PTMScan™ Movie Script

Outline of Movie:
1. What is PTMScan Technology?
2. What kind of questions can be addressed with PTMScan Technology?
3. How does PTMScan Service from Cell Signaling Technology work?
4. Description of Sample Experiment and discussion of a sub dataset.
5. Summary of Service offerings and contact information for questions.

Preface
The upcoming presentation was created by Scientists at Cell Signaling Technology to provide information on PTMScan, a proprietary mass spec technology that allows the characterization and identification of novel and known post translational modifications, or PTMs. We aim to clarify how this powerful technology works and how it can be used to further your research. 
We have had significant experience with this very challenging technology over the years, and we are now offering PTMScan Technology as a Fee For Service, in which we apply the technology on customer-based samples and provide comprehensive and easy to understand analysis of the results. This way you can fully benefit from our experience with the technology, while saving yourself valuable time and resources. Visit the Services Section of our website for comprehensive information on PTMScan Services.

Part 1: Introduction to  PTMScan Technology

What is PTMScan?
PTMScan™ employs proprietary methodologies for antibody-based peptide enrichment combined with tandem mass spectrometry for quantitative profiling of post-translational modifications (PTMs).

More specifically, PTMScan Technology involves the isolation of post-translationally modified peptides by immunoaffinity purification using CST motif antibodies, which are critical reagents for the method. These proprietary antibodies recognize protease-digested peptides or proteins that contain a PTM, and separate pre-defined groups of post-translationally modified peptides from unmodified peptides. Immunoaffinity purification using these reagents is followed by LC tandem mass spectrometry to identify and quantify the PTMs among the samples of interest.
[Figure 1]

PTMScan can be used to analyze of several types of PTMs, depending on the Motif antibody employed in the study. Whether your research objective is to understand specific serine/threonine kinase families or kinome branches, global tyrosine phosphorylation, protein acetylation, or ubiquitin-mediated signaling, PTMScan is a powerful tool for in-depth proteomic analysis of regulatory PTMs. Our PTMScan Service offerings currently include phosphorylation (PhosphoScan Service), acetylation (Acetylscan Service ) and ubiquitination (UbiScan Service). 
[Figure 2]

The first of our services, PhosphoScan, provides in-depth, yet focused phosphoproteome analysis. PhosphoScan technology can utilize one of our patented phospho-motif antibodies as immunoaffinity reagents, which react broadly with diverse sets of serine, threonine and tyrosine phosphorylated sequences. These Phospho-Motif Antibodies can be used to isolate phosphopeptides in protease digested protein extracts from untreated and kinase inhibitor-treated samples.  The immunoaffinity purified peptides are then analyzed by LC-MS mass spectrometry to identify and quantify phosphopeptides that respond to inhibitor or drug treatment.
Use Figure 3 – image of kinome tree coverage by various motif antibodies.

[JoVE will video capture each step.]
Now let’s look at the method in more detail: Cells are lysed, and cellular proteins are digested with a protease. The resulting peptides are then fractionated by reversed-phase solid-phase extraction and then subjected to immunoaffinity purification using the selected phospho-motif antibody coupled to protein G agarose beads. Unbound peptides are removed through washing, and phosphoserine- or phosphothreonine-containing peptides are eluted with dilute acid. Reversed-phase chromatography is performed on microtips to separate phosphopeptides from antibody and to concentrate them for LC tandem mass spectrometry.   [Figure 4]
Of note, PTMScan provides quantitative cellular profiles using either of two methods of quantification: label-free quantification (LFQ) or stable isotope labeling by amino acids in cell culture (SILAC). LFQ analysis delivers a qualitative compilation of all PTM-peptides observed in the samples and relative quantification of fold-change differences in PTM-peptide mass spectra intensities between samples being compared in a PTMScan study. SILAC, which can be performed with cell lines, can be combined with PTMScan to deliver more precise relative quantification through the comparison of mass spectra intensity ratios of light and heavy peptide isotope pairs.

