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Abstract
Transmissible spongiform encephalopathies (TSEs) or prion diseases are characterized by the
accumulation of an aggregated isoform of the prion protein (PrP). This pathological isoform,
termed PrPSc, appears to be the primary component of the TSE infectious agent or prion.
However, it is not clear to what extent other protein co-factors may be involved in TSE
pathogenesis or whether there are PrPSc-associated proteins which help to determine TSE strain-
specific disease phenotypes. We enriched PrPSc from the brains of mice infected with either 22L
or Chandler TSE strains and examined the protein content of these samples using nanospray liquid
chromatography-tandem mass spectrometry. These samples were compared to “mock” PrPSc

preparations from uninfected brains. Prion protein was the major component of the infected
samples and ferritin was the most abundant impurity. By contrast, mock enrichments contained no
detectable prion protein but did contain a significant amount of ferritin. Of the total proteins
identified, 32% were found in both mock and infected samples. The similarities between PrPSc

samples from 22L and Chandler TSE strains suggest that the non-PrPSc protein components found
in standard enrichment protocols are not strain-specific.
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1 Introduction
Transmissible spongiform encephalopathies (TSEs) or prion diseases are a group of
neurodegenerative disorders affecting humans and other mammals [1,2]. A central event in
the prion disease process is the conversion of the normal host-encoded prion protein (PrPC)
into a pathological form, termed PrPSc [1]. Relative to PrPC, the PrPSc isoform is
aggregated, more protease-resistant, and significantly higher in β-sheet structure [3,4]. TSEs
are typically characterized post-mortem by intense vacuolation of brain tissue, gliosis, and
the deposition of PrPSc aggregates, occasionally in the form of amyloid plaque [2]. Similar
plaque deposition is seen in other protein misfolding disorders such as Alzheimer’s and
Parkinson’s disease [5], but only TSEs are transmissible between mammals [1].
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Another distinguishing feature of TSEs is the existence of unique strains [6]. Strains in TSE
disease are defined by distinct clinical features, including disease incubation time and
neuropathology, as well as by biochemical features such as PrPSc-specific conformations
and glycosylation patterns [7]. Multiple TSE strains have been maintained in mice with a
single PrP genotype [6]. Although a definitive mechanism for TSE pathogenesis and strains
has not yet emerged, the widely accepted prion hypothesis provides a key constraint by
arguing that PrPSc is the sole infectious agent and propagates by binding to PrPC in order to
form new PrPSc [8]. Recent evidence from in vitro studies [9], including reports describing
the de novo generation of TSE infectivity [10,11], seem to support the prion hypothesis.
However, it remains unclear to what extent other molecules are required for the conversion
of PrPC to PrPSc and whether such molecules are TSE strain specific.

One strategy would be to examine which proteins co-purify with PrPSc derived from
different TSE strains. Researchers have developed a variety of methods over the last three
decades that significantly enrich PrPSc from infected animal tissue [12–24]. Such enriched
PrPSc mixtures have been reported to contain a wide variety of additional components, such
as nucleic acids [17,23], polysaccharides [25], fatty acids [26] and ferritin [17,24]. Most
recently, protein identification approaches using tandem mass spectrometry have found
multiple proteins that co-enriched with PrPSc [27,28]. It is not yet clear whether any of these
non-PrP proteins are specific to the enrichment protocol itself, whether they contribute to
pathogenesis, or whether they are TSE-strain specific. Nevertheless, enriched PrPSc

mixtures are highly infectious [17,18,21,29]. Thus, if there are molecules other than PrPSc

required for TSE transmission, they should be present in these highly enriched samples.

We have isolated PrPSc from 22L and RML/Chandler infected mouse brains and compared
these to mock samples enriched from age-matched uninfected brains using nanospray liquid
chromatography tandem mass spectrometry (LC-MS/MS). PrPSc was consistently found in
every infected sample but not in any of the uninfected samples. A significant portion of the
total protein identifications in this study were common to both the infected and non-infected
samples. Proteins other than PrPSc that were found exclusively in the infected preparations
were variable and no protein was uniquely associated with every sample from one TSE
strain but not the other. Our data suggest that TSE strain-specific phenotypes are not
determined by non-PrP proteins.

