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Abstract

A pathogenic truncation of an amber mutation at codon 145 (Y145STOP) in Gerstmann—Straussler—Scheinker disease (GSS) was
investigated through the real-time imaging in living cells, by utilizing GFP-PrP constructs. GFP-PrP(1-144) exhibited an aberrant
localization to mitochondria in mouse neuroblastoma neuro2a (N2a) and HpL3-4 cells, a hippocampal cell line established from
prap gene-ablated mice, whereas full-length GFP-PrP did not. The aberrant mitochondrial localization was also confirmed by Wes-
tern blot analysis. Since GFP-PrP(1-121), as previously reported, and full-length GFP-PrP do not exhibit such mitochondrial local-
ization, the mitochondrial localization of GFP-PrP(1-144) requires not only PrP residues 121-144 (in human sequence) but also
COOH-terminal truncation in the current experimental condition. Subsequently, the GFP-PrP(1-144) induced a change in the mito-
chondrial innermembrane potential (A¥,,), release of cytochrome ¢ from the intermembrane space into the cytosol, and DNA frag-
mentation in these cells. Non-fluorescent PrP(1-144) also induced the DNA fragmentation in N2a and Hpl.3-4 cells after the
proteasomal inhibition. These data may provide clues as to the molecular mechanism of the neurotoxic property of Y145STOP
mutation. Furthermore, immunoelectron microscopy revealed numerous electron-dense deposits in mitochondria clusters of
GFP-PrP(1-144)-transfected N2a cells, whereas no deposit was detected in the cells transfected with full-length GFP-PrP. Co-local-
ization of GFP/PrP-immunogold particles with porin-immunogold particles as a mitochondrial marker was observed in such
electron-dense vesicular foci, resembling those found in autophagic vacuoles forming secondary lysosomes. Whether such elec-
tron-dense deposits may serve as a seed for the growth of amyloid plaques, a characteristic feature of GSS with Y145STOP, awaits
further investigations.
© 2004 Elsevier Inc. All rights reserved.

Keywords: Cellular prion protein; Green fluorescent protein; PrP Y145STOP mutation; Mitochondria-mediated apoptosis; PrP-containing
deposits

Prion protein (PrP) consists of two isoforms, one is a
host-encoded cellular isoform (PrP%) and the other is an
abnormal protease-resistant pathogenic isoform (PrP%),
of which the latter is a causative agent of prion disease.

' Corresponding author. Fax: +81 42 346 1748.
E-mail address: kaneko@ncnp.gojp (K. Kaneko).

0006-291X/S - see front matter © 2004 Elsevier Inc. All rights reserved.
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PrP% stimulates the conversion of PrPC into nascent
PrP%, and the accumulation of PrP5¢ leads to central
nervous system dysfunction and neuronal degeneration
both in humans and animals [I]. The human prion dis-
cases include kuru, Creutzfeldt-Jakob disease, Gerst-
mann--Straussler—Scheinker disease (GSS), and fatal
familial insomnia (2,3].
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We previously demonstrated the microtubule-associ-
ated intracellular localization of the NH,-terminal fluo-
rescent PrP fragment [4] in mouse neuroblastoma
neuro2a (N2a) and HpL3-4 cells, a hippocampal cell line
established from prup gene-ablated mice [5], by utilizing
double-labeled PrPC. We detected NH,-terminally fluo-
rescent-tagged PrP® predominantly in the intracellular
compartments, COOH-terminally fluorescent-tagged
PrP¢ mostly at the cell surface membranes overlapping
with lipid rafts, and PrP< in full length with the merged
color in Golgi compartments. Truncated PrP® with the
amino acid residues 1-121, 1-111, and 1-91 in mouse
PrP exhibited a proper distribution profile. Following
real-time imaging analysis with GFP-PrP¢ revealed that
the discrete NH,-terminal amino acid residues are indis-
pensable for the anterograde and the retrograde intra-
cellular movements of GFP-PrPC [6]. Consistent with
our reports, other groups also found the GFP-tagged
version of PrP© to be properly anchored at the cell sur-
face and its distribution pattern to be similar to that of
the endogenous PrP®, with labeling at the plasma mem-
brane and in an intracellular perinuclear compartment
[7-111.

Meanwhile, a pathogenic truncation of an amber
mutation at codon 145 (Y145STOP) in the prrp gene,
which was identified in a Japanese patient with GSS
[12], came to our notice. The Y145STOP in human prup
gene corresponds to Y144STOP in mouse prup gene
which yields a product, mouse PrP(1-143) but hereafter
designated PrP(1-144), and results in intracellular accu-
mulation if proteasomal degradation is impaired [13].
Until now, its precise subcellular localization and rele-
vance to the neurotoxic property have not been well
characterized. Hence, GFP version of PrP(1-144) trans-
gene was constructed and transfected in two indepen-
dent cell lines, N2a and HpL3-4 cells.

Here we demonstrate for the first time that GFP-
PrP(1-144) exhibited an aberrant mitochondrial
localization accompanied by the depolarization of
mitochondrial innermembrane, cytochrome ¢ release in
the cytosol, DNA fragmentation, and the formation of
numerous PrP-containing deposits in intracellular vacu-
oles resembling secondary lysosomes.

Materials and methods

Construction of GFP-PrP and GEP-PrP(1-144). GFP-PrP con-
structs were made as previously described [4,6], and the resulted
plasmid was designated pSPOX-MHM?2PrP::GFP. The mutant was
amplified by PCR from the pSPOX-MHMZ2PrP::GFP (for amino acid
residues A144-230 in mouse PrP) [4,6], digested with BamHI and Xhol.
and replaced with the BamHI-Xhol fragment of pSPOX-
MHM?2PrP::GFP [14]. Non-fluorescent PrP constructs were made
from the pSPOX-MHMZ2PrP [14]. The resulted plasmid was verified by
direct DNA sequencing.

Antibodies and drugs. Antibody K3 against PrPS was rabbit poly-
clonal sera raised against N-terminal PrP peptides corresponding to

residues 76-90 in mouse PrP. Anti-cytochrome ¢ and anti-porin were
purchased from BD Biosciences. Anti-Hsc70 and anti-BiP were pur-
chased from Stressgen Biotechnologies. Anti-GFP was purchased from
Sigma. Mitotracker Red CMXRos was purchased from Molecular
Probes. Lactacystin, ALLN, and MG132 were purchased from Sigma.
The mitochondrial innermembrane potential (A¥y,) detection kit was
purchased from Trevigen. DNA fragmentation was measured by
TUNEL (APO-BrdU TUNEL assay kit (Molecular Probes)), which
was performed according to the manufacturer’s instructions before
being visualized with a Delta-Vision microscopy system (Applied
Precision), and out-of-focus images were removed by interactive
deconvolution. Antibodies were used at 1:1000 (Western blotting) or
1:100 (immunoelectron microscopy) unless otherwise noted. For
immunoelectron microscopy, 10 and 20 nm golds were purchased from
DAKO.

