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Introduction



As of .2020' >.8 m'."'.on . This number Is expected to nearly
Americans were living with triple to 14 million by 2060’
Alzheimer’s Disease’



Protein Summary...
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What 1s Alzheimer's Disease?

Amyloid Cascade Hypothesis’

A3 42 - High Order Oligomers — Amyloid Plaques ;
TAU Hyperphosphorylation 1

TAU - Hyperphosphorylation — NFTs 0O




Oligomer aggregate A plaque

Cell membrane

' y-secretase

Ma, C. (2022, February 21). Amyloidosis in alzheimer's disease. Encyclopedia. Retrieved July 20, 2022, from https://encyclopedia.pub/entry/19662



Microtubule Hyperphosphorylation Paired helical Tau neurofibrillar
of tau filaments (PHFs) tangles (NFTs)
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Tau protein aggregation assay relevance to alzheimer’s disease and Tauopathies Research. Neuroscience from Technology Networks. (n.d.).
https://www.technologynetworks.com/neuroscience/application-notes/tau-protein-aggregation-assay-relevance-to-alzheimers-disease-and-tauopathies-

research-326535




PET Amyloid and Tau Imaging

AD Dementia

Sperling, Mormino, Johnson Neuron 2014




othesis:

FDA approve Kinase Inhibitors can inhibit
both the aggregation of A3 42 and the
hyperphosphorylation of Tau.




Methodology/Results



PICUP and
SDS-PAGE

Computer
Modeling

Labeling
Experiments



® NModels Protein-

igand binding

patterns

® Preliminary search for

kinase inhibitors

Autodock Vin
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umbralisib
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Autodock Vin
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Autodock Vin
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1.A way to “paint” proteins Q
2.Also called footprinting Ej ;
3.Visualize binding

Interactions and protein

shape i@ ﬁ




® | abeling performed
IN the gas phase
through nanospray
device
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Labeled Results

With Regorafenib Without Regorafenib
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Experiment Plate

THT Explanation

—>\/

Fluorescent
Plate Reader

h

Shaking /
Incubation
cycles

ThT Fluorescence

Positive sample
(shows increased
fluorescence)

Time (h)

Healthy control
(stays flat)
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PICUP Procedure



https://pubs.rsc.org/en/content/articlehtml/2013/cs/c3cs35459h

al5-PAGE Gels

@ Load protein sample @ Apply current

Rockland Resource Library SDS-PAGE Technique, from https://www.roékland.com/resources/sds—page—technique/



PICUP Results

Ladder Control Vehicle Reg Reg Reqg37 Reg Reg Reg37 ,
Control 9.0 19 uM  uM 74 1O uM  um
uM UM

Primary

Secondary




Adaptations to PICUP

7 \

Staining Solutions w
remade

Bad Milli-Q Water

Varying incubation times

New Regorafenib 0 s ¢

Increased Regorafenib Concentration

. Low rate of Aggregation in controls

Expired Regorafenib

Low Regorafenib Concentration

Increased Protein Concentration

—_ High Protein Concentration

Low Protein Concentration —

Old Peptide New Peptide



PICUP and
SDS-PAGE

Computer
Modeling

Labeling
Experiments



Engineered Yeost Model

TEV

Sty1 (492)
Whau (2N/4R)

¢~ pUC18 sequence

ColE1 origin\q pYX212 N-tag htauWT(2N/4R)s
9650 bp
| |—_URA3

Styl (2961)

Graphic courtesy of Winderickx lab




Kinase Cascades

'/ upstream signal \.

inactive
transcription ¢ ®
regulator pmtem protein kinase
k kinase J_@
4L< inhibitor protein
inhihitnr protein "'”"**“ transcription regulator

: ®
(A) GENE EXPRESSION (B) GENE EXPRESSION

Fiqure 15-9 Molecular Biology of the Cell 6e (© Garland Science 2015)



C e Prospective Human Kinase Orthologs

Yeast has 173 kinases with a total of 282 unique phosphorylation sites'

HOG-1 potential ortholog to MAPK-p38
® Protein BLAST e value = 1e-129
® 4 phosphorylation sites?

STE-20 potential ortholog to PAK-1
® Protein BLAST e value = 2e-147
® 62 phosphorylation sites?

