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Mascot - the early days



Work with someone who knows how to prepare cross-linked proteins.

Have purified proteins (enriched or recombinant) of known sequence.

Use an appropriate cross-linking agent.
DSSO is a great choice for many experiments.

Off-line fractionation of proteins may be needed.

Separate proteins on a 1-D gel for in-gel digestion and MS analysis.

Analyze peptides on a high-performance mass spectrometer.

Use Mascot for database searching and cross-link determination.

Keys to success for cross-linking MS
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NTD, N-terminal domain

DBD, DNA binding domain

LBD, ligand binding domain

Androgen receptor

AR regulation in the cytoplasm and nucleus

Domain structure of AR and ERG

AR, androgen receptor
ERG, transcriptional regulator ERG



>EWas01 Androgen receptor (530-899)(AR), mouse, NP_038504.1, GS N-terminus
GSDYYFPPQKTCLICGDEASGCHYGALTCGSCKVFFKRAAEGKQKYLCASRNDCTIDKFRRKNCPSCRLRKCYEAGMTL
GARKLKKLGNLKLQEEGENSNAGSPTEDPSQKMTVSHIEGYECQPIFLNVLEAIEPGVVCAGHDNNQPDSFAALLSSLN
ELGERQLVHVVKWAKALPGFRNLHVDDQMAVIQYSWMGLMVFAMGWRSFTNVNSRMLYFAPDLVFNEYRMHKSRMYSQC
VRMRHLSQEFGWLQITPQEFLCMKALLLFSIIPVDGLKNQKFFDELRMNYIKELDRIIACKRKNPTSCSRRFYQLTKLL
DSVQPIARELHQFTFDLLIKSHMVSVDFPEMMAEIISVQVPKILSGKVKPIYFHTQ

>EWas02 ERG isoform 2, human, NP_004440.1, GS N-terminus
GSMIQTVPDPAAHIKEALSVVSEDQSLFECAYGTPHLAKTEMTASSSSDYGQTSKMSPRVPQQDWLSQPPARVTIKMEC
NPSQVNGSRNSPDECSVAKGGKMVGSPDTVGMNYGSYMEEKHMPPPNMTTNERRVIVPADPTLWSTDHVRQWLEWAVKE
YGLPDVNILLFQNIDGKELCKMTKDDFQRLTPSYNADILLSHLHYLRETPLPHLTSDDVDKALQNSPRLMHARNTDLPY
EPPRRSAWTGHGHPTPQSKAAQPSPSTVPKTEDQRPQLDPYQILGPTSSRLANPGSGQIQLWQFLLELLSDSSNSSCIT
WEGTNGEFKMTDPDEVARRWGERKSKPNMNYDKLSRALRYYYDKNIMTKVHGKRYAYKFDFHGIAQALQPHPPESSLYK
YPSDLPYMGSYHAHPQKMNFVAPHPPALPVTSSSFFAAPNPYWNSPTGGIYPNTRLPTSHMPSHLGTYY

>MSL02 sp|P11308-3|ERG_HUMAN Isoform 2 of Transcriptional regulator ERG OS=Homo 
sapiens OX=9606 GN=ERG
MIQTVPDPAAHIKEALSVVSEDQSLFECAYGTPHLAKTEMTASSSSDYGQTSKMSPRVPQQDWLSQPPARVTIKMECNP
SQVNGSRNSPDECSVAKGGKMVGSPDTVGMNYGSYMEEKHMPPPNMTTNERRVIVPADPTLWSTDHVRQWLEWAVKEYG
LPDVNILLFQNIDGKELCKMTKDDFQRLTPSYNADILLSHLHYLRETPLPHLTSDDVDKALQNSPRLMHARNTGGAAFI
FPNTSVYPEATQRITTRPDLPYEPPRRSAWTGHGHPTPQSKAAQPSPSTVPKTEDQRPQLDPYQILGPTSSRLANPGSG
QIQLWQFLLELLSDSSNSSCITWEGTNGEFKMTDPDEVARRWGERKSKPNMNYDKLSRALRYYYDKNIMTKVHGKRYAY
KFDFHGIAQALQPHPPESSLYKYPSDLPYMGSYHAHPQKMNFVAPHPPALPVTSSSFFAAPNPYWNSPTGGIYPNTRLP
TSHMPSHLGTYY

