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Prion Proteins Carrying Pathogenic Mutations Are Resistant to Phospholipase
Cleavage of Their Glycolipid Anchots
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ABSTRACT. Familial prion diseases are linked to mutations in the gene encoding PrP, a protein of unknown
function that is attached to the plasma membrane of neurons and several other cell types by a
phosphatidylinositol-containing, glycolipid anchor. We have previously found that PrP molecules carrying
disease-associated mutations display several biochemical attributesSgftRePpathogenic isoform of

PrP, when expressed in cultured Chinese hamster ovary cells. One of the distinctive properties of these
mutant PrPs is their abnormal association with cell membranes, as revealed by their retention on the cell
surface after treatment with a bacterial phospholipase that normally cleaves the glycolipid anchor. We
demonstrate here that mutant PrP molecules, either expressed on intact cells or solubilized in nondenaturing
detergents, are partially resistant to phospholipase cleavage. The anchor becomes fully susceptible to the
enzyme when the proteins are denatured in SDS. These results suggest that the mutant PrP conformation,
state of aggregation, or association with other molecules renders the glycolipid anchor physically
inaccessible to cleavage. This conclusion stands in contrast to our previous suggestion that mutant PrP
molecules are poorly released from the cell surface because they possess a secondary mechanism of
membrane attachment in addition to the glycolipid anchor. Sincéfid scrapie-infected brain and
cultured cells is also inefficiently released from membranes by phospholipase, resistance to this enzyme
may be a molecular marker of the scrapie state.

Prion diseases are fatal neurodegenerative disorders thainherited, germline mutations in the PrP gene on chromosome
can have an infectious or genetic etiology, or can arise 20. The mutations are presumed to favor spontaneous
sporadically. This group of diseases includes kuru, Creutzfeldt- conversion of the protein to the FiPstate without the
Jakob disease (CJIDYserstmann-Stissler syndrome (GSS),  necessity for contact with exogenous infectious ag&a. (
and fatal familial insomnia (FFI) in human beings, along Point mutations occur in the C-terminal half of the PrP
with scrapie and bovine spongiform encephalopathy in molecule, and are associated with either CJD, GSS, or FFI.
animals. All of these diseases are associated with conversioninsertional mutations, which are associated with a variable
of a normal, cell-surface glycoprotein designateddPa phenotype that can include features of CJD or GSS, consist
pathogenic isoform denoted PfRhat is hypothesized to be  of one to nine additional copies of an octapeptide repeat that
the only component of infectious prion particles (reviewed is normally present in five copies in the N-terminal half of
in refs 1-3). Current evidence suggests that the essential the protein.
difference between the two forms of PrP lies in their
conformation, with Prf® having a substantially higher
[B-sheet content4(-8).

We have been interested in familial prion diseases, which
include 10% of the cases of CJD and all cases of GSS and
FFlI (9—11). These cases are all linked to dominantly

We have previously established a cell culture model of
familial prion diseases by constructing transfected lines of
Chinese hamster ovary (CHO) cells that express mutant
mouse PrP (moPrP) molecules whose human homologues
are associated with each of the three familial prion diseases
of humans 1{3—18). We have found that the mutant PrPs
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1 Abbreviations: CHO, Chinese hamster ovary; CJD, Creutzfeldt- . :
Jakob disease; ECL, enhanced chemiluminescence; FFlI, fatal familial In earlier studies, we observed that mutant PrP molecules

insomnia; GPI, glycosylphosphatidylinositol; GSS, Gerstmantustra ~ €xpressed in transfected CHO cells exhibit an abnormal
sler syndrome; HRP, horseradish peroxidase; moPrP, mouse prionassociation with cell membrane$3 14). Both Pr® and

protein; PBS, phosphate-buffered saline; PIPLC, phosphatidylinositol- c ; i
specific phospholipase C; PrP, prion protein; Rréellular isoform of PrP= are aftached to membranes via a glycosylphosphati

