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Abstract
Analysis of histones, especially histone H1, is severely limited by immunological reagent
availability. This paper describes the application of cellular fractionation with LC-MS for profiling
histones in the cytosol and upon chromatin. First, we show that linker histones enriched by cellular
fractionation gives less nuclear contamination and higher histone content than when prepared by
nuclei isolation. Second, we profiled the soluble linker histones throughout the cell cycle revealing
phosphorylation increases as cells reach mitosis. Finally, we monitored histone H1.2–H1.5
translocation to the cytosol in response to the CDK inhibitor flavopiridol in primary CLL cells
treated ex vivo. Data shows all H1 variants translocate in response to drug treatment with no
specific order to their cytosolic appearance. The results illustrate the utility of cellular
fractionation in conjunction with LC-MS for the analysis of histone H1 throughout the cell.
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INTRODUCTION
Histones are evolutionarily conserved proteins responsible for the condensation and
organization of the DNA in the nucleus. The basic repeating unit of chromatin, the
nucleosome core particle, is an octamer made up of two copies of each core histone (H2A,
H2B, H3 and H4) and 146 base pairs of superhelical DNA [1-10]. Higher order chromatin
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structure is achieved by binding of the fifth histone, histone H1, to linker DNA stabilizing
the chromatin fiber [11-14]. The histone H1 family has four conserved somatic variants
(H1.2, H1.3, H1.4 and H1.5) with seven additional variants having more sporadic expression
(H1.0, H1.1, H1.X, H1t, H1T2, H1ILS1, and H1.oo) [15-27]. Although histone H1 has been
shown to stabilize the chromatin fibers into higher order chromatin structure, the overall role
of specific histone H1 isoforms are still under much debate.

In addition to the function of histone H1 on chromatin structure, the histone H1.2 isoform
has been shown to have extra-chromatin function [28-30]. Confocal imaging of mitotic
fibroblasts have shown histone H1.2 localized to the cytosol demonstrating compartmental
mobility in vitro [30]. Furthermore, several groups have illustrated histone H1.2 is released
to the cytoplasm following X-ray induced double strand breaks prompting a Bak dependent
release of cytochrome C from the mitochondria and activation of caspase-3, caspase-7
[29,31,32]. Giné et al. reported translocation of histone H1.2 to the cytoplasm in response to
therapeutic treatment in chronic lymphocytic leukemia primary cells (CLL) [28]. Although
cytoplasmic function of histone H1.2 has been established, the molecular signaling,
transport chaperones and cofactors of this process are still to be determined.

Nuclei and hydroxyapatite isolation followed by acid extraction have been the most widely
used methods of enrichment for histones [33-37]. While these methods allow for the
analysis of the histones bound to the chromatin through high salt or acid extraction,
potentially important cytosolic histones are lost [33,35,38,39]. In addition to limited
extraction procedures for cytosolic histones, commercial antibody selection and selectivity
for the histones, especially histone H1, are inadequate due to high sequence homology and
the high degree of post-translational modifications leading to a loss in antibody specificity.

Mass spectral analysis of histones bypasses the limitations set forth by antibody dependent
methods and selection. As a result, mass spectrometry has become widely used for protein
and post-translational modification sequence identification through global proteomics and
enriched protein populations. In this work, we describe a method for examination of histone
in the various compartments of the cell. Using mass spectrometry, we analyzed and
compared linker histones enriched from the cytosol using both cellular fractionation against
those enriched, from the cytosol, using nuclei isolation. The results demonstrate the utility of
cellular fractionation combined with LC-MS for the analysis of histone H1 throughout the
cell. Specific examples are presented that monitor soluble H1 isoform profiles across
cellular compartments in response to drug treatment. Overall our data establishes an
alternative method for histone enrichment from soluble cellular compartments for
monitoring the extra-chromatin movement of the linker histone H1.

