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ABSTRACT

Localization of the abnormal and normal isoforms of prion proteins to detergent-resistant
membrane microdomains, lipid rafts, is considered to be important for the conformational
conversion. Lipid rafts are enriched in sialic acid-containing glycosphingolipids, namely
gangliosides. Alteration in the ganglioside composition of lipid rafts can affect the localization of
lipid raft-associated proteins. To investigate the role of gangliosides in the pathogenesis of prion
diseases, we performed intracerebral transmission study of a scrapie prion strain Chandler and a
Gerstmann-Straussler-Scheinker syndrome prion strain Fukuoka-1 using various knock-out
mouse lines ablated with ganglioside synthase gene, i.e., GD2/GM2 synthase, GD3 synthase, or
GM3 synthase. Following challenge with the Chandler strain, GD2/GM2 synthase knock-out
mice showed 20% reduction of incubation time, reduced prion protein deposition in the brain with
attenuated glial reactions, and reduced localization of prion proteins to lipid rafts. These results
raise the possibility that the gangliosides may have an important role in prion disease pathogenesis

by affecting the localization of prion proteins to lipid rafts.
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INTRODUCTION

Prion diseases are fatal transmissible neurodegenerative diseases including Creutzfeldt-Jakob
disease (CJD), Gerstmann-Straussler-Scheinker syndrome, and fatal familial insomnia in humans,
or bovine spongiform encephalopathy, chronic wasting disease, and scrapie in animals.
Accumulation of an abnormal protease-resistant isoform of prion protein (PrP), which is
generated by conformational conversion of the normal cellular isoform (PrP¢), is one of the
pathognomonic features of prion diseases (1).

Membrane microdomains where PrP¢ and PrP* localized are lipid rafts (2-6). Lipid rafts are
enriched in cholesterol, sphingolipids, and glycosylphosphatidylinositol (GPI)-anchored proteins
including PrP, and show partial resistance against mild detergent treatment (7, 8). Therefore, lipid
rafts buoy toward low density fractions in density gradient ultracentrifugation after mild detergent
treatment, namely flotation assay. Lipid rafts have been reported to serve many microorganisms
for infection or serve the clustering of receptors or signaling molecules to facilitate signal
transduction (8, 9). In prion disease pathogenesis, the localization of PrP¢ and PrP* to lipid rafts
has been reported to be important for the conformational conversion (3).

Gangliosides are sialic acid-containing glycosphingolipids highly expressed in the brain.
Gangliosides are synthesized in the Golgi apparatus by specific glycosyltransferases, the
expression of which controls the steady-state levels of gangliosides (10). Gangliosides are
characterized by the number and positions of sialic acids that define their classification into A, M,
D, T, Q, and P (zero to five sialic acids) and a, b, and ¢ series (one, two, or three sialic acids on
internal galactose residue) (Figure 1). Gangliosides are embedded in the outer layer of the plasma
membrane and one of major components of lipid rafts (7). Therefore, alteration in the ganglioside
composition of lipid rafts can affect the localization of lipid raft-associated proteins (11-13). For

example, knock-out (KO) mice lacking GD2/GM2 synthase, in which GA2, GM2, GD2, GT2,
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and downstream gangliosides are depleted, show the dispersion of lipid raft-associated proteins
such as caveolin 1 or flotillin 1 from lipid raft fractions in flotation assay (13). Furthermore, in
KO mice lacking both GD2/GM2 synthase and GD3 synthase, a GPIl-anchored complement-
regulatory protein CD55/decay-accelerating factor also disperses from lipid rafts, and unfavorable
activation of complement system occurs (12). Complement activation starts with the activation of
C1q by antigen-antibody complex or spontaneous hydrolysis of C3 and causes a cascade of further
cleavage and activation processes of complement proteins. Complement activation results in the
accumulation of complement proteins such as C1q or C3b and the formation of the membrane
attack complex. In the KO mice lacking both GD2/GM2 synthase and GD3 synthase, gene
expression of complement proteins such as Clga, C3, or C4 was up-regulated, and deposition of
Clqg in the brain increased (12, 13). Meanwhile, an activation of the complement system and
accumulation of C1g, C3, or membrane attack complex have also been demonstrated in brains of
human patients with prion diseases or prion-infected animals (14, 15). The role of complement
activation in prion disease pathogenesis has been proposed to cause degeneration of prion-
infected neurons or to facilitate microglial phagocytosis of prion-infected neurons (15).

