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The Sprn gene encodes Shadoo (Sho), a glycoprotein with bio-
chemical properties similar to the unstructured region of cellular
prion protein (PrPC). Sho has been considered a candidate for the
hypothetical π protein that supplies a PrPC-like function to main-
tain the viability of Prnp0/0 mice lacking the PrPC protein. To under-
stand these relationships more clearly we probed the cell biology
of Sho and created knockout mice. Besides full-length and a “C1”
C-terminal fragment, we describe a 6-kDa N-terminal Sho neuro-
peptide, “N1,” which is present in membrane-enriched subcellular
fractions of wild-type mice. Sprn null alleles were produced that
delete all protein coding sequences yet spare the Mtg1 gene tran-
scription unit that overlaps the Sprn 3′ UTR; the resulting mice bred
to homozygosity were viable and fertile, although Sprn0/0 mice
maintained in two genetic backgrounds weighed less than wild-
type mice. Lack of Sho protein did not affect prion incubation time.
Contrasting with lethality reported for knockdown of expression
in Prnp0/0 embryos using lentiviruses targeted against the Sprn 3′
UTR, we established that double-knockout mice deficient in both
Sho and PrPC are fertile and viable up to 690 d of age. Our data re-
duce the impetus for equating Sho with the notional π protein and
are not readily reconciled with hypotheses wherein expression of
PrPC and Sho are both required for completion of embryogenesis.
Alternatively, and in accord with some reports for PrPC, we infer
that Sho’s activity will prove germane to the maintenance of
neuronal viability in postnatal life.
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Prion infections result in a conformational remodeling of the
cellular prion proteins (PrPC) that yields a β-sheet–enriched

and infectivity-associated form denoted PrPSc (1). In independent
support of biochemical analyses, missense mutations in the PrP
gene (Prnp) on chromosome 2 in mice impact disease progress
and pathology (2–4). Prnp0/0 mice have a normal development
and are completely resistant to prion infections (5) and, although
useful in the study of disease pathogenesis, have heightened cu-
riosity as to PrPC

’s function. Reported phenotypes in Prnp0/0mice
are disparate and sometimes subtle: these include altered circa-
dian rhythms (6, 7), sensitivity to oxidative stress (8), excitability
of hippocampal neurons (9, 10), sensitivity to seizure (11, 12),
age-related behavioral deficits (13–15), deficits in olfaction (16),
and altered maintenance of the peripheral nervous system (17).
The nonlethal effect of PrPC-deficiency has provoked interest in
the concept of functional degeneracy, with a hypothetical PrP
functional homolog being deduced from genetic data and termed
“π” (18, 19). More recently, the Sprn gene (20) on chromosome 7
has been shown to encode the Shadoo (Sho) glycoprotein with
homology to the PrPC hydrophobic domain. Sho, like PrP, is at-
tached to the cell surface by a GPI anchor (21). In prion infec-
tions, levels of Sho protein are markedly reduced (21–24). In
terms of physiological action, Sho, like PrPC, can exhibit neuro-
protective properties (21) and shares a number of binding part-
ners in common with PrPC (25). Importantly, in Prnp0/0 embryos,

Sprn knockdown using lentiviral vectors is reported to result in
embryonic lethality (26). Spurred by these findings, we generated
Shadoo-deficient mice. We report here that Sprn0/0 animals with
no detectable Sho protein display no overt malformation at birth
or in adult life. Surprisingly, mice deficient in both Sho and PrPC

were also found to be viable as adults. Our data define constraints
applying to the π hypothesis and the ways in which PrPC and Sho
might interact in the CNS.

