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Abstract
The nuclear fraction of the ProteoExtract subcellular fractionation kit was assessed using frozen
rat liver and heart tissue. Fractionation was evaluated by western blot using protein markers for
various subcellular compartments and followed up with LC/MS/MS analysis of the nuclear
fractions. Of the proteins identified, nuclear proteins were in the minority (less than 15%) and
there was poor representation of the various nuclear substructures when compared to liver nuclear
isolations using a classical density-based centrifugation protocol. The ProteoExtract kit
demonstrated poor specificity for the nucleus and offers limited promise for proteomics
investigations of the nuclear subproteome in frozen tissue samples.
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Prefractionation strategies allow for in-depth analyses by isolating or enriching a subset of
proteins (subproteome) that may otherwise be below the threshold of detection and/or
obscured by a complex proteome [1-4]. This is particularly useful when dealing with
samples that have a broad dynamic range, where differences of up to 6-10 orders of
magnitude can exist between the most and least abundant proteins, such as in serum or
cardiac tissue [5,6]. A major consideration when designing a prefractionation strategy for a
proteomic investigation is a protocol's capacity to enrich or purify a particular subproteome
as these parameters reflect the extent to which contamination can be tolerated and
establishes the limits of data interpretation. Therefore, any new protocols, including those
commercially available, must be evaluated to establish the degree of purification and
reproducibility of the method for a given sample type.

Several fractionation strategies exist for separating and enriching the various cellular
structures and classes of proteins for proteomic investigation [1]. In the case of subcellular
fractionation, classical methods involving differential or isopycnic centrifugation have been
used to separate and isolate individual organellar or soluble components [7]. Alternatively, a
chemical or solubility-based separation can be used to produce fractions of differing protein
composition [8-10]. In this study, we evaluate the enrichment and quality of the nuclear
subproteome derived from frozen liver and heart tissue samples using the commercially
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available ProteoExtract subcellular fractionation kit (Calbiochem-EMD Biosciences, San
Diego CA, USA). Successive extraction buffers are proposed to isolate four distinct
subproteomes - cytosolic, membrane/organelle, nuclear and cytoskeletal - an approach
indicative of that used by other extraction-based kits. Our goal was to assess the suitability
of the nuclear fraction for use in subsequent proteomic studies. As a reference, proposed
nuclear fractions were compared with a well-characterized classic density-based isolation of
intact liver nuclei [11,12].

Tissue extractions were carried out using the ProteoExtract kit on 25-50 mg of frozen rat
liver (n=3) or heart (n=3) tissue (Pel-Freez Biologicals, Rogers AR, USA) following the
manufacturer's protocol. In brief, fragmented tissue was mixed with 1 ml of cold Extraction
Buffer 1 including protease inhibitors and incubated at 4°C for 10 min (all incubations were
performed on an end-over-end shaker). Insoluble material was sedimented at 1000×g at 4°C
for 10 min and the resulting supernatant, the cytosolic subproteome, was removed and
stored. The pellet was mixed with 1 ml of cold Extraction Buffer 2 and incubated for 30 min
at 4°C. The insoluble material was sedimented at 6000×g at 4°C for 10 min. The
supernatant, the membrane/organelle subproteome, was removed and the pellet mixed with
500 μl of cold Extraction Buffer 3 including 1.5 μl Benzoase to digest DNA. Following 10
min of incubation the insoluble material was sedimented at 7000×g at 4°C for 10 min and
the supernatant, the nuclear fraction, was removed. The final fraction, the cytoskeletal
subproteome, was obtained by resuspension of the remaining pellet in 500 μl of 25°C
Extraction Buffer 4. Fractions were aliquoted and stored at -80°C until further use.

Intact nuclei were isolated from rat liver tissue following the protocol of Jung et al. [11]. 3 g
of frozen tissue (n=3) were fragmented in liquid nitrogen and mixed with 40 mL of
homogenization buffer A (60 mM KCl, 15 mM NaCl, 0.15 mM spermine, 0.5 mM
spermidine, 15 mM HEPES) plus 0.3 M sucrose, 0.2%(v/v) IPEGAL 680, and protease
inhibitors then homogenized with 10 strokes in a 40 mL Dounce homogenizer (Kontes,
Vineland NJ, USA). The homogenate was passed twice through a 0.9 M sucrose cushion by
centrifugation at 2000×g for 10 min at 4°C in a swinging bucket rotor (Eppendorf, Hamburg
Germany). The resulting pellet was resuspended and passed though a 1.8 M sucrose cushion
by centrifugation for 1 hour at 100000×g. The final nuclei pellet was collected, aliquoted
and stored at -80°C until further analysis. For detailed methods see online supplement.