In this study, we performed a prion transmission study using various ganglioside synthase

knock-out mouse lines to investigate the role of gangliosides in the pathogenesis of prion diseases.

MATERIALS AND METHODS

Ethics statement

Animal experiments were performed in strict accordance with the Regulations for Animal
Experiments and Related Activities at Hokkaido University and Fundamental Guidelines for
Proper Conduct of Animal Experiment and Related Activities in Academic Research Institutions

by Ministry of Education, Culture, Sports, Science and Technology in Japan, Notice No. 71. The
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protocol was approved by the Institutional Animal Care and Use Committees of Hokkaido

University (14-0170).

Mice

Generation of KO mice lacking GD2/GM2 synthase (BAGALNT1), GD3 synthase (ST8SIAL), or
GM3 synthase (ST3GALDS5) have been reported previously (16, 17). These mice were backcrossed
to C57BL/6, and the resulting heterozygous animals were intercrossed to provide homozygous
KO mice and wild-type (WT) littermate controls. Thus, all of the KO mice and WT littermate

controls were on a C57BL/6 background.

Sources of inocula

A mouse-adapted scrapie prion strain Chandler (18) was kindly provided by Dr. Motohiro
Horiuchi. A mouse-adapted Gerstmann-Straussler-Scheinker syndrome prion strain Fukuoka-1
(19) was maintained in C57BL/6 mice. The inocula were prepared from the brain of terminally ill

mice.

Transmission experiments

Intracerebral inoculation was performed as described (20). Briefly, 10% brain homogenates were
prepared in sterile phosphate-buffered saline using glass homogenizers, and 20 pl of the
homogenates were intracerebrally inoculated into mice (n = 6 or 7). The inoculated mice were
sacrificed at a predefined clinical endpoint, or at the time point showing intercurrent illness. One
hemisphere of the brain was fixed in 10% buffered formalin for histopathological analysis, and

the other hemisphere was immediately frozen for biochemical analysis.
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Immunohistochemistry

Formalin-fixed mouse brain tissues were treated with 60% formic acid for 1 hour to inactivate the
infectivity and embedded in paraffin. The embedded tissues were sectioned at a thickness of 5
pm. Tissue sections were pretreated by hydrolytic autoclaving before PrP immunohistochemistry
(21). The anti-PrP antiserum PrP-N (22), rabbit anti-ionized calcium-binding adapter molecule 1
(Ibal) polyclonal antibody (FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan), and
rabbit anti-glial fibrillary acidic protein (GFAP) polyclonal antibody (Dako, Glostrup, Denmark)
were used as the primary antibodies. Goat-anti-rabbit immunoglobulin polyclonal antibody
labelled with the peroxidase-conjugated dextran polymer, EnVision® (Dako) was used as the
secondary antibody. For routine histopathological analysis, the tissue sections were also stained

with hematoxylin and eosin (H&E).

PrP% purification

PrPS¢ was purified from the mouse brain as described (23). Briefly, brain tissues were
homogenized in 2 ml of lysis buffer (100 mM Tris-HCI pH 8.0, 10 mM NacCl, 10 mM MgCl,, 2%
Triton X-100, and 25 units/ml DNase | (Takara Bio, Shiga, Japan)) and digested with collagenase
(1 mg/200 mg tissue) (FUJIFILM Wako Pure Chemical Corporation) overnight at room
temperature. Collagenase digestion disrupts the connective tissue and improves the accessibility
of detergents and/or proteinase K (PK) to PrP% (24). The digested homogenates were
ultracentrifuged at 453,000 g for 30 min at 4°C, and the pellets were resuspended and sonicated
in 870 ul of PK-digestion buffer (100 mM Tris-HCI pH 8.0 and 5% Sarkosyl (Sigma-Aldrich, St.
Louis, MO)). The resuspended samples were centrifuged at 10,000 g for 3 min to remove the cell
debris, and the supernatants (800 ul) were digested with PK (4 ug/200 mg tissue) (FUJIFILM

