
TRP 4:  Proteolysis MAP

Center on Proteolytic Pathways

Fundamental Questions:Fundamental Questions:

1.1. What is the magnitude of a proteolytic What is the magnitude of a proteolytic 
event?event?

2.2. Where is the event localized?Where is the event localized?

3.3. What are the substrates?What are the substrates?

4.4. Which proteases are involved? Which proteases are involved? 

5.5. What products are produced?What products are produced?

6.6. What pathways precede and follow a What pathways precede and follow a 
proteolytic event?proteolytic event?



Proteolytic signature = what is cleaved?

Protease

Reported cleavage
Predicted motif

Protease pathways

Specific inhibitors
Activity-based probes
Follow the proteolytic cascades
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Affinity label N-terminusBlock Lys side-chains

One N-terminal only for most proteins
2-3 N-terminals for internally processed proteins



digest capture 
neoepitopes

elute

Nano LC
Thermo LTQ
Data analysis

Select and enrich for N-terminal peptides
Simplified proteome!



digestion
avidin capture
thiol reduction

N-terminal affinity labeling
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How do we know it’s real?

•E. coli model system

•Efficient guanidination procedure
-specific N-terminal labeling

•Search only for labeled N-terminals

•SEQUEST Probability score cut-off 0.8

•SEQUEST Xcorr cut-off 2.0



Proteolytic products in soluble
E. coli proteins

SwissProt ID Peptide sequence
Spectral 
counts

Cut site
Obs 
P1

Annotation
Obs 

enzyme

Spectral 
counts/ 
enzyme

ALF1_ECOLI -.TDIAQLLGK#.D 50 (N-term)-TDIA 0 MET REMOVED Trypsin 50

ALKH_ECOLI -.MK#NWK#TSAE.S 12 (N-term)-MKNW 0 MET INTACT
Trypsin, 
Glu-C

9, 3

AMPC_ECOLI A.APQQINDIVHR.T 3 STFA-APQQ 19
SIGNAL 

(Annotated)
Trypsin 3

AMPM_ECOLI M.AISIK#TPE.D 13 (N-term)M-AISI 1 MET REMOVED
Glu-C, 
Trypsin

1, 12

AMPN_ECOLI L.SLPVHVADAFR.A 17 GQPL-SLPV 588 UNASCRIBED Trypsin 17
ARNT_ECOLI M.PLLFFSVAK#.G 2 WTIM-PLLF 300 UNASCRIBED Trypsin 2

AROG_ECOLI -.MNYQNDDLRIK#E.I 8 (N-term)-MNYQ 0 MET INTACT
Trypsin, 
Glu-C

2, 6

ASNA_ECOLI R.LSPLHSVYVDQWDWER.V 3 DEDR-LSPL 105 UNASCRIBED Trypsin 3
ASNA_ECOLI -.MK#TAYIAK#QR.Q 6 (N-term)-MKTA 0 MET INTACT Trypsin 6
ASPG1_ECOLI -.MQK#K#SIYVAYTGGTIGMQRSE.Q 2 (N-term)-MQKK 0 MET INTACT Glu-C 2
ATCU_ECOLI -.SQTIDLTLDGLSCGHCVK#.R 9 (N-term)-SQTI 0 MET REMOVED Trypsin 9

ATP6_ECOLI M.ASENMTPQDYIGHHLNNLQLDLR.T 7 (N-term)M-ASEN 1 MET REMOVED Trypsin 7

ATPA_ECOLI R.IAQFNVVSEAHNEGTIVSVSDGVIR.I 2 IKQR-IAQF 15 UNASCRIBED Trypsin 2
ATPA_ECOLI -.MQLNSTEISELIK#.Q 9 (N-term)-MQLN 0 MET INTACT Trypsin 9
BCCP_ECOLI E.ISGHIVRSPMVGTFYRTPSPD.A 2 AAAE-ISGH 77 UNASCRIBED Glu-C 2
BCP_ECOLI -.MNPLK#AGDIAPK#.F 23 (N-term)-MNPL 0 MET INTACT Trypsin 23
BFR_ECOLI R.SDLALELDGAK#NLR.E 3 EMLR-SDLA 88 UNASCRIBED Trypsin 3

BFR_ECOLI -.MK#GDTK#VINYLNK#LLGNE.L 6 (N-term)-MKGD 0 MET INTACT
Trypsin, 
Glu-C

2, 4

BFR_ECOLI R.EAIGYADSVHDYVSR.D 8 KNLR-EAIG 102 UNASCRIBED Trypsin 8

BGLX_ECOLI A.DDLFGNHPLTPEAR.D 4 PALA-DDLF 20
SIGNAL 

(Potential)
Trypsin 4

CAN_ECOLI -.MK#DIDTLISNNALWSK#.M 3 (N-term)-MKDI 0 MET INTACT Trypsin 3



Proteolytic products in soluble
E. coli proteins

Initiator Met
42%

Initiator
Met removed

27%

Signal
peptide

removed
10%

Unascribed
event
22%



Removal of Met in E. coli
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Confirm the in vivo activity of eMAP



Signal Peptide Processing

Secreted or periplasmic proteins have 
signal peptides

Signal peptides contain:

Positively charged N-terminus

Hydrophobic stretch

A-X-A motif (cleaved after last A)



E. coli periplasmic proteins - signal peptide removal

CUEO_ECOLI Blue copper oxidase precursor.

