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Sammanfattning 
 
Hyperfosforylering av biomarkörproteinet Tau förekommer i flera neurodegenerativa 

sjukdomar som kallas Taupathies. Proteinets huvudfunktion i människokroppen är att modulera 

flexibilitet och stabilitet för axonal-mikrotubulin. I Taupathies utlöser hyperfosforyleringen av 

Tau instabilitet och neurodegenerationen. I dagens läge kan hyperfosforylering av treonin 217 

(P217) endast mätas i hjärnan. I den här studien undersöks hyperfosforyleringen av treonin 217 

(P217). I syfte att se om nivåerna av P217 är mätbara i cerebrospinalvätska (CSV) och i blodet. 

Samt för att evaluera hur nivåer av P217 förändras i olika Taupathies, genom att testa 

hjärnprover från friska kontroller och olika Taupathies. Studien görs för att öka kunskapen om 

effekten av hyperfosforylering av treonin 217 i Taupathies och för att bidra med en ny 

provtagningsmetod för P217. Simoa HD-1 Analyzer var instrumentet som användes för 

analyserna av P217. Det är ett instrument som kan upptäcka onormala nivåer av biomarkörer 

genom kvantifiering, med hjälp av antikroppar och ett enzym. Enzymet kallas Streptavidin β-

galaktosidas och omvandlar en befintlig P217-molekyl i proven till en fluorescerande produkt. 

Genom Simoa HD-1 Analyzer utvecklades en ultrasensitiv analys med antikropparna P217 och 

Tau 12, som kunde upptäcka mycket låga nivåer av P217 i hjärnan, CSF och i blod. Förändring 

av P217-nivåer hittades även i olika Taupathies. De Taupathies med de högsta nivåerna av P217 

var Progressiv supranukleär pares, Corticobasal degeneration och Globular glial Taupathies. 
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Abstract  
 

Hyperphosphorylation of the biomarker protein Tau occurs in many neurodegenerative diseases 

called Taupathies. The proteins main function in the human body is to modulate flexibility and 

stability for axonal microtubules. In Taupathies the hyperphosphorylation of the Tau triggers 

instability and neurodegeneration. Nowdays hyperphoshorylation on threonine 217 (P217) can 

only be measured in the brain. In this study the hyperphoshorylation on the phosphorylation 

site of threonine 217 (P217) is examined.  In aim to see if levels of P217 is measurable in 

cerebrospinal fluid (CSF) and in blood. As well to evaluate how P217 variate in different 

Taupathies, through the use of brain samples from healthy controls and different Taupathies. 

The study is made for the purpose of enhancing the pure knowledge about the effect of 

hyperphosphorylation on threonine 217 in Taupathies and to contribute with a new sampling 

method for P217.  Simoa HD-1 Analyzer was the key instrument of the analyses of P217. It’s 

an instrument which can detect abnormal levels of biomarkers through quantification, with help 

of antibodies and an enzyme. The enzyme is called Streptavidin β-galactosidase and converts 

an existing P217 molecule in the samples to a fluoresce product.  Through the use of Simoa 

HD-1 Analyzer an ultrasensitive assay with antibodies P217 and Tau 12 was developed which 

could detect very low levels of P217 in brain, CSF and in blood. Variation of P217 levels was 

also found in different Taupathies. The Taupathies with the highest levels of P217 was 

Progressive supranuclear palsy, Corticobasal Degeneration and Globular glial Taupathies. 
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1 INTRODUCTION 
 

 

1.1 Background 

 

Tau is biomarker for neurodegenerative diseases as Alzheimer’s disease (AD), Frontaltemporal 

Dementia (FTD), Parkinson disease and many other neurological diseases. The 

neurodegenerative diseases which are associated with Tau are called Taupathies (Himmler, A 

1989).  

 

1.1.1 Tau protein 

 

Tau protein structure: 

Tau is a highly hydrophilic microtubule-associated protein (MAPs) in neurons. The primary 

structure of the protein involves threonine, serine, aspartates, glutamates, arginines, lysine, 

aromatic and prolines. The protein has a heterogeneous size and an unfolded protein structure 

that consists of three parts. A neutral C-terminal tubulin-binding section with diverse repeats, a 

proline filled constant middle domain and a variable acidic N-terminal domains which roles 

interactions with other components in the neuron. These regions are called specific 

microtubule-binding domains (MBDs) were binding of microtubules occurs (see Fig 1) 

(Hernández, F. & Avila, J. 2007; Himmler, A. et al.1989; Mandelkow, Eva-Maria & 

Mandelkow, Eckhard, 2012).  

 

 
Figure 1. Morphology of Tau protein (Rose, Peter W et al. 2017) 

 

 

Pathological Tau protein: 

Tau is made during neurite outgrowth which occurs during the development of the nervous 

system and during regeneration of the nervous system in adults (Shrode, F. 2015) and is mainly 

found in the axons, were the protein  . Tau is also crucial in axonal transport and in neurogenesis 

(Hernández, F. & Avila, J. 2007; Himmler, A. et al., 1989). The protein can obtain many 
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modifications as glycolastion, deamidation, crosslinking, phosphorylation and oxidation 

(Hernández, F. & Avila, J. 2007).  

 

Tau has 79 possible phosphorylation sites of threonine and serine. In healthy individuals 30 of 

the phosphorylation sites is phosphorylated (Fig 2). Phosphorylation is highly increased when 

neuronal stress and mutations of the protein occurs. Which arises in many Taupathies 

(Hernández, F. & Avila, J. 2007; Mandelkow, Eva-Maria & Mandelkow, Eckhard, 2012). 

Normally the protein is controlled by numerous signals which controls the half-life by 

stabilization and degradation. In the Taupathies hyperphosphorylation leads to disruption of 

microtubule-binding triggering instability, impaired axonal transport protein, aggregates and 

neurodegeneration. The aggregates known as neurofibrillary tangles which appear during 

hyperphosphorylation are insoluble and are thought to cause cell lysis who releases Tau to the 

extracellular space (Hernández, F. & Avila, J. 2007). The hyperphosphorlation also causes 

accumulation of Tau in neuronal soma and dendrites (Hayat, M.A. 2014). 

 

 
Figure 2. Tau protein during microtubule-binding and phosphorylation (Michala Kolarova et al. 2012). 

 

 

Pathological parameters: 

During the presence of neurodegenerative diseases hyperphosphorylation on phosphorylation 

sites as Serine 181 (pS181) and Threonine 217 (p217) occurs. 

PT181 and total Tau count are parameters which are used for detection of Alzheimer’s disease. 

Threonine 217 is a parameter which have been found in other neurodegenerative diseases and 

in AD controls (Barthelemy et al. 2015; Hampel et al. 2010; Hanes, Jozef et al. 2018).  

  

Sampling method: 

Sampling of protein Tau can be made from CSF cerebrospinal fluid, from blood (plasma/serum) 

and from dissected brain tissue. P181 and total Tau count is parameters which can be measured 

through CSF, blood and from brain tissue. While P217 is a parameter which has only been 

detected from brain tissue ( Barthelemy et al. 2015; Hampel et al. 2010; Hanes, Jozef et al. 