Wako Pure Chemical Corporation) for 1 h at 37°C. It has been reported that these conditions for
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PK-digestion were sufficient for the complete digestion of normal PrP¢, and that higher PK
concentrations caused unfavorable degradation of PrPS (25). The PK-digested proteins were
precipitated by adding 200 ul of 99.5% ethanol and ultracentrifugation at 135,000 g for 30 min at
4°C. The pellets were resuspended in 400 ul/200 mg tissue of Laemmli’s sample buffer (60 mM
Tris-HCI pH 6.8, 5% glycerol, 2% SDS, and 0.01% bromophenol blue) and boiled at 100°C for 5
min. To examine the expression level of PrP¢, Clga, and B-actin, 10% homogenates were prepared
from uninfected mouse brains using the lysis buffer. The homogenates were boiled with the addition

of 0.25xvolume of 5xLaemmli’s sample buffer.

Flotation assay

To isolate lipid rafts, a flotation assay was performed as described previously (26). Briefly, 10%
homogenates were prepared from uninfected mouse brains using citrate buffer (20 mM sodium
citrate and 137 mM NaCl (pH 6.0)). The homogenates were centrifuged at 1,000 g for 5 min at
4°C to remove cell debris and nuclei. The supernatants were mixed with 1xvolume of ice-cold
Brij O-10 extraction buffer (0.1% Brij O-10 (Sigma-Aldrich), 20 mM sodium citrate, and 137
mM NaCl (pH 6.0)) and incubated on a rocker at 4°C for 30 min, and then mixed with 1.4xvolume
of 60% Optiprep (Axis-Shield, Dundee, UK). In 12 ml polycarbonate centrifuge tubes (Beckman
Coulter, Brea, CA), 9 ml of 0-30% Optiprep continuous gradients were prepared by Gradient
Master (BioComp Instruments, Fredericton, NB, Canada) according to the manufacturer’s
instruction and underlaid with 2 ml of the Brij O-10 extracted samples. The gradients were
centrifuged in a pre-chilled Beckman SW41 rotor (Beckman Coulter) at 40,000 g for 130 min at
4°C. The samples were split to 18 fractions (600 ul each) from top (fraction 1) to bottom (fraction

18) and boiled with the addition of 150 ul of 5xLaemmli’s sample buffer.
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Western blotting

Protein samples were subjected to SDS-PAGE using 13.5% Tris-glycine long gels of 15 cm length
and western blotting as described (27). The anti-PrP monoclonal antibody SAF83 (Bertin
Bioreagents, Montigny le Bretonneux, France), anti-p-actin monoclonal antibody 2F3
(FUJIFILM Wako Pure Chemical Corporation), anti-flotillin 1 monoclonal antibody 18/Flotillin-
1 (BD Biosciences, San Jose, CA), anti-C1qa polyclonal antibody (Abcam, Cambridge, UK), anti-
CD55 monoclonal antibody #583905 (R&D systems, Minneapolis, MN), anti-voltage-gated
calcium channel auxiliary subunit a26-1 (CACNA2D1) monoclonal antibody 20A (Abcam), and
anti-Thy1.2 monoclonal antibody (Bio-Rad, Hercules, CA) were used as the primary antibodies.
The anti-mouse EnVision+ (Dako), anti-rabbit EnVision+ (Dako), and ECL anti-rat 1gG antibody
(GE Healthcare, Chicago, IL) were used as the secondary antibodies. The blots were visualized
with Luminata Forte Western HRP substrate (MilliporeSigma, Burlington, MA), and images were
obtained by imaging device ImageQuant LAS 4000 mini (GE Healthcare). The signal intensities

of the western blots were quantified with ImageQuant TL software (GE Healthcare).

