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Characterization of p53 Modforms by Top-Down Mass Spectrometry at 21T
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Background and Significance
	Our primary goal for this experiment was to develop and optimize a workflow for the analysis of intact recombinant human p53 (rp53) populations, both unmodified and phosphorylated in vitro with the Chk1 kinase, by denaturing LC-TDMS on the 21T FT-ICR mass spectrometer at NHMFL. Our rationale for doing so emanated from the limitations and difficulties experienced during previous attempts to analyze similar samples by denaturing LC-TDMS on Orbitrap Elite, QE-HF, and 12T FT-ICR mass spectrometers located at NRTDP. The ability to obtain high-resolution FTMS1 spectra of both unmodified and modified rp53, in addition to vastly improved FTMS2 spectra for PTM localization and modform characterization, were crucial benchmarks for our primary project: the optimization of an LC-TDMS workflow for the analysis and characterization of endogenous p53 modforms in differing contexts.
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	Intact recombinant human p53 (rp53) was expressed in E. coli, isolated by cobalt affinity chromatography, and either phosphorylated in vitro with recombinant human Chk1 kinase or incubated in kinase-free buffer as a negative control (Figure 1A, inset). Samples were frozen and shipped to NHMFL for analysis by LC-TDMS on the 21T FT-ICR mass spectrometer.

Results and Discussion
	 Our initial analysis of these samples produced the first high-resolution FTMS1 spectrum of intact, unmodified rp53, in addition to the first high-confidence identification of intact rp53 by MS2 fragmentation (ETD) on an LC timescale (data not shown). However, we were unable to visualize intact and phosphorylated rp53. After a thorough re-optimization of the sample preparation workflow, our second attempt not only resulted in vastly improved high-resolution FTMS1 (Figure 1A) of unmodified intact rp53, but also provided the first ever visualization of intact rp53 phospho-modforms by denaturing LC-TDMS (Figure 1B). Further experiments incorporating targeted CID and ETD MS2 fragmentation provided sufficient data for preliminary PTM site localization on these rp53 phospho-modforms (data not shown).

Conclusions
	Analysis of both unmodified rp53 and in vitro phosphorylated intact rp53 populations by denaturing LC-TDMS on the 21T FT-ICR mass spectrometer at NHMFL resulted in the first ever high-resolution, high-confidence identification and preliminary PTM site localization of eight distinct rp53 phospho-modforms. Figure 1. Analysis of intact rp53 phospho-modforms by LC-TDMS at 21T. A. Isolated 44+ charge state of intact, unmodified rp53 (MS1, 300k FTRP). Inset: Dual-stained gel image of both unmodified and in vitro phosphorylated rp53 samples. ProQ: phosphorylated proteins; SYPRO: all proteins. B. Isolated 44+ charge state of intact, phosphorylated rp53 (MS1, 300k FTRP), clearly indicating the presence of eight distinct phospho-modform populations within the sample.


Acknowledgements
	This work was supported by NIH P41GM108569 for the National Resource for Translational and Developmental Proteomics (NRTDP) based at Northwestern University in Evanston, IL (to N.L.K.), by NIH R01GM105375, “Information Processing by Post-translational Modification” (to J.G., G.L., and N.L.K.) and by the National Science Foundation Cooperative Agreement No. DMR-1157490 and the State of Florida.  



image1.png
- + Chk1

rp53 - Chk1 (iso 44+)

Observed Mass: 45656.43 Da
Theoretical Mass: 45656.32 Da
Error: 0.11 Da, 2 ppm

1038 1044 m/z 1052 1057

rp53 + Chk1 (iso 44+)

Phosphorylated Observed Mass: 45656.37 Da
Theoretical Mass: 45656.32 Da
4pi Error: 0.05 Da, 1 ppm

3Pi 5Pi

1038 1044 m/z 1052 1057




image2.jpeg
<




