects. 
 
The less charges, the easier detected in the electrospray mass spectrometer. The higher 
amount of tryptic peptides, the better chance of getting higher and more accurate score.The 
more peptides generated is a important factor, because the more tryptic peptides - the better 
degradation of the proteins and peptides. 
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Fig. 21. Missed trypsination cleavages using different protocols. Using DOC 10% generated fewest missed 
trypsin cleavages, resulting in fewer errors and better working trypsin. Double trypsin dose was still the best but 
because of previously mentioned reasons, single trypsin dose was still preferred. 
 
The less missed cleavages, the better trypsin has worked, generating more tryptic peptides. 
The decision was made to carry on with the DOC protocol. Also once again the GnHCl 
protocol was tested in comparison since it has generated good results at the laboratory 
formerly. 
 

5.1.2 Which concentration? 
 
To try out a well adjusted concentration of DOC, three concentrations were used: 0.1%, 1%, 
and 10% (Fig. 22). 
 

 
Fig. 22. Lanes from a SDS-PAGE gel; 1 - desalted non-peptide sample, 2 - 0.1% DOC, 3 - 1% DOC, 4 - 10% 
DOC, 5 - GnHCl. 

0 

200 

400 

600 

800 

1000 

1200 

1400 

0 1 2 3 4 5 6 

Pe
pt

id
es

 

Missed trypsin cleavages 

Missed trypsin cleavages 

DOC 10% single tryp 

DOC 10% double tryp  

GnHCl single tryp 

GnHCl double tryp 



32 
 

 
These gels show that DOC 10% was the most effective denaturant for degrading CSF proteins 
since fewest full-length proteins are visible in those wells. Ideally in trypsin degradation, all 
proteins should be digested to small peptides. These small peptides will not be visible in this 
gel that is custom for large proteins, and instead run straight through it. In the gel pictures 
there are bands present in the high molecular area, e.g. in the top of the gel which indicate that 
non-digested proteins are still present. Importantly no missed trypsin cleavage sites were 
found with the DOC degradation method.  
 
Again, the less charges, the easier detected in the electrospray mass spectrometer. The higher 
amount of tryptic peptides, the better chance of getting higher and more accurate score. This 
distribution suggests that 0.1% DOC and 10% DOC is best for this purpose (Fig. 23). 
 
 

 
Fig. 23. The distribution of charge among peptides in the samples with different concentration of detergent. The 
fewer charges, the better ionization and easier detected. No +1 ions were sorted out because waste products 
often has this charge. Taken together with the SDS-PAGE results, DOC 10%  or 0,1% was the best, 0,1% even 
resulted in higher amount of tryptic peptides. SDS-PAGE showed much undigested material when digested with 
only 0,1%, why 10% was preferred. 
 
The results in Fig. 24 indicate that fewest missed trypsin cleavages occur when using DOC 
10% or 0.1%. Combined with the SDS-gel pictures, which shows relatively much material 
non-digested in 0.1% compared to 10%, decision was made to carry on using the DOC 10% 
protocol. The double trypsin dose could not be justified, due to the comparable low increase 
of peptides relative to the cost. 
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Fig. 24. Missed trypsin cleavages using the different protocols. Using DOC 10% or  0,1% generated fewest 
missed trypsin cleavages, e.g. fewer errors and better working trypsin. Still due to the SDS-PAGE, the DOC 10% 
protocol was the best for the purpose, because no bands were present in the lanes. 
 
One drawback of the DOC 10% protocol is that the detergent precipitates when trypsination is 
stopped, because of the low pH. On the contrary, centrifugation is an easy method for 
removing the detergent. A study made on plasma proteins suggested DOC 10% among 14 
tryptic digestion methods to be the most effective (Proc et al. 2010). The study also evaluated 
GnHCl with poorer results in comparison with DOC, which the present study can confirm. 
Conclusion was that the DOC protocol was the best for this purpose. 
 