® l
»
Brinkworth, R. I., Munn, A. L., & Kobe, B. (2006). Protein kinases associated with the yeast phosphoproteome. BMC Bioinformatics, 7(1). https://doi.org/10.1186/1471-2105-7-47

?Tyers Lab. (2023). Saccharomyces Cerevisiae HOG1 Result Summary. BioGRID Search for Protein Interactions, Chemical Interactions, and Genetic Interactions.https://thebiogrid.org/31384/summary/saccharomyces-

eeeeeeeeee /hog1.html
3Tyers Lab. (2023). Saccharomyces Cerevisiae STE20 Result Summary. BioGRID Search for Protein Interactions, Chemical Interactions, and Genetic Interactions.https://thebiogrid.org/36419/summa ry/sacchar“
cerevisiae/ste20.html N



https://doi.org/10.1186/1471-2105-7-47
https://thebiogrid.org/31384/summary/saccharomyces-cerevisiae/hog1.html
https://thebiogrid.org/31384/summary/saccharomyces-cerevisiae/hog1.html

Human Tau Kinase Orthologs

PHO-85 ortholog to Gsk-3b’
e No phosphorylation sites?
e Deletion results in serine hyperphosphorylation at other kinases'

MDS-1  ortholog to Cdk-5’
e 4 phosphorylation sites?
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WVandebroek, T., Vanhelmont, T., Terwel, D., Borghgraef, P., Lemaire, K., Snauwaert, J., Wera, S., Van Leuven, F., & Winderickx, J. (2005). Identification and isolation of a hyperphosphorylated, conformationally changed intermediate of human protein tau expressed

in yeast. Biochemistry, 44(34), 11466—11475. https://doi.org/10.1021/bi0506775
*Tyers Lab. (2023). Saccharomyces Cerevisiae PHO85 Result Summary. BioGRID Search for Protein Interactions, Chemical Interactions, and Genetic Interactions. https://thebiogrid.org/36147/summary/saccharomyces-cerevisiae/pho85.html
*Tyers Lab. (2023). Saccharomyces Cerevisiae Rim11 Result Summary. BioGRID Search for Protein Interactions, Chemical Interactions, and Genetic Interactions. https://thebiogrid.org/35316/summary/saccharomyces-cerevisiae/rim11.html



https://doi.org/10.1021/bi0506775
https://thebiogrid.org/36147/summary/saccharomyces-cerevisiae/pho85.html
https://thebiogrid.org/35316/summary/saccharomyces-cerevisiae/rim11.html
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Joes Regorafenib affect kinase activity
responsible for Tau pathology by preventing
phosphorylation?



Tau phosphorylation y

1.Determine If engineered yeast can
grow In the presence of Regorafenib

2.Purity Tau from yeast grown in drug
and control conditions'

3.Develop method for
phosphopeptide enrichment

4.Conduct relative quantification of
phosphorylated Tau

'Winderickx, April 2020



Cube Biotech https://cube-
biotech.com/media/ce/22/c6/1656666760/Magbead%20Wo

Phosphopeptide Enrichment

Step 1

Cell lysate before purfication

@ Protein of interest

Other proteins in the cell lysate

Step 6

Remove remaining lysate

Step 5

Add magnetic field

4 Step 2

o ® Add MagBeads
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Rotate tube for a few hours
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- Step 4
: MagBeads have bound

to protein of interest




Method Development

Trypsin Digest Trypsin Digest
¢« ¢
® Convert acidic tails to Phosphopeptide
5 methyl esters enrichment
I
R/C“‘O/CH?’ e e
Phosphopeptide Convert acidic tails to
enrichment ethyl esters o

4 R R" 0" > CH,

Measure on mass spec



Method Development Results

Conducting ethyl esterification after
phosphopeptide enrichment improved
yield by approximately 20%



Jiscussion



&,)\43 Relevance

® Developing new Methods
© And Refining others

® Repurposing Medications
O Saves Time and Money

® Address both Camp’s Problems
o Kinase Inhibitors address Tau
© Drug that stop aggregation




The Next 5tep...

® Further analysis of high scoring kinase

Inhibitors
© Circular Dichroism %
o PICUP/SDS-Page
e Continue work with TAU Isolation and o

characterization
® Assess the role of methionine oxidation on

‘@ kinase activation
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