Cell cultures, DNA transfection, and drug treatments. Mouse N2a
cells were obtained from American Tissue Culture Collection, and
Hpl3-4 cells were provided by Dr. T. Onodera (the University of
Tokyo). Cells were grown and maintained at 37 °C in MEM supple-
mented with 10% fetal bovine serum. N2a and HpL3-4 cells were
transiently transfected with each construct using a DNA transfection
kit (Lipofectamin, Gibco-BRL). Western blot analyses were performed
as described [14]. To inhibit proteasomal function, N2a or HplL3-4
cells were treated with 10 uM lactacystin, ALLN, or MG132 for 3.5 h
at 37 °C.

Preparation of mitochondrial, microsomal, and cytosolic fractions
[15]. Cells were homogenized with 9 volumes of mitochondrial buffer
(220 mM mannitol, 70 mM sucrose, 10 mM Hepes-KOH, pH 7.4, and
0.1 mM EDTA) and centrifuged at 700g for 5min at 4 °C, and the
supernatant was further centrifuged at 5000g for 10 min at 4 °C. The
supernatant was used as a post-mitochondrial supernatant. The re-
sulted pellet was washed three times with mitochondrial buffer,
resuspended in 9 volumes of the same buffer, and then centrifuged at
2000g for 2 min at 4 °C followed by 5000g for 8 min at 4 °C. The pellet
was resuspended in 9 volumes of the same buffer and then centrifuged
at 5000g for 10 min at 4 °C. The final pellet was recovered and stored
on ice until use (mitochondrial fraction). The post-mitochondrial
supernatant was further centrifuged at 100,000g for 1 h at 4 °C, and
the supernatant was used as cytosolic fraction, and the pellet was
resuspended in mitochondrial buffer (microsomal fraction). Western
blots were performed at 5 ug total protein/lane.

Real-time imaging. To observe living cells, cells were cultured on
glass-bottomed dishes (Matsunami) for 24-48 h after the DNA
transfection. To visualize mitochondria, cells were incubated for
10 min at 37 °C with Mitotracker Red CMXRos at desired concen-
trations. Images of cells were collected with a Delta Vision Microscopy
System (Applied Precision) equipped with an Olympus IX70.

Results

The intracellular localization of fluorescent PrP¢ was
mvestigated through the real-time imaging in living cells
by utilizing GFP-PrP constructs. It was investigated in
N2a cells that can be infected with PrP [16] and has
been widely used for studies in the PrP metabolism,
as well as in HpL3-4 cells, a hippocampal cell line estab-
lished from prnp gene-ablated mice [5].

GFP-PrP(1-144) exhibited an aberrant localization
to mitochondria, as demonstrated by its colocalization
with the mitochondrial-specific molecule, Mitotracker,
in N2a cells (Fig. 1A, upper panels) and HpL3-4 cells
(Fig. 1A, lower panels), whereas full-length GFP-PrP
did not. Previously, we also demonstrated that GFP-
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Fig. 1. Mitochondrial localization of GFP-PrP(1-144). GFP-PrP(1-144) exhibits aberrant localization in N2a cells, whereas full-length GFP-PrP
does not. (A) GFP-PrP€ localization. Full-length GFP-PrP and GFP-PrP(1-144) constructs were made and transfected in N2a (upper panels) and
HpL3-4 cells (lower panels). Scale bars = § um. (B) Western blot analysis with anti-GFP antibody. Anti-porin antibody was used as a mitochondrial
(Mt) marker, anti-BiP antibody was used as a microsome (Ms) marker, and anti-Hsc70 antibody was used as a cytosolic (Cyt) marker. Mr, molecular

weight marker.

PrP(1-121) does not exhibit such mitochondrial locali-
zation [4]. Thus, the mitochondrial localization of
GFP-PrP(1-144) requires not only PrP residues 121-
144 (in human sequence) but also COOH-terminal trun-
cation in the current experimental condition, regardless
of whether endogenous full-length PrP¢ exists. The
aberrant mitochondrial localization of GFP-PrP(1-
144) was further confirmed by Western blot analysis
using a subcellular fractionation method (Fig. 1B).
Subsequently, the GFP-PrP(1-144) induced the depo-
larization of mitochondrial innermembrane (a change in
the A¥,) in N2a (Fig. 2A, upper panels) and HpL3-4
cells (Fig. 2A, lower panels), release of cytochrome ¢
from the intermembrane space into the cytosol (Fig.
2B), and DNA fragmentation assessed by TUNEL in
N2a (Fig. 2C, upper panels) and HpL3-4 cells (data
not shown). The PrP(1-144) is normally degraded
through the proteasomal pathway, but intracellular

accumulation results if proteasomal degradation is im-
paired [13]. Therefore, we next set out to treat the
non-fluorescent PrP(1-144)-transfected cells with pro-
teasome inhibitors including lactacystin, ALLN, or
MG132. After the lactacystin treatment, non-fluorescent
PrP(1-144) induced the DNA fragmentation in N2a
(Fig. 2C, lower panels) and Hpl3-4 cells (data not
shown). Treatment with ALLN or MG132 also exhib-
ited similar results (data not shown). These observations
are characteristic of the mitochondria-mediated apopto-
tic process. In contrast, none of these abnormalities was
observed in N2a and HpL3-4 cells transfected with full-
length GFP-PrP construct.

During these investigations, we noticed that
GFP-PrP(1-144)-transfected N2a and Hpl.3-4 cells lost
its normal mitochondrial configurations as if congre-
gated predominantly in an intracellular perinuclear re-
gion. To further investigate the ultrastructural
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A GFP-PrP GFP-PrP(1-144)
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PrP{1-144) PrP(1-144)
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Cytochrome ¢ &

Fig. 2. Accumulation of GFP-PrP(1-144) induces mitochondria-mediated apoptosis. (A) Inactivation of the mitochondrial innermembrane potential
(AW, red; active, green; inactive) in N2a (upper panels) and HplL3-4 (lower panels) cells transfected with GFP-PrP(1-144). Scale bars = 4 um. (B)
The release of cytochrome ¢ from the mitochondria in N2a cells transfected with GFP-PrP(1-144). Mt, mitochondria fraction; Ms, microsome
fraction; and Cyt, cytosolic fraction. The markers are the same as shown in Fig. 1B. (C) Upper panels: DNA fragmentations measured by TUNEL
(red; negative, green; positive) are shown in N2a cells transfected with GFP-PrP(1-144). Lower panels: non-fluorescent PrP(1-144) transfected in
N2a cells also exhibits the DNA fragmentation in a lactacystin-dependent manner. Scale bars = 15 yum.

morphology of these mitochondria, we next performed
electron microscopy in N2a cells transfected with
GFP-PrP(1-144) in comparison with full-length GFP-
PrP.