Image analysis

Severity of spongiform change was classified into three scores: 1, negative/mild (approximately
0-20% of the tissue section showed spongiform change); 2, moderate (approximately 20-60%); 3,
severe (approximately 60-100%). Immunohistochemical staining intensities were classified into
three scores: 1, negative/weak (approximately 0-20% of the tissue section showed
immunoreactivity); 2, moderate (approximately 20-60%); and 3, high (approximately 60-100%).
Cerebral cortex, cerebellar cortex, striatum, thalamus, hippocampus, pons and cerebellar white
matter sections were used for the scoring of spongiform change, and cerebral cortex sections were

used for the scoring of immunohistochemistry. Scoring was performed independently by two
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pathologists in a blinded manner, and the scores were finalized after discussion. Data were
collected from all diseased mice and are represented as mean+SEM in the scoring of spongiform

change or as % of animals with each score in the scoring of immunohistochemistry.

Statistical analysis

The Kaplan-Meier log-rank test was used to analyze survival data in transmission study. Tukey-
Kramer test was used to analyze signal intensity data in western blot analysis. The statistical tests were
carried out using the statistical software EZR, version 1.36 (28). P < 0.05 was considered statistically

significant.

RESULTS

Transmission of prions to KO mice lacking ganglioside synthase gene

To investigate the role of gangliosides in the pathogenesis of prion diseases, we performed
intracerebral transmission study using KO mice lacking GD2/GM2 synthase (GD2/GM2 KO),
GD3 synthase (GD3 KO), or GM3 synthase (GM3 KO). These KO mice lack particular
ganglioside species depending on the ablated ganglioside synthase gene (Figure 1). For a mouse-
adapted scrapie strain Chandler, the mean incubation time of GD2/GM2 KO mice (126.6+0.3
days) was reduced by 20% compared with that of WT mice (157.5+1.2 days, P < 0.01) (Figure
2). The mean incubation time of GM3 KO mice was also slightly reduced (149.5+2.2 days, P <
0.01). For a mouse-adapted Gerstmann-Straussler-Scheinker syndrome strain Fukuoka-1, the
mean incubation time of GD2/GM2 KO mice and GM3 KO mice tended to be reduced compared

with that of WT mice, though the differences were not statistically significant.

Neuropathology

10
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Prion strains are characterized by neuropathological features and biochemical properties of PrPS
in the inoculated mice. Therefore, we next performed neuropathological analysis of the inoculated
mice to examine whether the strain characteristics were altered by the ablation of the ganglioside
synthase gene. In the Chandler-inoculated mice, spongiform changes were distributed through the
cerebral and cerebellar cortices, striatum, thalamus, hippocampus, pons, and cerebellar white
matter (Figure 3A). In the Fukuoka-1-inoculated mice, the vacuoles of spongiform changes
became larger and were distributed more intensively in the pons and cerebellar white matter
(Figure 3B, C). There was no difference in the distribution of spongiform changes among mouse
lines (Figure 3C). However, in immunohistochemical analysis of disease-associated PrP, PrPTsE,
GD2/GM2 KO mice inoculated with the Chandler strain showed decreased PrPTSE deposition
(Figures 3A, D). In addition, Ibal-positive microglia and GFAP-positive astroglia were also fewer
in the Chandler-inoculated GD2/GM2 KO mice. For the Fukuoka-1 strain, GD2/GM2 KO mice
showed decreased microglial reaction, but PrPTSE deposition or astroglial reaction was not altered

(Figures 3B, D).

Biochemical properties of Prps

Western blot analysis of PK-resistant PrP¢ in the brain revealed that the strain-specific
biochemical properties of PrP%, i.e., apparent molecular mass and patterns of N-linked
glycosylation, were not modified by the absence of ganglioside synthase genes (Figure 4A). The
apparent molecular mass of PrP*¢ in the Chandler-inoculated mice was smaller than that in the
Fukuoka-1-inoculated mice, regardless of the mouse genotype. Meanwhile, the Chandler-
inoculated GD2/GM2 KO mice showed slightly decreased PrP¢ accumulation compared with
WT, GD3 KO, or GM3 KO mice (Figure 4A, B). Of note, the apparent amount of PrPS in western

blot analysis did not reflect the degree of PrPTSE deposition in the immunohistochemical analysis.