Results and Discussion
Generation of Sprn0/0 Mice. Generation of an Sprn null allele in-
volved a deletion of noncoding exon 1 and the 5′ part of exon 2
containing all 444 bp of the Sprn protein coding sequence (the
latter being replaced by a neomycin cassette), a strategy thus
sparing the transcription unit of the overlapping Mtg1 gene (Fig.
1A, and Figs. S1 and S2). The targeting vector was transfected
into 129Sv/Pas ES cells and two clones with correct targeting into
chromosome 7 were microinjected into C57BL/6J blastocysts,
resulting in chimeric mice that subsequently gave germ-line
transmission to yield Sprn0/wt heterozygotes. Intercrosses of the
heterozygotes in turn produced Sprn0/0 mice that were born at the
expected Mendelian distribution (Table S1); these homozygous
null Sprn0/0 mice showed no gross morphological alterations.
Both male and female Sprn0/0 mice were fertile (Table S1).
Prior analyses of Sprn gene expression have mainly focused

upon mRNA transcripts, augmented by descriptions of full-
length and C1 Sho protein fragments present in CNS samples
(21). To extend these analyses, we surveyed for the presence and
biochemical signature of Sho protein in peripheral tissues using
Sprn0/0 as negative controls; these studies used a diethylamine
(DEA)-based fractionation used previously for amyloid pre-
cursor protein (APP) and secreted APP (sAPP) (27, 28) to yield
membrane-associated (pellet) and membrane-dissociated (su-
pernatant) fractions. The analyses failed to define expression of
the Sho glycoprotein in organs other than the brain (Fig. S3), and
thus fall in broad agreement with analyses of Sprn expression from
reporter Tg mice (http://www.gensat.org). Accordingly, our sub-
sequent experiments placed an emphasis upon neural structures.
Western blot analysis of brain homogenates prepared from
Sprn0/0, Sprn0/wt, and Sprnwt/wtmice established that no Sho protein
was produced from the knockout allele, and that PrPC levels were
not affected by the lack of expression of Sho protein (Fig. 1B).
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Neuroanatomy of Sho Expression.Our next experiments focused on
the neuroanatomy of Sho protein expression. Prior analyses used
peptide competition of a polyclonal antibody as a control for
specificity of immunostaining to wild-type tissue sections (21).
Using a different N-terminal antibody preparation and using
Sprn0/0 mice as internal controls, we confirmed and extended
aspects of the prior results. In the hippocampus of wild-type mice,
Sho immunostaining was most readily apparent in the molecular
layer of the dentate gyrus extending to the hippocampal fissure.
PrPC, on the other hand, was prominent in the molecular layer
adjacent to CA1 neurons (Fig. 1C). These data elaborate on the
concept that these two proteins do not always have coincident
expression (21), and are of potential relevance to the issue of
redundancy between Sprn and Prnp (see below). An additional
finding during the course of these studies was a prominent

staining of the cell body in some neurons of the lateral hypo-
thalamus (Fig. 1C, subpanels F and G).

Prion Infection of Sprn0/0 Mice. Prior studies have shown that
overexpression of wild-type mouse Sho does not alter the out-
come of infections with mouse-adapted prion isolates (21–23, 29).
On the other hand, a SPRN frame-shift mutation—a putative null
allele—was identified in two of 107 vCJD patients but not in 861
controls (30), suggesting a role for Sho in disease susceptibility in
humans. The viability of Sprn0/0 adult mice allowed us to test a
possible role for endogenous Sho protein subsequent to challenge
by mouse-adapted prions. Sprn0/0, Sprn0/wt, and Sprnwt/wt mice
were inoculated with Rocky Mountain Laboratory (RML) prions
by intracerebral (i.c.), intraperitoneal (i.p.), and oral routes (Fig.
2). Groups of i.c. inoculated mice had incubation times (± SEM)
of 151± 6 d (wild-type, n=6), 154± 5 d (Sprn0/wt, n=10), and 150
± 5 d (Sprn0/0, n= 10), and protease-resistant PrP species in brain
homogenates were not notably different between the three gen-
otypes (Fig. S4). Following i.p. inoculation, Sprn wild-type, (n =
12), Sprn0/wt, (n = 11), and Sprn0/0 (n = 8) mice had incubation
times (± SEM) of 177 ± 2, 176 ± 5.5, and 179 ± 7 d, respectively.
For the oral route, diagnosis by clinical signs was also similar for
the three genotypes: Sprn0/0 (203 ± 3 d, n = 4), Sprn0/wt, (208 ± 7
d, n= 9), and wild-type (212 ± 11 d, n= 6) mice. This experiment
was discontinued at 300 d before clinical signs developed in all of
the gavaged mice of the cohort. Thus, in contrast to the causal
relationships to disease pathogenesis that may exist for missense
and frame-shift SPRN alleles in conjunction with human-tropic
prions (30), absence of mouse Sho does not significantly impact
the temporal and clinical manifestation of prion infections, at
least for the RML prion isolate. This finding is in accord with
studies using Tg.Sprn mice that overexpress Sho (22–24), and