2 Materials and Methods
2.1 Reagents and Supplies

Dithiothreitol, iodoacetamide, EDTA and NaCl solutions, detergent SB3-14,
tributylphosphine and membrane solubilization buffer were purchased from Sigma (St.
Louis, MO, USA). Trypsin (#V5111) was purchased from Promega (Madison, WI, USA).
Protease inhibitors were from Roche Diagnostics (Indianapolis, IN, USA). Burdick &
Jackson brand water and acetonitrile were purchased from VWR (Pittsburg, PA, USA).
Formic acid (FA) ampules and Imperial Coomassie blue stain were purchased from Thermo-
Fisher Scientific (Pittsburg, PA, USA). SDS-PAGE was run using reagents and gels from
Life Technologies-Invitrogen Corporation (Carlsbad, CA, USA), with NuPAGE Bis-Tris
gels. The PlusOne Silver Stain kit (GE Healthcare) was used for staining total protein
(Figure 1A).

2.2 Preparation of enriched PrPSc

Enriched PrPSc samples were prepared from TSE-infected brain tissue by the method of
Bolton [18] with minor modifications [19]. All of the PrPSc was derived from mice that
displayed clear signs of TSE disease at the time of euthanasia. Samples of 22L and RML/
Chandler PrPSc prepared in 2006 (22L-06, CH-06) and 2004 (CH-04) were generous gifts
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from Dr. Byron Caughey. Non-infected 7 – 9 month old age-matched C57BL/6 mice were
purchased from The Jackson Laboratory (Bar Harbor, ME, USA). Brain tissues from these
age-matched control mice were subjected to the same protocol as the infected samples.
Three non-infected mock preparations were done in parallel and termed A, B, and C. The
final enriched pellets were kept suspended in 0.5% SB3-14/PBS at a concentration of 0.5 – 1
mg/mL total protein at 4 °C. Protein concentrations of enriched PrPSc samples were
estimated by the BCA method (Thermo-Fisher Scientific).

2.3 SDS-PAGE and in-gel digestion
Each sample was diluted 4-fold with membrane solubilization buffer (7M urea, 2M thiourea,
1% C7BzO; Sigma #C0356) and incubated at 37 °C for 60min. The sample was reduced
with 15mM DTT and 3mM tributylphosphine, and then alkylated with 74mM iodoacetamide
for 30 min in the dark. Remaining iodoacetamide was quenched by the addition of DTT to a
final concentration of 90mM. Invitrogen LDS sample buffer (4X) was added, resulting in a
final dilution of 7-fold from the original sample. Each sample was subjected to
centrifugation (22,000 g) for 5 min prior to electrophoresis using NuPAGE 10% Bis-Tris
1.5mm gels with MES running buffer using 175V constant voltage. Gels used for analysis
by LC-MS/MS were stained with Coomassie blue Imperial stain (Thermo-Fisher Scientific)
and destained with water prior to choosing bands. Stained bands from each of the 3 mock,
22L (09-A, 09-B, −06), and Chandler (−06 and −04) were selected for in-gel digestion from
a single lane of SDS-PAGE (gel images shown in Supplementary Figure 1). Final digestion
of each band was conducted overnight in a mixture of 10% trifluoroethanol in 50mM
ammonium bicarbonate, pH 8.0 at 37°C for 16 hrs. The digests were quenched with 8% FA,
then transferred to another vial and dried in a centrifugal vacuum concentrator. Each digest
was then dissolved in 14 μL of LC buffer A (water/3% ACN/0.1% FA), subjected to
centrifugation at 22,000 g and the upper 12 μL transferred to an autosampler vial for
nanospray LC-MS/MS analysis. This process was repeated at least 3 times per sample and
the identifications in Table 1 are a cumulative representation of more than 340 LC/MS-MS
runs.

