Probabilistically Assigning Sites of Protein Modification with Scaffold PTM
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Abstract
Accurate interpretation of MS/MS data ining  post al ificati (CPD1_DROME ) Chromosomal protein D1 OS=Drosophila melanogaster GN=D1 PE=1 SV=3
(PTMs) such as phosphorylation continues to be a difficult problem for proteomics
researchers. One challenge involves knowing which data are reliable for assigning
specific amino acid sites of modification and separating that from data that are less ﬁ
conclusive. This is particularly difficult when peptide identifications contain multiple RPSKASVGGK AAVAAI s . n
possible sites of modification. Some work towards improving phosphorylation site w0 o 2 peakssthalsdlstlgctly SUQGfS‘ site ECﬁ"ZazO"d'o_ SAO
assignment has been implemented in a software program called Ascore by Beausoleil KNKGSSGGGG RPPKASK 60 (over $1, 52 and T3) are drawn in blue and red in the

etal'. Ascore is more accurate than traditional database search engines at localizing i i i Ejm[m]]llllll]]]l[ﬂl]ﬂ[ﬂ]ﬂ:] spectrum “barcode”.
a modification because it only considers the fragment ladder ions that can differentiate GEEDGDGDG LANN P 90
between the two possible sites. b ssceaA GiGiG Ki B GiA » 120

Here we present Scaffold PTM, a program that extends the Ascore algorithm to a pipis NEDD DDDG NH 150
consider all types of variable PTMs that can be identified with MS/MS. Scaffold PTM S
also uses overlapping data from several peptides simultaneously to improve ﬁA Giv NLN Ii RGLGRPK 180 e i Unlocalized Phosphorylations
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bipon Confident Localizations
J o Some spectra contain an overwhelming amount of
N nefnsy .Tn;lr 15 evidence to assign a particular site. In this case,

Relative Intensity

confidence in specific site assignments. To accomplish this, Scaffold PTM uses the M Ki iG s 10%) § Not all confidently identified spectra contain enough
j A data to localize a phosphorylation site. In this case
a1

Ascore algorithm to interpret sites of modification on a peptide-by-peptide basis. EPQVPKKRGR

Peptide identifications can be read from Scaffold, Mascot, or any database search RGRPKANAAP HEDNDDD 3 o win there is very little evidence (a single peak assigned to
engine that supports the open community standard format, MzldentML. Once the data om0 smw 7o om ;s s y14+2H) to differentiate S3 from S1, resulting in a low
has been collated, Scaffold PTM site i ilities from the HP E Kiv VA RGR PiL A miz Ascore. While it is clear that one of these sites is
Ascores, which are peptide independent. Scaffold PTM then collapses the peptide i S phosphorylated, it is impossible to determine which
interpretations into protein specific sites of modification, comprised of multiple pieces KPRSRPAKNI ADIDIADEA one is correct.

of overlapping evidence.
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Undisputed Sites

MzidentML If there are no neighboring serines, threonines or

Figure 2: aphosphorylated protein (CPD1_DROME) identified by Mascot, interpreted by Scaffold,
with sites localized by Scaffold PTM. Confident localizations are represented as solid circles while tyrosines, then a site localization is considered to be
unlocalized sites are hollow. Sites with some, but not definite localization confidence are represented as These sites are automatically assigned
sFor Elach SEQUEST half shaded. Modifications of other types are localized separately and drawn in different colors. § with the highest confidence.
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The Ascore Calculation Calculating PTM Localization Probabilities Since it is known that N amino acid sites can be phosphorylated in
The Ascore calculation is interesting because it only considers Converting Ascores to probabilities puts site localizations on even the ';ep"de S IY) andhthe fotal number of phosphorylations (k)
fragment ions that can differentiate between two possible PTM footing for comparing across peptide identifications or overlapping can be f;slgne buslnfg ‘ elzarent 5’3 r(nasz meafurement we :::n
sites. Ascore computes the localization p-value as: evidence. The method we propose here requires more stringent narrow the number of peptice candidates down to (K) peptide
criteria if many possible site configurations exist in a peptide, or if interpretations. - For example, if there are three possible sites of

N y o " " y hosphorylation, S1, S2, and S3, and two phosphorylations
le configurations. P e °
localization peaks can be identified for multiple configurations. assigned, then the three possible peptide interpretations are S1p-

Figure 1: The scaffold PTM workilow. Scaffold PTM imports search results through HUPO 9
standard MzldentML format and peak lists through the MGF text file format. Although the easiest P - valueposponiacd = E(c)p‘(l—p)“

way to create MzldentML files for most search engine results is through Scaffold 3, Mascot 2.3 can here N is the total ber of ks that d -
also generate valid MzldentML files for individual samples. ;”,ﬂe’e e Isb b: o ath "“,"" er o 5‘93 S ba °f°‘:h possil kV S2p-S3, S1p-S2-3p, S1-S2p-S3p.  We can calculate the
erentiate between the sites, nis the number of those peaks Since P-valué,ospnoryiateq aNd P- I likelihood that any of the interpretations exists as:
found, and p is an indication of the probability that a peak could be VAl ynosporyiatea TEPTESENt the _
Open Data Formats and Standards identified by chance. Scaffold PTM uses a Pascal’s triangle two states for phosphorylation at P = PS)* ” #S)
Not only does Scaffold PTM utilize the MzldentML standard, it also saves data in an optimization to speed up calculation of binomial probabilities. that site (present and absent), we In the case of the intermretation S1p-520-83. for example. we can
open SQLite database that can be browsed and queried independently. Scaffold PTM Between this and other optimizations, Scaffold PTM is approx- can calculate the likelihood the ealolate. . W sam uee the limitad st of poptide morretations o
contains a separate console that allows programmatic access to the Ascore algorithm, imately 1000x faster than the original Ascore i ylation site was assigned calculate the probability that site i is phosphorylated as:
among other important features including complete SQL support. . . by chance as: i
The actual Ascore score, as described in Beausoleil et al, is made — P = valuesiposphoryied iEphut mf(m,.,),,
up of the difference between two component p-values: A= P = values popporsiaed + p = valuesi~posporsaed LC EP(I)
-[- v phosphorsiased)] = [ WP - S phosphoryae and the inverse likelihood that the izati i % indi

We thank Steven Gygi of Harvard for allowing the use 1. Beausoleil, etal., Nat. Biotechnol. 2006, Ascore(S) = [=10% log 1P - valuestopionars)] = (=107 log1o(P - valites -siopiriac] hosphorylation site tuall Localization pgopab_llltles are mirrored, 50 100% indicates confident

. " : 24, 1285-1292. e N phosphorylation site was actually localization, 0% indicates negative localization (definitely not here),
of the Ascore algorithm, for helpful discussions onthe ,  71,;i et ar. 4 Proteome Res. 2008, 7, Where P-value, is the p the site was by assigned as: H and 50% indicates inconclusive data. Probabilities above 99%
details of the algorithm and for making data available 1675-1682 chance and P- valuemm,wﬁ‘ed is the probability that the site next = values. -pospporsiaes { that the site i ) : nd
for validation and demonstration on Tranche at: most likely was assigned by chance. T — suggest Ihat the sits Js ) horylated and pr
isp?i=73370 4 i " rscors above 95% suggest that strong evidence is present.
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