Fig. 1. Targeting construction and strategy. Generation of Sprn0/0 mice.
(A) Diagrammatic representation of genomic structure of Sprn locus and
targeting vector. The targeting vector was constructed by replacing ∼5.6 kb
of genomic DNA downstream of the start codon, including exon 1 and
the majority of exon 2, with a neomycin resistance gene flanked by loxP
sequences. 06SH1 and 06Sh3a are the polyclonal antibodies, which have
been raised against Sho. N3 corresponds to the full-length protein (mSho),
N1 and C1 are processed fragments, N and C terminal, respectively. (B) Sho
protein expression was assessed by immunoblotting of brain homogenates
prepared from Sprn0/0 Sprn0/wt, Sprnwt/wt and TgSprn+/− mice. Arrows point
to the 6-, 12-, and 14-kDa N1 fragment of Sho. Controls for protein loading
are represented by analyses with anti-PrP and anti–β-actin antibodies.
(C) Photomicrograph of sagittal section of hippocampus (Hc, A–D, I–P), hy-
pothalamus (Ht, E–H), of wild-type C57/129, wild-type FVB, Sprn0/0 and
TgSprn+/− mice. Subpanels A to H demonstrate expression of Sho in normal
brain (06SH1 antibody) and PrPC expression in the hippocampus is depicted
in subpanels J to L (Sha31 antibody). Double-labeling in subpanels M to
P reveals the expression of both Sho (brown) and PrP (red). (Scale bars,
500 μm for Hc, 25 μm for Ht.)
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Sprnwt/wt
Sprnwt/0
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Fig. 2. Prion infection of Sprn0/0 mice. Survival analysis following inocula-
tion of wild-type, Sprn0/wt, Sprn0/0 mice with the RML isolate of mouse-adapted
prions. (A) intracerebral route (ic), (B) intraperitoneal route (ip), (C) oral
route (gavage).
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underscores the conclusion that murine Sho does not play an
active role in prion replication. Rather, we hypothesize that the
notable “property” of endogenous mouse Sho in a prion infection
is to reveal—by its own disappearance—the onset of a degrada-
tive activity directed against protease-resistant PrPSc.

Subcellular Fractionation of Sho Protein and a Membrane-Associated
N-Terminal Fragment. A next series of experiments focused on
molecular and neurobiological aspects of Sho protein expres-
sion. Brain tissue from wild-type and Sprn0/0 mice were ho-
mogenized and fractionated by sequential centrifugation. We
obtained similar results from frozen and freshly harvested tis-
sue (not presented), with data from frozen tissue presented in
Fig. 3A, and from mouse N2a neuroblastoma cells expressing
wild-type Sho in Fig. 3B. Several features emerged from these
analyses. First, full-length Sho (mSho) protein was dispersed
across several fractions and was present within two fractions,
F3 and F4, containing histones (i.e., indicative of the presence
of nuclei). A second feature of the analyses was the presence of
Sho protein fragments (i.e., absent in Sprn0/0 samples) of 14,
12, and 6 kDa. The fragments of 14 and 12 kDa may corre-
spond to protein species that have not been modified at the
single N-linked glycosylation site, with the latter possibly rep-
resenting a C-terminal truncation. The 6-kDa species (see also
Fig. 1B) has not been reported previously and was investigated
further. Sho is cleaved to a membrane-anchored C-terminal
fragment denoted “C1” (following from the nomenclature for
endoproteolytic fragments of PrPC) (31), suggesting that the 6-
kDa fragment detected by 06rSH1 antibody might comprise the
reciprocal “N1” proteolytic product. In prior analyses and
experiments presented in Fig. 3C, DEA extraction was used to
separate membrane-tethered and extrinsic/secreted forms of
APP (27, 28) and Sho (22), but low Mr Sho species were not
scrutinized. Here, examination of DEA extracts from whole
brain and from dissected olfactory bulb, pituitary, and cere-
bellum homogenates revealed a 6-kDa fragment of Sho in the
pellet fraction of TgSprn mice (and in wild-type mice, but not
in Sprn0/0 mice, after longer autoradiographic expo-
sures). The presence of an N1 fragment in a membrane-as-
sociated pellet fraction was unexpected because the size pre-
cludes the presence of a GPI anchor. We speculate that the N1
fragment might be present inside vesicles or, if the hydrophobic
region is present within the N1 fragment, that this region can
form a transmembrane helix.

