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Localization ExpressionLocalization Expression

Myelin Basic Protein – Predicted Target in West Nile Virus encephalitisMyelin Basic Protein – Predicted Target in West Nile Virus encephalitis

Substrates and Cleavage SitesSubstrates and Cleavage Sites
Assessing structural consequences of 

proteolytic events

http://protease.burnham.org/www/tools/html/tools.html

Identifying unstructured regions 
promoting proteolytic events

ExperimentExperiment
Plate 

ID
Well 

ID ELISA PCR Plate PCR Well Sequence

1 A1 0.24 010506-01 A1 PHYLMM
1 A3 0.27 010506-01 A3 PQLRRF
1 A5 0.64 010506-01 A5 PRVGYM
1 A6 1.00 010506-01 A6 LFLSSI
1 A7 0.63 010506-01 A7 VIMGHL
1 A8 0.99 010506-01 A8 PLDLRT
1 A9 1.00 010506-01 A9 APLAWI
1 A10 -0.01 010506-01 A10 WISKSN
1 A12 0.92 010506-01 A12 QLMSHL
1 B1 0.39 010506-01 B1 ASDSGV
1 B2 -0.04 010506-01 B2 FRRILD
1 B3 0.36 010506-01 B3 TVQRGL
1 B4 0.98 010506-01 B4 THPSWL
1 B5 0.82 010506-01 B5 LSFLKA
1 B6 0 54 010506 01 B6
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Data analysisData analysis

CPP Phage display + Phage display and peptide library data from literature

Specificity Models
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Proteolytic events from publications, databases
Community annotations, curation
Searches, browsing, visualization, tools

TRP-3TRP-3

Index Protein (Substrate) Pos. Peptide(cut-site)Protease
protic:1071 ALBU_MOUSE 24 ...WFRR.EAHK170SEIAHR.Y
cutdb:17561 albumin precursor 24   (VFRR-DAHK) furin

protic:1187 CFAD_MOUSE 20 ...PRGR.ILGGQEAAAHAR.P
cutdb:16061 trypsinogen 1 20   (DDDK-IVGG) (self)

protic:1172 CUBN_MOUSE 32 ...LQKR.IADLHQPR.M
cutdb:17917 cubilin 32   (RQKR-SINL) furin

protic:1899 HBA_MOUSE 13 ...KAAW.GKIGGHGAEYGAEALER.M
cutdb:15792 beta globin 13   (TALW-GKVN) cathepsin D

protic:442 HBA_MOUSE 40 ...TTK.TYFPHFDVSHGSAQVK170.G
cutdb:17049 alpha 1 globin 41   (TTKT-YFPH) falcilysin

protic:531 HBA_MOUSE 85 ...PGAL.SALSDLHAHK170LR.V
cutdb:15791 beta globin 85   (KGTF-ATLS) cathepsin D

Analysis and tentative assignment of observed events by CutDB comparison

Analyze large set (~1000) of substrates 
by phage display ⇒ enzymatic activity 
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Select randomly small subset (10%) of substrates, 
analyze by MALDI-MS ⇒ cut site positions 
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Create statistical profile using small set,
correct for background sequence distribution
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Apply statistical profile to large set of substrates
to find all scissile bonds

Apply statistical profile to large set of substrates
to find all scissile bonds

MMP15
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MMP24
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MMP2

MMP9

MMP14

Protocol:
align cut-sites  
create amino acid 

frequency matrix for positions 
from P5 to P3’

normalize over background 
amino acid content 

use relative probability 
matrices to score and predict 
cut sites in the entire set rest 
of peptide substrates.

Protocol:
align cut-sites  
create amino acid 

frequency matrix for positions 
from P5 to P3’

normalize over background 
amino acid content 

use relative probability 
matrices to score and predict 
cut sites in the entire set rest 
of peptide substrates.

What are the topological preferences and 
constraints of proteases?