2.4 Western blotting
Proteins were separated by SDS-PAGE as described above and transferred to PVDF
membrane by wet transfer using Towbin’s buffer. Samples were probed with mouse
monoclonal antibody 6D11 (Covance, Emeryville, CA, USA) at a dilution of 1:15,000.
6D11 recognizes residues 93–109 of mouse PrP. The secondary antibody was IRDye
800CW Goat Anti-Mouse (Li-Cor Biosciences, Lincoln, NE, USA) used at a 1:15,000
dilution in TBST buffer. Imaging was performed with an Odyssey imaging system (Li-Cor)
with PrPSc visualized fluorescently in the 800 channel. The proteasome and ferritin
immunoblots were done using the ECL Advance kit (GE) according to the directions of the
manufacturer. Proteins were transferred to PVDF at 14 Volts/cm for one hour and the
membrane was probed for proteasomal subunits using primary antibody MCP196 at 1:1000
and a 1:200,000 dilution of horseradish peroxidase (HRP) labeled anti-mouse IgG secondary
antibody. For the detection of ferritin, samples that had not been urea denatured and
reduced/alkylated were boiled in LDS sample buffer (Invitrogen) for 5min and then loaded
onto 4–12% gradient NuPAGE gels for electrophoresis and transferred to PVDF membrane
(Millipore). Anti-ferritin heavy chain antibody (Abcam #71562) was used at 1:5000, HRP-
labeled anti-rabbit IgG secondary antibody at 1:400,000, and Streptactin-HRP (BIO-RAD)
at 1:400,000. The Streptactin allows visualization of tagged markers in the molecular weight
standard (Western C, BIO-RAD). After one hour of post secondary antibody wash in TBST
buffer, the blot was developed on film with ECL Advance. The PVDF membrane used for
ferritin western blot was then washed in TBST, and re-probed with anti-PrP monoclonal
antibody 6D11 at 1:10,000, anti-mouse IgG at 1:200,000, and Streptactin-HRP (BIO-RAD)
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at 1:400,000. Western C molecular weight standards were used to align scanned images of
the ferritin and PrP stains.

2.5 HPLC chip-based nanospray LC-MS/MS
Proteins from the tryptic digests were identified by LC-MS/MS using an Agilent 1200
connected to an XCT Ultra Ion Trap via a microfluidic HPLC chip interface and a nanospray
source. The tryptic digests were loaded onto the chip (Agilent #G4240-62001, Zorbax
300SB-C18, 5μm, 75μm × 43mm) with an autosampler and washed with Buffer A (3%
acetonitrile/H2O and 0.1% formic acid) prior to elution at 300nl/min by reverse-phase
chromatography. The gradient was 6 – 25% Buffer B (90% acetonitrile and 0.1% formic
acid) over 18 min, 25% B for an additional 4 min, 25 – 50% B in 8 min, 50 – 80% B in 2
min, 80 – 97% B in 4min at 300nL/min, followed by post-run re-equilibration at 3% B, with
a total run time of 38 min. A blank run consisting of an injection of buffer A preceded each
analysis in order to rule out contamination from previous runs.

The ion trap was calibrated externally using a tuning mix provided by Agilent specifically
for this instrument. Data-dependent MS acquisition was performed with dry gas (nitrogen/
air) set to 6L/min at 350 °C, MS capillary voltage 1800V, maximum accumulation time
150ms, with a maximum target of 100,000. The MS scan range was set to 300 – 1400 m/z in
the Ultrascan mode. Four parent ions were selected for each MS/MS cycle with a
fragmentation amplitude of 1.0V and the SmartFrag setting on. Spectra were actively
excluded for fragmentation after 2 spectra in order to facilitate detection of less abundant
ions. Separate HPLC chips were used for infected and non-infected samples in order to
minimize the possibility of contamination.

2.6 Data analysis and database searching
Post-run data were deconvoluted and peak lists were exported as MGF files using an
automated algorithm that was part of the Ion Trap data analysis software, version 3.4, Rev
6.1. These data were searched against the Swiss-prot database in independent searches using
both the SEQUEST [30] and MASCOT [31] search engines. For the SEQUEST-based
analysis, a mouse species subset of the Sprot protein database (v57.4; 16,140 proteins) was
prepared and analysis software [32] was used to calculate Peptide Prophet-like [33]
discriminant scores and filter out incorrect peptide identifications using sequence-reversed
matches from a decoy database to estimate false discovery rates, which ranged from 1.4 to
3.4% (Supplementary Table 2). No reversed proteins are reported and keratin sequences
were excluded. A parent ion mass tolerance of 2.5 Da was used with a 1.0 monoisotopic
fragment ion mass tolerance in no enzyme specificity searches. Cysteine was assigned a
static modification mass of +57 Da and methionine had a variable modification mass of +16
Da. Proteins were considered present in a given sample if they had two or more peptides
with distinct sequences, having a unique count greater than or equal to one in the respective
sample. Peptides had to be consistent with fully- or semi-tryptic cleavage since protein
fragments produced from previous PK treatment may have resulted in N- or C-terminal
peptides having only a single tryptic cleavage site. Total protein spectral counts were
corrected by partitioning counts of peptides shared between proteins based upon relative
unique-peptide-per-protein evidence. Corrected counts were also normalized so that the total
numbers of identified peptides in each sample were the same.