2018). 
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1.2 Simoa HD-1 Analyzer 

 

 

Single molecule array (Simoa) detects abnormal levels of biomarkers through quantification. 

Which makes diagnose and therapy in early stages of disease possible. Simoa is a fully 

automated ultrasensitive instrument that provides multiplexed detection of nucleic acids and 

proteins. The instrument is precision-engineered and can detect molecules within the range of 

10-16 M, only a single molecule is necessary to reach the detection limit. The instrument is able 

to run 66 samples/h (Wilson, D.H. et al. 2016).  

 

Simoa system: 

Simoa is a floor standing instrument that consists of five main functional regions which controls 

and regulates the fully automated system (Wilson, D.H. et al. 2016). 

 

 

 
Figure 3. Simoa instrument with the main functional regions shown at A and B. The main five functional areas 

containing a in put area for cuvettes, array discs for samples and reagent kits. System area for bulk liquid resources 

and waists. An integrated computer for user control. A chemistry unit that contains rotating wash-rings and rotating 

incubation rings. A single-molecule array load-seal-image. Pipettors and overhead gantry (Wilson, D.H. et al. 

2016). 
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The main five functional areas are an input area for cuvettes, array discs for samples and reagent 

kits. A Simoa load-seal-image (LSI). A system area for bulk liquid resources and waists. An 

integrated computer for user control. A chemistry unit that contains rotating wash-rings and 

rotating incubation rings. Pipettors and overhead gantry (Wilson, D.H. et al. 2016). 

 

The input areas are designed for an operator to be able to load new resources while the 

instrument is still running with the earlier resources. LSI module loads paramagnetic beads into 

arrays. The system area for bulk liquid resources and waste is a system for storage which 

contains sealing oil, demineralized water, wash buffers, waste containers for solid waste and 

liquid waste. The chemistry section runs sequentially paramagnetic bead-based reagents 

through a robot which process the cuvettes consecutively. Each cuvette for given assay is 

exposed to equal conditions of temperature and time. Each operation for sequential sample 

process is scheduled, through a time unit called processes cadence. The basic chemistry 

procedure for the cuvette movement, pipetting and washing for every sample is made within 45 

sec, through the operation of process cadence. The rotating wash-ring collects paramagnetic 

beads through four magnetic wash-stations that wash beads with a wash buffer. Minimum three 

washes are applied to the beads. The pipetting section of Simoa provides through overhead 

gantry two pipettes. As in (Fig 3) pipettor one has responsibility for the transfer of bead-

substrate mixture to array disc and pipettor two has the responsibility for reagent pipetting 

(Wilson, D.H. et al. 2016).  

 

 

Principle of Simoa: 

The instrument uses single-molecule immunoassay through antibody capture agents that are 

attached on the surface of paramagnetic-beads in a sample solution. The beads are put in a 

sample solution in aim to capture molecules in the sample, the mixture is called bead-substrate 

mixture and the antigen (molecule) which is captured by beads is called immuno-complex. High 

amount of beads are crucial for the efficiency in the detection of molecules. The beads are then 

washed in aim to get rid of nonspecifically unbound molecules and are incubated with a 

biotinylated detector antibody. Secondly the beads are incubated with the enzyme streptavidin 

β-galactosidase (SBG) and its substrate resorufin β-D-galactopyranoside (RGB).The RGB 

helps with the conjunction of the biotinylated antibody. After the incubations each beads which 

captured a single molecule has an enzyme label. The enzyme label converts the captured target 

molecule to a fluorescent product. A fluorescent product can absorb light and emit light. 

Through the light that is generated by the fluorescent product, detection of very low 

concentrations of the target molecule is made. The concentration is measured digitally, by 

counting the number of wells (Fig 4) holding a fluorescent product and a bead in relation to the 

total numbers of wells containing beads (Fig 5). The digital concentration is called signal AEB 

(Quanterix. 2013).  
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Figure 4. Simoa disc containing 24 arrays, were each array holds 216,00 femtio-liters sized wells. The wells holds 

single beads with immuno-complex or without immunocomplex (Quanterix. 2013). 

 

 

 
Figure 5. The figure shows all the substitutes for the generation of fluorescence light and AEB signal. The capture 

antibody (blue), the biotinylated detection antibody (purple). The target analyte (red). The SBG (brown) and the 

RBG (orange). 

 

Antibodies: 

Specific antibodies will be used for the detection of the targeted phosphor-site threonine 217. 

Antibody P217 will be used for the binding of phosphor-site threonine 217. Antibodies which 

are close to the area of the phosphor-site threonine 217 will be used, in aim to help with the 

binding and lifting of the Tau protein molecule itself (Fig 6). These antibodies are Tau 13, Tau 

12, HT7 and BT2. The epitope Tau 12 is at amino acids 6-18.  For Tau 13 it is at aminoacids 

15-25, for HT7 it’s at aminoacids 159-163 and for BT2 it’s aminoacids 94-198.  All the 

antibodies can be used as capture or detector antibodies depending on the operators aim 

(Biolegend, 2018a; Biolegend, 2018b; Thermofisher Scientific, n.d). 
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Figure 6. Binding sites for antibody P217, Tau 12, Tau 13, BT2 and HT7 in protein Tau. P217 is targeted (red 

color). 

 

 

Assay flexibility:  

Simoa is able to perform protocols of 1, 2 and 3 step assays. Wish provides variable number of 

wash steps and incubation time. As well as flexibility on sample dilutions and separation of 

pretreatment steps. In the 1-step assay, only one incubation occurs were beads, detector and 

enzyme is incubated all together. In 2-step assay two incubations occurs and washing in 

between the incubations with firstly beads and detector. Finally with the enzyme. In 3-step 

assay three incubations occurs and washing in between. Firstly with the beads, secondly with 

the detector and finally with the enzyme (Wilson, D.H. et al. 2016). 

 

 

Additional assay improvement: 

Helper beads are beads which do not contain an antibody. Their purpose is to improve the AEB 

signal in the samples by helping the capture beads in the assay to bind more of the targeted 

molecule in samples. (Quanterix. 2016). 
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1.3 AIM 

 

The aim of this thesis is to develop ultra-sensitive Simoa assays for tau phosphorylated on 

threonine 217. To examine P217 in CSF and in blood samples from patients with different 

neurodegenerative diseases and healthy controls. This study has never been carried out before.  

With this new parameter the confidence level of diagnose will be increased. 

 

By taking different amounts of antibodies specific for P217 and testing it forward with help of 

Simoa. We hope to reach the goal of finding the parameters in CSF and in plasma/serum.  

 

1. Can we develop a SIMOA assay for P217? 

2. Are levels of  P217 measurable in brain tissue? 

3. Are levels of P217 measurable in CSF and/or plasma/serum? 

4. Are levels of P217 different when comparing AD versus controls? 

5. How do levels of P217 compare between different neurodegenerative Taupathies? 
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2 MATERIAL AND METOD 
 

2.1 Preparation of beads and covering with antibodies  

2.1.1 Bead covering of antibody P217 

 

For the preparation of beads a standard bead covering protocol was followed (Kuhle, Jens et 

al., 2016).  

