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Characterization of PrP binding proteins

BRUNO OESCH

Brain Research Institute, Unwversity of Ziirich, August-Forelstrasse 1, 8029 Ziirich, Switzerland

SUMMARY

Prions cause spongiform degeneration in various mammalian species. The scrapie prion protein (PrP%)
is part of the infectious particle and may mediate infection and spreading of the disease in the brain. It
was therefore of interest to purify and analyse PrP ligands (Plis). Plis were identified on ligand blots
using either intact PrP or peptides corresponding to the central portion of PrP. Here, characterization of
a 110 and a 125 kDa PIi is reported. Both Plis were found in total membrane fractions and could be
extracted with carbonate indicating that they are not integral membrane proteins. On sucrose gradients

both PrP ligands sedimented with high density particles.

1. INTRODUCTION

The infectious particle causing scrapie in sheep,
bovine spongiform encephalopathy in cattle or
Creutzfeldt-Jakob disease in humans contains the
disease-specific form of the prion protein (PrP¢). The
function of the normal, cellular form of PrP (PrP®) is
unknown while the prion-specific isoform PrP% is
correlated with pathological changes in the infected
animal. A number of observations suggest that other
cellular proteins may interact with PrP during the
infection and replication.

1. Different strains of hamster adapted prions repli-
cate in different regions of the brain (Hecker ef al.
1992). When prions were injected intraocularly the
pathological lesions were first found in the contra-
lateral geniculate nucleus and the superior colliculus
followed by the visual cortex. These findings suggest
anterograde transport of prions along neuroanatomi-
cal pathways (Scott & Fraser 1989; Kimberlin &
Walker 1986).

2. PrP5 was found to stimulate astrocyte prolifera-
tion suggesting a role as a cell type-specific growth
factor (DeArmond et al. 1992). Gliosis is very pro-
nounced in prion infected animals and appears to be
correlated to the concentration of PrP% ( Jendroska et
al. 1991).

3. An amyloid-forming peptide induced apoptosis
in cultures of hippocampal neurons (Forloni et al.
1993). These effects as well as the cell surface
localization of PrP® suggested that there might be
receptors or binding proteins for PrP involved.

Using the ligand blot technique two major PrP
ligands of 110 and 45 kDa (denominated Pli 110 and
Pli 45, respectively) have been identified (Oesch et al.
1990). Purification of Pli 45 subsequently showed that
it was identical to glial fibrillary acidic protein
(GFAP). Pli 110 was found in different tissues and was
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equally abundant in normal and infected animals
(Oesch et al. 1990). In this article Pli 110 is further
characterized as a periferal membrane protein.

2. RESULTS

(a) PrP ligands can be extracted at alkaline pH or
by detergents

Hamster brain membranes were prepared by differen-
tial centrifugation (Linstedt & Kelly 1991). Briefly,
normal hamster brain homogenates were centrifuged
at 2000 g. The postnuclear supernatant was centri-
fuged at 100000 g and the resulting pellet was osmoti-
cally shocked to release cytoplasmic proteins. This
membrane fraction contained two PrP binding pro-
teins of 110 and 125kDa (Pli 110 and PL 125,
respectively; figure 1) as determined by ligand blot-
ting (Oesch et al. 1990). Immobilized proteins were
probed with a peptide (denominated P5) correspond-
ing to the central portion of the PrP polypeptide
(amino acids 140-174 of hamster PrP; Oesch &
Prusiner 1992). The membrane fraction was extracted
with either sodium carbonate (pH 11.5) or 19, Triton
X-100, 1M NaCl, 20 mm TrisHCl pH 7.4. After
centrifugation at 100000 g, pellets and supernatants
were analysed for PrP ligands (figure 1, top panel) or
the integral membrane protein synaptophysin (figure
1, bottom panel). PrP ligands were extracted with
both, carbonate and detergents while synaptophysin
was only extracted by detergents. These results suggest
that PrP ligands are associated with membranes but
they are not integral membrane proteins.