Body Mass in Sprn0/0 Mice. Growth curves for body weight in
Sprn0/0 mice differed from controls (Tables 1 and 2). Young mice
show a biphasic growth curve with an inflection point at the time
of weaning. Across all data there was a significant interaction
between genotype and body weight (P < 0.05). For females sig-
nificance was in the first phase of growth, with the situation re-
versed for males. With initial data obtained from an outbred
129Pas/C57BL6 background, we extended the study to cohorts
where the Sprn null allele had mobilized by seven backcrosses and
four generations of inbreeding (N7, F4) to an FVB/NCr genetic
background. Here, an effect upon body weight was apparent
in young adult homozygous null animals, wherein a decrement
of about 9% was noted versus control wild-type littermate ani-
mals, reaching significance in males (P < 0.05). These data argue
for a relationship between levels of Sho expression (arising here
from different Sprn gene dosage) and body mass. Interestingly,
another biological context where expression of Sho protein is
reduced in the instance of prion infections (21–24). Although
Sho down-regulation could be dissociated temporally from
neurological signs used to diagnose end-stage disease (22, 23),
we note that prion disease can also be associated with changes
outside of the CNS: specifically, a number of prion strains pro-
duce a loss in body mass, and less commonly, some strains

produce an increase (32, 33). Further studies will be needed to
ascertain whether Sho levels are altered in hypothalamic neurons
of mice infected with different prion strains and, if alterations
are evident, whether or not there is a consistent relationship with
perturbed body mass.

Fig. 3. Behavior of Sho protein in subcellular fractionations. Immunoblots
showing subcellular distribution of Sho in (A) brain of Sprn0/0 and wild-
type mice, and (B) in N2a neurobastoma cells that are either wild-type
(N2), or overexpressing a mouse Sho transgene (T). An arrow points to
the 6-, 12-, and 14-kDa N1 Sho fragment and mature glycosylated Sho is
denoted “mSho.” The subcellular fractions correspond to cytoplasm (F1),
membrane (F2), nucleus (F3), and cytoskeleton (F4). Equivalent Western
blots indicating the relative distribution of various subcellular localization
markers: cytochrome C (mitochondrial, membrane), Gapdh (cytosolic), and
Histone H3 (nuclear). (C ) Immunoblot representing DEA fractionation of
tissue homogenates from wt and TgSprn+/− mice. S and P represent su-
pernatant and pellet, respectively. Tissues correspond to brain, olfactory
bulb, pituitary, and cerebellum. An arrow points to processed Sho N-ter
fragment of 6-, 12-, and 14-kDa. Membranes were reprobed for expression
of PrP and β-actin.