 

Buffer exchange and concentrating of antibody: 

The first step started with transferring 5 ml Bead conjugation buffer (BCB) to a tube and placing 

it on ice. Later on 450 μl of BCB was added to Amicon filter in a collection tube. The tube was 

centrifuged for 5 min at 14000*relative centrifugal force (RCF) at RT. The flow was discarded 

and the filter was returned to the collection tube. Antibody and 450 μl of BCB was added to the 

Amicon filter containing collection tube. The tube was centrifuged for 5 min at 14000*RCF at 

RT. The flow was discarded and the filter was returned to the collection tube. The adding of 

BCB, centrifugation and the discarding of the flow was always done twice. In aim to wash out 

the original buffer, which the antibody was stored in. Later on the Amicon filter was placed in 

a new tube and rinsed with 40 μl BCB, through rinsing inside the filter at the white area, where 

the antibody is placed. In aim for the antibody to be rinsed down to the new tube. The Amicon 

filter was inverted and centrifuged for 2 min at 1000*RCF at RT. The filter was discarded and 

the collection tube was caped.  

 

Preparation of antibody conjuction: 

Concentrations of the antibody was measured through a Nano-drop spectrometer. The blank 

which were used was BCB. The volume were measured through pipetting the liquid up from 

the tube, which gave an approximate volume. This data was noted and the tube containing 

antibody was put on ice.  

 

Preparation of beads for activation: 

The total bead volume for the antibody was transferred to a 1,5 ml tube. The beads was washed 

with Bead wash buffer (BWB) three times and washed with BCB two times. The tube was 

vortexed after the buffer was inserted and placed in a magnet separator. Which holds the 

paramagnetic beads and the supernatant was poured out with a pipette. So that new amount of 

buffer could be inserted. The washing of the beds was done in aim to wash out the original 

buffer which the beds were stored in. After the last wash two tubes containing beads was 

suspended with iced-BCB and placed on ice. 

 

Activating beads: 

EDC (1-ethyl-3-(3-dimethylaminopropyl carbodiimide hydrochloride) was removed from 

storage, the EDC vial was opened and 100 μl of iced-BCB was added. The EDC was later on 

added to the beads to a concentration of 0,2 mg/ml. The beads were put in incubation for 30 

min in 4 °C.  

 

Conjugating antibody to activated beads: 

The beads was washed with ice-BCB. The supernate was discarded and ice-cold antibody was 

added.  
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Blocking the beads: 

The beads was centrifuged and placed in a magnetic separator, the supernatant was collected 

and put in a new tube. Additionally two washes was made with BWB and the supernatant was 

collected during both washes and put in new tubes. The concentration of antibodies in the 

supernatant containing tubes was measured with Nano-drop spectrometer, with a blank of BCB. 

The concentration in the supernatant represent the amount of antibodies which have not bound 

to the beads. The data was noted and simple calculations for the total concentration and 

percentage of the unbound antibodies was made. The initial concentration of antibody P217 

was 0,2g/l. Through dividing the total concentration of unbound antibody with the initial 

concentration of antibody, the percentage for unbound antibody was calculated to 48% for 

P217. 

 

2.1.2 Bead covering of antibody Tau 12, Tau 13, BT2 and HT7 

 

Antibodies Tau 12, Tau 13, BT2 and HT7 was prepared and covered with beads formerly in a 

similar way. The EDC concentration for Tau 12, BT2 and HT7 was 0,2 mg/ml. For Tau 13 the 

EDC concentration was 0,3 mg/ml. The initial concentration for all the antibodies was 0,2 g/l. 

The percentage of unbound antibody was 40% for Tau 12, 34% for Tau 13, 4% for BT2 and 

36,5% for HT7. 

 

2.2 Assay development 

2.2.2 Tau 12 and Tau 13 

 

Sample preparation: 

Sample preparations was made for eleven samples containing blank, Tau441 GSK3B-

phosphorylated, serum, plasma, brain and CSF. The samples of serum, plasma and CSF were 

from a pool of evaluated patients for neurodegenerative disease and the brain was from an AD 

patient. The pool of samples was used in aim to see if P217 was measurable in either of them. 

 

Tau441 GSK3B-phosphorylated (Rec) was used as a reference for the targeted phosphorylated 

Tau in the samples of CSF, brain, plasma and serum. The blank contained Tau sample diluent 

buffer which the samples was diluted with. 

 

 The preparation started with transferring 1240 μl of blank into a tube. Secondly CSF, plasma 

and serum was prepared by transferring 1240 μl of each into separate sample tubs. Later on 

CSF plasma and serum was diluted to 1:2 by transferring half of 1240 μl of each into separate 

sample tubs and diluting each to 1240 μl.  One sample of brain was prepared and was diluted 

to 5000x brain factors. Three Rec containing samples tubs was prepared with a concentration 

of 2500pg/ml, 250pg/ml and 25pg/ml. By adding Rec and diluent to the tubs. 

 

 

Bead preparation: 

Four tubs of beads covered with antibodies was prepared with a concentration of 20000 beads/ 

μl. All the tubes was diluted with Bead diluent buffer. Before the insertion of bead covered 

antibodies in to the tubes. The beads was washed with the same diluent Buffer. Through 

transferring each bead to separate eppendorf tubes and inserting diluent buffer, vortexing and 
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putting the tubes into a magnet holder. Removing the supernatant and diluting the bead to the 

actual volume. The first tub called Bead 1 contained 43 μl of bead p217 and 3010 μl of diluent.  

 

 

Detector preparation:  

Four tubes of pre-biotinylated detectors was prepared with a concentration of 2 μg/ml. All the 

tubes was diluted with Tau sample diluent buffer.  

 

Enzyme preparation 

Enzyme resorufin β-D-galactopyranoside (RGB) and its substrate the streptavidin β-

galactosidase (SBG) was prepared. One tub containing 15500 pM SBG diluted with SBG 

diluent and two vials containing RGB. 

 

Simoa: 

The eleven samples was run in Simoa together with the enzyme, detector and beads. They were 

set in 2-step protocol where incubation occurred in 47 and 7 cadence. All the samples went 

through a protocol of 2-step twice as shown in Table 1. Therefor the number of test made was 

(2*(11 samples * 6 HB) in total 132. A new set of eleven samples was prepared after this run 

in the same way. The new set of samples was run in 3-step protocol where incubation occurred 

in 40, 7 and 7 cadence. The total of test in this run was equal with the previous run (132). 

 

 A signal called Average enzyme per bead (AEB) was used to detect P217 in the samples. AEB 

is a ratio for the number of active beads that have captured a molecule which the enzyme 

converted to a fluorescent product.  

 

 
Table 1: Every assay was run on every sample twice, there is eleven samples and 6 assays for each protocol. Wish 

made it in total 264 tests.  