As results, numerous electron-dense deposits were
observed in mitochondrial clusters of the GFP-PrP(1-
144)-transfected N2a cells, whereas none was detected
in N2a cells transfected with full-length GFP-PrP (Fig.
3A). Some vesicles contained myelin-like figures resem-
bling those found in autophagic vacuoles forming
secondary lysosomes (Fig. 3B). Co-localization of PrP-
immunogolds (Fig. 3C, left panel)/GFP-immunogolds
(Fig. 3C, middle panel) with porin-immunogold parti-
cles as a mitochondrial marker (Fig. 3C, right panel)
was observed in such electron-dense vesicular foci.
Non-fluorescent PrP(1-144) also induced the same
deposits after the proteasomal inhibition (data not
shown).

Discussion

The Y145STOP mutation at PrP residue 145 results
in a heritable human prion disease, GSS-like disorder,
with extensive PrP amyloid deposits in cerebral paren-
chyma and vessels [12,17]. The Y14558TOP, which
yields a product of PrP(1-144), lacks GPl-anchor
and is normally degraded through the proteasomal
pathway, and also results in intracellular accumulation
if proteasomal degradation is impaired [I3]. Most

PrP(1-144) is degraded very rapidly by the protea-
some-mediated pathway, and thus blockage of prote-
asomal  degradation  results in  intracellular
accumulation of PrP(1-144). From the current results,
however, the GFP-tagged PrP(1-144) seems to be
more metabolically stable, and therefore GFP-PrP(1-
144) expression itself is sufficient to induce its intracel-
lular accumulation. In fact, non-fluorescent PrP(1-144)
required the treatment with proteasome inhibitors to
exhibit the same features.

In this paper, we revealed for the first time the site of
intracellular accumulation and the neurotoxic property
of mutant PrP¢, Y145STOP, in a human GSS model.
The GFP-PrP(1-144) exhibited an aberrant localization
to mitochondria, and subsequent mitochondria-medi-
ated apoptosis was induced. Misfolded PrP* is subjected
to degradation by proteasomes, and accumulation of
PrP€ in the cytosol is strongly neurotoxic in transgenic
mice [18] and cyclosporin A-treated cultured cells [19],
and proteasome inhibitors increase PrP¢-like immuno-
reactivity and unmasked a basal caspase 3 activation
[20]. Concomitant with decreased proteasomal activity,
aberrant mitochondrial localization of PrP¢ followed
by mitochondria-mediated neuronal apoptosis was also
detected in aged transgenic mice overexpressing wild-
type mouse PrP®, but only after 520 days after birth
[15]. These mice develop a spontaneous neurological
dysfunction in an age-dependent manner [21,22]. Taken
together, a PrPC load in the cytosol induces the mito-
chondrial localization of PrP® with subsequent mito-
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A GFP-PrP

GFP-PrP(1-144)

GFP Porin

Fig. 3. GFP-PrP(1-144)-related electron-dense deposits. Scale bars = 0.1 pm. (A) Electron microscopy (30,000x) detects numerous electron-dense
deposits in N2a cells transfected with GFP-PrP(1-144), whereas full-length GFP-PrP induces no deposit. (B) Some vesicles contain myelin-like
figures. (C) Immunoelectron microscopy {30,000x) detects GFP-PrP(1-144) with anti-PrP antibody K3 (10 nm golds, left panel) or anti-GFP
antibody (10 nm golds, middle panel) within the electron dense deposits of N2a cells. Anti-porin antibody (20 nm golds) also stains the deposits (right

panel).

chondria-mediated apoptosis. Consequently, such neu-
rotoxic property may contribute to a common patho-
genic mechanism shared in various PrP-related
disorders.

Deposition of numerous electron-dense deposits
immunostained with anti-PrP antibody is another char-
acteristic in GFP-PrP(1-144)-transfected cells, and has
not been reported in other studies so far. The relevance
of such electron-dense deposits with PrP amyloid depos-
its, a characteristic feature of human GSS with
Y145S8TOP, is an intriguing question. These amyloid
plaques were composed of COOH-terminal truncated
PrP {12}, but have not transmitted to mice [17]}. Of note,
both the electron-dense deposits in Y 1458TOP-transfec-
ted N2a cells and PrP% in scrapie-infected N2a cells
were found in the similar vacuolar compartment resem-
bling secondary lysosomes [23], suggesting that both
deposits may share a similar resistance to such a harsh
lysosomal condition.

The Y145STOP mutation has been widely investi-
gated in terms of its biochemical property. Peptides

encompassing PrP(89-143) when mixed with PrP¢ pro-
duced fibrous aggregates and displayed a high B-sheet
content, although no prion infectivity was observed
[24,25). Recently, Kundu et al. [26] reported a sponta-
neous conversion of the recombinant polypeptide, hu-
man PrP(23-144), from a monomeric unordered state
to a fibrillar form, in which human PrP residues within
the 138-141 region are essential. Interestingly, this
conversion has characteristics of a nucleation-depen-
dent polymerization. Whether the numerous electron-
dense deposits may serve as a seed for the growth of
amyloid plaques with Y145STOP awaits further
investigations.

Our current observations may provide clues as to the
yet unknown underlying mechanism concerning the her-
itable human prion disease with Y145STOP at least in
part. At the same time, the prion disease with
Y145STOP has untransmitted to mice [17]. How this re-
lates to the puzzle in prion biology, the discrepancy be-
tween the infectious and neurotoxic properties of PrP
[27], remains to be further examined.
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Abstract

Recent studies suggest that the disease isoform of prion protein (PrP%) is non-neurotoxic in the absence of cellular isoform of prion
protein (PrP), indicating that PrP* may participate directly in the neurodegenerative damage by itself. Meanwhile. transgenic mice harboring
a high-copy-number of wild-type mouse (Mo) PrPC develop a spontaneous neurological dysfunction in an age-dependent manner, even
without inoculation of PrPS¢ and thus, investigations of these aged transgenic mice may lead to the understanding how PrP® participate in the
neurotoxic property of PrP. Here we demonstrate mitochondria-mediated neuronal apoptosis in aged transgenic mice overexpressing wild-
type MoPrPC (Tg(MoPrP)4053/FVB). The aged mice exhibited an aberrant mitochondrial localization of PrP¢ concomitant with decreased
proteasomal activity, while younger littermates did not. Such aberrant mitochondrial localization was accompanied by decreased mitochondrial
manganese superoxide dismutase (Mn-SOD) activity, cytochrome ¢ release into the cytosol, caspase-3 activation, and DNA fragmentation,
most predominantly in hippocampal neuronal cells. Following cell culture studies confirmed that decrease in the proteasomal activity is
fundamental for the PrP¢-related, mitochondria-mediated apoptosis. Hence, the neurotoxic property of PrPC could be explained by the
mitochondria-mediated neuronal apoptosis, at least in part.
© 2004 Elsevier Ireland Lid. All rights reserved.