Confirmatory MASCOT searches were run with the MGF files described above using
Mascot Daemon with parameters set to semi-trypsin enzyme specificity, allowing for one
missed cleavage site with cysteine carbamidomethylation as a fixed modification and
methionine oxidation as a variable modification and the taxonomy restricted to mouse
proteins. The peptide and MS/MS tolerances were set to 2.4 and 1.4 Da, respectively, and all

Moore et al. Page 4

Proteomics. Author manuscript; available in PMC 2013 August 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



searches were concomitantly run against a decoy database. The Mascot search results were
visualized using Scaffold software version 2_03_01 (Proteome Software, Portland, OR,
USA). Protein identifications were accepted only if they could be established at greater than
99% probability from Scaffold’s implementation of the Protein Prophet algorithm [34] and
contained two or more unique peptides.

3 Results
3.1 Preparation of PrPSc and mock samples

Two mouse-adapted TSE agents with distinct pathologies were selected for this study. RML/
Chandler (Chandler) causes vacuolation in various regions of the cerebrum while 22L
presents with severe vacuolation in the cerebellum and cerebellar cortex [35,36]. Freshly
enriched 22L PrPSc (22L-09A, 22L-09B) was compared to PrPSc samples that had been
prepared earlier (22L-06, CH-06, CH-04) by the same protocol [19] in order to identify
TSE-associated protein signatures. The key steps in this procedure include a low speed
centrifugation in which bulk contaminants are pelleted, followed by higher speed
centrifugations in which PrPSc itself pellets and soluble contaminants do not. Subsequent
treatment with Proteinase K (PK) removes a majority of the remaining proteins, leaving
behind highly concentrated PrPSc, which numerous studies have shown to be infectious
[17,18,21,29,37]. Uninfected brains from age-matched C57BL/6 mice were subjected to the
same procedure in order to identify proteins that were specific to the enrichment protocol.

Each reduced and alkylated sample was subjected to SDS-PAGE as described in the
methods. The mock preparations clearly displayed two silver-stained protein bands of
approximately 20–21 kDa (Figure 1A). The infected samples revealed the characteristic di,
mono, and non-glycosylated banding patterns commonly observed with PrPSc (Figure 1A).
Western blot analysis of the same samples confirmed the presence of PrPSc in the infected
samples (Figure 1B). Even CH-04 clearly displayed the characteristic PrPSc banding pattern
by western blot, despite its apparent lack of homogeneity by silver stain (Figure 1B). The
20–21 kDa bands in the mock preparations are not PrPSc since they were not detected by
immunoblot using the PrP-specific antibody 6D11 (Figure 1B).

3.2 Protein identifications
Approximately 40 micrograms of total protein from each sample shown in Figure 1 was
subjected to SDS-PAGE. In-gel digests were performed on bands excised from the
Coomassie blue stained regions of each gel (Supplementary Figure 1). Each replicate sample
set consisted of 10–12 in-gel digests that were then analyzed by LC-MS/MS as described.
Searches of the Sprot database were performed using the SEQUEST and MASCOT search
engines as described in methods. The two independently implemented searches gave very
similar protein identifications, with the SEQUEST-generated results generally yielding
slightly higher spectral counts (i.e., the total number of assigned tandem MS spectra for each
protein listed) for most of the proteins identified. A complete list of the identified peptides,
including their rankings, XCorr scores and charge states is given in Supplementary Table 1.
The false discovery rates ranged between 1.4 and 3.4% and are given in Supplementary
Table 2.