 

5.2 SRM assay development 
 

5.2.1 LC column and gradient 
 
The idea with selective reaction monitoring is to select a narrow timespan for which the QqQ 
instrument is recording and have high sensitivity. The more simultaneous recordings, the less 
sensitivity. The separation of peptides from the LC is an important step, so that the QqQ does 
not have to record more than one or two peptides at a time and can be selective and sensitive 
for the chosen peptide. This theory is shown in Fig. 25 and displays each peptide eluting after 
each other in time, in a narrow span. Choosing a 10 cm long column over a 5 cm long gained 
better separation of peaks, especially similar peaks. By increasing the length of the program to 
a 30 min long gradient instead of 20 minutes, better separation was obtained.  
 
The chromatogram with its corresponding peaks looks like fig 25.  
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A 

 
 
B 

 
 
Fig. 25. A) Chromatogram with 10 cm column. The top line in each pair represents the endogenous peptide and 
the underlying line represents the synthetic peptide. The bottom pair is not the same peptide due to the difference 
in retention time. The synthetic peptide is the isoform 695 specific, APP5 (retention time 15.20), and the closely 
lying peptide is one of albumin (retention time 15.61). B) Comparison with 5 cm column. The bottom pair of 
peaks (albumin and APP5) could be mistaken as the same peptide because of retention time, while the transition 
evaluation shows that they are not, also seen with the 10 cm column. 
 
As seen in Fig. 26 B, the method developed was able to distinguish between some common 
occurring “disturbing” peaks from albumin. Those would otherwise have concealed the right 
peptide in the spectrum by eluting at roughly the same time. Even if a peak would elute at the 
exact same retention time, it is possible to distinguish with the help from fragmenting 
patterns, e.g. the order of the purple, green and blue lines in Fig. 26 A. The fragment patterns 
are the way the molecule dissociates into fragments and is always the same for every peptide. 
It represents the intensity of different CID fragments. These have to be similar in intensity 
order, or it is not the sought peptide. The topmost peak (purple) is the most common transition 
or fragmentation channel. One transition equals the precursor ion generating one special 
fragment ion. The transitions chosen for each peptide are the strongest, most likely transitions, 
among a larger number. It is possible to use several or all transitions but it is more difficult to 
manage and see the patterns and can also increase the risk for noise. 
 
 
        A         B 
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Fig. 26. A) The first two empty samples are where endogenously produced APP695 should occur. The two 
samples after that contains synthetically added APP695 and its fragment pattern with the three most abundant 
transitions. B) The differences when using a 10 cm column and the gradient program earlier described. 
Separation of the APP695 (first peak) and of waste or albumin (second peak) is now possible. The fragment 
pattern is different between APP695 and albumin, as demonstrated here. 
 
The area under each peak is calculated and used as a measurement of how abundant the 
chosen peptide is in relation to the others. 
 
When analysed by all the above methods, it was possible to detect the 751/770 specific 
peptide APP6 and the 695/751/770 APP8 (recognising all forms), but not the others; 695 
specific and 770 specific (Fig 17, Table 2). They are therefore excluded from results and a 
possible reason for not being seen is discussed further on. To be considered as a reliable 
biomarker, at least two of the three isoforms are desired. Primarily the APP695 isoform, since 
it is the major isoform produced by neurons, and APP751, the second most abundant protein 
in the neurons (Wertkin et al. 1993). There is thus evidence that the 751 isoform exists, not 
being able to distinguish the 695 or 770 specific. 
 

5.2.2 Reproducibility 
 
The performed investigation generated rather reproducible results as seen in Fig. 27. The two 
detected tryptic peptides follow the same pattern in respect to intensity. The differences occur 
due to different amount of sought protein in the samples. 
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Fig. 27. Diagram of DOC-treated and SRM-analysed samples based on the same sample and the same amount of 
starting material (100 μl). The difference in relative intensity correlates within each sample. The method is 
therefore considered reproducible, and the difference only depends on the sample mixture or SRM measurement. 
 

5.2.3 Fractioning evaluation 
 
To attempt to maximize the amount of sought peptide loaded onto the column in the LC step, 
fractionings were done. When fractioning, less peptides are eluted in the same tube and 
hopefully the peptide, or peptide isoform of interest will elute in one single fraction, while 
other proteins such as albumin will be eluted into other fractions or one, ideally not the same. 
It occurs due to differences in pH or ion strength for each protein. Two types of fractioning 
methods were tested, SCX (Fig. 28), and HLB (Fig. 29) columns.  
 
