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Quantitative Mass Spectrometry Reveals that Intact Histone H1 Phosphorylations are Variant-Specific and Exhibit Single Molecule Hierarchical Dependence
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Introduction

Breast cancer was the second leading cause of cancer-related mortality for females in 2014. Recent studies suggest that histone H1 phosphorylation may be useful as a clinical biomarker of breast and other cancers because of its ability to recognize proliferative cell populations. Although monitoring a single phosphorylated H1 residue is adequate to stratify high-grade breast tumors, expanding our knowledge of how H1 is phosphorylated through the cell cycle is paramount to understanding its role in carcinogenesis. H1 analysis by bottom-up mass spectrometry is challenging because of the presence of highly homologous sequence variants expressed by most cells. These highly basic proteins are difficult to analyze by LC-MS/MS because of the small, hydrophilic nature of peptides produced by tryptic digestion. Although bottom-up methods permit identification of several H1 phosphorylation events, those peptides are not useful for observing the combinatorial post-translational modification (PTM) patterns on the protein of interest.

Experimental


Here, we utilize top-down MS/MS to permit identification and quantitation of H1 proteoforms related to the progression of breast cells through the cell cycle.  Data were obtained with NHMFL’s 9.4 T Fourier transform ion cyclotron resonance mass spectrometer, equipped with electron capture dissociation for MS/MS.
Results and Discussion


Histones H1.2 and H1.4 were observed in MDA-MB-231 metastatic breast cells, whereas an additional histone variant, histone H1.3, was identified only in nonneoplastic MCF-10A cells. Progressive phosphorylation of histone H1.4 was identified in both cell lines at mitosis (M phase)—see Figure 1. Notably, phosphorylation at S173 of histone H1.2 and S172, S187, T18, T146, and T154 of H1.4 significantly increases during M phase relative to S phase, suggesting that these events are cell cycle-dependent and may serve as markers for proliferation. Finally, we report the observation of the H1.2 SNP variant A18V in MCF-10A cells. 
[image: image2.wmf]MCF-10A Phosphorylation Sites Normalized to Variants

H12S173   H14S2    H14S172  H14S187   H14T18  H14T146   H14T154

% Aundance

0

20

40

60

80

100


Figure 1. Phosphorylation sites in MCF-10A breast cells (*indicates statistical p-value < 0.05).  Note the significant differences between different phases of the cell cycle.
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