Kevwords: PrPC: Proteasomal activity: Mitochondrial localization; Superoxide dismutase activity: Mitochondria-mediated apoptosis

The posttranslational conformational change of the cellu- which prion infection and the resulting accumulation of PrP

lar isoform of prion protein (PrP*) into its scrapie isoform
(PrP5¢) is the fundamental process underlying the pathogen-
esis of prion diseases [24]. but the molecular events through
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lead to the neuronal dysfunction, vacuolation, and death that
characterize prion pathology remain unclear [6].
Importantly, PrP3¢, the disease isoform of PP, seems to
be non-neurotoxic in the absence of PrP®, suggesting that
PrPC may participate directly in the prion neurodegenera-
tive damage by itself, and the cellular pathways activated by
neurotoxic forms of PrP that ultimately result in neuronal
death are also being investigated, and several possible mech-
anisms have been uncovered [6]. For example. cross-linking
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PrPC in vivo with specific monoclonal antibodies was found
to trigger neuronal apoptosis. suggesting that PrP¢ functions
in the control of neuronal survival |26]. In fact, neural tis-
sues overexpressing PrPC grafted into the brains of PrPt-
deficient mice develop the severe histopathological changes
characteristic of prion disease when infected with prions. but
no pathological changes were seen in PrPC-deficient tissue,
not even in the immediate vicinity of the grafts despite the
presence of high levels of PrPS¢ [2]. In addition, interrup-
tion of PrPC expression during an ongoing prion infection
prevents neuronal loss and reverses early spongiform change
[16]. The continued accumulation of PrPS¢ in this model after
neuronal PrPC depletion is likely to reflect prion replication
predominantly in both microglia and astrocytes glial cells
without PrPC depletion, which support PrP> replication. The
PrP5¢ deposits colocalize with astrocytes in the brains of in-
fected mice with neuronal PrP¢ depletion, which was not
seen in scrapie-infected control animais without PrP deple-
tion. The fact that these mice remain asymptomatic indicates
that even extensive extraneuronal PrPS¢ replication does not
cause clinical disease or neurodegeneration in this model.
Thus, neuronal PrPC seems to be fundamental for the neuro-
toxic property of PrP even in the PrPS-infected conditions,
but the detailed molecular events especially with non-mutant,
wild-type PrPC still remained unclear.

Meanwhile, aged transgenic mice harboring a high-copy-
number of wild-type PrP-B transgenes spontaneously de-
veloped mitochondrial encephalomyopathy including focal
vacuolation of the central nervous system, skeletal muscles
and peripheral nerves without PrP5¢ inoculation [28]. Such
focal vacuolation was localized to the hippocampus, the su-
perior colliculus, and midbrain tegmentum, which resembled
that seen in experimental scrapie, albeit less intense. Other
transgenic lines harboring a high-copy-number of wild-type
PrP transgenes also exhibited spontaneous neurological dys-
function in an age-dependent manner [21,27]. For example,
transgenic mice overexpressing the wild-type mouse (Mo)
PrP-A gene (Tg(MoPrP)4053/FVB) used in this study be-
came symptomatic at around the age of 700 days. although
no pathological evidence for prion diseases was evident [27].
Since no PrP>¢ has been inoculated in these mice. investiga-
tions of these aged transgenic mice overexpressing wild-type
PrP% may lead to the better understanding how PrP% partici-
pate in the neurotoxic property of PrP.

Here we show that the Tg(MoPrP)4053/FVB mice
exhibited an aberrant mitochondrial localization of PrP¢ ac-
companied by decreased mitochondrial manganese superox-
ide dismutase (Mn-SOD) activity, cytochrome ¢ release in
the cytosol, caspase-3 activation, and DNA fragmentation,
concomitant with decreased proteasomal activity in an age-
dependent manner.

Te(MoPrP)4053/FVB and its littermate were kindly pro-
vided by Dr. S.B. Prusiner (University of California. San
Francisco). Antibodies K3 and K4 against PrP were rab-
bit polyclonal sera raised against PrP peptides correspond-
ing to residues 76-90 and 96—110 in MoPrP. respectively.

Anti-cytochrome ¢ and anti-porin antibodies were purchased
from BD Biosciences. Anti-Hsc70 antibody was purchased
from Stressgen Biotechnologies Corporation. Mitotracker
Red CMXRos was purchased from Molecular Probes. Lac-
tacystin, ALLN. and MG132 were purchased from Sigma.
The AWm detection kit and APO-BrdU TUNEL assay kit
were purchased from Trevigen Inc. and Molecular Probes.
respectively. Antibodies were used at 1:1000 (Western blot-
ting) or 1:100 (immunofluorescence microscopy) unless oth-
erwise noted. For immuno-electronmicroscopy. 10 nm golds
were purchased from DAKO.

Cells or brains were homogenized with 9 volumes of mito-
chondrial buffer (220 mM mannitol, 70 mM sucrose, 10 mM
Hepes-KOH., pH 7.4. and 0.1 mM EDTA) and centrifuged at
700 x g for Smin at 4 C, and the supernatant was further
centrifuged at 5000 x g for 10 min at 4 C. The supernatant
was used as a post-mitochondrial supernatant. The resulted
pellet was washed three times with mitochondrial buftfer, re-
suspended in 9 volumes of the same buffer, and then cen-
trifuged at 2000 x g for 2 min at 4 C followed by 5000 x g
for 8 min at 4 C. The pellet was resuspended in 9 volumes of
the same buffer, and then centrifuged at 5000 x g for 10 min
at 4 “C. The final pellet was recovered and stored on ice until
use (mitochondrial fraction). The post-mitochondrial super-
natant was further centrifuged at 100,000 x g for I h at4"C,
and the supernatant was used as cytosolic fraction, and the
pellet was resuspended in mitochondrial buffer (microsome
fraction). Western blots were performed at 5 pg of total pro-
tein/lane.