MQRRDFLKYSVALGVASALPLWSRAVFAAERPTLPIPDLLTTDARNRIQLTIGAGQSTFGGKTATTWGYN
GNLLGPAVKLQRGKAVTVDIYNQLTEETTLHWHGLEVPGEVDGGPQGIIPPGGKRSVTLNVDQPAATCWF
HPHQHGKTGRQVAMGLAGLVVIEDDEILKLMLPKQWGIDDVPVIVQDKKFSADGQIDYQLDVMTAAVGWF
GDTLLTNGAIYPQHAAPRGWLRLRLLNGCNARSLNFATSDNRPLYVIASDGGLLPEPVKVSELPVLMGER
FEVLVEVNDNKPFDLVTLPVSQMGMAIAPFDKPHPVMRIQPIAISASGALPDTLSSLPALPSLEGLTVRK
LQLSMDPMLDMMGMQMLMEKYGDQAMAGMDHSQMMGHMGHGNMNHMNHGGKFDFHHANKNGQAFDMNKPM
FAAAKGQYERWVISGVGDMMLHPFHIHGTQFRILSENGKPPAAHRAGWKDTVKVEGNVSEVLVKFNHDAP
KEHAYMAHCHLLEHEDTGMMLGFTV

A.AERPTLPIPDLLTTDAR.N

MPPA_ECOLI Periplasmic murein peptide-binding protein precursor.

MKHSVSVTCCALLVSSISLSYAAEVPSGTVLAEKQELVRHIKDEPASLDPAKAVGLPEIQVIRDLFEGLV
NQNEKGEIVPGVATQWKSNDNRIWTFTLRDNAKWADGTPVTAQDFVYSWQRLVDPKTLSPFAWFAALAGI
NNAQAIIDGKATPDQLGVTAVDAHTLKIQLDKPLPWFVNLTANFAFFPVQKANVESGKEWTKPGNLIGNG
AYVLKERVVNEKLVVVPNTHYWDNAKTVLQKVTFLPINQESAATKRYLAGDIDITESFPKNMYQKLLKDI
PGQVYTPPQLGTYYYAFNTQKGPTADQRVRLALSMTIDRRLMTEKVLGTGEKPAWHFTPDVTAGFTPEPS
PFEQMSQEELNAQAKTLLSAAGYGPQKPLKLTLLYNTSENHQKIAIAVASMWKKNLGVDVLQNQEWKTYI
DSRNTGNFDVIRASWVGDYNEPSTFLTLLTSTHSGNISRFNNPAYDKVLAQASTENTVKARNADYNAAEK
ILMEQAPIAPIYQYTNGRLIKPWLKGYPINNPEDVAYSRTMYIVKH

A.AEVPSGTVLAEKQELVR.H



E.coli model system

Efficient blocking of Lys side chains

Low incidence of side reactions (0.5-3% labeled)

Detect what is known:
Validate previously suggested MAP specificity
Observe processing of known signal peptides



Unascribed events
•Trimming of N-terminal

•Observation of predicted cleavage site

•Unknown proteolytic cleavage site

- which protease match substrate specificity?

•Side chain labeling 

Ser, Thr, His, unblocked Lys residue

after tryptic cleavage site

•Trimming of N-terminal

•Observation of predicted cleavage site

•Unknown proteolytic cleavage site

- which protease match substrate specificity?
MANUAL CHECK, Protic-DB

•Trimming of N-terminal

•Observation of predicted cleavage site

•Trimming of N-terminal

•Observation of predicted cleavage site

•Unknown proteolytic cleavage site

- which protease match substrate specificity?