EXPERIMENTAL
Preparation of Cell Lines

Ramos cells were obtained from American Type Culture Collection (ATCC, Manassas, VA,
USA). Cells were cultured as described by Liu et al. [40]. Briefly, cells were incubated at 37
°C with 5 % CO2 in RPMI-1640 (Life Technologies, Grand Island, NY) supplemented with
10 % fetal bovine serum (FBS) (Sigma Aldrich, St. Louis, MO), 50 U/ml penicillin-G, 50
μg/ml streptomycin, and 2.05 mM L-Glutamine (Life Technologies, Grand Island, NY).
Asynchronous cells were harvested in quadruplicate for LC-MS analysis.

Cell Synchronization
Ramos cells were synchronized by double thymidine block as described by Bostock et al.
[41]. In short, thymidine (Sigma Aldrich, St. Louis, MO) prepared in sterile PBS (Life
Technologies, Grand Island, NY) was added to cell cultures to 2 mM. Cultures were
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incubated for 18 h, washed twice with PBS, and resuspended in warmed fresh culture media
and grown for 9 h. Thymidine block was repeated for 16 h. Cells were released from G1/S
arrest by washing twice with PBS and resuspended in fresh warm culture media. Cell
aliquots were harvested at 0 h, 3.5 h and 7 h post-release for flow cytometry and histone
extraction.

For analysis of histones at various stages in cell cycle, the soluble histones were isolated
from the cytoslic component of the cellular fractionation. However, during mitosis,
dissolution of the nuclear membrane limits the inability to distinguish the cytosolic and
nuclear fractions. Therefore, we refer histones isolated from these enrichments as the soluble
histones, which are distinct from those bound to the chromatin.

Acquisition and Preparation of Primary Cells
Written consent was obtained from The Ohio State University Institutional Review Board
and patients with previously diagnosed, as described by the NCI criteria, Chronic
Lymphocytic Leukemia (CLL) were identified [42]. Peripheral blood mononuclear cells
(PBMC) were isolated using density gradient centrifugation (Ficoll-Paque Pus, Pharmacia
Biotech, Piscataway, NJ) as described previously [43,44]. B-cells were negatively selected
from the PBMC using the RosetteSep® Human B Cell Enrichment Cocktail (STEMCELL
Technologies Inc., BC, Canada). Enriched cells were immediately cultured at 1×107 cells/ml
in RPMI-1640 media as described above. For drug treatments, primary CLL cells were spun
down washed once with PBS and resuspended in RPMI-1640 media supplemented with
10% heat inactivated human AB serum (Valley Biomedical Inc, Winchester, VA). Cells
were treated with 1 μM flavopiridol (National Cancer Institute, Bethesda, MD) or left
untreated for 0 h, 2 h or 4 h. Aliquots were taken for flow cytometry, western blot and LC-
MS analysis.

Histone Extraction by Nuclei Isolation
Histones were extracted as described by Ren et al. from approximately 1×108 cells [45,46].
Briefly, cells were spun down, washed 1x with ice-cold PBS and placed in 1 ml of NP-40
extraction buffer (10 mM Tris-HCl pH 7.4, 10 mM NaCl, 3 mM MgCl2, 0.5 % NP-40, 0.15
mM Spermine, 0.5 mM Spermidine (aq)) supplemented with enzyme inhibitors (Sigma
Protease Inhibitor Cocktail, 100 mM phenylmethyl sulfonyl fluoride, Serine/Threonine
Phosphatase Inhibitor Cocktail, Tyrosine Phosphatase Inhibitor Cocktail, Sigma Aldrich, St.
Louis, MO). Nuclei were pelleted at 200 × g, washed 1x with ice-cold PBS and allowed to
stand in 400 μl of 0.4 N H2SO4 for 30 minutes on ice. Histones were precipitated from the
supernatant overnight at -20 °C in ice-cold acetone. Histone pellets were washed once with
acetone and resuspended in HPLC-grade water.