The proteins identified in this study are summarized in Table 1 and listed in descending
order of spectral counts tallied cumulatively from all of the samples that were examined. A
total of 31 different proteins from the combined mock and PrPSc enrichments met the
criteria for identification as described in the experimental section. The most consistently
identified protein in all of the 22L and Chandler-derived samples was PrPSc (Table 1),
consistent with the silver stain and western blot results (Figure 1). The same PrPSc-derived
peptides were consistently found for both the 22L and Chandler samples (see list in
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Supplementary Table 1). No PrPSc was found in any of the mock samples by nanospray LC-
MS/MS (Table 1).

Approximately 30% of the total protein identifications were shared between the mock and
PrPSc samples, as shown in the Venn diagram in Figure 1C. These shared proteins were
either oligomeric (e.g, ferritin, proteasomes), polymeric (e.g, collagen, actin) or highly
abundant in the brain (e.g, calcium/calmodulin-dependent protein kinase). The majority of
proteins unique to the mock preparations were from various proteasomal subunits. In fact,
only 2 of the 283 MS/MS spectra corresponding to proteasomal subunits were found with
PrPSc (see CH-04, Table 2). An immunoblot for proteasomes confirmed the low abundance
of proteasomal proteins in infected PrPSc samples compared to the mock PrPSc samples.
Thus, proteasomal fragments appear to be overrepresented in uninfected versus infected
samples enriched for PrPSc (Figure 2).

3.3 Sample variation between PrPSc preparations is not strain dependent
The protein identifications derived from our five PrPSc samples were compared based on
whether any of the identified proteins displayed a strain preference. Ferritin and 60S
ribosomal protein L35 were identified in all samples, including mock. Apolipoprotein E
(ApoE), which is known to associate with amyloid plaque in vivo [38,39], was also found in
all but one (CH-04) of our mouse PrPSc samples but not in the mock preparations. The
remaining protein identifications were more variable and did not appear to be strain-specific.
Samples that were prepared side by side (e.g., 22L-09A and B) gave markedly more similar
protein profiles when compared to samples that had been prepared separately (Figure 3A).
Infected samples from 2 different strains (22L-09B and CH-04) shared a higher percentage
of the total number of identified proteins than did 2 samples prepared independently from
the same strain (22L-09B and 22L-06, Figure 3B). Examination of selected Coomassie blue
stained gels from which the in-gel digestions were done (Figure 3D) further illustrates the
lack of strain specificity in the non-PrPSc protein components. The Chandler and 22L
samples from 2006 displayed a similar pattern of banding and shared more common protein
identifications (e.g, versican core protein at 60 kDa) than 22L samples compared between
2006 and 2009. Thus, the data suggest that the protein composition of a particular PrPSc

mixture is not necessarily dictated by strain characteristics, but rather by variations in the
enrichment protocol.

3.4 Relative protein abundance in different PrPSc samples
We estimated the relative apparent abundance of PrPSc in our samples by tabulating the
number of spectra [40] for PrPSc and other proteins in each sample and then representing
them as a percentage of the total assigned spectra (Table 2). Ferritin and PrPSc were the
most abundant proteins both identified with similar sequence coverage and represented by
approximately 60 unique peptides (Table 1). The data show that the amount of PrPSc found
in a particular preparation was variable, ranging from approximately 20 to 83% relative
apparent abundance of the proteins measured (Figure 4A). The low abundance of PrPSc

relative to all of the other proteins in CH-04 was particularly revealing and is consistent with
the silver-stained image in Figure 1A and the Coomassie blue stained images in
Supplementary Figure 1. The proportion of ferritin was also higher in CH-04 than in the
other samples as were the significantly elevated amounts of proteoglycan link and versican
core protein, which were found at roughly 14% and 13%, respectively.

Ferritin has been repeatedly implicated as a component of PrPSc preparations [17,24] and a
PrPSc enrichment protocol has even been used to isolate ferritin itself [41]. Like PrPSc,
ferritin is oligomeric [42] and resists protease digestion [43]. A ferritin-specific western blot
confirmed the presence of ferritin at approximately 20 kDa in each of the samples tested as
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well as apparent higher molecular weight isoforms (Figure 4B). Since PrPSc is also known
to form high molecular weight aggregates similar to that shown in Figure 4B, we were
prompted to confirm that all of the banding on that blot was from ferritin rather than cross-
reaction of PrPSc with the ferritin antibody. When the ferritin blot was washed and
subsequently probed with PrP-specific antibody 6D11, the characteristic 20 – 30 kDa
isoforms of PrPSc were detected, but PrPSc was not detected at higher molecular weight
(Figure 4C). It is thus likely that the high molecular weight material on the ferritin western
blot is composed primarily of ferritin and is not due to significant cross-reactivity with PrPSc

aggregates. Thus, the data show that ferritin is typically the most abundant contaminant in
standard PrPSc preparations and that the relative amounts of other contaminants can also be
variable.