The tissue fractionation was characterized by 1DE western blot probing for protein markers
of various subcellular compartments present in both heart and liver tissue. Nuclear
enrichment and integrity were tracked using antibodies against histone H3 (H3), a DNA
binding protein, and lamin associated polypeptide 1A (LAP1A), a protein associated with
the inner nuclear membrane [13,14]. Non-nuclear compartments were assessed using
antibodies to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) a cytosolic protein,
ATP synthase subunit β (ATP-β), a mitochondrial protein and caveolin-1 (liver) or 3 (heart)
(Cav-1/3), a membrane protein [15-17]. In the case of heart tissue, the myofilament
subproteome was assessed using an antibody against myosin heavy chain (MHC) due to the
dominance of this subproteome in striated muscle [18]. Western blot signal intensities of
proposed nuclear fractions (Figure 1B lanes 9-Density or 3-ProteoExtract) were
quantitatively measured and normalized to whole tissue (wt) homogenate lanes for each
marker (Figure 1A and B; Table S1 for summary of quantitative data). The relative
distribution and reproducibility for each protein marker across the fractions was also
determined (Figure S1 and Table S2 in online supplement).

Liver nuclear isolations based on organelle density were enriched for the nuclear markers
(23.8±5 fold H3, 36.6±15 fold LAP1A) and of equal importance, were depleted in the
markers of other cellular compartments (-20±8 fold GAPDH, -25±9 fold ATP-β). However,
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the ProteoExtract kit was found to have only a modest 4.3±0.8 fold (liver) and a 6.6±3.5 fold
(heart) enrichment of H3 in the nuclear fraction. No significant nuclear enrichment was
observed for LAP1A and it was found to be distributed between fractions three and four.
The presence of LAP1A and Cav-1/3 in the final proposed cytoskeletal fraction may indicate
protein interactions persisting throughout the sequential extraction protocol [10]. Both
LAP1A (potentially via its associated nuclear lamina) and Cav-1/3 are known to make
connections with the cytoskeleton possibly resisting earlier solubilization [15,19]. The
cytosolic and mitochondrial markers were found to be distributed across multiple fractions.

To further characterize the constituents of these subproteomes, a one dimensional
electrophoresis (1DE) and LC/MS/MS analysis was performed on the nuclear fractions
obtained from the ProteoExtract (liver and heart) and density-based (liver) protocols. Large
format (18cm) 1DE was chosen to separate the proteins in the fractions because of its ability
to resolve abundant, hydrophobic, high molecular weight and very basic proteins [20]
(Figure 2A, gel map; Table S3 in online supplement for protein identifications per band and
MS data). Gel bands or regions were excised across gels from all three extracts to provide a
survey of the proteins present in each fraction. Dominant protein bands present in the
density-based isolation of liver nuclei were used as a guide to ensure that molecular weight
ranges of known nuclear proteins were included. Subcelluar localizations were assigned to
each protein following MS/MS analysis. This was largely determined by annotation in the
Uniprot database (www.uniprot.org). In some cases proteins were annotated with multiple
subcellular localizations in the database including proteins known to translocate in and out
of the nucleus. Any protein with a nuclear localization was assigned to the nucleus. This was
done to ensure a maximum number of potential nuclear proteins would be considered and to
mitigate any possible bias associated with the enrichment of any particular subset of nuclear
proteins by either of the methods. For all other proteins, assignment was based on the first
listing present in the database. If no localization was available, a determination was made
based on consensus from the subcellular localization prediction programs WoLF PSORT
[21], pTARGET [22] and LOCSVMpsi [23] (see online supplement and Figure S2 for
prediction schema).

In liver nuclear isolations based on organelle density, 88% (29 of 33) of the proteins
identified were of known nuclear origin (Figure 2B). This included proteins from a variety
of nuclear substructures, including DNA binding proteins, nuclear lamina, nucleolus and the
splicing factors (Table 1). The same was not true for either tissue using the ProteoExtract kit
where the nuclear enrichment was found to be limited and incomplete. The majority of
proteins identified were either mitochondrial or cytosolic and only 12% (6 of 50) of liver
and 10% (4 of 43) of cardiac proteins identified were determined to reside in the nucleus. Of
the nuclear proteins identified, many were found to be DNA binding histone proteins while
other nuclear components were poorly represented. A possible explanation for these results
is the lack of any physical homogenization in the protocol. Without any significant
disruption, portions of cellular compartments can be shielded from the various detergents
during the solubilization steps. In that case, carry over would occur between extractions
producing imprecise fractionation.