The relative amount of APP protein from each fraction compared to high abundance proteins, 
such as albumin and IgG, is higher if APP solely elutes in one fraction even if albumin elutes 
in all. Thus, the relative intensity for APP will increase and gain better signal/detection. 
 
Fig. 28 suggests even elution of APP8, while APP6 only elutes at some fractions. Albumin 
unfortunately eluted in all fractions. As the figure also might indicate, the even elution will 
not gain the desired profit of fractioning. 
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Fig. 28. Samples fractions of two CSF samples using strong cation exchanger. Eluent: 20% ACN and increasing 
ammonium acetate concentration, 20-400 mM. The aim was to selectively sort out one specific isoform in one or 
two fractions, to maximize the amount of that specific isoform loaded onto MS. The profit of fractioning was to 
hopefully also sort away all other proteins that might disturb the measurements, such as albumin. Unfortunately, 
the result was quite ambiguous. The APP8 did not seem to differ much between concentrations of solute and the 
APP6 did elute both in the middle and in the end, suggesting that it did not matter which concentration was used 
since the samples would have to be pooled. 
 
Fig. 29 describes APP6, APP8 and RAB eluted at the same percentage of ACN in the eluent. 
Since APP8 seems to be present at such relative large amount, it is not remarkable that it is 
eluted at all compositions of eluent. 
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Fig. 29. Sample fractions using high lipophilic balance columns. The aim was also here to try to selectively sort 
out the different isoforms.  This gave optimistic results regarding APP6 and RAB but still did not differ 
regarding APP8 or albumin. If just APP6 was to be analysed, this would help a lot, but since the interest is to 
find all isoforms off APP, this is considered as not representative to all the isoforms. 
 
Taken together Fig. 28 and Fig. 29, SCX and HLB generated quite confusing results and 
peptides were not eluted desirably separate. This could be due to the isoforms being rather 
similar in structure, and so most likely the peptides generated from it. There was no indication 
however, that fractioning all samples was worth the effort and labour in a regular method. 
 

5.2.4 Signal amplification 
 
To try to improve the signal in the spectra further, different starting amounts of CSF were 
used, with the aim of getting more low abundance proteins the more starting material used. 
The high abundance proteins do not matter since the QqQ method is developed to specify 
exclusively on the chosen peptides and time widths. The use of double, triple and quadruple 
amount sample improved the signal intensity in the spectra as seen in Fig. 30. 
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Fig. 30. Investigation if an increased staring amount of CSF would generate correlating higher signal intensity. 
The investigation showed rather large distinction from 100 µl to 200 µl. The best signal in respect to material 
used was the one with starting volume of 300 µl CSF. 
 
More starting material will include more trypsin used (Table 3). When evaluated, 300 μl 
seemed to gain most signal due to costs and starting material. 300 μl as staring material was 
chosen to proceed with for the development of the method. 
 

5.2.5 Addition of synthetic APP695 
 
To ensure that the failure not being able to visualise APP695 did not depend on the method, 
synthetic APP695, corresponding to APP5, was added before DOC protocol trypsination to 
the same amount theoretically being present in CSF. It was added in a relatively high amount 
to be present and visible in the sample more or less regardless of treatment.  
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Fig 31. The measurements when spiked APP695 was added to CSF before degradation using DOC-protocol 
using 100µl as starting volume. 
 
As seen in Fig. 31, the method did visualise APP695, when added in a synthetic form. In all 
CSF there should be at least a small amount of all isoforms present (Newton et al. 2006). In 
this study, only the 751 specific isoform was detectable.  
 

5.2.6 Western blot of CSF 
 
To conclude if there was APP695 present in the CSF used, a WB was run. Former 
investigations in raw CSF have shown that the APP695 isoform is present in larger amount 
than the other isoforms in the neurons (Prior et al. 1991; Wertkin et al. 1993). 
 
Unfortunately, there was only time for one try. Nothing was possible to detect on the 
membrane. Since the combinations of antibodies and blotting procedures were new, this was a 
quite rudimentary method. This is the most probable cause of the non-existing result. 
 
Trials to detect APP695 in CSF have previously been done, but not with immunoprecipitated 
samples and also other antibodies (Prior et al. 1991). This will be sufficient in the absence of a 
new WB. 
 