Mitochondrial ~ manganese  superoxide  dismutase
(Mn-SOD) and cytosolic copper/zinc SOD (Cu/Zinc-SOD)
activities were measured by the SOD assay kit (Dojindo
Molecular Technologies, Inc.). and cytosolic glutathione
(GSH) was measured by the Glutathione quantification kit
(Dojindo Molecular Technologies, Inc.) according to the
manufacturer’s instructions. Caspase-3 activity was mea-
sured using the PARP Western Blot Kit (WAKO) according
to the manufacturer’s instructions. DNA fragmentation was
measured by the TUNEL assay (ApopTag® Peroxidase /n sifu
Apoptosis Detection Kit, CHEMICON International). which
was performed according to the manufacturer’s instructions
before being visualized with an Olympus CX40 (Olympus
Optical Co.. Ltd.). Sections were counter-stained by 0.5%
methyl green (WAKO) in 0.1 M sodium acetate (pH 4.0).

Proteasomal activity assay was performed as previously
described [3.9.31].

Tg(MoPrP)4053/FVB harboring a high-copy-number of
wild-type PrP-A transgenes at the age of 520 days (TG520)
and an age-matched non-transgenic littermate (WT520)
showed similar migration rates of PrP® on poly acrylamide
gel electrophoresis and Western blotting using anti-PrP-
antibody K4 (Fig. 1A, PK(—)). As increased resistance to
protease K digestion is often a feature of PrP5¢, this was ex-
amined in TG520 and WT520). No resistance to proteinase K
digestion was detected in any of these mice (Fig. 1A. PK(+)).
Histological examinations of the TG520 brains including
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Fig. 1. PrPC is Jocalized to the mitochondrial fraction in Te(MoPrP)4053/FVB overexpressing wild-type PrPC. WT520: non-transgenic littiermate at the age
of 520 days. TG520: Tg(MoPrP)4053/FVB at the age of 520 days. WTS0: non-transgenic littermate at the age of 50 days. TG50: Tg(MoPrP)4053/FVB al the
age of 50 days. (A) Western blot analysis and resistance to proteinase K digestion of PrPC in WT520 and TG520. PK(—): Western blot analysis with anti-PrP
antibody K4. Bands derived from PrPC appear to be normal. PK(+): resistance to proteinase K digestion. Five hundred microliter of brain homogenates (5 pg
of total protein/lane) were digested with proteinase K (20 wg/mi, Sigma) at 37 C for [ h followed by centrifugation at 100,000 x g for [ h at4 C and the
resuspended pellet was loaded onto the gels. No resistance to proteinase K digestion is detected. Mr: molecular weight marker. (B) Immuno electron microscopy
(30,000 % ) detects PrPC with anti-PrP K3 (10 nm golds) in the mitochondria of neuronal cells in TGS520. (C) Total brain homogenates of TG520 exhibit aberrant
localization of overexpressed PrPC, whereas those of WT50, WT520 and TG50 do not. Western blot analysis with anti-PrP antibody K4 (1:1000). Anti-porin
antibody (1:1000) was used as a mitochondrial (Mt) marker, anti-BiP antibody (1:1000) was used as a microsome (Ms) marker, and anti-Hsc70 antibody

(1:1000) was used as a cytosolic (Cyt) marker.

dentate gyrus, hippocampus, other cerebral cortices, basal
ganglia and cerebellum by hematoxylin and eosin as well as
methyl green-pyronin staining revealed no apparent patho-
logical evidence in the brain sections of WT520 and TG520
(data not shown).

Since older transgenic mice (not inoculated with PrPS¢)
that harbor a high-copy-number of wild-type PrP-B trans-
genes develop mitochondrial encephalomyopathy including
focal vacuolation of the central nervous system, skeletal mus-
cles and peripheral nerves [28]. we set out to determine
whether PrPC could be detected in the mitochondrial frac-
tion of TG520. Although the TG520 appeared clinically and
histologically normal, they exhibited aberrant mitochondrial
localization of PrPC as determined by immuno electron mi-
croscopy; immunogold-labelled PrPC localized at the mito-
chondria of the granular cells in the hippocampal dentate
gyrus of TG520 but not of WT520 (Fig. 1B). Such aberrant
mitochondrial localization of PrPC was further confirmed in
TG520 by Western blotting using a subcellular fractionation,
whereas younger non-transgenic littermate at the age of 50
days (WT50), WT520. and younger Tg(MoPrP)4053/FVB at
the age of 50 days (TGS50) did not exhibit the feature (Fig. 1C).

The oxidative stress leads to dystunctions of the respira-
tory enzymes and the depletion of ATP followed by a de-
crease in reduced glutathione (GSH) concentration, which
triggers the cycle of oxidative stress, mitochondrial dysfunc-

tion, and further antioxidant depletion. Exposure of tissue
to oxygen free radicals results in lipid peroxidation, protein
oxidation and DNA damage. which is in concert with “apop-
tosis™. In order to prevent such damages. mammalian cells are
equipped with both non-enzymatic and enzymatic scaveng-
ing systems to eliminate oxygen free radicals, anti oxidant
enzymes, i.e., SOD, catalase. and glutathione peroxidase are
essential to cells in removing Oy~ and hydrogen peroxide
{H205) trom the tissues exposed to oxidative stress. There-
fore, we next examined mitochondrial Mn-SOD as well as
cytosolic Cu/Zn-SOD activities.

The mitochondrial Mn-SOD activity decreased signifi-
cantly in TG520 compared to that in WT50. TG50, or WT520
(Fig. 2A), whereas no significant difference in the cytosolic
copper/zinc SOD (Cu/Zn-SOD) activity was observed among
them (Fig. 2B). Furthermore, cytosolic GSH level was dra-
matically decreased in TG520 but not in WT50, TG50, or
WT520 (Fig. 2C). These results indicated that mitochondria-
localized PrP¢ induced oxidative stress in TG520.

Subsequently, release of cytochrome ¢ from the inner-
membrane space into the cytosol (Fig. 3A), caspase-3 ac-
tivation (Fig. 3B). and DNA fragmentation (Fig. 3C) were
observed in TG520 brain. whereas no release of cytochrome
¢/ DNA fragmentation but faint caspase-3 activation was
detected in WT520 brain (Fig 3A-C). Serial specimens
of TG520 and WT520 brains were further examined by
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Fig. 2. Mitochondria-localized PrPC induces oxidative stress in TGS20. (A) Mitochondrial manganese superoxide dismutase (Mn-SOD) and (B) cylosolic
copper/zinc SOD (Cu/Zine-SOD) activities. The Mn-SOD activity decreases significantly in TG520 compared to that in WT50, TG50 or WT520, whereas the
cytosolic Cu/Zn-SOD activity remained similar among them. Error bars represent mean & S.D. (C) Cytosolic glutathione (GSH) level is dramatically decreased
in TG520 but not in WT50. TG50, or WT520. Error bars represent mean = S.D.

the TUNEL assay (Fig. 3D). As shown. the TUNEL assay
showed that the DNA fragmentation most predominantly in

granular cells in the hippocampal dentate gyrus and to a lesser

extent pyramidal cells in the CA 1 and CA2 regions of TG520
(Fig. 3D).