the prion protein; Prf®, scrapie isoform of the prion protein; s dylinositol (GPI) anchor, which is added posttranslationally
PAGE, sodium dodecy! sulfatgolyacrylamide gel electrophoresis.  in the endoplasmic reticulum after cleavage of a C-terminal
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Prion Protein Resistance to Phospholipase

segment of 23 amino acidé%—21). Wild-type Prf® can be
efficiently released from cell membranes by treatment with
the bacterial enzyme phosphatidylinositol-specific phospho-
lipase C (PIPLC), which cleaves off the glycerolipid portion
of the anchor 13, 22, 23). In contrast, we found that PrP
molecules carrying any one of seven different pathogenic
mutations were relatively resistant to release from the
membranes of CHO cells by PIPLQ3, 14, 16). Similar
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for the monoclonal antibody 3F4 (L108M, V111M in wild-
type numbering). The introduction of this tag does not affect
the properties of the proteir29).

Metabolic Labeling, Surface Biotinylation, and Immuno-
precipitation. Confluent cultures of transfected CHO cells
were labeled in methionine-free MEM containingfg]-
methionine (30QuCi/mL), or in DMEM containing $H]-
palmitic acid (5-10 mCi/mL) and 10 mg/mL fatty acid-free

results have now been obtained in other cell types for certainbovine serum albumin. Surface biotinylation was carried out

of these mutations2d; R. Chiesa and D. A. Harris,

with sulfo-biotin-X-NHS as described previousI®7). Im-

unpublished data). We previously proposed that the mutantmunoprecipitation was performed as described previously
proteins were not released by PIPLC because they possessed3), using antibody P4566 to recognize D177N and

a secondary mechanism of membrane attachment in additiorE199K moPrPs, and antibody 3F4 to recognize wild-type
to the GPI anchor; this secondary association might include and PG14 moPrPs. Prior to immunoprecipitation, all samples

integration of the polypeptide chain into the lipid bilayer, or
tight binding of the polypeptide chain to other membrane
componentsX3). In support of this explanation, we reported
that PIPLC treatment of intact cells removed metabolically
incorporated JH]fatty acid label from the mutant proteins,

were adjusted to 0.5% SDS, heated at@5for 5 min, and
then diluted 5-fold with 0.5% Triton X-100 and 50 mM Tris-
HCI (pH 7.5); this procedure improves reactivity of PrP with
antibodies. In some experiments, samples were deglycosyl-
ated prior to immunoprecipitation with 0.01 unit/mi-

indicating that the GPI anchor had been cleaved but that someglycosidase F for 16 h at 3TC, to produce a single band of
other mechanism was responsible for retaining the proteinsPrP that could be more easily quantitated. SIPAGE was

on the cell surface.

carried out on 12% gels.

In contrast to these previous results, the data reported here Phase Partitioning in Triton X-114etabolically labeled
indicate that a substantial proportion of mutant PrP molecules Cells were solubilized at 4C in phosphate-buffered saline
are actually resistant to the action of PIPLC because either(PBS) containing 1% Triton X-114 and protease inhibitors

their conformation, state of aggregation, or association with
other molecules renders their GPI anchors physically in-

(1 ug/mL pepstatin and leupeptin, 0.5 mM PMSF, and 2 mM
EDTA). The detergent was diluted from a 12% stock solution

accessible to cleavage. This conclusion makes it unnecessar{hat had been precondensed in PB§)(Lysates were treated
to postulate a mechanism of membrane attachment inwith PIPLC (1 unit/mL) fa 2 h at 4°C. After incubation at

addition to the GPI anchor. Since Ptfrom scrapie-infected
brain and cultured cells is also inefficiently released from
membranes by PIPLC14, 23, 25, 26), resistance to the

37 °C for 20 min, aqueous and detergent phases were
separated by centrifugation. The agueous phase was dis-
carded, and the detergent phase was diluted to the initial

action of the phospholipase may be a general property of volume with PBS and incubated with or without PIPLC for

the scrapie state.