Cellular Fractionation Histone Extraction
Approximately 1×108 cells were spun down, washed with ice-cold PBS, and resuspended in
CERII buffer (NE-PER, Pierce, Rockford, IL). Suspensions were allowed to stand on ice for
10 min. CERII buffer supplemented with enzyme inhibitors was added to the suspension and
allowed to stand for 1 min on ice. Solutions were spun at 21,000 × g for 5 min and the
supernatant was transferred to a fresh tube. The pellet was washed with ice-cold PBS and
resuspended in NER buffer supplemented with enzyme inhibitors. Nuclei were vortexed at
max for 10 sec every 10 min for 40 min total. Following, the suspensions were spun at
21,000 × g for 10 min, supernatants were transferred to fresh tubes and the pellet was
washed with ice-cold PBS. Histones were extracted from the remaining DNA through the
addition of 400 μl of 0.4 N H2SO4 for 30 min on ice. Additionally, histones were acid
extracted from the cytosolic fractions by adding 0.8 N H2SO4 at equal volumes to the
protein solution. While it has been debated that acid liable modifications, such as
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phosphorylation, can be lost during acid extraction, we have shown that acid extraction and
hydroxyapatite enrichment yield nearly identical profiles [47,48]. Extracts were spun at
15,000 × g for 10 min, supernatants were transferred to a fresh tube and diluted solution to 2
ml with ice-cold acetone. Samples were precipitated overnight at -20 °C, washed with ice-
cold acetone and diluted with HPLC-grade water.

Flow Cytometry
Ramos cells were subjected to cell cycle analysis by DNA content through propidium iodide
(PI) uptake following release from double thymidine block as described by Whitfield et al.
[49]. Briefly, cells were washed 1x with PBS and fixed with 80 % ethanol (aq) for 10 min.
Samples were washed 1x with PBS and stained for 30 min with PI staining solution (50 μg/
ml propidium iodide, 10 mM Tris pH 7.5, 5 mM MgCl2, 10 μg/ml DNase free RNase). All
samples were stored in the dark for up to 24 h at 4 °C until analysis.

Primary CLL cells were analyzed for Annexin V and propidium iodide negativity.
Following treatment, cells were washed 1x with PBS and Annexin V and PI staining
solution in binding buffer (Beckman Coulter, Brea, CA) was added. Binding occurred for 15
min in the dark at room temperature. Samples were immediately analyzed following
staining. All flow cytometry analyses were completed on a Beckman Coulter FC500 and
computationally analyzed using FlowJo cytometry software (Beckman Coulter, Brea, CA,
FlowJo, Tree Star Inc., Ashland, OR).

Western Blotting
Protein concentration of cytosolic extracts were determined by Bradford assay (Bio-Rad,
Richmond, CA) [50]. Equivalent amounts of the cytosolic fractions were run in 10 % SDS-
PAGE gels, transferred to nitrocellulose, and blotted for histone H1.2, Lamin B1 (Abcam,
Cambridge, MA), Actin and BRG1 (Santa Cruz Biotechnology, Santa Cruz, CA).

Liquid Chromatography Mass Spectrometry (LC-MS)
Histones extracted from primary CLL cells and cell lines were subjected to LC-MS analysis.
Characterization was performed by HPLC separation (Dionex, Waltham, MA) in line with a
MicroMass Q-TOF (MicroMass, Milford, MA) mass spectrometer. Approximately 20 μg of
histones were separated on a 1.0 × 150mm C18 column (Discovery Bio wide pore C18
column, 5 μm, 300 Å, Supelco, USA) with a modified gradient described by Wang et al.
[46]. Mobile phase A contained 0.05 % TFA (Pierce, Rockford, IL) in HPLC water (J.T.
Baker, Center Valley, PA). Mobile phase B contained 0.05 % TFA in acetonitrile (EMD
Millipore, Billerica, MA). Starting at 20 % B, the gradient increased linearly to 30 % at 2
minutes, 35 % at 10 minutes, 50 % B at 30 minutes, 60 % at 35 minutes and 95 % at 36
minutes. The column was held at 95 % B for 4 minutes. Column equilibration was
conducted for 15 minutes at 20 % B. Peaks corresponding to the histone H1’s (H1.5 RT:
24.5-25.2, H1.2-H1.4 RT: 26.9-27.6) were deconvoluted by the MaxEnt algorithm and
analyzed using the MassLynx software 4.0 (Waters Corp., Milford, MA). Statistical analysis
was performed using Prism GraphPad software (GraphPad Software Inc., La Jolla, CA).