In an age-dependent development of other aggregation
disorders, the accumulation and aggregation of the disease
related-proteins are associated with an age-dependent de-
crease in proteasomal activity and are promoted by inhi-
bition of proteasomal activity [31]. Therefore, it is also
likely that such aberrant mitochondrial localization requires
PrP® retained in the cytoplasm with the proteasomal ac-
tivity decreased. Therefore, the hydrolysis of Suc-Leu-Leu-
Val-Tyr-4-methyl-coumaryl-7-amide (Suc-LLVY-MCA) by
chymotrypsin-like proteasomal activity in brain homogenates
of WT50, WT520, TG50, and TG520 was then investi-
gated. As expected. proteasomal activity of both transgenic
mice Tg(MoPrP)4053/FVB and non-transgenic littermate de-
creased with increasing age (Fig. 3E).

The posttranslational conformational change of PrP* into
PrPS¢ is the fundamental process underlying the pathogene-

sis of prion diseases [24]. Many concurrent reports have sug-
gested that PrPC may play a role in neuronal survival or death.
The removal of serum from cells in culture causes apoptosis
in PrPC-deleted cells but not in wild-type cells [13]. PrP¢
also inhibits Bax-mediated neuronal apoptosis in human pri-
mary neurons [ 1]. The binding of a ligand to PrP* transduces
neuroprotective signaling through a cAMP/PKA-dependent
pathway. Therefore. PrPC may function as a trophic receptor
whose activation results in a neuroprotective state [5].

On the other hand. misfolded PrP® is subject to degrada-
tion by proteasomes. Like many misfolded secretory proteins
[12.23], it is recognized in the ER and subject to retrograde
transport to the cytoplasm and degradation by the protea-
some [11,14.29.30]. Or, a small fraction of PrP chains is
not translocated into the ER lumen during synthesis, and is
rapidly degraded in the cytoplasm by the proteasome as far
as proteasome function remains normal [8]. As proteasome
function gradually decreases with age over a very long period
or with inhibitors in the case of cultured cells, PrP¢ over-
flows in the cytoplasm. targeted to the mitochondria. which
subsequently induces the mitochondria-mediated apoptosis.
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Fig. 3. Neuronal apoptosis in the TGS20 brain. (A) Measurement of cy-
tochrome ¢ released into the cytosol. Western blot analysis with anti-
cylochrome ¢ antibody detects cytochrome ¢ in the cytosol of the TG520
but not WT520 brain. Mt: mitochondrial fraction, Ms: microsome fraction,
Cyt: cytosolic fraction. (B) Caspase-3 activation in TG520 brain. Brain ho-
mogenates (5 g of total protein/lane) of younger WT50 and TGS50 do not
exhibit caspase-3 activation. Note that a faint band is detected in WT520
brain. The 85 kDa bands corresponding to the degradation products of poly
ADP-ribose polymerase (PARP. 116kDa) is a measure of caspase-3 activity.
(C) DNA fragmentation in brain homogenates of TGS520 is shown (1 g of
genomic DNA/lane). Brain homogenates of WT520 show no DNA fragmen-
tation. Genomic DNAs were applied onto 1% agarose gel. (D) Serial frozen
sections of total brains (left panels) and the hippocampal regions (right pan-
els. 40 . lower right corner panels, 400> ) were made. Top panels: WTS520.
Bottom panels: TG520. Neuronal apoptosis (brown) is evident in the bottom
panels as compared with the top panels. (E) Age-dependent decrease in brain
proteasomal activity. Chymotrypsin-like proteolytic activity was assayed in
brain homogenates (1 pg of total proteinfassay) of WT50, TG50. WTS20,
and TGS520. Error bars represent mean £ S.D. (n=3).

In fact, accumulation of PrPC in the cytoplasm is known to be
strongly neurotoxic in both transgenic mice overexpressing
the cytosolic form of PrPC [15] and cyclosporin A-treated cul-
tured cells [7]. In these systems, prp¢ expression enhances
staurosporine-stimulated neuronal toxicity and DNA frag-
mentation, caspase-3-like activity and p53 transcriptional ac-
tivities. all of which suggests that PrPC sensitizes neurons

to apoptotic stimuli through caspase-3-mediated activation
[20]. Proteasome inhibitors increase PrPC-like immunoreac-
tivity and unmask basal caspase-3 activation [19].

Despite these efforts, little is known about the PrPC lo-
calization and its metabolic fate in the cytoplasm. Ma et al.
reported that PrP accumulated in the cytoplasm when protea-
somal activity was compromised, and PrPC formed aggre-
gates, often in association with Hsc70 [14]. With prolonged
incubation, these aggregates accumulate in an “aggresome’-
like state, surrounding the centrosome. Contrary to this re-
port. other investigators reported there was a prominent shift
in the intracellular locations of PrP immunostaining, but there
was no “aggresome”-like PrP accumulation in the centro-
some region [29]. The PrP signal was especially pronounced
around the nucleus, and this signal only partially overlapped
with both ER (calnexin, BiP and concanavalin A) and Golgi
(wheat germ agglutinin). Thus, further examination has been
awaited for determining the precise intracellular localization
of PrPC in the cytoplasmic face.

With an artificial PrP peptide corresponding to PrP
residues 106-126 [PrP(106-126)], chronic exposure of pri-
mary rat hippocampal cultures to micromolar concentrations
of the peptide induces neuronal death with DNA fragmenta-
tion in degenerating neurons, having indicated apoptotic cell
death [10]. The earliest detectable apoptotic event was the
rapid depolarization of mitochondrial membranes, occurring
immediately following treatment of cells with PrP(106-126).
Subsequently, cytochrome ¢ was released and caspase-3 was
activated. It has also been demonstrated that the fusogenic
peptide PrP(118-135) induced time- and dose-dependent
apoptosis in rat cortical and retinal neurons that included
caspase-3 activation and DNA condensation/fragmentation
[4,22]. These results have implicated mitochondria as the pri-
mary site of action [18]. Unfortunately, this implication has
been restricted to the cell death with the artificial PrP pep-
tides, and thereby further illustrates the significance of our
current observations in terms of the neurotoxic property of
wild-type PrPC in vitro and in vivo.