EXPERIMENTAL PROCEDURES

Reagents and AntibodieSell culture reagents were from
the Tissue Culture Support Center at Washington University.
PIPLC fromBacillus thuringiensisvas prepared as described
previously @7). N-Glycosidase F was from Boehringer
Mannheim and sulfo-biotin-X-NHS from Calbiocher®g]-
Methionine (Pro-Mix, 1000 Ci/mmol) was from Amersham
and [9,10%H]palmitic acid (36-60 Ci/mmol) from American

Radiolabeled Chemicals. All other reagents were from Sigma.

The antibody designated P456, raised by immunization

2 h at 4°C and the phase separation repeated. PrP in the
aqueous and detergent phases from the second partitioning
was then immunoprecipitated.

Surface-biotinylated cells were treated with PIPLC (1 unit/
mL) in Opti-MEM (Life Technologies) fo2 h at 4°C. Cells
were lysed in PBS containing 1% Triton X-114 and protease
inhibitors. The medium was clarified by centrifugation for
1 min at 1600Q and adjusted to 1% Triton X-114 by addition
of Y1, volume of the concentrated detergent stock. Phase
separation of medium and cell lysates was induced by
incubation for 20 min at 37C followed by centrifugation.

PrP was immunoprecipitated from the aqueous and detergent
phases, fractionated by SB®AGE, and blotted onto

of rabbits with a synthetic peptide encompassing moPrP polyvinylidene fluoride membranes. Blots were developed

residues 4566, has been described previousfi3) R.
Kascsak (Institute for Basic Research, Staten Island, NY)
kindly provided 3F4, a mouse monoclonal antibody that was
raised against PrP 230 from infected hamster brain and
that reacts with hamster but not mouse P2B) (

Cell Lines. Chinese hamster ovary (CHO) cells were
grown in MEM-o. containing 7.5% fetal calf serum and
penicillin/streptomycin in an atmosphere of 5% £9%%
air. CHO cell lines expressing PG314H177N (Met-128),
and E199K moPrPs have been described previodSyld).

with horseradish peroxidase (HRP)-coupled streptavidin, and
visualized using enhanced chemiluminescence (ECL) (Am-
ersham). Films were digitized using an Epson Expression
636 flatbed scanner and images analyzed using SigmaScan
Pro (SPSS Science).

PIPLC Treatment of Detergent-Solubilized PRy treat
PrP under nondenaturing conditions, metabolically labeled
cells were lysed in a buffer that contained 150 mM NacCl,
50 mM Tris (pH 7.5), 0.5% Triton X-100, and 0.5% sodium
deoxycholate, supplemented with protease inhibitors. Lysates

The wild-type and PG14 constructs contained an epitope tagwere centrifuged for 1 min at 1609@o remove debris, and

2 This mutation was originally designated PG1B<{18); however,

resequencing of the cDNA now reveals that it encodes 14 and not 11

octapeptide repeats (S. Lehmann and D. A. Harris, note in preparation)

PIPLC (0.3-3 units/mL) was added fo2 h at 4°C. For
phospholipase treatment of denatured PrP, metabolically
labeled cells were lysed in 50 mM Tris-HCI (pH 7.5) and

.0.5% SDS. The lysate was heated af@5or 5 min, diluted
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5-fold with 0.5% Triton X-100 and 50 mM Tris-HCI (pH FIFLE i 1 2 a i i
7.5), and then incubated with PIPLC for 16 h at 7. g I
NalTer Irilon' Tritoss' Trilon!  g08 o |

O W0 [

= B R il
For these studies, we have used stably transfected lines wT - - -'

of CHO cells that express either wild-type moPrP or one of 1=
three different moPrP mutants: PG14, D177N, and E199K.
The PG14 mutatich consists of an insertion of nine
octapeptide repeats in addition to the five that are normally e e
present in the N-terminal half of the protein; the homologous ~ PMITTH R— :.:-
mutation in humans is associated with a variant phenotype i
characterized by dementia, ataxia, and PrP-containing am- i : 1 " % "
yloid plaques 81—33). D177N is homologous to a human