11
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For example, a GD2/GM2 KO mouse (#145) that showed reduced PrPT™E deposition in the
immunohistochemical analysis, i.e., score 1, had similar apparent amount of PrP% to that of
another GD2/GM2 KO mouse (#203) that showed abundant PrPTSE deposition in the
immunohistochemistry, i.e., score 3 (Figure 4A). Thus, GD2/GM2 KO showed shortened
incubation time, reduced PrP™E deposition with attenuated glial reactions in neuropathological
analysis, and slightly decreased PK-resistant PrPS¢ accumulation in western blot analysis.

In addition, we compared the amount of PrPC in the brain of uninfected KO mice
because the expression level of PrP® can directly affect the incubation period. However, the
amount of PrP¢ was not modified by the absence of ganglioside synthase genes (Figure 4C),

suggesting that the expression level of PrP€ is unrelated to the changes in incubation period.

Evaluation of complement system

To gain insights into the shortened incubation period in GD2/GM2 KO mice, we then examined
the involvement of complement system because it has been reported that KO mice lacking both
GD2/GM2 synthase and GD3 synthase show dispersion of GPI-anchored complement-regulatory
proteins from lipid rafts and activation of the complement system (12, 13). To assess the activation
of the complement system, the amount of a complement factor C1qa in the brain was compared
between GD2/GM2 KO mice and WT mice by western blot analysis (Figure 5). However, there
was no difference in Clga level between GD2/GM2 KO mice and WT mice. C1lga accumulated
only in the prion-infected animals regardless of the mouse genotype or prion strain. In addition,
although dispersion of GPIl-anchored complement-regulatory protein CD55 from lipid rafts has
been demonstrated in KO mice lacking both GD2/GM2 synthase and GD3 synthase, the floating
patterns of CD55 were not different between GD2/GM2 KO mice and WT mice in the flotation

assay of lipid raft-associated proteins in the brain (Figure 6A), suggesting that CD55 did not
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disperse from lipid rafts in GD2/GM2 KO mice. Thus, the shortened incubation period in the
Chandler-inoculated GD2/GM2 KO mice was not due to altered activation of the complement

system.

Flotation assay of PrP¢ and lipid raft-associated proteins

We subsequently investigated whether PrP¢ and lipid raft-associated proteins other than CD55
disperse from lipid rafts in GD2/GM2 KO mice by flotation assay. As reported previously (13), a
lipid raft marker flotillin 1 dispersed from the lipid raft fractions (fractions 7-11) to the non-raft
fractions (fractions 15-18) in GD2/GM2 KO mice (Figure 6B). Furthermore, PrP¢ also dispersed
from the lipid raft fractions to the non-raft fractions in GD2/GM2 KO mice (Figure 6C). In
contrast, the floating patterns of a GPl-anchored PrP-associated calcium channel protein
CACNA2D1 (29,30) or those of a GPIl-anchored protein Thyl were not different between
GD2/GM2 KO mice and WT mice (Figure 6D, E). Thus, certain lipid raft-associated proteins

including PrP¢ dispersed from lipid rafts in the brain of GD2/GM2 KO mice.

DISCUSSION
Here we found that GD2/GM2 KO mice inoculated with the Chandler prion strain showed
shortened incubation time, reduced PrPTSE deposition with attenuated glial reactions in
neuropathological analysis, slightly decreased PK-resistant PrPS° accumulation in western blot
analysis, and reduced localization of PrP to lipid rafts.

