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A single term Ð 
proteoforms Ð may be used 
to describe the molecular 

forms of proteins 
derived from individual 

genes, thus capturing the 
complete biological 

variability and all 
possible modiÞcations of 
protein primary structure

PROTEOFORMS
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- Harringtonine 
- Lactimidomycin (LTM)
- Puromycin

causes ribosome accumulation at translation initiation site (TIS)

Ingolia N. et al., Cell, 2011

Lee S. et al., PNAS, 2012

Fritch C. et al., Gen. Research, 2012

Ingolia N. et al., Nature Protocols, 2012

(1) Generation of cell extracts in which ribosomes have been 
faithfully halted along the mRNA they are translating in vivo!

(2) Nuclease digestion of RNAs that are not protected by the 
ribosome followed by recovery of the ribosome-protected 
mRNA fragments!

(3) Quantitative conversion of the protected RNA fragments 
into a DNA library!

(4) That can be analyzed by deep sequencing

(1)

(2)

(3) (4) RIBOSOME PROFILING



http://www.biobix.be/PROTEOFORMER

CrappŽ J. et al., NAR, 2015;    Koch A. et al., Proteomics, 2014;   Menschaert G. et al., MCP, 2013

PROTEOFORMER PIPELINE
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RIBOSORFS PIPELINE



PIPELINES IN GALAXY

PROTEOFORMER RIBOSORFS

http://www.biobix.be/PROTEOFORMER
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N-terminal COFRADIC positional proteomics
Staes A. et al., Nature Protocols, 2011
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Shotgun proteomics
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PROTEOFORMER: EXPERIMENTAL SETUP
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¥ aTIS
¥ RFP count >= 200
¥ spectral count >= 2

PROTEOFORMER: QUANTITATIVE CORRELATION



Shotgun proteomics
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1. overall improved identiÞcation 
rate
2. improved protein score

PROTEOFORMER: ALLOWS DEEP PROTEOME COVERAGE
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N-terminal COFRADIC positional proteomics

1. new translation products: 5Õext, 5Õtrunc, 
uORF
2. @ near cognate start sites

3. multiple TIS per transcript

WebLogo 3.3
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PROTEOFORMER: ALLOWS DEEP PROTEOME COVERAGE



PROTEOFORMER: NOVEL EVENTS



PROTEOFORMER: NOVEL EVENTS

TIS @ near cognate start sites

- near-cognate initiation site (GTG)
- N-terminus was acetylated (Ace-)
- initiator methionine removed (MAP)



Canonical bio-active peptides: 
-cleaved from precursor
-signal peptide @ N-terminus
-secretory pathway

Micropeptides:
-translated directly from sORF
-lacking signal sequence
-released in cytoplasm

Polaris: 3 peptides: 8, 9, 36 AA 
Rotundifolia4: 1 peptide: 53 AA
Enod40: 2 peptides: 12 and 24 AA
Tarsal-less/pri: 4 peptides: 11 and 32 AA
Sarcolipin/Sarcolamban/Myoregulin:  
29/29/46 AA

CODING SORFS

Andrews S.J., Rothnagel J.A., 2014, Nat Gen. Rev;   CrappŽ J. et. al., 2014, Eupa Open Proteomics
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RIBOSORF: RESULTS



! speciÞc enrichment, extraction and separation

¥ Exosome enrichment
¥ Synaptosome separation
¥ SpeciÞc cell lines

¥ 90/9/1 (methanol/H20/acid) extraction solvent
¥ heat-inactivation
¥ size Þltration (3kDa/ 10 kDa)

¥ 2D LC separation (RP-LC at high/low pH)

RIBOSORF: MS VALIDATION

Sample Collection

Peptide Extraction

LC Separation

MS/MS

PSM Validation

! search in-house and public (PRIDE Reshake) MS data 



RIBOSORF: RESULTSlnc-NPHP1-1:5 sORF

good PhyloCSF

good RIBOseq coverage

lnc-SPATA21-1:2 sORF

good PhyloCSF
good RIBOseq coverage
MS validation: PRIDE ReShake

mKKS uORF

good PhyloCSF

good RIBOseq coverage and MS validation



Attention while validating the sORF identiÞcations!
SORF VALIDATION

¥ uORFs or 5Õextension? (NELFB)

¥ Mouse SMIM20 (69 AA): trEMBL to Swiss-Prot
(re-annotate)

¥ below threshold scoring PSM vs. reference DB 

¥ sORF or variant reference peptide?
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 Automate these validation steps: Work in ProgressÉ

Nesvizhskii A., 2014, Nature Methods
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Combining ribosome    
proÞling and proteomics to 
discover micropeptides, 
translation products from 
small open reading frames.
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"  PROTEOFORMER  pipeline: www.biobix.be/proteoformer   
"  RIBOsORF  pipeline and sORFs DB: www.sORFs.org 

"  Multi-omis  approaches help the identiÞcation of novel 
proteoforms

CONCLUSIONS
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