Assays Protocol Beads Detector 

Assay 1 2/3-step  P217 Tau12 

Assay 2 2/3-step  P217 Tau13 

Assay 3 2/3-step  P217 

Tau12+Tau1

3 

Assay 4 2/3-step  T12 P217 

Assay 5 2/3-step  T13 P217 

Assay 6 2/3-step  

Tau12-

Tau13 P217 
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2.2.3 HT7 and BT2 

 

Antibodies HT7 and BT2 was prepared for similar purpose and way as the previous antibodies 

and with the same concentration. They were used as capture antibodies and detector antibodies 

together with antibody P217 and run with 9 samples (table 2). In this case the Rec2500 and 

brain samples was removed (table 2), since high signal in brain was already maintained in the 

previous results with antibodies (Tau 12 and Tau13). Rec2500 is calibrator for high signals and 

the highest signals in that range are received from brain, therefor the sample was not necessary. 

With these antibodies (HT7 and BT2) the main focus was finding a high signal in CSF, plasma 

and serum. 
 

Table 2: Every assay was run on every sample once, there is nine samples and 6 assays for each protocol. Wish 

made it in total 108 tests.  

Assays Protocol Beads Detector 

Assay 1 2/3-step  P217 HT7 

Assay 2 2/3-step  P217 BT2 

Assay 3 2/3-step  P217 

HT7+BT

2 

Assay 4 2/3-step  HT7 P217 

Assay 5 2/3-step  BT2 P217 

Assay 6 2/3-step  

HT7+B

T2 P217 

 

 

2.2.4 Helper beads 

 

For the assay development with helper beads a standard protocol was used (Quanterix. 2016). 

 

Assay preparation: 

Further improvement of the best assay was made with 2-step protocol containing P217 as 

capture antibody and Tau12 as a detector antibody. By the use of helper beads. Different amount 

of helper beads was added to the assay-beads (capture antibody), in aim to evaluate if the AEB 

signal increases. Four sets of assays was made. The detector was put in a separate tub and all 

the beads for the four different sets of assays in separate tubes. All four assays contained 4μg/μl 

of detector Tau 12 which was diluted with Tau diluent. The first set of assay contained 100% 

of assays beads, with concentration of 20000 beads/μl, diluted with bead diluent. The second 

set contained 75% of assays beads with a concentration of 15000 bead/μl and 25% of helper 

beads with a concentration of 5000beads/μl. The third set contained 50% of assay beads with a 

concentration of 10000 beads/μl and 50% of helper beads with an equal concentration of 10000 

beads/μl. The fourth set contained 25% of assay beads with a concentration of 5000 beads/μl 

and 75% of helper beads with a concentration of 15000 beads/μl. All the beads were diluted 

with bead diluent. 
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Enzyme preparation: 

Enzyme resorufin β-D-galactopyranoside (RGB) and its substrate the streptavidin β-

galactosidase (SBG) was prepared. One tub containing 15500 pM SBG diluted with SBG 

diluent and two vials containing RGB. 

 

Sample preparation: 

A total of 31 samples was prepared and put into different tubs. All the samples was diluted with 

Tau diluent. Five samples of the calibrators Rec was prepared with concentrations 1000pg/ml, 

200pg/ml, 40pg/ml, 8pg/ml and 2pg/ml. In aim to calibrate the variety of AEB signals that can 

appear in the samples (brain, CSF, plasma and serum). A blank of 1000μl of Tau diluent was 

prepared. AD Brain samples was used in aim to evaluate how the signal change when helper 

beads are present. The four AD brain samples which were used was diluted to brain factors 

5000x, 25000x, 125000x and 625000x. The big number of brain dilutions was made in aim for 

Simoa to quantify the AEB signal better. A sample signal, which is to high make it harder for 

quantification to occur, therefore high dilution ratios is necessary. 

 

For the CSF and serum samples two different patient pools was used. The CSF pools contained 

diluted samples to 1:2, 1:4 and 1:8.The serum pools contained undiluted samples and samples 

diluted to 1:2 and 1:4. For the plasma samples three different patient pools was used, which 

also contained an undiluted samples and diluted samples to 1:2 and to 1:4. Different patient 

pools was used in aim to evaluate how the signal differs within a bigger group of patients.  

 

Assays: 

Simoa were set to 2-step protocol where incubation occurred in 47 and 7 cadence. The first 

assay containing 100% of assays beads was run once on every sample, since the same set of 

assay already been done in a previous experiment. The three remaining samples was run twice 

on every sample. Which made a total of 217 tests. 

 

2.2.5 Controls vs Taupathies 

 

Brain samples from healthy controls and different Taupathies were used. The Taupathies which 

was examined were Alzheimer’s disease AD, Picks disease PiD, Corticobasal Degeneration 

CBD, Progressive supranuclear palsy PSP, Globular glial Taupathies GGT.Were CBD is a rare 

type of Parkinson’s disease and PiD a type of frontotemporal dementia.  

 

Sample preparation: 

There was a consistent high AEB signal in the previous tests of brain, therefor brain samples 

was used to examine how P217 variate in Taupathies. A total of 26 brain samples were prepared 

with 10000x brain factor, diluted with Tau diluent. Since there was a tight limit of available 

brain samples of the different Taupathies, equal amount of samples was not prepared. For AD, 

PiD, CBD and PSP five samples was prepared of each. For GGT two samples was prepared. 

Additionally an AD sample from the previous runs was prepared for quality control of the new 

samples of AD. Two samples of healthy controls was prepared. 

 

For the calibrators Rec eight samples was prepared in aim to calibrate the variety of AEB signal 

that can appear in the samples. The concentration of the eight Rec samples were 2000 pg/ml, 

667 pg/ml, 222 pg/ml, 74 pg/ml, 25 pg/ml, 8 pg/ml, 3 pg/ml and 1 pg/ml. Seven samples of 

blank was prepared with 300 μl of Tau diluent. 
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Enzyme preparation: 

Enzyme resorufin β-D-galactopyranoside (RGB) and its substrate the streptavidin β-

galactosidase (SBG) was prepared. One tube containing 15500 pM SBG diluted with SBG 

diluent and one vial containing RGB. 

 

Assay preparation: 

Capture antibody P217 and detector antibody Tau12 in 2-step protocol were used for the 

examination of how P217 variate in the different Taupathies. From previous tests it was 

revealed that this antibody combination, gave the best assay. In Simoa the incubation of the 2-

step protocol was set to 47 and 7 cadence. For the assay a concentration of 2000 beads/μl of 

capture antibody P217 were used, diluted with bead diluent. A concentration of 844 μg/ml of 

detector antibody Tau12 were used, diluted with Tau diluent. This assay was tested on all the 

40 samples twice, which gave a total of 80 test. 
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3 RESULT AND DISCUSSION 
 

Data received from Simoa HD-1 was analyzed. Where the signal AEB which is used to detect 

P217 in the samples was taken to a consideration, in aim to determent the greatest assay with 

the most measurable samples. The assay with the highest measurable AEB signal of all the 

assays was desired for this purpose. A blank which is very close to zero is desired, in aim for 

the signal in the samples to be correct and anything which is below the blank value is not a 

measurable AEB signal. The number of active beads which has bound to the analyte P217 in 

the samples compared with the number of beads from the beginning put with the sample, can 

be taken to consideration when it’s difficult to differentiate from the AEB signal samples. As 

well as the AEB concentration when more clarification of the levels of P17 is needed, 

Tau441 GSK3B-phosphorylated (Rec) was used as a reference for the targeted phosphorylated 

Tau in the samples CSF, brain, plasma and serum. In aim to calibrate the signal in the samples. 