RESULTS AND DISCUSSION
Comparison of Histone Extraction Methods

Sample preparation is an important but often overlooked aspect of histone characterization.
Many of the current extraction and isolation methods for histones have been in use since the
1970’s [33-36,38,39]. The most common methods extract histones from isolated nuclei
using acid or high ionic strength buffers followed by organic solvent precipitation. Nuclei
are enriched through gentle lysis of the cell membrane, leaving the nuclear membrane intact.
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Acid or high ionic buffers added to the nuclei disrupt the histone-DNA interactions
solubilizing the proteins. While nuclei isolation allows for the analysis of chromatin bound
histones, there is increasing evidence that extra-chromatin histones have functional roles
[28,29,33-36]. Konishi et al. demonstrated that histones could be isolated from cellular
compartments and subsequently characterized by LC-MS [29]. They isolated and
characterized linker histones from cytoplasmic and nucleosolic fractions from mouse
thymus tissue through homogenization. While homogenization is shown to be effective for
characterization of histones by LC-MS in the cellular compartments, our work utilizes a
commercially available nuclear and cytosolic isolation kit for a more robust extraction of
proteins from these compartments. Additionally, we improve upon the established approach
by allowing for simultaneous LC-MS profiling of linker and core histones and by including
the characterization of chromatin bound histone fraction.

In the following sections, the power of cellular fractionation and analysis of linker histones
is illustrated. The first example provides a comparison between cytosolic histones profiles
obtained by the nuclear isolation approach and the cellular fractionation approach. The
second example examines changes in the soluble histone, those not bound to the chromatin,
across the cell cycle using Ramos Burkitt’s lymphoma cells. The final example monitors
linker histone translocation across cellular compartments in primary Chronic Lymphocytic
Leukemia (CLL) cells treated with kinase inhibitors. These data demonstrate the utility of
cellular fractionation as a robust method to characterize soluble histones.

It is necessary to first establish cross-contamination of histones between the nucleus and the
cytosol for each approach. The cytosolic fraction contains the least amount of histones and
thus is more prone to contamination by soluble nuclear histones and chromatin. To compare
enrichment of the cytosolic fraction obtained by nuclei isolation and cellular fractionation,
we performed an immunoblot on the cytosolic fraction obtained by each method probing for
a protein only found in the nucleus, Lamin B1 (Figure 1A). The western blots show less
Lamin B1 in the cytosol of those samples isolated through cellular fractionation when
compared to nuclei isolation. While it is not possible to completely eliminate nuclear cross-
contamination in the cytosol of the fractionation method, our data shows that the nuclear
contamination is significantly reduced as it is observed only in overexposed gel images
(Supplemental Data 1). Additionally, the blot in Figure 1A shows higher histone H1.2
content in the cytosol from the cellular fractionation method. Cytosolic histones obtained by
both approaches were further characterized by LC-MS. Representative spectra obtained by
each isolation method are presented in Figure 1B & 1C (additional replicate samples are
provided in Supplemental Data 2). These data show the fractionation method yields
cytosolic histones in higher abundance than the traditional nuclei isolation method,
supporting the western blot data. Only one nuclei isolation replicate yielded enough histones
for LC-MS characterization, Figure 1B. These results demonstrate cellular fractionation
yields cytosolic extracts with less nuclear contamination and greater histone content than the
cytosolic extracts prepared by traditional nuclei isolation.

To ensure the method of cellular fractionation does not bias the histone profiles, we
compared the chromatin bound histone fraction to histones obtained by traditional nuclei
isolation. Supplemental Data 3 shows the LC-MS spectra of the highly phosphorylated
somatic histone H1 isoforms (H1.2, H1.3, H1.4 and H1.5) enriched using non-ionic NP-40
nuclei isolation vs. the commercial cellular fractionation kit. The spectra for each isolation
method show similar peak abundances and extent of phosphorylations (identified by a shift
in mass of 80 Da) for both extraction methods. Additionally, both spectra show evidence of
an allelic variant (A142T) of histone H1.2 denoted by a change in 30 Da as reported
previously for HeLa cells by Zheng et al. [51]. These data qualitatively suggest the cellular
fractionation method does not bias the histone relative abundance profiles of those histones
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isolated from the chromatin when compared to traditional nuclei isolation. Collectively, the
data shows the cellular fractionation method is capable of isolating more soluble histone H1
with less nuclear cross-contamination than the nuclei isolation method while preserving the
relative abundance profile of chromatin bound histone H1 isoforms.