Daude et al. PNAS | June 5, 2012 | vol. 109 | no. 23 | 9037

G
EN

ET
IC
S



Generation of Sprn0/0 Plus Prnp0/0 Double-Knockout Mice. Because an
earlier report described a lethal phenotype resulting from knock-
down of ShomRNA expression in Prnp0/0 embryos (26), we crossed
Sprn0/0 mice with FVB.129-Prnptm1Zrch (Prnp0/0) mice to verify the
hypothesis that Sprn0/0 Prnp0/0 mice are embryonic lethal. Sur-
prisingly, double-knockout mice were viable, fertile, and produced
in crosses at the expected Mendelian ratios (Table S1). Sequential
crosses performed over multiple generations excluded the possi-
bility that viability was a transient phenomenon, for example one
perpetuated by carry-over of maternal mRNAs encoded by Sprn0/wt

heterozygotes. Protein analyses of Sprn0/0 plus Prnp0/0 mice are
shown in Fig. 4A. Although Prnp and Sprn may encode proteins
with overlapping activities (as discussed below), their activities are
not interrelated to the extent that their expression levels are counter-
balanced. The concept that lack of PrPC produces an increase in Sho
expression has been excluded previously by protein analyses of the
CNS in Prnp0/0 mice (21, 22, 29), and here we can exclude that an
alteration in Sprn gene dosage (and hence Sho protein level) affects
CNS levels of PrPC (Fig. 4). Gross brain morphology was similar to
wild-type in Sprn0/0, Prnp0/0, and Sprn0/0 Prnp0/0 mice (Fig. S5).
Groups of Sprn0/0 Prnp0/0 (n = 10), Sprn0/0 Prnp0/wt (n = 11), and
Sprn0/wt Prnp0/0 (n=10)mice were aged and observed for behavioral
abnormalities. All mice appeared normal until 295 d. Subsequent
to this age, Prnp0/wt mice homozygous for the Sprn null allele did
not show neurological signs, whereas Prnp0/0 mice exhibited
neurological signs that included tremors, paw clasping when lifted
by the tail, dysmetria, or mild ataxia, regardless of whether they
were homozygous or heterozygous for the Sprn null allele. In
agreement with prior descriptions (17, 34), necropsy revealed
dysmyelination and a granulomatous infiltrate in the lateral horns
of the spinal cord in two affected Prnp0/0 mice at 672 d (Sprn0/0)
and 694 d (Sprn0/wt), but none in a Prnp0/wt Sprn0/0 mouse at
694 d. We have not observed these signs in our inbred FVB.Prnp0/0

colonies, although we rarely maintain mice this long. Cross-sec-
tions of sciatic nerve revealed morphology akin to wild-type con-
trols in Sprn0/0 mice, versus similar degrees of dysmyelination and
irregular fiber diameters in aged Prnp0/0 mice and Sprn0/0 Prnp0/
0 mice (Fig. 4B), indicating that absence of Sho does not accen-
tuate a phenotype associated with lack of PrPC in adult mice.

Activities Needed to Maintain Cell Viability in the Adult CNS and in
Mouse Embryos. To account for toxic properties of internally-
deleted PrPC causing cerebellar degeneration and the lack of an
overt phenotype in Prnp0/0 mice, a model has been proposed
wherein PrPC docks to a hypothetical membrane protein LPrP to
initiate intracellular signals that maintain cell viability, with
a second hypothetical molecule π supplying a PrP-like function
when PrPC is removed by genetic deletion (18). In terms of
known PrP-like molecules, Doppel is barely expressed in the
CNS in wild-type mice (35, 36) and can be excluded from con-
sideration. However, because Sho is expressed in the CNS (21
and present study) and has a number of PrPC-like biochemical
properties (21, 25, 37), it is considered as a candidate for π. In-
deed, the report of embryonic lethality from knockdown of Sho
in Prnp0/0 embryos (26) added impetus to this notion. On the
other hand, our data demonstrate that mice fully deficient in
both Sho and PrPC are viable. To appraise these issues we will
consider technical aspects of gene ablation before turning to the
current state of the LPrP/π hypothesis.
In a seeming paradox, the genetically “leaky” procedure of