Many different types of assays with different protocol is run on the samples, in aim to find a 

high signal of AEB.  

 

3.1 Tau 12 and Tau 13 

3.1.1 2-step protocol  

 

AEB signal was obtained from all the eleven samples. Every sample was run twice and the AEB 

mean was calculated for the samples. Assay-1 had a blank which had the lowest signal and was 

closest to zero. Therefor Assay-1 was chosen to be the best assay of all the assays run in this 

round. 

 

 

Assay-1: 

The capture was antibody P217 and the detector Tau12. The AEB signal was detected in all 

samples of brain, CSF, serum and plasma. The reference Rec was in order, the signal decreased 

by a tenth in order (2500pg/ml, 250pg/ml and 25pg/ml) in every dilution. The brain had the 

highest signal of AEB, which was expected, since brains contains the highest amount of neurons 

in the whole body. The plasma with and without dilution didn’t show a significant difference. 

The CSF and serum was showed give a better signal, when diluted to a half (See Figure 7 and 

Table 3). Through these findings it was established that capture antibody P217 and detector 

antibody Tau12 gave the best assay in this round. 

 

 

Table 3 is shown in aim to precisely show the choice of the assays with the highest AEB signal. 

In the further upcoming test the tables for the sample AEB signal is put in the appendix section, 

since clarification already has been obtained. 
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Table 3. The mean AEB signal for all the samples. Where values of Assay-1 is shown in green. Dotted signals (-

), shows were analysis could not be obtained due to sample errors.  

Detector Tau12 Tau13 Tau12+Tau13 p217 p217 p217 

Format 2-step 2-step 2-step 2-step 2-step 2-step 

Blank 0,004 1,47 1,07 0,21 0,48 0,28 

Rec 

2500 

pg/ml 

10,43 2,05 16,54 0,41 0,54 0,48 

Rec 250 

pg/ml 
9,45 4,42 5,26 0,21 0,49 0,03 

Rec 25 

pg/ml 
1,02 0,12 1,36 0,21 0,42 0,28 

AD 

brain 
10,51 3,43 5,11 0,21 0,42 0,34 

CSF 

Neat 
0,02 2,23 1,29 0,51 0,44 0,48 

CSF 1/2 0,12 1,45 1,28 0,29 0,29 0,31 

Plasma 

Neat 
0,04 0,26 0,17 0,05 0,04 0,42 

Plasma 

1/2 
0,03 0,07 0,06 0,06 0,05 0,14 

Serum 

Neat 
0,04 0,22 0,01 0,04 - 0,01 

Serum 

1/2 
3,24 1,01 0,33 0,03 - 0,04 
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Figure 7. The graph has the calibrators Rec in the x-axis and the mean AEB at the y-axis. The graph shows the 

calibrators up to 250, they actually go up to 2500 and the assays follow the same trend all the way. It is significantly 

shown that Assay-1 (blue) is closest to zero in the start and obtains the highest AEB signal of all the assays. 

 

 

 

3.1.2 3-step protocol  

 

AEB signal was obtained from all eleven sample. The samples was run twice with 3-step 

protocol. The mean of the AEB signal was calculated. Assay-1 showed to be most significant 

of all the samples run in this protocol. It had a very low blank of 0,004. Therefore this assay 

was chosen to be the best of all the assay run with 3-step protocol (See Appendix A).  

 

Assay-1: 

Similar to the 2-step protocol the capture antibody was P217 and the detector antibody Tau12. 

The Rec was in order with the dilution factor and decreased with a tenth. However the AEB 

signal of Rec was much lower compared with the 2-step protocol. The AD brain had a low AEB 

signal (2,525). The CSF signal in both samples (diluted 1/2 and undiluted) was equal to the 2-

step protocol, also in this case the signal was increased with dilution. The plasma in this case 

only showed a slightly low difference between the diluted and undiluted samples (0,004 for 

undiluted and 0,002 for diluted sample), these values was not above the signal from the blank 

and therefore were not measurable for the detection of P217. The serum signal in the undiluted 

sample was low (0,004) and not measurable. The diluted sample showed to give a higher signal 

(0, 2) (See Figure 8). Through these findings it was established that capture antibody P217 and 

detector antibody Tau12 gave the best assay in this round. 
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Figure 8. The graph has the calibrators Rec in the x-axis and the mean AEB at the y-axis. The graph shows the 

calibrators up to 250, they actually go up to 2500 and the assays follow the same trend all the way. It is significantly 

shown that Assay-1 (blue) is closest to zero in the start and obtains the highest AEB signal of all the assays. 

 

3.1.3 Assay-1 2step vs 3 step  

 

Protocol: 

Antibodies Tau12 and Tau13 was run in 2-step and 3-step protocol. Of both the protocols (2-

step and 3-step) run with coadjutor antibodies, 2-step protocol showed to be most significant. 

The blank in both protocols was alike. However the AEB signal in the samples of 2-step 

protocol (Assay-1) was much higher compared with the 3-step protocols (Assay-1) (See Figure 

9).. 

 

 
Figure 9. The graph has the calibrators Rec in the x-axis and the mean AEB at the y-axis. The graph shows the 

calibrators up to 250, they actually go up to 2500 and the assays follow the same trend all the way. It is significantly 

shown that Assay-1 (blue) from 2-step has slightly higher AEB signals than Assay-1 (red) from 3-step. 
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3.2 HT7 and BT2 

3.2.1 2-step protocol 

 

An AEB signal was obtained from all the nine samples. Every sample was run once on every 

assay. Assay-3 was chosen to be the best assay of all the assays run in this round. This assay 

obtained the blank with the lowest signal and was closest to zero (See Appendix B).  

 

Assay-3: 

In this case capture antibody was P217 and the detector antibody HT7 and BT2. The blank 

signal was very low (0,003), slightly lower than all the previous assays. However the Rec 

dilutions of 250pg/ml was very low (0,007) and for 25pg/ml not measurable. The signal in Rec 

in this case was not in order of the dilutions, ideally the Rec 25 should be decreased with tenth 

compared with Rec 250. This shows that the calibrators did not function. The calibrators are 

crucial for the signal in the samples. The signals in the samples was very pure. The undiluted 

CSF and the diluted CSF obtained very close signals (0,007 and 0,004). The undiluted plasma 

and the diluted plasma obtained equivalent signals (0,002) which were not measurable. The two 

samples of serum (undiluted and diluted) obtained an equivalent and unmeasurable signal 

(0,003) (See Figure 10). Through these findings it was established that capture antibody P217 

and detector antibody HT7 and BT2 gave the best assay in this round. 

 

 

 
Figure 10. The graph has the calibrators Rec in the x-axis and the AEB signal at the y-axis. The graph shows the 

calibrators up to 250. It is significantly shown that Assay-3 (green) is closest to zero in the start and therefore 

obtains the best AEB signal of all the assays. 