Distribution of Histone H1 as a Function of the Cell Cycle
Historically, it has been established that the core histones were primarily synthesized in the
cytosol during S phase of the cell cycle in parallel with the DNA synthesis [52,53]. These
newly produced histones exhibit regular patterns of post-translation modifications [54]. For
example, newly synthesized histone H4 are acetylated in the cytosol at lysines 5 and 12 of
its N-terminal tail [54]. While core histone post-translational modifications have been noted
in the cytosol of replication dependent synthesis, no such data exists for the linker histone
H1 variants [55].

Similarly to the core histones, histone H1 variants have been shown to have primarily DNA
synthesis dependent in addition to a smaller proportion independent of DNA synthesis
[56-59]. Linker histone isoforms have been shown to be synthesized in variable amounts
throughout S phase of the cell cycle [60,61]. Additionally, H1 variants can be produced
differently depending on the cell state, i.e. proliferating or quiescent cells [59,62-65].
Because histone H1 variants are synthesized in the cytosol primarily during DNA replication
across S phase of the cell cycle, we utilized the samples from double thymidine cell
synchronization with LC-MS analysis to characterize the soluble and chromatin bound
histone H1 profiles [56]. However, cell cycle analysis is limited by the inability to
distinguish the cytosolic and nuclear fractions during mitosis due to the dissolution of the
nuclear membrane. Therefore, we refer to these histones as the soluble histones, which are
distinct from those bound to the chromatin.

Figure 2 Left Column shows the cell cycle analysis by propidium iodide uptake (DNA
content) for Ramos cells synchronized by double thymidine block (A. Unsynchronized, B.
G1/S phase, C. S phase, D. G2/M phase). As the cells progress from G1/S through S phase
into G2/M, the content of DNA doubles (from 2N to 4N) which can be measured through an
increase in propidium iodide fluorescent intensity, as shown by a shift along the x-axis in
Figures 2B-2D [41]. Figure 2D also shows a small peak in the 2N region of the graph. This
is attributed to cells that complete replication and cycle back to the G1/S phase and/or cells
that never resumed the cell cycle following release of the thymidine block. Figure 2 Right
Column shows the LC-MS spectra for the soluble histone H1 isoforms isolated from the
cytosolic enrichment of the synchronized cells (Supplemental Data 4). As expected, only a
small amount of histone H1 was enriched from this fraction [66]. Although low abundant,
the histone H1 isoforms in the soluble fraction were enriched in each phase of the cell cycle.
Variants H1.5 and H1.4 were found in across the cell cycle whereas H1.2 and H1.2(A142T)
were only found in the G2/M fraction [51]. The abundance of the singly phosphorylated
histone H1.4 isoform was variable across the different phases with a decrease in S phase.
Histone H1.5 was doubly phosphorylated in G1/S and S phase and triply phosphorylated in
G1/M phase. It is well established that phosphorylation of chromatin bound histone H1
increases as cells progress through the cell cycle with maximum phosphorylation occurring
during the mitotic phase [34,67-72]. Gréen et al., through the use of confocal microscopy
and a pan phospho-H1 antibody, have shown phosphorylation of histone H1 in the cytosolic
space during the cell cycle [30]. Our data demonstrates for the first time that the number of
phosphorylation on specific cytosolic histone H1 variants (H1.5) also increases in G2/M.

The LC-MS spectra for the chromatin bound histone H1 isoforms is shown in Figure 3
(Supplemental Data 4). As expected, these data support the existing body of data that show
phosphorylation of chromatin bound histone H1 increases as cells traverse the cell cycle
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[34,67-72]. The most evident increase in phosphorylation was that of the histone variant
H1.5. While not as profound, histone variants H1.2 and H1.4 also exhibited increased
phosphorylation abundance in G2/M. These data clearly show the increase in histone H1’s
phosphorylation on chromatin in G2/M of the cell cycle, which is consistent with established
hypotheses [34,67-72]. Collectively, these experiments illustrate the utility of the
fractionation method for LC-MS analysis of those histones on and off of the chromatin.
These data establish the soluble histone H1 is variably phosphorylated across the cell cycle.

