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Conclusions 

Figure 1. Workflow of Signal-Seeker PTM identification kit. Diagram depicting steps performed in 
order to obtain tyrosine phosphorylation (pY), ubiquitination (Ub), Sumoylation 2/3 (Sumo 2/3), and 
acetylation (Ac) PTM profiles for a protein of interest.  

Method 

Introduction 

Characterization of PTM profiles for proteins such as p53, EGFR, protein kinase C, tubulin, Tau, and 
histones have clearly demonstrated the essential requirement for multiple, dynamic PTMs in regulating 
protein function and orchestrating cellular events. In many cases protein modifications have been shown 
to work in concert to orchestrate a specific protein function, and recent studies have suggested that 
both cooperative and negative PTM crosstalk is a pervasive and fundamental cell regulatory mechanism.  
Accordingly, there is significant interest in not only characterizing individual PTMs on a protein of 
interest (POI) but also in characterizing the temporal regulation and interplay of multiple PTMs on a 
given protein target and within a given signal transduction pathway.   
     Tools to examine endogenous PTM changes in an unbiased manner are being developed in the 
proteomics arena utilizing a variety of powerful mass spectrometry approaches.  While these 
approaches are generating exciting and insightful data regarding PTM profiles there are currently several 
significant technical and biological challenges, one of which is that cell and molecular biologists do not 
have the expertise to analyze these enormous data sets de novo, nor do they have the tools to easily 
validate these results without biasing themselves to focusing on a POI; thus, the benefits of generating 
these unbiased datasets are diminished. We designed a methodology that would better utilize the 
unprejudiced potential from these large datasets by allowing users to take an unbiased snapshot of the 
PTM profile of any POI, which would be beneficial for several reasons: 1) validate PTM profile of a POI 
without having specialized tools (i.e. PTM specific antibody for POI), 2) validate PTM profiles of multiple 
POIs within a given study, 3) Identify the PTM profile of low abundance proteins that are unlikely to be 
detected by current proteomic analysis, and 4) utilize this methodology for downstream 
biological/functional experiments.   
     The epidermal growth factor (EGF) pathway is one of the best characterized signal transduction 
pathways and is known to be regulated by a multitude of PTM events. Importantly, the protein 
modification profile for several of the proteins in the EGFR signaling cascade are well characterized, and 
a recent proteomic study investigated the relationship between phosphorylation, ubiquitination, and 
protein-protein interaction in response to multiple EGFR stimulants. This study was informative, but its 
value could be enhanced by having a set of tools to validate a particular signaling axis within that vast 
array of changes.  For example, to our knowledge no studies have been performed to validate changes in 
the PTM profile of an established EGF/EGFR pathway, like the EGFR – rat sarcoma (RAS) - c-Fos axis, in a 
single comprehensive study. Currently, obtaining a comprehensive PTM profile of a signaling pathway 
like the EGFR- RAS- c-Fos axis in response to a physiologic stimulant would be very challenging using the 
existing set of available tools.   
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Figure 4. Detect endogenous, temporal changes of a PTM for any target protein in response to a 
physiologic stimulant: Focus on Ras ubiquitination. (A). Serum restricted A431 cells were stimulated with 
EGF for the given time period. WCL was analyzed for RAS levels. Tubulin was used as a loading control. (B) 
Unstimulated and EGF treated A431 lysates were incubated with ubiquitin binding beads (UBA01) to 
immunoprecipitate ubiquitinated proteins. Samples were separated by SDS-PAGE and analyzed by western 
immunoblotting using a Ras antibody to identify ubiquitinated Ras. Shown are representative westerns 
from N≥3 independent experiments. (C) Quantification of densitometric analysis of endogenous 
ubiquitinated Ras identify dynamic changes in response to EGF stimulation.   

Figure 5. Detect endogenous changes of all four PTMs for any target protein to identify potential PTM 
crosstalk: Focus on dynamic EGFR PTM modifications. (A). Serum restricted A431 cells were stimulated 
with EGF for the given time period. WCL was analyzed for EGFR levels. Tubulin was used as a loading 
control. Unstimulated and EGF treated A431 lysates were incubated with (B) APY03-beads to 
immunoprecipitate tyrosine phosphorylated proteins and analyzed for tyrosine phosphorylated EGFR, (C) 
UBA01-beads to capture ubiquitinated proteins and analyzed for ubiquitinated EGFR, (D) AAC01-beads to 
immunoprecipitate acetylated proteins and analyzed for acetylated EGFR, (E) and ASM24-beads to 
immunoprecipitate sumoylated 2/3 proteins and analyzed for sumoylated 2/3 EGFR; shown are 
representative westerns from N≥3 independent experiments. . (F) Quantification of densitometric analysis 
of EGFR PTMs. 

 
1. Signal seeker tools effectively identified all 10 previously studied PTMs of EGFR, Ras, and cFos, and 

also identified a novel modification of cFos 
 

2. Useful tool to rapidly investigate all 4 PTMs for any protein of interest 
 

3. Useful method to investigate changes in a target PTM for multiple proteins of interest 
 

4. Study endogenous, dynamic PTM changes for any protein of interest 
 

5. Study proteins from low to high abundance and  from all cellular compartments  
 

Figure 2.  Rapid detection of all four PTMs for any target protein of interest: Focus on EGFR.  (A). Serum 
restricted A431 cells were either unstimulated or stimulated with EGF for five minutes prior to lyses with 
BlastR lysis buffer. Whole cell lysate (WCL) was analyzed for EGFR levels (lanes 1,2). Ubiquitin control beads 
(CUB02) were used to immunoprecipitate non-specific binding proteins (lanes 3,4). Ubiquitin binding beads 
(UBA01) were used to immunoprecipitate ubiquitinated proteins (lanes 5,6). Acetyl lysine binding beads 
(AAC01) were used to immunoprecipitate acetylated proteins (lanes 7,8). Phospho-tyrosine binding beads 
(APY03) were used to immunoprecipitate tyrosine phosphorylated proteins  (lanes 9,10). Sumo 2/3 binding 
beads (ASM24) were used to immunoprecipitate sumoylated 2/3 proteins (lanes 11, 12). IgG binding 
control beads were used to immunoprecipitate non-specific binding proteins (lanes 13,14). All samples 
were separated by SDS-PAGE and analyzed by western immunoblotting using an EGFR antibody to identify 
changes in EGFR post-translational modifications in response to EGF.  

Results 

Figure 3. Characterize target PTMs for a set of proteins of interest in any signaling pathway: Focus on 
ubiquitination. Serum restricted A431 cells were either unstimulated or stimulated with EGF for five 
minutes or 1 hour prior to lyses with BlastR lysis buffer. Samples were immunoprecipitated with ubiquitin 
control beads (CUB02) or ubiquitin binding beads (UBA01). Samples were separated by SDS-PAGE and 
analyzed by western blot for (A) EGFR, (B) Ras, and (C) cFos to identify the ubiquitinated species for these 
proteins in the EGFR signaling pathway.  

Figure 6. Identify and validate 
uncharacterized PTMs for any target 
protein. (A). A431 cells were harvested 
with BlastR lysis buffer with or without 
NEM. Lysates were incubated with 
ASM24-beads and analyzed for 
sumoylated 2/3 EGFR. (B). Lysates with 
or without NEM were incubated with 
EGFR antibody and analyzed for 
sumoylated 2/3 EGFR with sumoylated 
2/3-HRP antibody; shown are 
representative westerns from N≥3 
independent experiments. 
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