The analysis was performed for > 1,300 PDB structures  of 
proteins with proteolytic events recorded

1,364 protein 3D structures with cut-sites

Cut-sites in 3D. Examples

cAMP dependent protein 
kinase (PDB:2CPK)

Coiled region Beta strand

RNase A (PDB:1RBI)

Alpha helix

Newcastle disease virus 
protein (PDB:1G5G)

• Strong discriminations against beta-strands
• First noted by S.J.Hubbard (1998) BBA, 1382:191
• Surprisingly high preference for alpha-helices

Helix Strand Coil/Turn
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Preference score: N (cut-sites) / N (all residues)
in a given secondary structure

RefSeq ID Cell Location 1 Score Cell Location 1 Score Name
NP_598408.1 cytoplasmic 0.5 peroxisomal 0.32 solute carrier fami
NP_055395.2 peroxisomal 0.62 cytoplasmic 0.22 solute carrier fami
NP_001025183.1 peroxisomal 0.65 ER 0.11 opsin 3 isoform 3 [
NP_036507.1 ER 0.39 plasma membrane 0.15 olfactory receptor
NP_054764.2 plasma membrane 0.96 ER 0.03 low density lipopro
NP_612189.2 cytoplasmic 0.89 peroxisomal 0.08 pantothenate kina
NP_056999.2 peroxisomal 0.64 cytoplasmic 0.34 atlastin isoform a [
NP_004740.2 cytoplasmic 0.72 mitochondrial 0.11 cell cycle progress
NP_001007076.1 cytoplasmic 0.79 mitochondrial 0.07 kelch-like 5 isoform
NP_004448.2 ER 0.42 peroxisomal 0.17 acyl-CoA syntheta

Predictions for all possible substrates (MultiLoc algorithm)

Breast
Carci-
noma

Norm

Protease array (courtesy of  B. Sloan)
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1 2Compartment

Object: protein

Object: reaction (process);
Relations: input, output, catalysis

Relation: inhibition

Object: proteolytic event

Object: phenotype

A fragment of MT-MMP network illustrating the concept of process diagrams and their application for 
modeling states of the network (“progressive painting”). Transition between non-invasive (A) and invasive 
states (B) is promoted by a series of reactions triggered by activation and secretion of MT1-MMP. Most of the 
reactions shown in the diagram lead to proteolytic events (numbered triangles linked to CutDB) changing the 
pattern of presence (green objects) and absence (gray objects) of protein species whose functional activity 
promotes (as for MMP-2) or inhibits (as for CD44 and Syndecan-1) the phenotype.

Protease imaging. Coculture of mcf10a 
with N1me myofibroblasts. Laminin 5 - 
green, actin - red. 
(Courtesy of  B. Sloan and N. Polyak).

Secondary structure preferences Disorder and ‘shape-shifting’
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Regions of alternating order/disorder (‘shape-shifters’) are 
flexible regions that are disordered in some but 

ordered in other environmental conditions (as reflected 
in respective PDB structures) .

• The probability of a proteolytic 
event in alternating or disordered 
regions is ~ 10-fold higher than in 
ordered regions  

SpeB cleavage site found in SmeZ (predicted as disordered, surface exposed region) 
but not three other structurally related superantigens – experiment confirms the finding

Experimental 
Evidence

Proteolysis Map (PMAP) and its Research Applications. II. From Substrates to Pathways

•West Nile virus is an emerging 
global threat.
•NS3 proteinase, which is 
essential for the proteolytic 
processing of the viral polyprotein 
precursor, could implicate in virus 
pathogenicity
•Can we find its target in human?

1. Develop protease 
specificity model using 
known cut sites

2. Predicted substrates 
in an entire human 
proteome

Brain-related,
physiologically
relevant

3. MBP is highly 
susceptible to the 
catalytic amounts of 
NS3 in vitro

MMPs cut sites 
correctly 
assigned
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Helix Sheet Coil/turn

Ser
Metallo
Cys
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http://protease.burnham.org/
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