The reduced localization of PrP to lipid rafts might affect the formation of PrPs¢ in GD2/GM2
KO mice. Although the localization of PrP*¢ to lipid rafts could not be examined, dispersion of
lipid raft-associated proteins including PrP¢ from lipid rafts was confirmed in GD2/GM2 KO

mice in the present study. Since the localization to lipid rafts is important for the conformational
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conversion of PrP¢ into PrP%¢ (3), the dispersion of PrP¢ and/or PrPS¢ from lipid rafts might result
in the decreased accumulation of PrPTSE and PK-resistant PrP*¢ in the Chandler-inoculated
GD2/GM2 KO mice. It is noteworthy that the amount of PK-resistant PrP% in the Chandler-
inoculated GD2/GM2 KO mice in the western blot analysis did not reflect the marked reduction
of PrPTSE deposition in the immunohistochemical analysis compared with the other mouse lines.
In addition, even in the Chandler-inoculated GD2/GM2 KO mouse group, the apparent amount
of PK-resistant PrP*¢ did not reflect the PrPTSE deposition score in the immunohistochecmical
analysis. This finding raises a possibility that the amount of PK-sensitive PrP* (31-33) might
largely decrease in the Chandler-inoculated GD2/GM2 KO mice. Meanwhile, the incubation time
was shortened in the Chandler-inoculated GD2/GM2 KO mice in spite of the decreased PrPs
accumulation. To account for this discrepancy, further studies will be needed in the future
addressing the questions whether the dispersion of PrPS¢ and/or PrP® from lipid rafts reduces the
formation of PK-sensitive PrP%¢ or affects the neurotoxicity of PrPs°.

There remains a possibility that the alteration in ganglioside composition might directly affect
the conformation of PrP. The ablation of ganglioside synthase causes massive alteration of
ganglioside composition (17). For example, an ablation of GD2/GM2 synthase causes depletion
of GD2, GM2 and downstream gangliosides such as GM1, and results in accumulation of GD3
and GM3 (16, 34). PrP€ is co-localized and co-immunoprecipitated with GM1 and GM3 (35, 36).
GM1 binds to the C-terminus of PrP and modifies the conformational properties of PrP (37, 38).
Similarly, GM1 binds to amyloid B (AB) and modifies the conformation of A, resulting in the
formation of endogenous seeds for amyloid fibril formation (39). Therefore, the direct effects of
gangliosides on PrP conformation are not negligible. To test this hypothesis, analysis of
conformational properties of PrP¢ and PrP*¢ from GD2/GM2 KO mice will be needed in the future.

We cannot exclude a possibility that the alteration in ganglioside composition might affect the
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activation of glial cells. Although the role of glial cells in the pathogenesis of prion diseases is
controversial, both microglia and astroglia are activated in prion diseases (40-43). The decreased
number of microglia and astroglia in the Chandler-inoculated GD2/GM2 KO mice might simply
reflect the decreased PrPTSE deposition. However, although the amount of PrP™E deposition was
not altered, the Fukuoka-1-inoculated GD2/GM2 KO mice also showed attenuated microglial
reaction. Therefore, the altered ganglioside composition may affect glial reactions regardless of
the PrPTSE accumulation. Indeed, ethanol-induced astroglial activation is attenuated in GD2/GM2
KO mice (44). Further studies will be required to examine whether the shortened incubation time
in GD2/GM2 KO mice relates to the attenuated microglial reaction including neuroprotective
microglia (45, 46).

In conclusion, we have shown that the ablation of GD2/GM2 synthase gene causes a significant
reduction in incubation time of prion infection. The present study suggests that the gangliosides
may have an important role in prion disease pathogenesis by affecting the localization of PrP to

lipid rafts.
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FIGURE LEGENDS

Figure 1. Biosynthetic pathway of gangliosides and elimination of particular gangliosides in
KO mouse lines. GD2/GM2, GM3, and GD3 KO mice lack gangliosides circled by red, blue,

and magenta line, respectively.

Figure 2. Kaplan-Meier survival curves. Intracerebral transmission of Chandler strain (A) or
Fukuoka-1 strain (B) to each KO mouse line or WT littermate controls. Data are represented as %

of surviving animals (y-axis) plotted against the number of days post inoculation (x-axis).

