Proteome

Sciences Tau Phosphorylation

Proteome Sciences has discovered a number of novel
phosphorylation sites within PHF tau providing the basis
for the most comprehensive phospho-site specific ar ray
available for Alzheimer’s disease research.

Introduction

A key feature of Alzheimer’s disease (AD) is the presence of intraneuronal neurofibrillary
tangles and neuropil threads composed of a highly phosphorylated, pathological form of
the protein tau. Hyperphosphorylated tau is aggregated into filaments known as paired
helical filaments (PHF) and this has given rise to the term PHF-tau. Disease severity of
AD is associated with the degree of phosphorylation.

Concept

Detection of tau phosphorylation sites will provide the basis for the most comprehensive
phospho-site specific array available within the AD research community. This will guide
the detection of the kinases responsible for tau phosphorylation, provide novel
biomarkers for disease severity and may yield novel drug targets

Antibodies to most sites do not currently exist and it is both a challenging and lengthy
process to produce reagents with the appropriate selectivity and specificity. Mass
spectrometry enables screening of tau phosphorylation sites independent of species of
origin, kinase responsible or location within the protein.

Multiple Reaction Monitoring (MRM) allows phospho-peptide quantitation to be performed
at very high specificity and sensitivity. MRM is applicable for both discovery and
subsequent evaluation of key phosphorylation sites within proteins.

Figure 1: Principle of multiple reaction monitoring
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Discovery of Phosphorylation Sites in Tau

A novel workflow for monitoring protein phosphorylation sites was developed and applied
to the analysis of human PHF tau extracted from neurofibrillary tangles in brains of
individuals who had died from Alzheimer’s disease. Nine new sites of phosphorylation
were discovered in addition to the 25 sites identified by mass spectrometry and
immunological reagents described in the literature. Individual sites were subsequently
validated to be substrates of the kinases GSK-3, CK-1d and c-abl. The sites and kinases
are under evaluation as biomarkers and drug targets.
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Routine Monitoring of Tau Phosphorylation

We have developed a set of MRM transitions to selectively measure and quantify tau phospho-peptides with high
sensitivity. MRM transitions were optimised for 41 precursor ions relating to a panel of 15 phosphorylation sites
within tau. This and MRM assays are being used to monitor particular sites of phosphorlyation in tau to link
information from transgenic model systems to clinical data.

Figure 2: MRM assay of 41 transitions representing 15 phosphorylation sites in PHF-tau

Differential Phospho-peptide Display

Combining MRM with isotopic labeling allows quantitation of phospho-peptides. As an example we differentially
methylated phospho-peptides originating from tau protein using deuterated methanol to introduce a 6 Da mass
difference to show the effect of lithium treatment. Mass spectra containing molecular ions for pairs of phospho-
peptides isolated from cells +/- lithium were processed by a proprietary algorithm. Figure 3 shows the result for the
methylated phospho-peptide SPVVSGDTpSPR (Mr 1208.1 Da) In this instance, the ratio of methylated phospho-
peptides is determined to be 20:1 indicating that lithium has significantly reduced the phosphorylation at this site.
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Figure 3: Relative quantitation of phosphorylation of a tau tryptic peptide

Partnering Opportunities
Proteome Sciences provides phosphorylation site mapping and monitoring for pharmaceutical research partners

under its ProteoSHOP® integrated proteomics workflows.
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