combining a Prnp0/0 genotype with a transient lentiviral knock-
down of Sprn, verified by analysis of RNA levels, is reported (26)
as generating a stronger phenotype (i.e., embryonic lethality)
than a procedure of breeding to homozygosity for constitutive
null alleles of both Sprn and Prnp (here, with all of the Sprn
coding region deleted) and with lack of Sprn expression verified
by analysis of Sho protein (Fig. 4). How might this puzzling di-
vergence in outcomes arise? Both studies use the Zrch1 null Ta
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allele of Prnp, thus excluding a phenomenon wherein some Prnp
null alleles affect RNA splicing to the adjacent Prnd locus thus
encoding the neurotoxic Doppel protein (36). Genetic back-
ground is similar, but not identical, being FVB/N for the knock-
down studies versus FVB/NCr × 129Pas used in the studies here.
“Off-axis” effects from an individual Sprn-targeting lentiviral
vector (38, 39) could be considered but the use of two indepen-
dent shRNA lentiviruses to obtain a similar phenotypic outcome
(26) tempers this interpretation. In the theoretical realm, it is
possible that transient knockdown of Sprn expression could pro-
duce a stronger phenotype than a constitutive null allele if the
absence of Sho early in embryogenesis (as would be the case for
a constitutive null allele) were to induce expression of protein
with a similar functionality, such that a later developmental
checkpoint between e8 and e11 could be overcome, even though
Sho is knocked down. A last possibility considers genetic strate-
gies: targeting the Sprn 3′ UTR by knockdown, versus deletion of
protein coding sequence. Since the Sprn gene overlaps the tran-
scriptionally opposed Mtg1 gene, interventions targeting the Sprn
3′UTR could well perturb the abundance of Mtg1 transcripts.
Consequent alterations in expression of the Mtg1 protein might
then prove deleterious to embryo development in concert with
removal of a protective action attributed to PrPC.
Because caveats pertaining to Mtg1 do not apply to our gene

targeting strategy, we can return to a consideration of the π hy-
pothesis. As we now demonstrate that Prnp0/0 Sprn0/0 double-
knockout mice have normal brain neuroanatomy (Fig. S5), and
that Sho and PrPC expression are not always coincident (Fig. 1C),
then within the framework of the hypothesis it follows that Sho is
not π. Perhaps other proteins should now be auditioned for this
role (e.g., ref. 40). However, it is also to be considered whether the
original formulation of the π hypothesis is compatible with our
current knowledge of PrPC chemistry. For example, the π hy-
pothesis envisages two discrete, covalently linked binding sites on
PrPC (one N terminal, one C terminal) simultaneously docking
onto the LPrP protein, yet we now know that much of PrPC at

steady-state is endoproteolysed to separate the N- and C-terminal
domains (31, 41–43). Furthermore, other hypotheses that also
seek to explain the properties of internal PrP deletions neither
invoke a PrP paralog nor consider action in embryonic de-
velopment (44). Rather, although there is data that the zebrafish
PrP-1 gene may modulate cell adhesion and serve a neuro-
developmental role (45), there is a broad consensus that PrPC in
mammals may serve to protect or maintain neurons in adult life
(46). The same concept may apply to Sho as well, and experiments
to appraise this possibility are underway.

Materials and Methods
Animal Husbandry and Prion Inoculations. The animals were housed in groups
up to five under a 12-h light/dark cycle with food and water ad libitum. All
animal protocols were in accordance with the Canadian Council on Animal
Care or the Guide for the Care and Use of Laboratory Animals (National
Institutes of Health, US Public Health Service) and were approved by the
Institutional Animal Care and Use Committees at the University of Alberta
and McLaughlin Research Institute (MRI). MRI is fully accredited by the
International American Association for the Accreditation of Laboratory
Animal Care International. Prion inoculations [30 μL of 1% (wt/vol) brain
homogenate for intracerebral, 300 μL for intraperitoneal and oral infec-
tions] and clinical diagnoses were done as described previously (47).
Results are reported as mean ± SEM. P < 0.05 was considered as signifi-
cant. One-way ANOVA followed by post hoc t tests with corrections for
multiple comparisons was used for body weight measurements.

Generation of Targeted Vector. Our gene-targeting strategy was designed by
GenOway and is described in SI Materials and Methods. All vectors used are
shown in Fig. S1.

