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New Medicines Needed for Those Who Do Not Respond to
Current Therapy
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Source Spear B, et. al. Trends in Moiecwar Medicine, 7(5):207-204, 2007, Eli Lilly intemai documents.




Proteins as drug targets

Drug target
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Santos et al. Nature Reviews Drug Discovery (2016)




Proteins by function
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Chemical space is vast — millions of drugs are yet to be discovered
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Drug-like small molecules in
chemical space

Stars in the universe
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Potential compounds in Merck
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Most small-molecule drugs bind to protein target

Binding in
Active site
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https://www.medgadget.com/2013/07/new-technology-allows-for-monitoring-of-drug-target-binding-in-cells-and-
tissues.html



Are drugs silver bullets’ ?...

Imatinib (Gleevec)

THERE IS NEW AMMUNITION
IN THE WAR AGAINST

CANCER. Inhibits Tyr kinase BCR-Abl

THESE ARE THE BULLETS.

Revolutionary new pills like GLEEVEC
combat cancer by targeting only the

diseased cells. Is this the breakthrough
we've been waiting for? :
D




Drugs are usually not very specific
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Chemical Proteomics Aims

Target discovery

Target engagement

Thermal profiling Binding site

Redox analysis "

Deuterium exchange analysis
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No Chemistry! ' Mechanism of action

Chemical Proteomics

Changes in redox state

%’JASH Mechanism of death
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Bottom-Up (Shotgun) Proteomics

Tandem Mass Tag
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Quantitative Proteomics _
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CHEMOMETRICS w_

Explore this journal >

Research Article

OPLS discriminant analysis: combining the
strengths of PLS-DA and SIMCA classification’

Max Bylesj6, Mattias Rantalainen, Olivier Cloarec, Jeremy K. Nicholson,

Elaine Holmes, Johan Trygg 49

OPLS-DA - Orthogonal [Projection to Latent Structures / Partial Least Square] — Discriminant Analysis
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Chemical Proteomics workflow

Saei, A. et al., Redox Biology, 2020,
doi.org/10.1016/j.redox.2020.101491
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DHFR

Protein abundance change
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in abundance change

Prote

Protein
mmm sp|P11387|TOP1_HUMAN

30

20

10

o

—-10

—20

—-30

—-40

-50

joipeJisakxouyiaw-z
SNWI|0ISW3L
apiweyn|ezu3
qlunuezoqe)
auluenbezyg
AUNSLIUIA
Quuajesnwag
quuiioxny
qiuajesobay
unejdijexp
aulqesepny4
aulpLnxol4
auipniezy
qibapowsin
apisodiuag
ued3joul|
unIgnuep|
SNWI0JAA]
uIgnd3
qiunozin
qiozayog
ueaajodo]
quuilung
quuajelos
QIuIeuoq
qiuedozeq
QuuRopN
aunsnwo
quuiede
UIR)51U9)
LIITED)
apisodoyg
[3xe330Q
quuieseq
quunnsog
unfwoa|g
uyoue.ny
aunewoy
auejoNy
njowse)
quunxy
qiunedy
quunepy
Xapnwoy
0247150
UIny

T-MS0
Grdeg
THL
Vi
11d
diWvD
X1
n4s
X0Q




Functional Idenitification of Targets by Expression Proteomics, FITExP

OPLS-DA - Orthogonal [Projection to Latent Structures / Partial Least Square] — Discriminant Analysis

Targets and mechanisms
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ProTargetMiner: Target and mechanism deconvolution

454 drugs
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ProTargetMiner: Target and mechanism deconvolution
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Super-cluster 1 Super-cluster 2
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FITEXP: Functional Identification of Target by Expression Proteomics
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Challenges of Single Cell Proteomics

=  Size =5-10 um
. Protein amount = 100-250 pg

Can we take

Chemical Proteomics
Dynamic range of proteins in the
cell:

27 orders of magnitude

to Single Cell level?...

Finding the protein in the right context at the time remains an important obstacle to overcome!



SCoPE-MS enables Single Cell Proteomics
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96 A549 cells treated with MTX vs 96 untreated cells
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Protein Aggregation
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Thermal Proteome Profiling (TPP)

Tracking cancer drugs in living cells SCIENCE
by thermal profiling of the proteome
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TPP in Protein-protein interaction
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TPP identifies protein interaction partners of proteins added to cell lysates
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Thioredoxin reductase TrxR
NADPH <Ter(oxD CTrx(re) <Insu|in AB
NADP* + H*D TrxR(re Trx(ox) D Insulin A + B}

TrxR dimer + Trx

Conserved C-terminal sequence Gly-Cys-SeCys-Gly



-log10(p value)

Soluble fraction

System 1: TXNRD1 + NADPH -> S-S bond reduction
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Soluble fraction

Log2(reduction level)

System 1: TXNRD1 + NADPH -> S-S bond reduction
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Validation: redox proteomics
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TPP limitations
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* Not all proteins aggregate with temperature

* Too time consuming to measure every temperature point



Proteome Integral Solubility Alteration (PISA) Assay
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Drug binding is not the only parameter of interest;

Residence time of drug on target is of very high significance

4 4 Protein-drug complex
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PISA determines drug residence time
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Normalized solubility shift by TO and correponding DMSO treatment
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TPP/PISA limitations
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Protein Aggregation
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Adopted from: https://doi.org/10.1002/cphc.201900904
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iPISA works in lysate and cells _
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Conclusions:

Chemical proteomics reveals drug targets without chemical modification of drugs

FITEXP / ProTargetMiner uses expression level changes for drug target deconvolution;
is already translated to single cell level

TPP/PISA performs target deconvolution based on solubility changes
PISA allows one to easily determine:

- interacting partners of proteins;

- enzyme substrates;

- the residence time of drugs

lon-based PISA reaches sub-microgram level of sensitivity
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