4 Discussion
Our analysis of 5 PrPSc samples from two different mouse scrapie strains, as well as 3
samples prepared from uninfected mouse brain did not reveal any non-PrPSc proteins that
appeared to be strain-specific. While the 22L-09 A and B samples were similar with respect
to the number of shared protein identifications, only ~30% of the identified proteins were
shared with a different 22L preparation, 22L-06 (Figure 3A). Furthermore, the 22L-09
samples shared more proteins with PrPSc isolated from Chandler scrapie than from 22L-06
(Figure 3B). Since these results are the opposite of what one might expect based upon
assumed strain-associated similarities, the implication is that many of these proteins were
present due to the variable nature of the enrichments. Thus, our data suggest that either
strain-specific protein co-factors are not required to facilitate prion transmissibility or that
they are present in amounts below the detectable limits of the current study.

Over 30% of the proteins that became enriched with PrPSc were also found in the mock
preparations (Table 1). When these non-PrPSc-specific proteins were found in the infected
samples, they were present in stoichiometrically lower concentrations than PrPSc. These
proteins were likely isolated during the enrichment protocol because they share common
biochemical properties with PrPSc such as detergent insolubility, aggregation, and protease
resistance. For example, ferritin, proteasomes, and collagen are either oligomeric or very
large molecules that are likely to sediment with aggregates. Highly abundant proteins, such
as myelin associated protein, may be present due to incompletely dispersed cellular
membrane components. Taken together, the data suggest that the pathological relevance of
proteins that co-purify with PrPSc from enrichment protocols based primarily upon
centrifugation and PK treatment should be interpreted with caution.

Using an approach similar to ours, two recent studies [27,28] have also identified co-
purifying proteins present in PrPSc preparations. Two non-PrPSc proteins consistently
identified in the current study as well as the previous work [27,28] were ferritin and calcium
calmodulin-dependent protein kinase II alpha (CAMK-IIα). In fact, CAMK-II genes have
been shown to be differentially regulated in sporadic CJD brains relative to controls [44]. It
is important to note, however, that CAMK-IIα was also found in our non-infected mock
preparations and that this protein has been reported to constitute up to 0.74% of total brain
protein [45] with an apparent molecular weight of 650,000 [46]. Thus, its presence in PrPSc

preparations may be due more to its abundance and molecular mass than to any
pathologically relevant association with PrPSc. Interestingly, a comparison of two recently
published mass spectrometry PrPSc identification studies [27,28] reveals that 18 out of the
19 protein identifications (other than PrPSc or ferritin) were different, again raising the
possibility that the enrichment protocols that they used [20,47] might have a significant
effect upon the resulting protein composition of the sample.
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We estimated the relative apparent abundance of PrPSc to other proteins in our samples by
spectral counting [40,48]. This technique is often used to estimate the relative protein
abundances in a mixture since the number of assigned spectra has been shown to correlate
well with protein concentration [49,50]. The spectral counting data was consistent with
silver-stained protein patterns in Figure 1A and showed that the amount of PrPSc isolated
from a particular preparation can be variable, ranging from approximately 20% in CH-04 to
83% of the total protein content in CH-06 (Figure 4a). While impurities are unlikely to have
an impact upon TSE disease transmission in laboratory animals [51] or in the growing use of
in vitro reactions where brain homogenate is used as the reaction medium [9], there are other
types of studies (e.g., structural studies or protein-specific labeling) in which PrPSc purity is
more critical. Our results suggest that before using PrPSc preparations for such applications
it will be important to consider the concentration of PrPSc relative to other protein
contaminants.