RESULTS

Ficure 1: Mutant moPrP solubilized in nhondenaturing detergents

mutation (D178N-Met129) that is associated with FE4)( is partially resistant to PIPLC-induced electrophoretic retardation.
E199K is homologous to a human mutation (E200K) linked CHO cells expressing wild-type (WT) or D177N PrP were labeled
to CJD 35, 36). with [33S]methionine fo 4 h and were then lysed in either 0.5%

. . . Triton X-100/0.5% deoxycholate (Triton/DOC, lanes4) or 0.5%
Mutant PrPs Remain Partially Resistant to PIPLC after gps (janes 5 and 6). The Triton/DOC samples were incubated with
Solubilization in Nondenaturing Detergent/e previously PIPLC at the indicated concentrationrf@ h at 4 °C prior to
reported that mutant moPrPs are poorly released by PIPLCimmunoprecipitation of PrP and analysis by SEFRAGE. The SDS
from the surface of intact cells that have been labeled with Samples were heated at 85 for 5 min, diluted 5-fold with 0.5%

. . . Triton X-100, and then incubated with PIPLC for 16 h at %7
a membrane-impermeant biotinylation reagefs, (14). prior to immunoprecipitation and SDFPAGE. PrP in lane 1 was

Although we previously suggested that this phenomenon immunoprecipitated without PIPLC treatment. All samples were
resulted from the existence of a mechanism that retains theenzymatically deglycosylated. PrP lacking a GPI anchor (white

protein on the membrane independent of the GPl andi®y ( arrowhead) migrates slower than PrP containing an anchor (black
it could also be due to inefficient cleavage of the anchor by arrow). Molecular size markers are denoted in kilodaltons. Auto-
the phospholipase. To test the latter possibility, we analyzedradlograms were exposed for 16 h.

the PIPLC SenSitiVity of PrP that had been solubilized from anchors. Denaturing the mutant protein by heating it at 95
the membrane under either denaturing or nondenaturingec in SDS prior to PIPLC treatment rendered the molecules
conditions. Solubilization of the PrP allowed us to assay the fy|ly susceptible to anchor cleavage, as indicated by a
PIPLC sensitivity of the protein itself, independent of any complete upward shift in electrophoretic mobility, even at
effects of the lipid bilayer in which it is normally embedded.  the lowest enzyme concentration that was tested (lanes 5 and
Moreover, by comparing denaturing and nondenaturing g). These results indicate that a substantial proportion of
conditions of solubilization, we could determine whether the mytant PrP molecules are resistant to the action of PIPLC,
PIPLC sensitivity of PrP depended on the native protein eyen when solubilized from the membrane, and this property
conformation or intermolecular interactions. To monitor GPI is apolished by a denaturing detergent.

anchor cleavage, we took advantage of the fact that removal Cleavage of the GPI anchor can also be scored by