Figure 3. Neuropathological features. (A) Histopathological analysis of spongiform changes in
H&E stained sections and immunohistochemical analysis for PrP™E deposition, Ibal-positive
microglia, and GFAP-positive astroglia in the cerebral cortices of the Chandler strain-inoculated
mice. GD2/GM2 KO mice showed less PrPTSE deposition in the neuropil and attenuated microglial
and astroglial reactions. Scale bars: 50 um. Data are representative of tissue sections from six
mice per group. (B) Histopathological analysis of the Fukuoka-1 strain-inoculated mice. (C)
Regional distribution of spongiform change in the brain. Spongiform change was scored on a
scale of 1-3: 1, negative/mild (approximately 0-20% of the tissue section showed spongiform
change); 2, moderate (approximately 20-60%); 3, severe (approximately 60-100%). Data are
represented as mean=SEM (n = 6). (D) Scoring of the immunohistochemical signal intensities.
The signal intensities were classified into three scores: 1, negative/weak (approximately 0-20%
of the tissue section showed immunoreactivity); 2, moderate (approximately 20-60%); and 3, high
(approximately 60-100%). Data are represented as % of animals with each score. The scoring was
performed by two pathologists independently, based on the signal intensities in the cerebral

cortices.
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Figure 4. Western blot analysis of PrP. (A) PK-resistant PrP% in the brain of Chandler- or
Fukuoka-1-inoculated mice. There was no difference in the biochemical properties of PK-
resistant PrPS® among mouse lines. The Chandler-inoculated mice consistently produced lower
apparent molecular mass of unglycosylated PrP* fragments compared with those of the Fukuoka-
1-inoculated mice regardless of their genotype. The Chandler-inoculated GD2/GM2 KO mice
showed slightly decreased apparent amount of PrPS compared with WT, GD3 KO, or GM3 KO
mice, irrespective of the degree of PrP™SE deposition in the immunohistochemical analysis. For
example, a GD2/GM2 KO mouse (#145) that showed reduced PrPT™E deposition in the
immunohistochemical analysis, i.e., score 1, had similar apparent amount of PK-resistant PrPS
compared with that of another GD2/GM2 KO mouse (#203) that showed abundant PrPTsE
deposition in the immunohistochemistry, i.e., score 3. Abrain sample, equivalent to 125 pg in wet
weight, was loaded in each lane. (B) Quantification of the amount of PK-resistant PrP in the
brain of the Chandler-inoculated mice. GD2/GM2 KO mice showed reduced PrPS¢ accumulation
compared with GD3 KO mice or GM3 KO mice. The mean signal intensity of PrP*¢ in GD2/GM2
KO mice was assigned as 100. Data are represented as mean==SEM (n = 4 or 5). Statistical
significance calculated by Tukey-Kramer test: *P < 0.05. (C) Expression levels of PrPC in the
brain of uninfected mice. A brain sample, equivalent to 50 pg in wet weight, was loaded in each

lane.

Figure 5. Activation of complement systems. Western blot analysis of Clga in the brain of
uninfected mice and Chandler- or Fukuoka-1-inoculated mice. C1ga accumulated only in the
prion-infected animals regardless of the mouse genotype or prion strain. A brain sample,

equivalent to 1 mg in wet weight, was loaded in each lane.
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Figure 6. Flotation assay of lipid raft-associated proteins. Floating patterns of a GPI-anchored
complement-regulatory molecule CD55 (A), a lipid raft marker flotillin 1 (B), PrP (C), a GPI-
anchored PrP-associated calcium channel protein CACNA2D1 (D), and a GPI-anchored protein
Thyl (E) in fractions separated by Optiprep density gradient centrifugation were examined using
brain homogenates of uninfected mice. Flotillin 1 and PrP dispersed from the lipid raft fractions
(fractions 7-11) to the non-raft fractions (fractions 15-18) in GD2/GM2 KO mice. Data are

representative of assays repeated independently three times.
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