
One of the big requests from last year’s user group meeting was to make 
improvements to Scaffold PTM.  
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We’ve taken that to heart and we’ve been hard at work producing two releases for 
you.  
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The first release is for Scaffold PTM 2.2, which is currently in it’s last round of testing 
and will be released one week after the conference. The focus of this release is on 
making the program as stable as possible and easier for you guys to work with. 
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One of the key things we’ve improved is searching and filtering for proteins and 
peptides. Borrowed from Scaffold and PerSPECtives, we’ve added three tiered 
starring to help you organize your PTM lists. 
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To make this easier we’ve added multi-select and group starring through the right 
click context menu. 
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Filtering on different stars is as easy as clicking buttons on the top bar. Combined with 
a newly added textual search field, this makes it much easier to mark and categorize 
your data. 

6 



In the Proteins view we’ve also added… 
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textual search for peptide sequences. This makes it pretty fast to find 
phosphopeptides and phosphosites of interest 
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Finally we’ve added protein identification information to the motif view, so instead of 
just looking for global motifs 
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You can spot individual proteins that interact with particular kinases in a repeated 
way. For example, this protein, Futsch, contains about 60 repeats of a 37 amino acid-
long domain. In this experiment a significant number of those repeat sequences were 
identified to be phosphorylated, and that motif matched the Casein Kinase 1 
phosphorylation motif sequence. 
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That’s great, but we’ve also been working on Scaffold PTM 3 as well. This should be 
released in the fall and will contain some major improvements and new analysis 
features, particularly surrounding quantitation. I’d like to talk to you about those. 
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There are two major classes of phosphoproteomics experiments, the first is an in 
vitro kinase assay, where you take a group of proteins or digested peptides, add in a 
particular kinase you’re interested in, and see what kinds of proteins or peptides it 
phosphorylates. Since you’re interested in dynamics, you usually take time points 
pretty quickly (on the order of minutes), and consequently you’d expect that the 
underlying proteins don’t change quantitative level. This is the sort of quantitative 
experiment Scaffold PTM was originally designed to deal with. 
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However, sometimes you’re interested in interactions of kinases in vivo or dynamic 
systems where you might expect that protein levels change. In this case the 
phosphopeptide abundances reflect both changes the phosphorylation status and the 
protein expression levels simultaneously. In this case you really ought to attempt to 
separate out these changes. 
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The most common strategy was discussed in this MCP paper from the Gygi lab, where 
you label your samples, combine them, and then divide them into two groups, those 
you carry forward for protein analysis, and those you carry forward for phospho 
enrichment using IMAC, SCX fractionation, or titanium dioxide. 
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In this case you acquire two sets of quantitative data, those from the 
phosphopeptides, and those from the overall protein levels. 
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If the protein level doesn’t change, then logically if the phosphosite abundance in 
your phospho enriched sample is up, then there is an increase in phosphorylation 
status indicated by the green arrow. If the phosphosite abundance is down then the 
phosphorylation status is decreased. 
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However, if the protein expression level is down, then even if the phosphopeptide 
expression stays the same, the phosphorylation state is increased. 
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Similarly, if the protein expression is elevated in general, then phosphorylation status 
is actually down if the phosphopeptide expression appears unchanged. 
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To accommodate this we’ve added a new export to Scaffold Q+ that provides the 
protein level quantitation data. In Scaffold PTM you can import the protein level 
quantitation results to normalize your phospho-enriched sample. 
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Let me show you this with some real data. This box indicates phosphosites where the 
phosphorylation status is relatively unchanged. 
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However, there are sites that are clearly increased and decreased. 
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Let’s look at one of these sites, a Futsch site at a different section in the protein from 
those repeated Casein motifs. 
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In the quantify view this site is clearly upregulated across three biological replicates. 
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Now, the ratio at each site is actually an aggregate of multiple measurements. These 
come from multiple biological replicates, overlapping peptides, or multiple charge 
states. We’re calculating a one-sample t-test to show sites with significantly changing 
phosphorylation states. 
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Using the p-value, we’re able to plot all of the sites in our data set with a volcano 
plot. Here the fold change is plotted along the X-axis, and negative log p-value is 
plotted on the Y-axis. Sites that aren’t changing are at the bottom of the volcano, and 
significantly changing sites are in the outer spray of the volcano where fold change is 
high and the p-value is highly significant. The significantly changing Futsch site we 
were looking at is circled in the upper right. 
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Finally, we’re also computing quantitative values and one-sample t-test p-values for 
phosphorylation kinase motifs. Upregulated kinase motifs suggest potentially 
increased kinase activity. For example, in this data set the PKC epsilon kinase is 
enriched by about 25% at a significant p-value p<0.025. Here the green bars are 
diferential phosphorylation states for all sites that match the PKC epsilon kinase 
motif, two arginines followed by an arbitrary amino acid, and finally the 
phosphorylated serine. The blue shaded area is a bootstrapped mean, which gives an 
indication of significance.  
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