Characterization of Histone H1 Translocation
Research into extra-chromatin histone H1 has established a significant importance in the
radiation induced double strand break apoptotic pathway [29,31,32]. Additionally, histone
H1.2 has been reported to translocate from the nucleus to the cytoplasm in response to drug
treatments in chronic lymphocytic leukemia (CLL) primary cells [28]. These established
roles of histone H1.2 in the cytoplasm led us to evaluate the role of the linker histone H1 in
primary CLL patient ex vivo cell response to the therapeutically relevant cyclin dependent
kinase inhibitor flavopiridol.

To assess the role of histone H1 in the cytosol, we treated primary CLL B-cells with 1 μM
flavopiridol in vitro. Following treatment, soluble and chromatin bound histones were
isolated for LC-MS and an aliquot of cytosolic lysate was analyzed by western blot. Figure
4A-C shows representative mass spectra of soluble histones extracted from the cytosol of
flavopiridol (1 μM) ex vivo treated primary CLL cells at 0 h, 2 h and 4 h time points. These
data, and Supplemental Figures 5A-C & 6A-C, show a time dependent increase in the
soluble histone H1 isoforms in the cytosol with flavopiridol treatment. While there is no
specific order to when each specific isoform becomes present in the cytosol, nearly all of the
isoforms are present at the 4 h time point, which is in line with a decrease in viability
(Annexin V/propidium iodide negativity, Figure 4D). Western blotting of the cytosolic
lysate with an antibody against histone H1.2 revealed a time dependent increase in H1.2 in
this compartment of the cell (Figure 4D). These data suggest histone H1 becomes present in
the cytosol as the CLL cell viability decreases in response to 1 μM flavopiridol treatment.
Similarly, the media control sample showed results comparable to the flavopiridol treated
sample in both western blot and LC-MS analyses of the cytosolic fraction (Supplemental
Figure 5A-D).

The LC-MS profiles for the chromatin bound histone H1’s were similar at each flavopiridol
time point (Figure 5, Supplemental Figure 5E-G). The core histones were only observed in
the chromatin bound fraction. Replicates for two additional independent CLL patient
samples show similar results (Supplemental Figures 6-9) for both the cytosolic and
chromatin bound histones. These data show the fractionation method allows for the analysis
of soluble histones in the cytosol, by not only western blotting, but also by LC-MS.
Additionally, the LC-MS and western blots show an increase in histone H1 in the cytosol
following flavopiridol and media treatment inline with decreasing CLL cell viability.

LC-MS spectra, for both the cytosolic histones and the chromatin bound histones, show no
significant phosphorylation for peripheral CLL cells. This observation can be explained as
most circulating CLL cells are in a quiescent state [73]. It is established histone H1 becomes
phosphorylated through S phase with the maximum phosphorylation in M phase [34,67-72].
As a result, these cells do not have appreciable H1 phosphorylation.

As noted by Gréen et al., phosphorylated histone H1 in addition to unmodified H1.2 and
H1.5 have been identified in the cytoplasm by confocal microscopy at specific times during
the cell cycle in normal human fibroblasts [30]. Here, we similarly identify soluble histone
H1.2 in the cytosol during G2/M phase. Konishi et al. and Giné et al. have also reported that
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cytosolic histone H1.2 induces apoptosis in response to X-ray induced double stranded
breaks, as well as genotoxic and non-genotoxic therapies [28,29]. Collectively, these studies
suggest there is a level of regulation beyond mere H1.2 localization. This type of regulation
could be an H1.2 post-translational modification(s), such as phosphorylation, or a chaperone
sequestering cytoplasmic H1.2 from inducing apoptosis. Much of this work has relied on the
availability of antibodies that recognize histone variants and their isoforms. The combined
cellular fractionation and LC-MS provides a broader more unbiased assessment of histone
profiles in the compartments.

