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Probing Cell Function with Proteolysis
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Description of MSP-MS and what it can do

Two examples protease mediated molecular
Imaging

Renewable antibodies to conformational
states of enzymes and membrane proteins

Targeting a conformational state of a target
protease



For any enzyme:
What is the chemical reaction?

What is Its substrate and how does it
recognize I1t?

What Is the biology associated with the activity?



There are multiple technologies to profile Protease Substrate Specificity
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Hypothesis: Substrate recognition is determined by two
optimally positioned residues

VN-E-*-D-3/A-*-*-21 BBEo

/0
O
@35V
S [l =2WS ek
- Az Granzyme B
ST
-35 R
AN
S
L n=1220

Van Damme P., Mol Cell Proteomics (2009);
Van Damme P., Nat Methods (2010);
Plasman K., Mol Cel Proteomics (2011)



Multiplex Substrate Profiling by Mass
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Substrate Profiling

» Two-site hypothesis:

— Substrate recognition for many proteases is dominated by two optimally
positioned residues

— Substrates can be recognized in a linear epitope
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aminopeptidases endopeptidases carboxypeptidases

« 19 amino acids (no Cys, Met substituted for Nle)
o 228 14-mer peptides

O’Donoghue et al. Nature Methods. (2012).



Multiplex substrate profiling by mass spectrometry
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(MSP-MS) provides proteolytic signatures
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Granzyme B cleaves multiple peptides and kinetic values can be obtained from progress curves

Integrate Peak area from
extracted ion chromatograms
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MSP-MS is applicable to studying enzymes in a wide variety of diseases

nfectious Disease
HIV-PR and PTEF-B
Cryptococcus,
Geomyces, Candida,
Schistosoma,
Plasmodium

Industrial
Collaborations
Merck Inc, Onyx

Bayer Healthcare,
CytomX Therapeutics
Inception Sciences

Inflammatory Disease
Rheumatoid Arthritis

Alaunus Biosciences Inc.
Contract Research
Organization

Cancer
Pancreatic
Breast
Prostate

Other Enzymes
Kinases
Methyltransferases
Acetylases




Restricted Interaction Peptides (RIPS)

Restricted Interaction
Peptide Membrane-Binding
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Highly specific probes are needed to dissect
the complex biology of proteases and
validate them as possible therapeutic or
Imaging targets.

Could also serve as a proof of principle for
other extracellular enzymes and families of
closely related proteins.



Antibodies differentiate between highly homologous antigens
and can recognize conformational epitopes

CDR L3

Fv with CDR’s in red

IgG- 150 kD

Farady et al, J. Mol. Bio. 369 (2007)
Farady et al. J. Mol Bio 380 (2008)
Schneider, et al. J. Mol Bio 412 (2012)



A Fully Human Natural Antibody Repertoire
Was Generated from Naive B-Cells
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The type Il transmembrane serine proteases
(TTSPs) constitute a large family of promising
targets
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Antibody Based Probes to Extracellular Targets
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Can we expand this approach to other
proteins and In particular membrane
proteins?
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Optimized phage display panning procedure for
membrane proteins
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ELISA « Kim et al. “Rapid identification of
recombinant Fabs that binds to membrane
proteins” Methods (2011) 55, 303-309.

























- Established a procedure to identify and
characterize Fabs that are suitable to facilitate
structure determination of small proteins,
including integral membrane proteins.

- Combining the Fab approach with the novel
cryoEM technologies enabled sub-nanometer
resolution 3D reconstructions of small integral
membrane proteins.

- 3D reconstruction of ABC exporter TmrAB
has a different conformation compared with
crystal structures of other homologous ABC
exporters in the apo state.

Kim et al, Nature, 2015.
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