 

5.3 Glycosylation of APP 
 
Though the method seemed to be working properly in every aspect and reproducibility was 
gained, the aim of detecting the 695 and 770 only isoforms was unattained. It could not be 
discovered using LQIT/FTICR, neither in the QqQ experiments. This was possibly due to 
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glycosylation of the endogenous protein isoforms. Glycosylations is an enzymatic process 
with the aim of attaching glycans to proteins, lipids or other organic molecules. These can 
mainly be of two types; either N-glycosylated or O-glycosylated. N-glycosylation occur at the 
nitrogen of an asparagine or arginine side-chain and attaches oligosaccharide to it. O-
glycosylation attaches glycans to the hydroxy group of Serine, Threonine and Tyrosine. The 
addition regards N-acetyl-galactosamine and is followed by other carbohydrates, such as 
galactose and sialic acid. (Thermo Scientific Pierce Protein Biology Products 2012) 
 
Glycosylation of proteins and peptides has previously been described for the Aβ peptide, the 
APP770 isoform and the APP695 isoforms in CSF (Halim et al. 2011; Kitazume et al. 2010; 
Perdivara et al. 2009). The APP770 isoform is O-glycosylated in Thr353 as visualized by 
Kitazume et al. after PNGase treatment of the possibly sialylated core of the endothelial cells 
and is the version that is preferentially secreted to media. O-glycosylated sAPP770β was also 
found in CSF (Kitazume et al. 2010). APP695 has three O-glycosylation sites, determined 
with MS. These are Thr291, Thr292 and Thr576 in sAPP695.(Halim et al. 2011) 
 
These evidences strongly points towards our sought protein APP695 and APP770 being 
glycosylated in the CSF. Though there is no AQUA standard developed for these molecules 
since they are glycosylated, so a quantifying QqQ method is hard to develop at the moment. 
There is a possibility to see the isoforms in their glycosylated forms in LQIT/FTICR 
experiments with electron capture dissociation, ECD, of peptides. ECD differs from CID in 
the context of breaking the peptide. ECD will cut through the peptide backbone leaving the 
glycans (with glucose, fructose or lactose, all denoted “Hex” since it is a hard task to 
differentiate these using LQIT/FTICR) untouched, while CID cuts the glycans first and 
secondarily the peptide backbone. The remains of glycosylations in the peptide backbone after 
CID correspond to a certain molecular weight and that is possible to determine using 
LQIT/FTICR. 
 
Even though there is a few ways to get around the problem with glycosylations, these are not 
as simple in practice. One way is to treat the samples with FA and boil for one hour, thereby 
removing any sialic acids that may be attached to the Hex-unit. This treatment generated the 
result seen in Fig. 32. 
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Fig. 32. The MS/MS spectra of the APP695-specific peptide (APP5). The square indicates a Hex-group, and the 
circle represents a Hex-NAc group. Glycosylation of the peptide is possible on four locations, as the position of 
the square indicates. Denoted in the figure is the M, precursor peptide, minus the groups that were originally 
attached to it. The differences in molecular weight corresponds well to the weight of the Hex groups, one, two or 
three glycosylations. Since the APP770-specific peptide (APP3) is similar, with the exception of just the very 
first amino acid, this could be the reason for that peptide behaving in similar manner. The APP2 peptide could 
theoretically also be glycosylated. 
 
As the spectra in Fig 33 indicate, most probably some kind of glycosylations are the cause of 
not detecting APP695 and APP770 in CSF. The peptide APP5 can bear maximum four 
glycosylations, on the denoted amino acids TT and ST. Only these amino acids have the 
possibility to become glycosylated (Thermo Scientific Pierce Protein Biology Products 2012). 
Corresponding to the molecular weight and the full mass spectrum, no more than three 
glycosylations were detected and at least one at the peptide. MS/MS spectra were possible to 
obtain for the two-glycosylation version and revealed the pattern of a Hex-Hex-NAc group on 
the peptide. 
 
To be able to use this, there must be reproducible results, and the spectrum in Fig. 32 was a 
single experiment. If able to repeatedly do these kinds of fragmentation, this means a 
possibility to determine transitions of the glycosylated isoform. It is from those transitions 
possible to develop and apply the new transitions from the LQIT/FTICR experiments to the 
one of QqQ.  
 