(b) Sedimentation of PrP ligands on sucrose
gradients

Membranes from normal hamster brains were
separated on a discontinuous sucrose gradient as
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Figure 1. Total membranes were cither treated with carbo-
nate (pH 11.5) or 19, Triton X-100, 1 m NaCl followed by
high speed centrifugation. Supernatants (S) and pellets (P)
were clectrophoresed on 109, SDS polyacrylamide gels and
transferred to nitrocellulose. PrP ligands were revealed by
binding of '®I-labelled peptide P5 (10 nm) followed by
autoradiography (18h). The samec blot was incubated
subsequently in anti-synaptophysin antibodies, anti-mouse
IgG coupled to alkaline phosphatase and color substrate
(NBT/BCIP) to reveal alkaline phosphatase activity. Mol-
ccular mass standards are indicated at the left.
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Figure 2. Postnuclear supernatant (S) was loaded onto a
discontinuous sucrose gradient as described by Coleman et
al. (1982). Fractions 1-5 were collected and aliquots were
processed for detection of PrP ligands and synaptophysin as
described in figure 1. Myelin basic protein (MBP) was
detected with monoclonal anti-MBP antibodies followed by
the same detection procedure as for synaptophysin. Sucrose
gradient fractions 1 and 2 were not separated. Molecular
mass markers are indicated at the left. The molecular mass
of MBP is ~18 kDa.
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described (Colman et al. 1982). Fractions correspond-
ing to cytosol (1), myelin (2), plasma membranes (3),
mitochondrial membranes (4) or polysomes (5) were
collected, concentrated by centrifugation and ana-
lysed for PrP ligands. Figure 2 shows the distribution
of PrP binding proteins on the sucrose gradient. Pli
110 and 125 were detected in the starting material
and at the bottom of the sucrose gradient (fraction 5).
The sucrose gradient fractions were also analysed for
myelin basic protein (MBP) and synaptophysin by
Western blotting (figure 2, bottom panels). MBP was
concentrated in the top fraction. Synaptophysin, a
constituent of synaptic vesicles, was distributed in
fractions 1-3. Fraction 4 contains predominantly
mitochondrial membranes (Hehman & Hauswirth
1992). Fraction 5 is enriched in free polysomes and
other complexes with high density (Colman et al.
1982). Thus, PrP ligands are not associated with
plasma membranes, vesicles or mitochondrial mem-
branes but rather with either polysomes or other
complexes of high density.

3. DISCUSSION

The function of PrP in the normal or the infected
animal is still enigmatic. Mice lacking a functional
PrP gene do not appear to have any obvious defect
(Bueler e al. 1992; Brenner et al. 1992). Attempts were
therefore made to characterize proteins which interact
with the prion protein. Here we show that Pli 110 and
a previously unrecognized PrP binding protein, Pli
125, purify with membranes but can be extracted at
alkaline pH suggesting that they do not represent
integral membrane proteins. Density gradient centri-
fugation showed that both, Pli 110 and PL 125,
sediment with particles of high density. The composi-
tion of this fraction are currently under investigation.
Binding of PrP or peptide P5 to unfixed frozen
sections of hamster brain reveals binding to regions of
neuronal cell bodies (B. Oesch, F. Coufal, S. B.
Prusiner and S. J. DeArmond, manuscript in prepara-
tion). These binding sites as well as the PrP ligands
identified above may therefore represent intracellular
binding sites.

The relevance of this finding is unclear. There are
precedents for secretory proteins to be internalized
and retrogradely transported in neurons. Nerve
growth factor or brain-derived neurotrophic factor
(BDNF) have intracellular binding sites (Rakowicz-
Szulczynska et al. 1986; Wetmore ef al. 1991). BDNF
was also localized to cytoplasmic granules of choliner-
gic neurons of the nucleus basalis of Meinert. These
neurons do not produce BDNF mRNA suggesting that
BDNF is transported retrogradely from the target
area. Hippocampal neurons also contain BDNF in the
nucleus (Wetmore et al. 1991). There are several
potential nuclear translocation signals in BDNF but it
remains to be determined how BDNF is translocated
to the nucleus in neurons. Similarly, interleukin 1 and
fibroblast growth factors are internalized via a cell
surface receptor and subsequently translocated into
the nucleus (Heguy et al. 1992; Woodward et al. 1992).

In the future, it will be important to analyse
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whether PrP can be transported retrogradely and
therefore may act as a neurotrophic signaling mol-
ecule. The N-terminus of mature PrP 33-35 is rich in
basic amino acids and proline (KKRPKPGG) remi-
niscent of a nuclear localization sequence. In this
context it is interesting to note that PrP was also
localized in the nucleus as well as the cytoplasm of
scrapie infected neuroblastoma cells (Pfeifer e/ al.
1993; Taraboulos ¢t al. 1990; McKinley et al. 1991).

I thank E. Gubler for expert technical assistance and R.
Schéb for photographic artwork. This work was supported
by a grant of the Swiss National Science Foundation (Grant
Nr. 31-28546.90).
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7 gure 1. Total membranes were either treated with carbo-
Site (pH 11.5) or 19, Triton X-100, 1 m NaCl followed by
quh speed centrifugation. Supernatants (S) and pellets (P)
S ere electrophoresed on 109, SDS polyacrylamide gels and
= Dansferred to nitrocellulose. PrP ligands were revealed by
“nding of '"I-labelled peptide P5 (10 nm) followed by
oradiography (18 h). The same blot was incubated
bsequently in anti-synaptophysin antibodies, anti-mouse
G coupled to alkaline phosphatase and color substrate
{BT/BCIP) to reveal alkaline phosphatase activity. Mol-
ular mass standards are indicated at the left.
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COigure 2. Postnuclear supernatant (S) was loaded onto a
scontinuous sucrose gradient as described by Coleman et
=. (1982). Fractions 1-5 were collected and aliquots were
rocessed for detection of PrP ligands and synaptophysin as
>scribed in figure 1. Myelin basic protein (MBP) was
>tected with monoclonal anti-MBP antibodies followed by
sie same detection procedure as for synaptophysin. Sucrose
-adient fractions 1 and 2 were not separated. Molecular

ass markers are indicated at the left. The molecular mass
"MBP is ~ 18 kDa.
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