of the anchor by phospholipase causes an anomalous decreaggyrtitioning proteins in the nondenaturing detergent Triton
in the mobility of proteins on SDSPAGE, probably as a  X-114 to separate hydrophobic from hydrophilic molecules.
result of changes in SDS binding after the loss of the solutions of Triton X-114 separate into detergent-rich and
glycerolipid moiety 87). Although the size of the this  aqueous phases at 3Z (30). The presence of a hydrophobic
mobility shift is small, it could be easily detected if the Gp| anchor causes proteins to partition into the detergent
proteins were enzymatically deglycosylated to eliminate phase, while removal of the anchor shifts them into the
electrophoretic heterogeneity due to the presence of N—Iinkedaqueous phase. Figure 2 shows the application of the method
sugars. Thus, the proportion of PrP molecules that shiftedto wild-type moPrP and three different mutants. Prior to
into a higherM; band could be used as an indicator of the p|pLC treatment, both wild-type and mutant PrPs partitioned
extent of GPI anchor cleavage. into the detergent phase, as expected for proteins bearing a
The application of this assay to wild-type and D177N GPI anchor. After PIPLC treatment of the solubilized protein,
moPrPs is shown in Figure 1. In the absence of PIPLC wild-type PrP was almost completely shifted into the aqueous
treatment, both wild-type and D177N proteins migrate as a phase, consistent with removal of the anchor structure. In
single, sharp band at 28 kDa (lane 1). After treatment with contrast, and as reported previously,(18), about half of
phospholipase, wild-type PrP is shifted into a single band at the PG14 moPrP remained in the detergent phase; the same
29 kDa, reflecting nearly quantitative cleavage of the GPI was true for the D177N moPrP, consistent with the results
anchor (lanes 26). This effect was observed regardless of of the mobility shift assay in Figure 1. Interestingly, E199K
whether the protein was solubilized under denaturing (0.5% moPrP, like the wild-type protein, was shifted almost entirely
SDS) or nondenaturing (0.5% Triton X-100/0.5% deoxy- into the aqueous phase. We have previously observed that
cholate) conditions. In contrast, PIPLC treatment of D177N E199K moPrP is more readily releasable from the surface
PrP that had been solubilized in a nondenaturing buffer of biotinylated cells than other mutant moPrPs (50% released,
shifted only 46-50% of the molecules into the upper band, compared to<5% for other mutantsl4).
even at the highest concentration of phospholipase that was The two assays utilized thus far measure the PIPLC
tested (lanes-24). This result implied that about half of the  sensitivity of PrP molecules indirectly, on the basis of
PrP molecules were resistant to PIPLC cleavage of their GPIchanges in the biochemical properties of the proteins after
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Ficure 2: PG14 and D177N moPrPs remain partially hydrophobic after PIPLC treatment and phase partitioning in Triton X-114. (A) CHO
cells expressing wild-type (WT) or mutant PrPs were labeled ##®)fnethionine fo 4 h and were then lysed in 1% Triton X-114. Lysates
were then incubated at°€ for 2 h either in the absence (lanes 1 and 2) or in the presence (lanes 3 and 4) of PIPLC. After phase partitioning,
moPrP in the aqueous phase (A, lanes 1 and 3) and detergent phase (D, lanes 2 and 4) was immunoprecipitated and+®AGESDS
Autoradiograms were exposed for 16 h. (B) PrP bands were quantitated by film densitometry, and the amount of PrP remaining in the
detergent phase after PIPLC treatment was expressed as a percentage of the total amount of PrP (detergent and aqueous phases). Each b:
represents the meah standard deviation of values from at least three separate experiments.