Be sure you have the correct sequences



BioRad Criterion XT MOPS 12% SDS-PAGE reducing  gel, colloidal Coomassie blue

Cross-linked AR and ERG
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Excise, de-stain,
digest with trypsin,
analyze by DDA-MS



Search against a non-specific database

SwissProt



Search against a non-specific database

SwissProt



Add a database with the recombinant sequences

SwissProt and “MSLdb”



Add a database with the recombinant sequences

SwissProt and “MSLdb”



Proteins from the expression system are likely to be present



Proteins from the expression system are likely to be present



Use specific databases and add cross-linker (DSSO) 
variable mods to verify reaction

Ox(M) Carb(C) D(NQ) Ac(Protein N-term)
DSSO175(K) DSSO176(K)

MLdb
UniProt_Ecoli_ref

Contaminants_minus bos taurus



Use specific databases and add cross-linker (DSSO) 
variable mods to verify reaction



Use specific databases and add cross-linker (DSSO) 
variable mods to verify reaction



Use specific databases and add cross-linker (DSSO) 
variable mods to verify reaction



Use specific databases and add cross-linker (DSSO) 
variable mods to verify reaction



Set up cross-linking method





Set up cross-linking method



Set up cross-linking method



Re-search using a cross-linking method



Re-search using a cross-linking method



Re-search using a cross-linking method - revise title



Remove variable mods



Select cross-linking method



Oops - no decoy search when using a cross-linking method



Ready to search



Search results - Xlink EWas01AR-EWas02ERG



Search results - Xlink EWas01AR-EWas02ERG



Search results - Xlink EWas01AR-EWas02ERG



Search results - Xlink EWas01AR-EWas02ERG



Search results - Xlink EWas01AR-EWas02ERG

Ions score - 49
Expect - 2.5e-05
Error - 1.85 ppm

MS2 m/z 1096.316 (4+)



Search results - Xlink EWas01AR-EWas02ERG

Ions score - 34
Expect - 7.0e-04
Error - 2.21 ppm

MS2 m/z 853.6505 (4+)



Search results - Xlink EWas01AR-EWas02ERG

Ions score - 27
Expect - 2.7e-3
Error - 6.25 ppm

MS2 m/z 853.6539 (4+)



Search results - Xlink EWas01AR-EWas02ERG
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Expect - 7.0e-04
Error - 2.21 ppm

Ions score - 27
Expect - 2.7e-3
Error - 6.25 ppm
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Export search results for xiVIEW



Export search results for xiVIEW



Export search results for xiVIEW



Export search results for xiVIEW



Export search results for xiVIEW



Export search results for xiVIEW



Export search results for xiVIEW



Export search results for xiVIEW



Export search results for xiVIEW



Export search results for xiVIEW



Upload files into xiVIEW



Upload files into xiVIEW



Upload files into xiVIEW



Submit files for xiVIEW



Open results file in xiVIEW



xiVIEW - linear view



xiVIEW - circular view and linear view



Mascot search results - score distribution



Mascot search results - score distribution



xiVIEW - linear view with minimum match score set to 23



xiVIEW - linear view with minimum match score set to 23



xiVIEW - annotated cross-linked peptide spectrum



AR cross-linked with E. coli chaperone DNAK



ERG modulates AR activity through association with the AR LBD

ERG modulates AR activity through association with the AR LBD



 Study divided into two parts.

 Part 1: Participants given self-guided, graphical 
tutorials (Mascot or Kojak) that instruct them 
on how to complete data analysis on half the 
study data.

 Part 2: Participants apply what they learned in 
Part 1 to the remaining data. They can use the 
same analysis pipelines, or explore new tools.

 No prior knowledge of crosslinking analysis is 
required to participate.

ABRF iPRG 2020 cross-linking study
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