 

 

3.2.2 3-step protocol 

 

 

AEB signal was obtained from all the nine samples. The samples was run once on every assay. 

Assay-1 had the lowest blank in this round and was chosen to be the best assay of all the assays 

run in this round (See Appendix B). 
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Assay-1 

In this assay the capture antibody was P217 and the detector antibody HT7. A low blank signal 

was obtained (0,004). The Rec in this case was in order with the dilutions of 250pg/ml and 

25pg/ml and decreased with a tenth (0,014 and 0,006). The CSF obtained a better signal during 

dilution compared with the undiluted sample of CSF (0,009 undiluted and 0,021 diluted). The 

diluted sample of plasma was measurable and the undiluted plasma sample were not. The 

diluted and undiluted serum obtained close AEB signals (0,009 and 0,004). However the 

undiluted sample was not measurable (See Figure 11). Through these findings it was established 

that capture antibody P217 and detector antibody HT7 gave the best assay in this round. 

 

 
Figure 11. The graph has the calibrators Rec in the x-axis and the AEB signal at the y-axis. The graph shows the 

calibrators up to 250. It is significantly shown that Assay-1 (blue) is closest to zero in the start and therefore obtains 

the best AEB signal of all the assays. 

 

 

3.2.3 Assay 2-step vs 3-step  

 

Protocol: 

Antibodies HT7 and BT2 was run in 2-step and 3-step protocol. The protocols (2-step and 3-

step) had a close by blank signal. The 2-step protocol had a slightly lower blank than the 3-step 

protocol. However the Rec which is a crucial calibrator for the samples was not in order in the 

2-step protocol compared with 3-step protocol. Therefore the 3-step protocol (Assay-1) was 

chosen to be most significant equate to the 2-step protocol (Assay-3) (See Figure 12). 
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Figure 12. The graph has the calibrators Rec in the x-axis and the AEB signal at the y-axis. The graph shows the 

calibrators up to 250. It is significantly shown that Assay-3 (blue) from 2-step obtains better AEB signals than 

Assay-1 (red) from 3-step.  

 

3.3 Tau 12 & Tau 13 vs HT2 & BT2 

 

Antibodies Tau 12, Tau 13, HT2 and BT2 was used in aim to find an assay with a high AEB 

signal. By comparing all of the antibodies from both the protocols (2-step and 3-step) it was 

known that the Assay-1 from 2-step protocol were the capture antibody was P217 and the 

detector antibody Tau 12 yield the highest AEB signal of all the runs. The assay had a 

significantly low blank signal (0,004) which was alike the chosen assays from every protocol, 

from all the antibodies. The Rec in this assay of capture P217 and detector Tau 12 was in order 

with the dilution and obtained significantly high values. Which contributed the measurement of 

the high samples signals in the assay (See Figure 13). Through these findings it was established 

that capture antibody P217 and detector antibody Tau 12 gave the assay with the highest AEB 

signal 
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Figure 13. The graph has the calibrators Rec in the x-axis and the AEB signal at the y-axis. The graph shows the 

calibrators up to 250. It is significantly shown that Assay-1 (blue) from 2-step protocol of antibodies Tau 12 and 

Tau 13 obtains better AEB signals than all the best runs of 3-step protocol (Assay-1 Tau 12 and Tau13) shown in 

red and of antibodies HT7 and BT2 (2-step Assay-3 and 3-step Assay-1) both shown in green and  purple.  

 

3.4 Helper beads 

 

Helper beads was used in aim to improve the AEB signal for capture antibody P217 and detector 

antibody Tau12. Four sets of assays was made and 31 samples containing AD brain, CSF, 

plasma and serum.  The assays was run in 2-step protocol. AEB signal was obtained from the 

assays. Assay-1 (0% helper beads) revealed to be most significant in this run. The assay 

obtained the highest amount of the expected active beads.  

 

Assay-1: 

Assay-1 did not contain any helper beads. The blank was very close to the value of the blank in 

Assay-3,50%, which was slightly lower. However the assay contained more sample errors and 

less active beads (table 4) than Assay-1, 0%. Therefore Assay-1, 0% was chosen to be the best 

assay of all runs (See Figure 14 and Table 4).  

 

In Assay-1, 0%, there was no AEB signal obtained from Rec 1000pg/ml. In the remaining Rec 

dilutions 200pg/ml, 40pg/ml, 8pg/ml and 2pg/ml signal was obtained and which was in order 

with the dilutions. In the brain samples AEB signal was obtained, expect from the sample with 

dilution 5000. In CSF signal was obtained from pool 1 with dilution 1:2 and from dilution 1:8. 

In pool 2, dilution 1:8 signal was also obtained. In the rest of the CSF samples there was not a 

measurable AEB signal. In all the serum samples there was not a measurable AEB signal. 

However in the plasma samples AEB signal was obtained from pool 2, dilution 1:2. Pool 3, 

undiluted and 1:4 diluted sample. In the rest of the plasma samples AEB signal was not 

measurable (See Appendix C). Through these findings it was established that capture antibody 

P217 and detector antibody Tau 12 gives the most ultrasensitive Simoa assay. 

 

  

 



22 

 

 
Figure 14. The graph has the calibrators Rec in the x-axis and the AEB signal at the y-axis. The graph shows the 

calibrators up to 1000. It is significantly shown that Assay-1, 0% (blue) obtains the best AEB signal of all the 

assays. 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Table 4.The number of active beads for all the samples for the 2-step protocol with capture antibody P217 and 

detector antibody Tau12 is shown. Containing different percentage of helper beads. The different patient pools 

which was used are numbered on samples (CSF, plasma serum). The expected bead number refers to the number 

of beads which was put with the samples before the analysis with Simoa. The best assay (Assay-1, 0% is marked 

in dark green. Dotted signals (-), shows were analysis could not be obtained due to sample errors.  
Bead no.  

  2 step 

  Helper beads 

Expected 
bead no.  

20000 15000 10000 5000 

Rec ptau441 
pg/ml 

0% 25% 50% 75% 

1000      - 4924 4480 2867 

200 13774 9430 3788 3288 

40 12385      - 1888 2170 

8 5882 9644 3784 2817 

2      - 6113 6750 3455 

0.00 19137 10227 4161 1594 

5000      - 8806      - 1751 

25000 19449 9818 3863 3641 

125000 10825 10194 4094 3508 

625000 6963 8243      - 3665 

Plasma1 
Neat 

10533 3901 3815 2550 

Plasma1 1/2 18567 3589 7892 2772 

Plasma1 1/4 15545 11588      - 3570 

Plasma2 
Neat 

      -      - 1055 996 

Plasma2 1/2 2306      - 3025 2991 

Plasma2 1/4 12675 11857 7957 3822 

Plasma3 
Neat 

6529      - 2767      - 

Plasma3 1/2 12024      -      -      - 

Plasma3 1/4 15377 11974 6055      - 

Serum1 Neat 5732      -      -      - 

Serum1 1/2 8239 5412 7345 4116 

Serum1 1/4 19197 10686 6762 1253 

Serum2 Neat 15708 9295 5023 2349 

Serum2 1/2 18100 6957      -      - 

Serum2 1/4 4468 13952      - 2935 

CSF2 1/2 20532      - 5675 3414 

CSF2 1/4 17108 8287 6560 2135 

CSF2 1/8 15914 11300 4567      - 

CSF1 1/2 17643 4735 7528 3280 

CSF1 1/4 19772 10381 6041 2054 

CSF1 1/8 1737 1157 1377 3156 

 

 

 



24 

 

3.5 Controls vs Taupathies 

 

Brain samples from different Taupathies and healthy controls was examined. From our previous 

results it was revealed that Tau 12 as a detector antibody and P217 as a capture antibody in 2-

step protocol, gave the best AEB signal in all the samples (brain, CSF, plasma and serum). This 

capture and detector antibody combination was used in this test with 2-step protocol. 