Western Blot Analyses. Whole brains of adult mice were homogenized in 0.32
M sucrose with protease inhibitors (Complete tablet; Roche Diagnostics).
Whole extracts (50 μg of total protein) were subject to 14% SDS/PAGE and
transferred to a PVDF membrane (Millipore). Immunodetection using the
enhanced chemiluminescence (ECL) method (Pierce) was performed accord-
ing to the manufacturer’s instruction. The membrane was probed first with
anti-Sho antibody (06r-SH1 or 06rSH3a) (21) and then anti-PrP (SHA31, Spi-

Fig. 4. Properties of double-knockout Sprn0/0, Prnp0/0mice. (A)Western blot assays of endogenous Sho (06SH1) and PrPC (Sha31) of adult mouse brain homogenates
derived from different combinations of Sprn and Prnp genotypes. A β-actin blot demonstrates normalized protein loading. (B) Toluidine blue staining of
semithin sections of sciatic nerve tissue from aged wild-type, Sprn0/0, Prnp0/0, and double-knockout Sprn0/0 plus Prnp0/0 mice. (Scale bar, 50 μm.)

Table 2. Analysis of body weight in Sho-deficient mice: FVB/NCr genetic background

Sex Type

Age (d)

15 22 29 36 43 50

Female wt FVB 7 ± 0.31 12 ± 0.84 17.22 ± 0.36 20.22 ± 0.40 20.77 ± 0.46 22 ± 0.24
Sprn0/0 9.25 ± 0.47 11.6 ± 0.47 17.3 ± 0.33 19.5 ± 0.37 20.85 ± 0.46 22.28 ± 0.68

Male wt FVB 7.8 ± 0.33 14.38 ± 0.36 20.84 ± 0.46 24.07 ± 0.43 25.84 ± 0.54 27.23 ± 0.58
Sprn0/0 7.66 ± 0.20 11.64 ± 0.69** 19.28 ± 0.42* 22.07 ± 0.29** 23.75 ± 0.27** 25 ± 0.28**

*P value <0.05; **P value <0.01.
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bio), anti–β-actin (Sigma). Secondary antibodies used were horseradish per-
oxidase-conjugated anti-rabbit and anti-mouse (Bio-Rad).

Subcellular Fractionation. Brains from Sprn0/0 mice, wild-type control C57/129
mice, as well as N2a cells stably expressing mouse Sho and wild-type N2a cells
were homogenized and fractionated using the ProteoExtract Subcellular
Proteome Extraction Kit (Calbiochem) into cytoskeletal, cytosol, membrane,
and nuclear proteins. Subcellular fractions were equalized and immuno-
blotted subsequently with anti-Sho (06-SH1), anti-Cytochrome C (BD Phar-
migen), anti-Gapdh (Sigma), anti-Histone H3 (Santa Cruz Biotechnology)
antibodies.

Histology. Each specimen was fixed by immersion either in neutrally
buffered 10% formalin or in Carnoy’s fixative. Samples were subsequently
dehydrated and routinely processed in paraffin. For morphological stud-
ies, conventional histological staining methods of H&E were used. Sections
were treated with antibodies against Sho (06SH-1), PrP (SHA31), followed
by detection using EnVision+ System-HRP (DAB) and ARK kits (Dako). For

double labeling, Sho (06SH1) immunoreactivity was labeled with DAB, and
PrP (SAF83) with alkaline phosphatase mediated activation of Vector Red
stain (Vectorlabs).

DEA Extraction. DEA extraction of Sho from mouse brains was performed by
a method previously described (27, 28). Briefly, brains were homogenized
10% wt/vol in 0.2% DEA in 50 mM NaCl. Homogenate was ultracentrifuged
at 100,000 × g for 1 h at 4 °C. The resulting supernatant was neutralized with
the addition of 0.5 M Tris-HCl pH 6.8 at a volume one-tenth that of the total.
Pellets were resuspended in buffer of 50 mM Tris (pH 7.5), 0.5% sodium
deoxycholate, and 0.5% Triton X-100 with proteases inhibitors.
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