A similar service, UbiScan, can be used to assess ubiquitination status within the cell.  Ubiquitination is gaining growing attention as an important mechanism for both signal transduction and proteolytic degradation. CST has developed a proprietary ubiquitin branch (“K-GG”) XP™ monoclonal antibody with specificity for the di-glycine tag that is the remnant of ubiquitin left on protein substrates after trypsin digestion. In UbiScan Services, we employ the K-GG antibody on trypsin digested cell samples to enrich ubiquitinated peptides, followed by LC-MS/MS analysis for quantitative profiles of hundreds to over a thousand non-redundant ubiquitinated sequences.  [Figure 5] 

The third service offering focuses on detection of Acetylation. Histone acetyltransferases (HATs) and histone deacetylases (HDACs) have regulator functions in numerous aspects of cell physiology. AcetylScan™ is a unique and unparalleled strategy for global analysis of HDAC and HAT activity on protein acetylation. CST has developed proprietary rabbit monoclonal antibodies optimized for high affinity to acetylated-lysine peptides which are used for enrichment of acetylated peptides from protease digested cell samples, followed by LC-MS/MS analysis for quantitative profiles of many hundreds of non-redundant acetylated sequences. Of note, our AcetylScan™ Services have been applied to class I, II and III HDAC studies, and have been performed on sub-cellular compartment fractions for substrate, target pathway, and compound biomarker discovery.  Additional information regarding both UbiScan and AcetylScan can be found in the Services Section of our website.  [Figure 6] 
Part 2: How does the CST PTMScan Service  offering work?

In this section, let’s look at how a typical PhosphoScan Service for the identification of serine/threonine phosphorylation events would be performed.
Figure 8 flow chart with expanded imagery from services website
The study is performed using a two-step process beginning with a KinomeView service and is followed by PhosphoScan analysis.  KinomeView™ is a western blotting service in which we use our Phospho-Motif Antibodies to provide a kinome-wide view of cellular phosphorylation. As we mentioned earlier, CST’s Phospho-Motif Antibodies have broad immunoreactivity for serine, threonine, and tyrosine phosphorylation mediated by kinases throughout the whole kinome. The objective of KinomeView is to determine which Phospho-Motif Antibodies detect phosphorylation that is responsive to the treatment under investigation. KinomeView also explores experimental parameters, including cell system, treatment doses, and time points for PhosphoScan study design.
High-resolution western images are generated on the LI-COR Odyssey®. The Phospho-Motif Antibodies that reveal changes in banding pattern with treatment in KinomeView will be the same antibodies used in PhosphoScan mass spectrometry analysis to identify and quantify hundreds to over a thousand phosphorylation sites and parent phosphoproteins.
Show full page phospho-motif coverage of kinome tree.  Show KinomeView westerns of pS/T Akt Motif, pS MAPK motif, pT MAPK motif, pS/T PKA motif. Figure 9
Step one of any analysis involves consultation with a CST scientist to discuss study design, sample preparation, and how to apply KinomeView to the biology or chemistry under investigation. When KinomeView Analysis is finalized, the client receives a KinomeView™ Report including KinomeView images along with specific recommendations for PhosphoScan studies and experimental parameters for analysis. After you receive the report, CST scientists will review the KinomeView results with you, and discuss next-step PhosphoScan study design in a follow up consultation.
KinomeView studies are completed in 3–4 weeks, and large comprehensive studies can be accommodated with larger time lines.   [Figure 10] 
Step two in the process is the PhosphoScan analysis, performed with the Motif Antibody identified in KinomeView. In certain cases where the appropriate Motif antibody for a PhosphoScan study is already known, KinomeView would be skipped and the process would start here.  Consultation comes first: We will discuss with you the optimal PhosphoScan study design. Planning also includes coordinating our schedule for sample preparation and analysis with your project schedule and deadlines.

In the next step, the samples shipped to CST are processed to protein extracts, digested with proteases, and fractionated as described earlier. Whole proteome peptide samples are treated with the Phospho-Motif antibodies, chosen with KinomeView, to enrich phosphorylation sites that caused pattern changes. Enriched phosphopeptides and phosphorylation sites are identified by mass spectrometry (LC-MS/MS) analysis. Treatment-induced changes in phosphorylation levels are measured by either label-free or isotope-labeling (SILAC) quantification.  [Figure 11]

PhosphoScan analyis is then followed by PhosphoScan® Report and Consultation.
PhosphoScan identification and quantification results are delivered as a report, which includes interpretation and recommendations by CST project scientists. We provide a spreadsheet file listing peptide sequences and phosphorylation sites along with protein function and classification. We also provide detailed guidelines to help you mine the table. 