 
 

121015_IP29_FAaftertryp_C18_col2_27#753 RT: 17.91 AV: 1 NL: 7.24E5
T: FTMS + p NSI Full ms [350.00-1500.00]

700.0 700.5 701.0 701.5 702.0 702.5 703.0 703.5 704.0 704.5 705.0
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
ive

 A
bu

nd
an

ce

701.99341
z=3701.65838

z=3

702.32703
z=3

702.66097
z=3

701.26017
z=?

700.92549
z=?

702.99890
z=3 704.28503

z=?
704.79135

z=?703.32664
z=3

702.77147
z=?

121015_IP29_FAaftertryp_C18_col2_27#757 RT: 17.96 AV: 1 NL: 4.35E3
T: ITMS + c NSI d w Full ms2 701.99@cid35.00 [180.00-2000.00]

200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
Ab

un
da

nc
e

647.55011

788.21539593.65887

869.43555
664.27161

889.75732

971.09015

329.14105 444.12006 832.22260
770.73590538.29633489.63477 906.35791274.01666 370.28912 1121.267701045.13330687.92084

M-Hex, 3+

M-2Hex, 3+

M-2Hex, 2+
M-HexHexNAc, 2+

M-2Hex-HexNAc, 2+

M-Hex, 2+

Δm=+0.35 ppm

VPTTAASTPDAVDK

MS

MS

MS/MS CID

695-specific
FA-treatment



43 
 

5.4 Clinical sample test in a small scale study 
 
The small clinical sample test carried out revealed no other result than previous investigations 
regarding APP695 or APP770 isoforms. The APP8, specific for all isoforms and the APP6, 
specific for the 751/770 isoforms were still measurable. A comparison between healthy and 
diseased patients showed APP levels to be elevated, regardless of the two isoforms, to about 
the double. The AD patients have been diagnosed with high levels of tau and low levels of Aβ 
in CSF. The low level is thought to respond to the aggregation of plaques in the brain. If Aβ 
levels are high in the brain plaques, the sAPP levels should also be elevated and seen in the 
experiment since they are soluble. This accounts for all samples except AD1, which has lower 
intensity than the control group. 
 

 
 
Fig. 33. The results from the AD and control (C) group. AD5 and C1 samples are double samples from each 
individual. Double samples are preferred because of the reliability of the method. The AD1 sample does not 
seem to fit in with the other quite high levels for the AD samples. This could be the result of the sample not being 
very well dissolved before analysis or some other degradation of the CSF itself before the sample being 
aliquoted, frozen or analyzed. The samples in the AD group should have high APP levels if it correlates with the 
Aβ measured for qualifying as a biochemical AD sample. The concentration of Aβ is not known in each sample. 
 
The results from the AD group had higher levels of the APP isoforms. These measurements 
confirm the assumption that APP levels correlate with Aβ. All samples in the control group 
seem to be correct; they are lower than the AD group, and fairly even in intensity. The low 
intensity of AD1 sample seems incorrect. This is thought to be due to some degradation of the 
CSF before analyzing but could also depend on insufficient dissolution of the sample before 
MS analysis. Another possibility is that the patient AD1 lacks APP protein and hence has 
lower levels of Aβ in CSF. This is an insufficiency of the existing methods where this method 
could be a complement.  
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6. CONCLUSIONS 
 
The task of solving the riddle that is AD still remains unclear but every investigation creeps 
somewhat closer. This study had the aims of developing a robust method for detecting soluble 
APP in CSF using MS, in the purpose of analyzing many samples rapidly, thereby being able 
to detect the progress and presence of the disease at earlier stages. Also this method could be 
a supplement to the already existing biomarkers for diagnosis of AD, which are not 100% 
accurate. 
 
The testing of protocols generated good results in the aim of developing a useful tool for the 
continuing of peptide studies. The DOC 10 % protocol is now accepted and have begun to be 
used in other studies at the laboratory. It also gives an eye-opener that maybe the standard 
used methods are not as good as expected, as with the GnHCl protocol. 
 