treatment with phospholipase. To directly determine whether recovered in the aqueous phase, consistent with removal of
PIPLC treatment cleaves the GPI anchor of mutant PrPs,the GPI anchor. In contrast, the PG14 and D177N proteins
we metabolically labeled cells witRHJpalmitate, a fatty acid ~ were completely retained on the cell surface, with 85 and
which becomes incorporated into the glycerolipid portion of 50%, respectively, partitioning into the detergent phase.
the anchor. Proteins were then solubilized in either Triton/ About half of the E199K molecules were released by PIPLC
deoxycholate or SDS and treated with PIPLC. We found, as in a hydrophilic form that presumably lacks the GPI anchor,
expected, that PIPLC fully removes thid[palmitate label but those that remained on the cell surface were largely
from wild-type moPrP when the protein is solubilized in (80%) recovered in the detergent phase. These results indicate
either the denaturing or nondenaturing buffers (Figure 3). that all three mutant PrP molecules are partially resistant to
In contrast, approximately 70% of the label remains on PG14 anchor removal in the context of an intact membrane. In fact,
moPrP and about 60% on D177N moPrP when PIPLC the PG14 and E199K proteins appear to be even more
treatment is carried out in Triton/deoxycholate. After dena- PIPLC-resistant when attached to the cell membrane (Figure
turation in SDS, both proteins become fully susceptible to 4) than when solubilized in nondenaturing detergents (Figures
removal of PH]palmitate. This result directly demonstrates 2 and 3), raising the possibility that detergent extraction can
that a substantial proportion of PG14 and D177N molecules modify the properties of the molecules.
are resistant to GPI anchor cleavage in the native state. Again,
E199K moPrP behaves in a manner different from those of DISCUSSION
the other two mutants, with all of théH]palmitate being
removed by PIPLC, similar to the result for the wild-type Mutant moPrP molecules whose human homologues are
protein. associated with inherited prion diseases display several
Mutant PrPs Are Partially Resistant to PIPLC when biochemical attributes of PFPwhen expressed in cultured
Expressed on the Cell Surfadghe previous results establish CHO cells ((3—18). One of the distinctive features of these
that mutant PrPs are partially resistant to PIPLC-induced mutant PrPs is their abnormal association with cell mem-
anchor cleavage when solubilized from cell membranes underbranes, as manifested by retention on the cell surface after
native but not denaturing conditions. To investigate whether treatment with PIPLC, a bacterial enzyme that normally
the proteins are phospholipase-resistant when attached to theleaves the GPl membrane ancht3,(14). We demonstrate
plasma membrane of intact cells, we labeled cells by surfacehere that this property is largely a consequence of the
biotinylation, treated them with PIPLC, and then carried out resistance of mutant PrPs to PIPLC-induced anchor cleavage,
phase partitioning of Triton X-114 extracts of the cells and and is dependent on the preservation of the native structure
media (Figure 4). Prior to PIPLC treatment, all the moPrPs or intermolecular associations of the protein. Our conclusions
partitioned into the detergent phase because of the presencare based upon the fact that a substantial proportion of the
of the GPI anchor. As expected, wild-type moPrP was mutant PrP molecules retain their GPI anchors after PIPLC
quantitatively released into the medium by PIPLC, and was treatment, either on intact cells or after solubilization in
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Ficure 3: PG14 and D177N moPrPs solubilized in nondenaturing detergents are resistant to PIPLC cleavage of metabolically incorporated
[BH]palmitate. (A) CHO cells expressing wild-type (WT) or mutant PrPs were labeled for 16 h3Mihaimitate and were then lysed in

either 0.5% Triton X-100/0.5% deoxycholate (Triton/DOC, lane 2) or 0.5% SDS (lane 3). Samples in lanes 2 and 3 were treated with
PIPLC as described in the legend of Figure 1, prior to immunoprecipitation and-BBSE. PrP in lane 1 was immunoprecipitated
without PIPLC treatment. All samples were enzymatically deglycosylated. Autoradiograms were exposed2ordiys. (B) PrP bands

were quantitated by film densitometry, and the amounttbilabel remaining after PIPLC treatment in either Triton/DOC or SDS was
expressed as a percentage of the amoufditidaibel present in samples not treated with PIPLC. Each bar represents thetnséamdard

deviation of values from at least three separate experiments.
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Ficure 4: Mutant moPrPs remain partially hydrophobic after PIPLC treatment of intact cells followed by phase partitioning in Triton
X-114. (A) CHO cells expressing wild-type (WT) or mutant PrPs were biotinylatec®@twith a membrane-impermeant reagent and were

then incubated fo2 h at 4°C either in the absence (lanes 1 and 2) or in the presence (laf@8PIPLC. Cells were lysed in 1% Triton

X-114 (Cells, lanes 1, 2, 5, and 6), and the PIPLC incubation medium was adjusted to 1% Triton X-114 (Med, lanes 3 and 4). After phase
partitioning, moPrP in the aqueous phase (A, lanes 1, 3, and 5) and detergent phase (D, lanes 2, 4, and 6) was immunoprecipitated, separated
by SDS-PAGE, and visualized by developing blots of the gel with HRBeptavidin and ECL. The medium from cells incubated without