After receiving the report, you will meet with CST scientists to review and discuss the PhosphoScan results. PhosphoScan projects are completed in approximately 5 weeks. Preliminary results are received within 2–3 weeks after starting the project.   [Figure 12]


Part 3: Case Study:  Akt-RKS-S6 Kinase Signaling Networks activated downstream of Oncogenic RTKs

Now let’s look at a specific case study of an experimental approach recently published by CST scientists in the journal Science Signaling, in which PhosphoScan analysis was used to identify phosphorylation events corresponding to specific inhibitor treatments in cancer cells. The study revealed several new putative substrates of Akt-like kinases. The MAPK, mTOR, and the PI3K/Akt pathways are key signaling pathways activated downstream of oncogenic receptor tyrosine kinases (RTKs).  All of these pathways activate AGC kinase family members, including Akt, RSK, and p70 S6 kinases, whose protein substrates are phosphorylated at the RxRxxS/T motif.  [We can use a version of Figure 2A of the paper.]

In the study, over 300 downstream substrates for these AGC family kinases were identified in three different cell lines, each driven by either EGFR, c-Met, or PDGFR.  The experimental approach involved PhosphoScan®, and was done using the RxRxxS/T Motif Antibody as an affinity reagent to selectively immunoprecipitate phosphorylated substrates of Akt, RSK, and p70 S6 kinases. Substrates included known and new putative substrates, and spanned proteins involved in many cellular functions, such as scaffolding, protein stability, metabolism, trafficking, and motility. [Figure 3B of the paper] Use of various RTK inhibitors in combination with inhibitors specific for PI3K, mTOR, and MEK allowed for mapping of the signaling network downstream of these RTKs.  [Figure 5 of the paper] 

Now, lets take a closer look at a PTMScan report that is similar to the ones generated in the published study.  This report focuses on the cell line H1703, which is a non-small cell lung cancer cell line driven by PDGFRalpha and one of the three lines used in the study.  The cells were treated with the PI3 Kinase inhibitor, Wortmannin, and changes in the phosphorylation state of RxRxxS/T Motif-containing proteins were examined.  Since Wortmannin acts directly upstream of Akt, the changes observed occur specifically in Akt substrates.

Similar to all PTMScan reports, the report includes both qualitative and quantitative results. The report contains sequence assignments in xls table format. In this report, over 170 phosphorylation sites are identified which were detected in the H1703 cell line. Modified proteins are organized by biological functions for easy review of the data. Highlighted in green in the fold change column are proteins that were determined to exhibit a fold change above the threshold (determined to be 2.5 fold for the purpose of this study). 
[Scroll through the table, highlighting the table features]
As mentioned, PTMs that changed upon treatment with Wortmannin include known Akt substrates, such Akt1S1 (akt1 substrate1 or PRAS40) at Thr246. [Show Akt1S1 line in table.] This phosphorylation site is known to control the interaction between Akt1S1 and Raptor within the mTOR-Raptor complex.  [Show GSK-3 line.] Another known substrate is GSK-3, a critical downstream element of the PI3 kinase/Akt cell survival pathway whose activity can be inhibited by Akt-mediated phosphorylation at Ser21. [Show TBC1D4 line.]  Shown here is the protein TBC1D4, also known as AS160, which shows a 3.4-fold change in phosphorylation at Ser314. TBC1D4 is found in Glut4-containing vesicles and plays a role in insulin-stimulated glucose transport.   [Show S6 line.] The strongest fold change was found in the S6 ribosomal protein phosphorylation, which is commonly used as a readout of Akt activity. 
[Use our Akt pathway to highlight the known substrates.]

Previously unrecognized targets of Akt were also identified in this report.  [Show Rictor line.] They include the protein Rictor, a key component of the mTOR complex 2; [Show SEMA4B line.] the protein SEMA4B, which plays a role in neurogenesis by regulating axon guidance; [Show Afadin line.] and the protein Afadin, an actin filament-binding protein involved in cell adhesion.  [For unknown substrates we “pencil” these into the existing Akt pathway.]

PhosphoScan is a powerful technique used for the identification of post-translational modifications (phosphorylation, acetylation, ubiquitination) in cells due to specific drug treatments or disease states.  In all cases, we provide a start-to-finish service, combining our expertise in antibody technology, tandem mass spectrometry, and bioinformatic analysis, to deliver results that are illuminating and immediately relevant.



Question that needs to be addressed: which part will be narrated, and which part will be talking head section
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