 

In this test the further examination of the goal in this report was made, through the use of brain 

samples. In aim to see how the levels of P217 variate in different Taupathies in comparison 

with healthy controls. The Taupathies which was examined were Alzheimer’s disease AD, 

Picks disease PiD, Corticobasal Degeneration CBD, Progressive supranuclear palsy PSP, 

Globular glial Taupathies GGT. In the test a statistical ANOVA test was used in aim to 

determent the Taupathies with the highest abnormal levels of phosphorylation on threonine 217 

(P217). The ANOVA test compares variances between the Taupathies, by analyzing the means 

in the different Taupathies.  The AEB concentration indicates the concentration of P217 in the 

samples and was used from the data received from Simoa, instead of the AEB signal. In aim to 

get more clarification of the levels of P217 in the samples. With help of the Anova test it was 

found that PSP, CBD, GGT and AD had abnormal levels of P217. PSP and CBD had the highest 

levels of P217, secondly came GGT and last AD, with a slightly higher level of P217 than the 

healthy controls (Ctrl) (See Figure 15). Through the findings it was concluded that levels of 

P217 were higher in the Taupathies compared with the controls. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 15. The bar-graph has the AEB concentration of the samples AD, PiD, CBD, PSP, GGT and Ctrl at the x-

axis and the calibrators Rec at the y-axis. The bar-graph shows the calibrators up to 40000. It is significantly shown 

that AD, CBD, PSP, GGT has higher concentration of P217 than Ctrl. 
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4 CONCLUSION 
 

The results in this study indicated that an ultrasensitive Simoa assay could be developed for 

P217. With help of capture antibody P217 and detector antibody Tau 12.  

The findings also showed that P217 was measurable in brain tissue, CSF, plasma and serum.  

 

In the different Taupathies it was showed that the levels of P217 differentiated. In PSP, CBD, 

GGT and AD abnormal levels of P217 was found compared with the healthy control group. 

The PSP and CBD was found to have the highest abnormal levels of P217. GGT had the second 

highest level of P217. While AD had the lowest levels of P217, very close to levels in the 

healthy control group. Through the findings it was concluded that levels of P217 were higher 

in the Taupathies compared with the controls. 
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5 FURTHER STUDIES 
 

In further studies of this project. More improvement can be made of the assay with capture 

antibody P217 and detector antibody Tau12. In aim to enhance the signal. The assay 

improvement can be made through trying out different buffer and through improving the 

enzyme streptavidin β-galactosidase (SBG) by titration. A improved assay may lead to 

detection of higher measurable AEB signals in CSF, plasma and serum.  

 

Further examination of how P217 variate in CSF, plasma and serum in different Taupathies can 

be made. Through the use of healthy control samples and samples of Taupathies.  

 

 



27 

 

6 REFERENCES 
 

1. Barthelemy et al., 2015. Mass spectrometry follow-up of t181, s199, s202, t205, and 

T217 tau phosphorylation in cerebrospinal fluid from patients revealed a specific 

Alzheimer’s disease pattern. Alzheimer's & Dementia: The Journal of the Alzheimer's 

Association, 11(7), p.P870. 

 

2. Billingsley, M.L.L. & Kincaid, R.L., 1997. Regulated phosphorylation and 

dephosphorylation of tau protein: Effects on microtubule interaction, intracellular 

trafficking and neurodegeneration. Biochemical Journal, 323(3), pp.577–591. 

 

3. Biolegend (2018-01-29). Purified anti-Tau, 6-18 Antibody. [Electronic]. CA, USA.  

Available:https://www.biolegend.com/en-us/products/purified-anti-tau--6-18-

antibody-11569/ [2019-05-20]. 

 

4. Biolegend (2018-07-30). Purified anti-Tau, 15-25 Antibody. [Electronic]. CA, USA.  

Available:https:https://www.biolegend.com/en-us/products/anti-tau--15-25-antibody-

11155 / [2019-05-20]. 

 

5. Hampel et al., 2010. Total and phosphorylated tau protein as biological markers of 

Alzheimer’s disease. Experimental Gerontology, 45(1), pp.30–40. 

 
6. Hanes, Jozef et al., 2018.  Alzheimer's & Dementia: The Journal of the Alzheimer's 

Association, Volume 14 , Issue 7 , P1669 

 

7. Hayat, M.A., 2014. Chapter 1 - Introduction to Autophagy: Cancer, Other Pathologies, 

Inflammation, Immunity, Infection and Aging, Volumes 1–4. In Autophagy: Cancer, 

Other Pathologies, Inflammation, Immunity, Infection, and Aging. pp. 1–32. 

 

8. Hernández, F. & Avila, J., 2007. Tauopathies. Cellular and Molecular Life Sciences, 

64(17), pp.2219–2233. 

 

9. Himmler, A. et al., 1989. Tau consists of a set of proteins with repeated C-terminal 

microtubule-binding domains and variable N-terminal domains. Molecular and cellular 

biology, 9(4), pp.1381–8. 

 

10. Kuhle, Jens et al., 2016. Comparison of three analytical platforms for quantification of 

the neurofilament light chain in blood samples: ELISA, electrochemiluminescence 

immunoassay and Simoa. Clin Chemi Lab Med, 54(10), pp1655–1661 

 

11. Mandelkow, Eva-Maria & Mandelkow, Eckhard, 2012. Biochemistry and cell biology 

of tau protein in neurofibrillary degeneration. Cold Spring Harbor perspectives in 

medicine, 2(7), p.a006247. 

 

12. Michala Kolarova et al., 2012. Structure and Pathology of Tau Protein in Alzheimer 

Disease. International Journal of Alzheimer's Disease, 2012, DOI: 

10.1155/2012/731526 

 

 



28 

 

13. Quanterix, 2013. Simoa HD-1 analyzer: Instruction manual. Lexington, MA: Quanterix 

Corporation.  

 

14. Quanterix, 2016. Setting up Homebrew Assays with Helper Beads: Instruction manual. 

Lexington, MA: Quanterix Corporation.  

 

15. Rose, Peter W et al., 2017. The RCSB protein data bank: integrative view of protein, 

gene and 3D structural information. Nucleic acids research, 45(D1), pp.D271–D281. 

 

16. Shrode, F., 2015. Reference Module in Biomedical Sciences. Choice, 52(10), pp.1633–

1634. 