It is unlikely that we have identified all of the proteins in our PrPSc preparations. Our
samples had been PK-treated prior to denaturation and in-gel trypsin digestion, making
lower molecular weight components more difficult to identify. It is possible that many of the
proteotypic peptides that are the most amenable to identification by tandem mass
spectrometry [52] were replaced by harder to identify protein remnants and non-tryptic
fragments. PK digestion may also explain why some proteins identified by MS/MS could
not be confirmed by immunoblot. For example, versican core protein, which has a molecular
weight of 367 kDa, was identified in an SDS-PAGE band at approximately 50 kDa. Only N-
terminal peptide fragments were identified and none of them were reactive with a
commercially available antibody that detects sequences in the C-terminus of versican (data
not shown). Thus, due to the PK treatment step of the enrichment protocol, proteins in our
preparations were often observed as truncated versions (e.g., Versican and PrPSc) of their
original sequence.

We also cannot rule out the possibility that some of the co-purifying proteins in our
preparations have significance to TSE disease. Apolipoprotein E (ApoE) in particular has
been consistently implicated across interdisciplinary lines of study as being associated with
various types of amyloid plaque [38,39], with PrPSc deposits [53], and in the cerebrospinal
fluid of TSE-affected humans and cattle [54,55]. Gene profiling studies have shown that
ApoE is upregulated in prion-infected versus non-infected mice in response to multiple TSE
strains, including 22L and Chandler [56,57]. ApoE was also recently identified in hamster-
adapted PrPSc and shown to localize with PrPSc deposits in vivo [28]. We also identified
ApoE in four out of our five PrPSc samples, although Petrakis and co-workers did not report
this protein in their single replicate study [27]. It remains plausible that important
components related to TSE infectivity will be found in more concentrated PrPSc

preparations, especially after the removal of various contaminants that we and others have
identified. Moving forward, it should be most useful to expand the breadth of the protein
profiling approach to include a wider range of PrPSc-associated molecules given that metal
ions [58], nucleic acids [11], polysaccharides [25], and lipids [59] might also play important
roles in PrPSc formation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Comparison of mock, 22L or Chandler-derived PrPSc samples. A) Approximately 3.5 μg of
total protein from mock, 22L and Chandler samples were loaded for SDS-PAGE and silver
stained. B) For immunoblot, 10-fold less protein was loaded and probed with monoclonal
antibody 6D11 as described in the methods. C) Venn diagram of protein distribution in
mock and PrPSc samples (left panel). A total of 21 (68%) of the 31 total proteins could be
identified in the absence of PrPSc. The 10 proteins that were uniquely associated with PrPSc

and not identified in the mock samples are listed in the right panel in order of relative
apparent abundance as estimated by the number of assigned spectra for each protein.
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Figure 2.
Proteasomal subunit 5 is present at higher levels in mock versus 22L-derived PrPSc samples.
Proteins were subjected to western blot with anti-proteasome antibody MCP196 as described
in the experimental section. Human 20 S proteasomes were loaded as a positive control.

Moore et al. Page 13

Proteomics. Author manuscript; available in PMC 2013 August 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Variations in protein identifications from PrPSc preparations do not display strain specificity.
A) Samples of 22L that were prepared in 2009 share more protein identifications with each
other than they do with 22L that was prepared in 2006. B) Sample 22L-09B shares more
protein identifications with CH-04 than it does with 22L-06. C) CH-04 shares more protein
identifications with 22L-09B than it does with CH-06 and D) The Coomassie blue-stained
SDS-PAGE fingerprint of each sample appears to be more similar based upon when it was
prepared rather than what strain PrPSc was derived from. Samples 22L-09A and B contain
discernable lower molecular weight bands for myelin-associated oligodendrocyte basic
protein (MOBP) and calcium/calmodulin-dependent protein kinase (CAMK-IIα), while
22L-06 and CH-06 display bands at ~50 kDa that are specific for versican core protein and
an apparent PrPSc dimer.
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Figure 4.
Ferritin is the most abundant non-PrPSc protein found in all of the samples. A) The amount
of PrPSc relative to ferritin and other proteins was estimated by spectral counting and was
found to vary between samples. Lower relative abundances of PrPSc were associated with
higher abundances of ferritin. In the case of CH-04, the amounts of ferritin, versican, and
proteoglycan link proteins were much higher than in any of the other PrPSc samples. An
immunoblot from representative mock and PrPSc samples were separated by SDS-PAGE on
a 4–12% NuPAGE gradient gel and probed with B) anti-ferritin rabbit antibody, washed
with TBST buffer and then probed with C) 6D11 anti-PrP mouse monoclonal antibody.
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