The primary goal of prefractionation is to isolate or enrich a subset of proteins, often from a
particular organelle. The more specific the prefractionation, i) the higher the probability will
be for observing low abundance proteins, and ii) the more confidence in being able to
associate a given protein with a particular organelle. Although there is no minimum standard
for prefractionation, the quality and reproducibility of the method needs to be established for
different tissues. In this study, we have assessed the commercially available ProteoExtract
protocol for the isolation of nuclear subproteome from frozen liver and found it to be lacking
in specificity compared to the well established centrifugation method. We further
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investigated the kit using frozen heart tissue which was equally unsuccessful. The
ProteoExtract subcellular fractionation kit was found to display a very limited enrichment of
nuclear proteins and those present gave an incomplete representation of the nuclear
components. It is likely the nuclear membrane, structural and matrix proteins were lost to
the other fractions based on alternate solubility properties resulting in a proposed nuclear
fraction that consisted of only a minority of DNA binding histones (released by DNA
digestion with benozoase) amid an assortment of contaminating proteins. Given these
findings, we conclude that this kit displays poor specificity for the nucleus and therefore
offers little promise for in-depth proteomic analysis of nuclear subproteome from frozen
tissue samples.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Western blot evaluation of density-based (liver) and ProteoExtract (liver and heart)
fractionation
Panel A shows representative 1D Coomassie stained gel of whole tissue (wt) and each of the
steps during fractionation protocol (5 μg/lane). Proposed nuclear fractions are circled. Below
are equivalent western blots indicating the relative distribution of various subcellular
localization markers (1-10 μg/lane): H3 and LAP1A (nuclear), GAPDH (cytosolic), ATP-β
(mitochondrial), Cav-1/3 (membrane) and MHC (myofilament). Panel B is the summary of
average fold difference between western blot signals for wt and nuclear fraction (n=3). Error
bars are ± one standard deviation and * = P<0.05. See Table S1 in online supplement.
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Figure 2. 1DE and LC/MS/MS analysis of density-based (liver) and ProteoExtract (liver and
heart) derived nuclear extracts
Panel A is the 1DE gel map, 100 μg of each nuclear extract was separated by an 8% (upper)
and a 4-12% (lower) acrylamide gel (n=2). Boxes indicate gel bands/regions which were
analyzed by LC/MS/MS, see Table S3 in online supplement for list of protein identifications
per gel band. Panel B is a summary of the subcellular localization assignment for non-
redundant proteins identified in each fractionation, see online supplement for details on
subcellular assignment.
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Table 1
Summary of nuclear proteins identified from liver and heart tissue nuclear isolations by
1DE/MS/MS analysis

Nuclear Protein Nuclear compartment

Liver Heart

Density PE.a PE.

Histone H1 DNA binding ✓b ✓ ✓

Histone H2B DNA binding ✓ ✓ ✓

Histone H2A DNA binding ✓ -c ✓

Histone H4 DNA binding ✓ ✓ ✓

Histone H3 DNA binding ✓ - -

DNA-directed RNA polymerases III DNA binding ✓ - -

DNA helicase II DNA binding ✓ - -

Lamin A nuclear matrix ✓ - -

Lamin B1 nuclear matrix ✓ - -

Cytokeratin 8 nuclear matrix ✓ - -

Cytokeratin 18 nuclear matrix ✓ - -

Brix domain containing 1 nucleolus ✓ - -

Fibrillarin nucleolus ✓ - -

hnRNP A2/B1 hnRNPs/splicing factor - ✓ -

hnRNP C hnRNPs/splicing factor ✓ - -

hnRNP M hnRNPs/splicing factor ✓ - -

Small nuclear ribonucleoprotein B hnRNPs/splicing factor ✓ - -

Splicing factor 3b, subunit 1 hnRNPs/splicing factor ✓ - -

a)
PE. - ProteoExtract kit.

b)
‘✓’indicates that the protein is present in fraction.

c)
‘-’ indicates that protein was not detected in fraction
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