 

17. Thermofisher Scientific (n.d.). Phospho-Tau (Thr217) Polyclonal Antibody. 

[Electronic]. Ma, USA.  

Available:https://www.thermofisher.com/antibody/product/Phospho-Tau-Thr217-

Antibody-Polyclonal/44-744/ [2019-05-20]. 

 

18. Thermofisher Scientific (n.d.). Tau Monoclonal Antibody (BT2). [Electronic]. Ma, 

USA.  

Available: https://www.thermofisher.com/antibody/product/Tau-Antibody-clone-BT2-

Monoclonal/MN1010 [2019-05-20]. 

 

19. Thermofisher Scientific (n.d.). Tau Monoclonal Antibody (HT7). [Electronic]. Ma, 

USA.  

Available: https://www.thermofisher.com/antibody/product/Tau-Antibody-clone-HT7-

Monoclonal/MN1000/ [2019-05-20]. 

 

20. Wilson, D.H. et al., 2016. The Simoa HD-1 Analyzer: A Novel Fully Automated Digital 

Immunoassay Analyzer with Single-Molecule Sensitivity and Multiplexing. Jala, 21(4), 

pp.533–547. 

 



 

 

APPENDIX 
 

Appendix A 
 
Tau 12 and Tau 13 
 

3-step Tau 12 and Tau 13 

 
Table 1. The mean AEB signal for all the samples for the 3-step protocol of Tau 12 and Tau 13. Values of Assay-

1 is shown in green. Dotted signals (-), shows were analysis could not be obtained due to sample errors.   

Format 3-step 3-step 3-step 3-step 3-step 3-step 

Blank 0,004 0,107 0,067 0,021 0,048 0,028 

Rec 

2500 

pg/ml 

5,343 1,65 1,954 0,041 0,054 0,048 

Rec 250 

pg/ml 
0,585 0,282 0,326 0,021 0,049 0,03 

Rec 25 

pg/ml 
0,031 0,12 0,096 0,021 0,042 0,028 

AD 

brain 
2,531 1,163 0,626 0,021 0,042 0,034 

CSF 

Neat 
0,02 0,143 0,089 0,051 0,044 0,048 

CSF 1/2 0,012 0,105 0,088 0,029 0,029 0,031 

Plasma 

Neat 
0,004 0,026 0,017 0,005 0,002 0,042 

Plasma 

1/2 
0,003 0,007 0,006 0,006 0,005 0,014 

Serum 

Neat 
0,002 0,022 0,01 0,004      - 0,001 

Serum 

1/2 
0,204 0,058 0,033 0,003      - 0,004 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix B 
 
HT7 and BT2 
 

2-step HT7 and BT2 

   
Table 2. The AEB signal for all the samples for the 2-step protocol of HT7 and BT2. Values of Assay-3 is shown 

in green.  

Detector    HT7   BT2 HT7+BT2 P217 p217 p217 

Format 2-step 2-step 2-step 2-step 2-step 2-step 

Blank 0,004 0,004 0,003 0,014 0,006 0,015 

Rec 250 

pg/ml 
0,004 0,005 0,007 0,008 0,012 0,011 

Rec 25 

pg/ml 
0,004 0,002 0,003 0,011 0,009 0,011 

CSF 

Neat 
0,007 0,01 0,007 0,012 0,011 0,013 

CSF 1/2 0,005 0,004 0,004 0,009 0,012 0,012 

Plasma 

Neat 
0,001 0,003 0,002 0,002 0,001 0,001 

Plasma 

1/2 
0,003 0,001 0,002 0,003 0,002 0,003 

Serum 

Neat 
0,006 0,004 0,028 0,002 0,001 0,001 

Serum 

1/2 
0,003 0,003 0,003 0,002 0,001 0,001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

3-step HT7 and BT2 

 
Table 3. The AEB signal for all the samples for the 3-step protocol of HT7 and BT2. Values of Assay-1 is shown 

in green. Dotted signals (-), shows were analysis could not be obtained due to sample errors.   

Detector    HT7    BT2 
   

HT7+BT2 
p217 p217 p217 

Format 3-step 3-step 3-step 3-step 3-step 3-step 

Blank 0,004 0,005 0,008 0,078 0,052 0,044 

Rec 250 

pg/ml 
0,014 0,006 0,011 0,029 0,081 0,066 

Rec 25 

pg/ml 
0,006 0,006 0,004 0,053 0,055 0,028 

CSF 

Neat 
0,009 0,007 0,008 0,025 0,067 0,051 

CSF 1/2 0,021 0,009 0,007 0,065 0,047 0,018 

Plasma 

Neat 
0,005        - 0,004 0,023 0,016 0,012 

Plasma 

1/2 
0,004 0,004 0,002 0,017 0,033 0,02 

Serum 

Neat 
0,009 0,008 0,008 0,009 0,016 0,01 

Serum 

1/2 
0,004 0,005 0,004 0,016 0,014 0,022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 
Appendix C 
 
Helper Beads 

 

Table 3. The AEB signal for all the samples for the 2-step protocol with capture antibody P217 and detector 

antibody Tau12 is shown. Containing different percentage of helper beads. The different patient pools which was 

used are numbered on samples (CSF, plasma serum).Values of the best assay is marked in dark green (Assay-1, 

0% and Assay-2, 25%). Dotted signals (-), shows were analysis could not be obtained due to sample errors.   

 Helper beads  
Rec ptau441 pg/ml 0% 25% 50% 75% 

1000         - 3,972 3,999 3,348 

200 0,782 0,732 0,769 0,730 

40 0,108            -    0,105 0,101 

8 0,034 0,041 0,032 0,045 

2          - 0,018 0,017 0,020 

Blank 0,012 0,015 0,011 0,017 

50000          - 0,851          - 0,955 

25000 0,135 0,133 0,154 0,141 

125000 0,036 0,041 0,031 0,039 

6250000 0,018 0,020          - 0,022 

Plasma1 Neat 0,010 0,011 0,012 0,007 

Plasma1 1/2 0,007 0,003 0,005 0,004 

Plasma1  1/4 0,005 0,005          - 0,004 

Plasma2 Neat           -           - 0,011 0,007 

Plasma2 1/2 0,013           - 0,015 0,017 

Plasma2  1/4 0,007 0,010 0,007 0,008 

Plasma3 Neat 0,017           - 0,012         - 

Plasma3 1/2 0,015           -         -         - 

Plasma3  1/4 0,006 0,006 0,006         - 

Serum1 Neat 0,008           -         -         - 

Serum1 1/2  0,005 0,007 0,006 0,007 

Serum1 1/4 0,005 0,005 0,006 0,006 

Serum2 Neat 0,006 0,007 0,008 0,007 

Serum2 1/2  0,006 0,006         -         - 

Serum2 1/4 0,004 0,006         - 0,008 

CSF1 1/2 0,019 0,014 0,017 0,016 

CSF1 1/4 0,012 0,016 0,011 0,011 

CSF1 1/8 0,013 0,010 0,009 0,012 

CSF2 1/2 0,012            - 0,012 0,013 

CSF2 1/4 0,012 0,011 0,012 0,010 

CSF2 1/8 0,013 0,011 0,013         - 
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