There are potentially other mechanisms involved in neu-
rotoxicity of the PrPS-infected conditions, for example as-
trocytes, microglial cells and cytokines [17.25]. The acti-
vation of glial cells, which precedes neuronal death, and
subsequent release of cytokines/chemokines may also con-
tribute directly or indirectly to the neuronal cell death in
prion diseases. In mutant PrPC metabolism, on the other
hand, the ER also seems to play another important role as
well. Mutant PrP(Q217R) remains associated with the chap-
erone BiP at the ER for an abnormally long period of time
and is degraded by the proteasomal pathway [11]. Nonethe-
less. our current observations suggest that wild-type prPC
participate in the prion neurodegenerative cascade through
the mitochondria-mediated events, at least in part. At the
same time. the segregation of the infectious and neurotoxic
properties of PrP suggests a new therapeutic strategy since
prevention of mitochondrial mislocalization of PrPC can be
regarded as putative therapeutic targets aimed at protecting
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cells from mitochondria-mediated apoptosis. even though the
prion infection is not fully preventable.
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Abstract

We established a histobiochemical approach targeting micron-order inclusion bodies possessing extensive aggregation properties
in situ by using a nonchemical denaturant (oligomeric actin interacting protein 2/p-lactate dehydrogenase protein 2 [Aip2p/DI1d2p]) with
the combinatorial method of laser-microdissection and immunoblot analysis. As a model, pick bodies were chosen and laser-microdis-
sected from three different brain regions of two patients with Pick’s disease. Initially, 500 to 2000 pick bodies were applied onto SDS—
PAGE gels after boiling in Laemmli’s sample buffer according to established immunoblotting procedures; however, only faint signals
were obtained. Following negative results with chemical denaturants or detergent, including 6 M guanidine hydrochloride, 8 M urea,
and 2% SDS, the laser-microdissected pick bodies were pretreated with oligomeric Aip2p/DI1d2p, which possesses robust protein unfold-
ing activity under biological conditions. Strikingly, only one pick body was sufficient to illustrate an immunoblot signal, indicating that
pretreatment with oligomeric Aip2p/DId2p enhanced the immunoblot sensitivity by more than 100-fold. Pretreatment with oligomeric
Aip2p/DId2p also allowed us to quantify the total protein content of pick bodies. Thus, use of oligomeric Aip2p/Dld2p significantly
contributed toward the acquisition of information pertaining to the molecular profile of proteins possessing an extensive aggregation
property, particularly in small amounts.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Oligomeric Aip2p/DId2p; Protein conformation unfolding activity; Laser-microdissection; Inclusion bodies; Pick bodies; Phosphorylated tau

While immunohistochemical analysis has been widely
used for the characterization of microstructures under
various conditions and of disorders at a light microscop-
ic level, immunoblot analysis has been indispensable in
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the analysis of proteins at a macroscopic level [1]. Cur-
rently, no analytical methods equivalent to the immuno-
blot have been developed against targets for examination
under the microscope, although the recent development
of a laser-microdissection methodology allows us to
manipulate microstructures at microscopic regions of
interest 1n situ [2].
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Against this backdrop, we developed a novel combina-
torial method that uses laser-microdissection and immuno-
blotting to allow the characterization of the molecular
profile of proteins at microscopic regions of interest. As a
model, we examined brain samples of Pick’s disease, a type
of progressive presenile dementia that affects brain func-
tion, eventually causing loss of verbal skills and problem-
solving ability [3]. Pick’s disease accounts for 5% of all
dementias and is characterized neuropathologically by dis-
tinct tan-immunoreactive intraneuronal inclusions known
as pick bodies [4]. Abnormally phosphorylated tau proteins
were detected from total brain homogenates [4-6], but no
investigation has been reported with isolated pick bodies
to date.

Given limited sample availability and the absence of
in vitro amplification steps for proteins, use of laser-micro-
dissected samples depends largely on highly sensitive pro-
tein detection methods [7]). Furthermore, these inclusion
bodies generally possess extensive aggregation properties
that often negatively affect the immunoblot assay. Unfortu-
nately, use of conventional procedures, including sample
pretreatment with chemical denaturing agents or detergent,
was ineffective. In an effort to overcome the problem, olig-
omeric actin interacting protein 2 (Aip2p)’ [8)/p-lactate
dehydrogenase protein 2 (DI1d2p) [9,10] was used as a non-
chemical denaturant [11-13]. DId2p [9,10] was initially
identified as Aip2p using a two-hybrid screen to search
for proteins that interact with actin [8]. During our search
for protein conformation unfolding activity, we further
identified oligomeric Aip2p/DI1d2p isolated from Saccharo-
myces cerevisiae as exhibiting robust protein conformation
unfolding activity [11]. Oligomeric Aip2p/DId2p possesses
a unique grapple-like structure with an ATP-dependent
opening that is required for protein conformation unfold-
ing activity [12,13]. In the presence of 1 mM ATP or
AMP-PNP, oligomeric Aip2p/Dld2p bound to all sub-
strates so far examined and subsequently modified the pro-
tein conformation. Furthermore, oligomeric Aip2p/DI1d2p
was able to modify the conformation of pathogenic highly
aggregated polypeptides such as recombinant prion protein
(rPrP) in the beta form, alpha-synuclein, and Abeta (1-42)
in the presence of ATP in vitro [13]. This procedure con-
sists simply of combining oligomeric Aip2p/Dldp2 and
1 mM ATP in a reaction tube containing the collected pick
bodies and then incubating the sample for 60 min at 30 °C.

Oligomeric Aip2p/DId2p significantly increases the
immunoblot signals by more than 100-fold. The histobio-
chemical approach detailed in this study allows us to ana-
Iyze single pick bodies in the order of several micrometers
in radius.

U Abbreviations used: Aip2p, actin interacting protein 2; DId2p, p-lactate
dehydrogenase protein 2; rPrP, recombinant prion protein; BSA, bovine
serum albumin; EGTA, ethyleneglycotetraacetic acid; TCA, trichloroace-
tic acid; PBS, phosphate-buffered saline; PBS-T, PBS containing 0.05%
Tween 20; TBH, total brain homogenate; LC-MS/MS, liquid chroma-
tography-tandem mass spectrometry.

Materials and methods

After informed consent had been obtained, frontal
(Y337F and Y332F) and temporal (Y332T) cortexes from
two patients with sporadic Pick’s disease (patient 1
(Y337): female, 71 years old; patient 2 (Y332): male, 72
years old) were placed in a deep freezer (—80 °C) at Nippon
Medical School until use. The procedures followed were in
accordance with the institutional ethical standards on hu-
man experimentation.