With increasing evidence for the functionality of extra-chromatin histone H1, the need for
methods to bypass the limitations in H1 antibody selection and specificity are paramount.
LC-MS and LC-MS/MS are the most commonly used approaches to circumvent limited
immuno-reagent availability. The method presented here illustrates cellular fractionation
combined with LC-MS for histone profiling. We have established that cellular fractionation
protocol that is capable of enriching soluble cytosolic linker histones for anlaysis by LC-
MS. Thus, we were able to monitor the profile changes in these histones during the cell
cycle in synchronized Ramos cells and in primary CLL cells treated with a clinically
relevant CDK inhibitor.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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SIGNIFICANCE

This paper demonstrates the first time application of cellular fractionation to characterize
cytosolic histone H1 by liquid chromatography mass spectrometry (LC-MS). Using the
Ramos Burkett’s lymphoma cell line, cellular fractionation was shown to give less
nuclear contamination and higher histone content than preparations by nuclei isolation.
Further application of the cellular fractionation approach was shown by using primary
chronic lymphocytic leukemia (CLL) cells to monitor the movement of histone H1 across
cellular compartments in response to the cyclin dependent kinase inhibitor flavopiridol.
Collectively, these data establish a mass spectrometric method for exploration into the
function of cytosolic histone H1.
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Highlights

➢ efficient method for isolation of histone H1 from cellular compartments.

➢ demonstrates compatibility with LC-MS analysis.

➢ shows similar LC-MS of histone H1 with the nuclei isolation method.

➢ monitored histone H1 compartmental movement in primary CLL cells.
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Figure 1.
Western blot and representative LC-MS spectra for cytosolic histones prepared by nuclei
isolation and cellular fractionation. A) Western blot of cytosolic lysate from each isolation
method (n = 3). Blots shown for histone H1.2, Actin (Loading Control), Lamin B1 (Nuclear
Control). Blot shows cellular fractionation contains less nuclear specific protein and more
histone H1.2 than the nuclei isolation method. LC-MS of histones extracted from the cytosol
of each isolation approach B) Nuclei isolation C) Cellular fractionation (n = 4). Spectra
show histone H1 is more prevalent in the cytosol of the cellular fractionation enrichments.
Results demonstrate the cellular fractionation provides preparations with less nuclear
contamination and greater histone content.
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Figure 2.
Flow cytometry of propidium iodide uptake from Ramos cells (Left). LC-MS spectra of
histone H1 isolated from the soluble nuclei free fraction of Ramos cells (Right). A)
Unsynchronized. B) 0h time point (G1/S). C) 3.5h time point (S). D) 7h time point (G2/M).
Results demonstrate the enrichment and LC-MS analysis of nuclei free histone H1 from the
cytosol of asynchronous and synchronized cells.
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Figure 3.
LC-MS spectra of histone H1 isolated from the chromatin of unsynchronized and
synchronized Ramos cells. A) Unsynchronized. B) 0h time point (G1/S). C) 3.5h time point
(S). D) 7h time point (G2/M). Data demonstrates the isolation LC-MS analysis of histone H1
from the chromatin of asynchronous and synchronized cells.
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Figure 4.
LC-MS spectra of histone H1 isolated from the cytosol of flavopiridol treated CLL primary
cells (patient 1 of 3). A) 0 h time point. B) 2 h time point. C) 4 h time point. D)
Representative western blot of cytosolic lysate from flavopiridol treated cells. Blots for
histone H1.2, Actin (Loading Control), and BRG1 (Nuclear Control). Data shows the LC-
MS is consistent with the western blot of the corresponding cytosolic extracts. Additionally,
the data demonstrates an increase in histone H1 in the cytosol with flavopiridol treatment as
viability decreases.
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Figure 5.
Representative LC-MS spectra of histone H1 isolated from the chromatin of flavopiridol
treated CLL primary cells (patient 1 of 3). A) 0 h time point. B) 2 h time point. C) 4 h time
point. Data shows the LC-MS spectra show no difference in the chromatin bound histone
H1’s following flavopiridol treatment.
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