•Side effect by labeling

•Protein turn-over

ABUNDANT PROTEIN?
DIFFERENTIAL LABELING WITH
LIGHT AND HEAVY ISOTOPES

SwissProt 
ID

Peptide sequence
Spectral 
counts

Cut site Obs P1 Annotation
Obs 

enzyme

Spectral 
counts/ 
enzyme

6PGL_ECOLI E.SQQIHVWNLNHE.G 28 ASPE-SQQI 11 UNASCRIBED
Trypsin, 
Glu-C

9, 19

ACCC_ECOLI L.SIK#QEEVHVR.G 1 GQPL-SIKQ 321 UNASCRIBED Trypsin 1

ACEA_ECOLI E.SK#K#GYINSLGALTGGQALQQAK#AGIE.A 26
LHGE-
SKKG

60 UNASCRIBED
Trypsin, 
Glu-C

15, 11

ADHE_ECOLI Y.SSGK#PAIGVGAGNTPVVIDETADIK#R.A 10 KAAY-SSGK 202 UNASCRIBED Trypsin 10

ADHE_ECOLI R.AVASVLM#SK#TF.D 1 DIKR-AVAS 228 UNASCRIBED Trypsin 1



Mouse
tissue

Initiator Met
3%

Mito. transit
peptide removed 13% 

Unascribed
event 56%

Propeptide
removed 1%

Initiator Met 
removed

24%

Signal peptide
removed 3%

Human
293A cells

Initiator Met
17%

Mito. transit
peptide

removed 5%

Unascribed
event 56%

Initiator Met
removed

19%

Signal peptide
removed 3%

Propeptide
removed <1%



MPP:
Arg in P3 or P2, P1’ usually aromatic aa

Mitochondria intermediate peptidase (MIP)
Remove eight N-terminal residues.

Mitochondrial transit peptides
Mitochondrial processing peptidase (MPP)
Cleaves upon translocation to mito matrix
Arg in P3 or P2, P1’ usually aromatic aa

Mitochondria intermediate peptidase (MIP)
Remove eight N-terminal residues.

Inner membrane protease 1 and 2 (IMP1, IMP2)
N-terminal processing upon translocation from 
matric to intermembrane space



MPP:
Arg in P3 or P2, P1’ usually aromatic aa

Mitochondria intermediate peptidase (MIP)
Remove eight N-terminal residues.



•Detect a proteolytic signature in E. coli, yeast, 
mouse and human samples

•Confirm in vivo cleavage events of many 
biological substrates

•Validate and / or correct predicted 
protease cleavage sites

•Assemble database of observed and / or 
previously unobserved protease 
substrates



Challenges for the Future
Should we use one-hit wonders?
Different cut-offs?

How many peptides do we need to
define  a proteolytic signature?

Validation of unascribed events

Quantitation
Spectral counts
Isotope coding (differential labeling of
parallel samples)
- cleavable biotin-tag
- iTRAQ



iTRAQ - Isobaric tag (total mass=145)

Reporter Balance
Mass = 31-28Mass = 114-117

Charged Neutral
mass NHS

1. Denature/reduce/alkylate
2. Block Lys side chains
3. Label with heavy and 

light iTRAQ

6. Data-dependent MS/MS:

114 and 117 signature ions 
- EQUAL OR 
DIFFERENTIAL 
LABELING?

5.  MS SURVEY
MS/MS fragmentation

Peptide fragment EQUAL
Reporter ion DIFFERENT

4.  Mix and digest



Data-dependant  MS/MS
Equal distribution of peptides vs. sample- specific labeling
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Caspase-3 cleavage of
E. coli proteins
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Protein Full-length
(kDa)

Cleavage
fragments (kDa)

Putative
cleavage site

iles 105 45 59 DEAD.QYVK
rpe 26 5 21 LEVD.GGVK
pta 79 22 57 DEVD.GLVS

nadB 62 54 8 DETD.SIDS
purN 25 7 17 DELD.GGPV
dnaK 70 46 24 DEVD.GEKT
speF 84 77 7 DEID.ATGY



iTRAQ-labeled peptides
Protein Peptide Sequence Ratio 

(117/114
)

Detection by 
SDS-PAGE

dnaK DNGD.AWVEVK.G >50 ND
DNGD.AWVEVKGQK.M >50 ND
YTQD.GETLVGQPAKR.Q >50 ND
YGKK.VAEFFGKEPR.K 1.3 -
DVVD.AEFEEVKDKK.- >50 ND
KVTR.AKLESLVEDLVNR.S 1.2 -
ALQD.AGLSVSDIDDVILVGGQTR.M >50 yes
DEVD.GEKTFEVLATNGDTHLGGEDFDSR.L >50 yes

ileS DYND.APADAQQSEVLK.G >50 ND
nadB DETD.SIDSHVEDTLIAGAGICDR.H >50 yes
pta LMID.GPLQYDAAVMADVAK.S >50 ND
purN DELD.GGPVILQAK.V >50 yes
speF DEID.ATGYGIPVFIATENQER.V >50 yes
rpe ND - -



Caspase-3 cleaved dnaK spiked
into 293 cell lysate

1:10,000
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SUMMARY
Chemistry / sample prep works: block Lys-side 
chains, allowing specific N-terminal modification
Use two systems of N-terminal modification for 
detection of a proteolytic signature:

NHS-SS-Biotin

+ -
proteome

simplifi
cation

NO 
quantitation

iTRAQ NO proteome 
simplification

quantitation



TRP 3: Product Terminal Isotope Coding
Guy Salvesen, The Burnham Institute

YEAR 1      YEAR 2      YEAR 3      YEAR 4      YEAR 5

Test concept w/model 
probes

Integrate with MS 
platform(s)

Whole proteome tests

Refine MS search 
capability

Develop Mass-tagged 
probes
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