Oligomeric Aip2p/Dld2p was expressed and purified as
described previously {11,12]. Anti-tau AT8 (phosphoryla-
tion-dependent monoclonal antibody specific to phosphory-
lated Ser202/Thr205) and AT100 (specific to phosphorylated
Thr212/Ser214) were purchased from Innogenetics. Anti-
Aip2p/DId2p antibody was raised against the synthetic pep-
tide corresponding to the C-terminal 15 amino acid residues
of Aip2p (VHYDPNGILNPYKY]) that were coupled
through a COOH-terminal cysteine residue to bovine serum
albumin (BSA) [11].

Slide preparations were made using a NexES Automat-
ed Immunohistochemistry Staining System (Ventana Med-
ical Systems) with 1:200 AT8. Immunostained pick bodies
(10-15 pm in diameter) (Table 1) were dissected using a La-
ser Microdissection System (Olympus Optical) coupled to a
Hoya laser cutter (HCL2100, 30 mJ/pulse, 266 nm). Dis-
sected samples were collected using a Cell Tram Oil
hydraulic manual microinjector (Eppendorf) with distilled
water.

Immunoblot analyses were performed as follows. First,
total brain homogenates (10-40 pg) or laser-dissected pick
bodies (500 pieces) were solubilized in 500 ul of ice-cold
extraction buffer (Tris—chloride [pH 7.4], 0.8 M NaCl,
1 mM ethyleneglycotetraacetic acid [EGTA], 10% sucrose,
and 1/1000 [w/v] protease inhibitor cocktail [Sigma] with
1% sodium N-lauroyl sarcosinate [sarkosyl]). Sarkosyl-in-
soluble fractions were collected by centrifugation at
182,000g for 30 min at 4 °C and then suspended in 50 mM
Tris-chloride (pH 7.4). Samples were pretreated with 8 M
urea (Wako Chemicals), 6 M guanidine hydrochloride
(Nacalai Tesque), or 2% SDS (Wako Chemicals), followed
by trichloroacetic acid (TCA) precipitation in an effort to
denature or untangle the samples. Pretreatment with
Aip2p/Dld2p was performed as described previously

Table 1
Quantitative analyses of pick bodies

Y332T Y332F Y337F
Total protein (ng/pick body) 0.8 1.1 2.8
Average diameter (jun) 10 10 15
SRelative density 1.6 2.2 1.6

Note. The protein concentration of sarkosyl-insoluble fractions was
measured following pretreatment with oligomeric Aip2p/Dld2p, and the
relative density of the pick bodies was calculated. Frontal (Y337F and
Y332F) and temporal (Y332T) cortexes from two patients with sporadic
Pick’s disease (patient 1 (Y337): female, 71 years old; patient 2 (Y332):
male, 72 years old) were analyzed.
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[11-13]. Briefly, 1 to 500 ng of oligomeric Aip2p/Dld2p was
mixed with the sarkosyl-insoluble fraction of 1 to 500 pick
bodies at a ratio of 1 ng per 1 pick body in the presence of
1 mM ATP for 60 min at 30 °C in a total volume of 20 pl.
Samples were then loaded onto 12% SDS-PAGE gels and
transferred onto 0.22-pum nitroceliulose membranes in
25mM Tris—190 mM glycine-0.01% SDS-20% methanol
at 400 mA for 40 min at 4 °C. Membranes were blocked
using 4% BSA in phosphate-buffered saline (PBS) contain-
ing 0.05% Tween 20 (PBS-T), incubated with 1:1000 (unless
otherwise indicated) AT8 and AT100 in PBS-T overnight at
4 °C, washed with PBS-T several times at room temperature,
and then incubated with 1:10,000 horseradish peroxidase-
conjugated anti-mouse IgG antibody (Amersham) in
PBS-T for | h at room temperature. After washing the mem-
branes, the immunodecorated bands were visualized using
ECL-plus (Amersham) and then analyzed using a Fluor-S
MAX Multilmager or VersaDoc (Bio-Rad Laboratories).
The protein concentration of the pick bodies pretreated
with oligomeric Aip2p/D1d2p was measured using a spec-
trophotometer (Tecan) at 595 nm in combination with a
Protein Assay System (Bio-Rad Laboratories) according
to the manufacturers’ instructions. Oligomeric Aip2p/

DId2p was applied at a ratio of 1ng per 1 pick body,
and the value was subtracted afterward.

Results

The laser-microdissection system combined with the
sample collector facilitated the dissection of targets
(Fig. 1A). Up to 500 pick bodies were collected each time
over a period of 1 day. Initially, 500 pick bodies were ap-
plied onto SDS-PAGE gels after boiling in Laemmli’s sam-
ple buffer according to established immunoblotting
procedures [1]. However, only faint and blurred signals
were obtained with anti-tau antibodies AT8 and AT100
(Fig. 1B, lane 4} in comparison with 10 to 40 ug of total
brain homogenate (TBH, Fig. 1B, lanes 2 and 3). Immuno-
staining of the entire gel, including the loading wells and
the stacking gel, revealed no additional immunoblot signals
that may have arisen from the extensive aggregation prop-
erty of the pick bodies. Further increases in the number of
pick bodies applied (up to 2000) could not improve the sig-
nal intensity (data not shown).

The effect of chemical denaturants or detergent, includ-
ing 6 M guanidine hydrochloride, 8 M urea, and 2% SDS,

B Y337F

Urea

TBH (ug) PBs Gdn-HCl ~ SDS

kDa 40 10 300

) OO

Lanes 1 2 3

5 6 7

Fig. 1. Immunological analyses of laser-microdissected pick bodies (PBs}. (A) Left panel: 5-um-thick cryosection. PBs of frontal cortex from patient Y337
(Y337F) are stained with AT8 (1:200, purple) and hematoxylin (blue). Middle and right panels: PBs isolated from the section using a laser-microdissector.
Scale bar is 10 pm. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) (B)
Immunoblot analyses of PBs pretreated with chemical denaturants or detergent. Approximately 500 PBs were used for each trial. Lane 1: molecular weight
marker (Dr. Western, Oriental Yeast); lanes 2 and 3: total brain homogenate (TBH) of Y337F (40 and 10 pg, respectively); lanes 4 to 7: 500 laser-
microdissected PBs of Y337F with no pretreatment (lane 4), 6 M guanidine hydrochloride (Gdn-HCI, lane 5), 8 M urea (lane 6), and 2% SDS pretreatment
(lane 7). Samples were stained with anti-tau AT8 (1:1000) and AT100 (1:1000).




