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Histones and their post-translational modifications (PTMs) intricately exist in chromatin. Various histone variants
are encoded by specific genes and they exhibit functions associated with chromatin dynamics. PTMs are decorated
in histones and play a key role in chromatin remodeling that is associated with the biological activities. PTMs, which
mainly exist in the N-termini of histones, are of interest to epigenetics and proteomics researchers because of their
unique structural and functional features. Hence, characterization of histone variants and their PTMs is required for
determining their site and sequence. Several histone variants and their PTMs have been discovered by using analytical
techniques such as western blotting, antibody-based techniques, and other instruments. Specifically, mass spectrometry
(MS) has become a universal and powerful tool for the characterization of histone variants and their PTMs due to its
higher sensitivity, accuracy, and compatibility compared with other techniques. MS-based analytical techniques are
being developed for identifying novel and specific histone variants and their PTMs. These efforts to date have provided
useful information to proteomics and epigenetics researchers. Spermatogenesis is the process that generates sperms,
and testis-specific histones are expressed during this stage. Some of the testis-specific histones have been reported to be
associated with certain biological functions such as fertility. PTMs, including methylation, acetylation, phosphorylation
and ubiquitination, which are associated with chromatin dynamics are detected during spermatogenesis. Despite several
proteomic and epigenetic studies on histone variants and their PTMs during spermatogenesis, MS-based characterization
has not been fully investigated. In this research, I have characterized histone variants and their PTMs by MS-based
analysis in the mouse testis to provide proteomic and epigenetic information during spermatogenesis.

My first aim was a comprehensive characterization of histone variants in the mouse testis. Histone variants were
separated using high performance liquid chromatography (HPLC) utilizing a reversed-phase (RP) column with ion-
pairing reagent, followed by measuring intact histones using MS. Mass spectra were characterized by deconvolution and
fragmentation based on the information obtained from the database. In this research, four testis-histone variants, H1t,
TH2A, TH2B and H3t were detected in the mouse testis, which were not observed in the mouse epididymis. The results

showed that over-expressed H2B and H3 variants were detected in the epididymis. In particular, approximately 80% of



H3t was proportionally compensated as an increase abundance of H3.2 in the epididymis, compared to the decreased
abundance of H3t in the testis. Several histone variants, including somatic and testis-specific histones were identified by
top-down analysis. Moreover, these analyses revealed the masses of PTMs on the histone variant using deconvolution.

My second aim was an improved attempt of our previous study to comprehensively detect PTMs on histones.
I characterized the PTMs on the N-termini of histone H3 variants, including H3t, in the mouse testis using matrix
assisted laser desorption/ionization-in source decay (MALDI-ISD) analysis. The matrix selection was a crucial factor
for the MALDI-ISD. First, the matrix was selected for the analysis. Second, the H3 variants were separated using
the HPLC, utilizing the RP column with ion-pairing reagent, and then measured using MALDI-ISD. In this research,
super dihydroxybenzoic acid (sDHB) yielded higher sensitive and wide-ranged relative abundances compared to
1,5-diaminonaphthalene. Using sSDHB as the matrix, I characterized the N- and C-terminal of H3 variants and identified
lysine (K) 9 modifications using the fragmentation. Modifications on K9 of H3t were also detected in this research. In
particular, an over-modified + 42 Da shift was observed from the K9 of H3t in the mouse testis. MALDI-ISD based top-
down analysis showed a novel characterization process for histone tails, including their PTMs.

MS-based characterization research on histone variants and their PTMs is important to understand their specific
patterns and sites. In this research, the results demonstrated a comprehensive approach for the characterization of
histone variants and their PTMs using the MS-based top-down approaches. These strategies will provide information for
future proteomic and epigenetic studies, which can be applied for identifying other samples to detect novel or specific

patterns on proteins.
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