The method was clearly working and a time span for each sample of just 30 minutes in QqQ 
instrument is a very short time for one analysis, thus an acceptable method. The 
reproducibility was tested and found to only differ slightly between samples when using the 
same starting amount. To start with a larger amount of CSF increased the signal as expected. 
Still, 300 µl of pure CSF is not much, when considering that a lumbar puncture usually 
provides 10-12 mL of CSF (Blennow et al. 2010) which speaks in favour of the method. 
Another benefit of the method is the amount of peptide possible to study. Sufficiently high 
intensities were measured. When the APP695 isoform is possible to detect, this would most 
probably also gain high intensities, since it the most occurring isoform in neurons (Wertkin et 
al. 1993). The method was also able to separate one of the disturbing peaks which formerly 
hid the peak of APP695, something that previously had not been solved. This provides very 
good possibilities for the method. 
 
Different pools of biochemically non-AD CSF was used in different trials. This is due to the 
simple fact that pools were running empty. It should also be noted that these patients 
contributing to the CSF pool have sought medical advice due to some disturbances of 
cognitive functions, but been diagnosed biochemically as healthy in respect to AD. This could 
possibly be reflected in the proteome of the sample.  
 
To be able to develop a new biomarker for AD in terms of sAPP, this requires at least two out 
of the three isoforms possible to detect and in the long run, to be able to quantify them all. As 
for now, only one of the three isoforms is visible in SRM experiments and that gives too little 
information but it is still a very good starting point for further investigations. If the 
endogenous isoforms 695 and 770 indeed are glycosylated at the positions previously 
discussed, the needs for determining the right position and weight of the glycosylation are the 
important step. An alternative is perhaps a change of the reference peptides by using another 
protease. Once glycosylations are determined, a standard that correlates to the protein needs to 
be developed. Then, there is a possibility to set up a method suited specifically for the sAPP’s. 
This study is certainly closing in on the understanding of possible glycosylations of APP695. 
 
Evaluating the MS/MS spectra of the immunoprecipitated sample indeed shows one or more 
glycosylations at some positions of the peptide and that is the most possible reason for not 
being able to detect the isoforms in the SRM experiment. 
 



45 
 

The clinical sample study showed no sign of any 695-isoform peptide. The AD patients are 
thought to develop more of this specific isoform in the neurons. The AD group roughly had a 
higher level of all APP isoforms possible to detect than the control group. 
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7. FUTURE PERSPECTIVES 
 
AD is affecting millions of people and the prevalence keeps increasing. Currently there are no 
treatments available, only mitigating drugs. To understand the disease, large scientific efforts 
must be done. Without understanding the disease, there is less possibility to discover and 
develop curative drugs. A good start is to investigate progressive biomarkers, to be able to tell 
when the disease emerges. 
 
This study investigated the different isoforms of APP as novel biomarkers in AD. By 
comparing levels of sAPP in CSF, the aim is to find more evidence of progression correlance 
between healthy and diseased patients. The hopes for an SRM method depend mostly on the 
task of determining the glycosylation sites of the peptides derived from APP695 and APP770 
which have a strong sequence identity. To measure with any kind of assurance, more than one 
peptide needs to be measurable. 
 
Once the glycosylation sites of the peptides are determined using LQIT/FTICR, it is possible 
to transfer the transitions measured to the QqQ instrument in combination with the LC 
method developed in this study. Thereby it is possible to rapidly analyse CSF samples. 
 
One claim for the SRM method is a verification step where it is proven if the peaks indeed 
correspond to the sought protein/peptide. A peptide standard, synthetically prepared, is 
needed.  
 
When the standards are added, it is also possible to quantify the sAPP amount in CSF. Study 
of CSF in large scale studies with AD patients, MCI patients and controls could provide 
information if sAPP might correlate well with the progression of AD. 
 
The large profit of using a SRM method is its short time-span for each analysis and the 
possibility to automate the method. One other profit is the exclusion of antibodies. Antibodies 
provide both advantages and disadvantages, utilizing epitopes on the protein and thus not 
binding anything else ideally. The disadvantage is the disability to bind to the protein unless 
the antibody is working very well. The consequence using SRM is the possibility that another 
peptide might have the same elution time and the same or similar MS transitions. If that is the 
case, LQIT/FTICR studies must be carried out. LQIT/FTICR studies consume a lot more time 
than the SRM. 
 
If the sAPP’s are proven to be a good progressive biomarker for AD, there is a need to 
translate the MS-method to a more available and less expensive method, to be used in routine 
tests. 
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