w| Proteome-wide prediction

B. Three groups of MMPs and three classes of
differential MMPs substrates
rCommon peptides: 407

I[ - II -
Well hydrolyzed by all proteases

from the family (Mean > 0.5): - e s ' =
404 peptides
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Hierarchical clustering of phage profiling data reveals highly specific
substrate groups
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Copheratic Cosiclent NI tree for 600 MMPs.
catalytic domains

Std dev <0.2

>
Discovery of novel protease substrates is important for our understanding of —
the role of proteolytic pathways and networks in norm and disease. High
throughput phage display analysis allows us to accurately assess substrate
preferences of various proteases at the level of amino acid sequence. This
analysis performed for seven human matrix metallopeptidases (MMPs)
produced a large set of cleaved peptides characterized by a range of ARGAKL
hydrolysis scores for every protease analyzed. A significant fraction (~%30) of
~1300 compared peptides was equally cleaved by all studied MMPs
(common set). Differentially cleaved peptides, analyzed by unsupervised
NMF clustering approach, form three major clusters: (i) MMP25-specific, (ii) . . .
common for MMP2 and MMP9, and (i) common for the largest group of A. Hierarchical clustering of phage substrates
MMP14, 15, 16 and 24. Four peptide groups were used to construct primary 15_2_25_high_other_low all_high_9_2_low all_low_25_high
specificity models and to perform proteome-wide prediction of common and
differential targets for the respective groups of MMPs using ProfileDB
database and tools implemented within the framework of PMAP web-site
(pmap.burnahm.org). A comparison of predicted substrates with
physiologically relevant proteolytic events described in the literature and
captured in our specialized database, CutDB (cutdb.burnham.org) revealed a
substantial overlap providing a validation of the approach. A further analysis
of functional associations of predicted protein substrates (captured in
available pathway resources, such as IPA and GeneGo) led to interesting
predictions of previously unrecognized involvement of MMPs in a variety of
biological pathways and diseases.

Std dev >= 0.2

rDifferentiaIIy hydrolyzed peptides: 874
The set was submitted to consensus
Nonnegative Matrix Factorization
clustering (NMF) to define optimal
number of protease groups

\,

*Hydro\ys\s scores, varying from 0 to 1

all_high_9_low

Conclusions:

«Family-based phage provides ition models

14151624 252 9

g i q 874 peptides
*Substrates recognition models can be used to predict protein substrates pepti
in human proteome

« Sets of predi protein substrates can be with
they can reveal the role which protease have in diseases

Substrates association with disease
is validated in Epilepsy

MMP2_9 substrates

MMP25 MMP2and g9  (Part)involvedin
Wounds and Injuries
(known relation)

) Similarity and differences in disease association found

Developing and validating substrate
recogmtlon models (PWM)

6.24__

2. Input protease specificity
Model, filtering conditions

1. Go to pmap.burnham.org
Select tools
Filters applied

From four sets of peptides to «Protein disordered regions: Only sites in regions predicted to be disordered
four position weight matrices §
(PWM)* B +Secondary structure: Exclude sites predicted to be in alpha helix or beta sheet

E ! *Remove “PREDICTED: HYPOTHETICAL": Exclude sequences without annotation
«Cell localization: Only proteins that are predicted to be:

i —Extracellu\ar or in plasma membrane (MultiLoc predictor)

mmp25 2 — M i of protein i 0.2
—Contain signal peptide or/and transmembrane sequence (SignalP + TMHMM)

3. Have predicted set of Optional: Analyze results in details

substrates MIMP25 -Restead Diseases P20 9 - Rolted Diso

http://protease.burnham.org/wwwi/tools
Icgi-bin/specdb/ProfileDB.html

mmp14_15_16_24

mmp2_9

common

*- One click job after
submission peptides to
ProfileDB

Substrate recognition performance evaluated by comparison of Predicted MMPs substrates (part)
known peptide substrates and background peptides* / common mmp2_9 mmp2_9

+5 of the top 10 scores are known substrates.
+~40 reported substrates predicted.

«Except for collagens, there are 210 substrates
with scores higher than the first documented
MMP2 and 3 substrate, serum amyloid A1

MMP2_9 substrates involved
in Epilepsy (part)
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Network reconstruction for MMP2_9 MMP2_9 substrates involved in Immune
Epilepsy - related genes (direct response (Lectin Induced complement
interactions between selected objects) pathway)
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* Phage display prior to selection. Score cutoff selected to optimize
separation of target peptides and background
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Pink co\or — known subslrates, subs(rales lor mmp15, 16, 24 and 25 are less sludled than substrates for mmp2, 9 and 14

MMP2_9 substrates marked by red dot  MMP2_9 substrates marked by red bar
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