PIPLC is not shown, since it contained no PrP. (B) PrP bands were quantitated by film densitometry, and the amount of PrP remaining in
the detergent phase of the cell lysate after PIPLC treatment was expressed as a percentage of the total amount of PrP in the lysate (detergent
and aqueous phases). Each bar represents the snetandard deviation of values from at least three separate experiments.
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nondenaturing detergents, as assayed by electrophoretiover, we have noted that the proportion of mutant molecules
migration, Triton X-114 phase partitioning, arft[palmitate that escapes cleavage is higher when the phospholipase is
labeling. Denaturation by heating in SDS renders the anchorsapplied to intact cells than when it is added to detergent
of the mutant PrPs fully susceptible to cleavage by phos- lysates; this is especially noticeable for E199K PrP, but can
pholipase. be seen for PG14 also (compare Figure 4 to Figures 2 and
In a previous publication, we proposed several hypothetical 3). This observation suggests that solubilization, even in
mechanisms to explain why PIPLC fails to release mutant nondenaturing detergents, can increase the accessibility of
PrPs from cell membranedd). One possible model was the GPI anchor. However, we cannot rule out the possibility
that the mutant proteins possessed a second mode othat some mutant PrP molecules are PIPLC-sensitive prior
attachment to the lipid bilayer in addition to the GPI anchor. to their extraction from the cell membrane. Such molecules
For example, the polypeptide chain of the mutant PrP might are not likely to possess a transmembrane domain that retains
integrate into the lipid bilayer, or bind strongly to other them on the cell surface after anchor cleavage, since they
membrane-associated molecules. If this were the case, therare hydrophilic in Triton X-114 partitioning experiments
the protein would be retained on the cell surface even if its (Figure 4, lane 5). A more likely possibility is that they reside
GPI anchor had been cleaved by PIPLC. To test this on the exterior of PrP aggregates, and remain membrane-
prediction, we carried outiff]fatty acid labeling experiments,  bound after anchor cleavage by virtue of their association
and found that PIPLC treatment of cells substantially reduced with PIPLC-resistant molecules in the core of the aggregates
the amount ofH label recovered in PG14 PrP that remained (13).
on the cell surfacel@). This result, which supports the
existence of a secondary membrane anchor, contrasts withar
the data reported here (Figure 3). However, in the earlier
experiments, in which a mixture of*H]palmitate and
[®H]stearate was used, the PrP band was weak, and it wa
difficult to accurately gauge how muéhl label was actually

E199K moPrP clearly displays biochemical properties that
e distinct from those of other mutants. E199K is consider-
ably more PIPLC-releasable, with 50% remaining on the
surface after phospholipase treatment compareet 36%
Jor other mutants that have been testéd) (Moreover, its

removed from the protein by treatment with the phospholi- GPI anchor is significantly more susceptible to cleavage by

ase’ consequently. we could not rule out the possibility that PIPLC after solubilization, and indeed, it is indistinguishable
pase, g y: b Y e om wild-type PrP when cleavage is assayed by either Triton

some of the molecules were resistant to removal of their . . ) :
anchors. In the work presented here, we have been able toX_.114 phase part|t|9n|ng (Figure 2) dt{lpaimitate labeling

. ) ; . : (Figure 3). Interestingly, the E199K molecules that are not
substantially increase the signal by labeling with large

. . . released from cells by PIPLC appear to have intact GPI
amounts of {H]palmitate. It is now clear from multiple anchors, as assessed by Triton X-114 partitioning (Figure 4
repetitions that the majority of the radioactive label remains ' y P 9 \Hg

associated with PG14 and D177N PrP molecules ater PIPLCEC (20 . 0 BETOS ICCE 0 10 £t e oo
treatment, even when digestion is carried out with proteins ’

solubilized in Triton/deoxycholate. the medium, possess Pfitke properties, including detergent

For those mutant molecules that are resistant to GPI anch0|JnSOIUb llity and protease resistandal(18). Taken together,

cleavage, it is therefore unnecessary to postulateasecondarg:ese results suggest that the E199K mutation alters the

mechanism of membrane attachment to explain the lack of ructure of the PrP molecule in a way that is different from
PIPLC release. Nevertheless. our data do not rule out thethat of some other pathogenic mutations. Consistent with this

existence of additional modes of association between prpProposal, recent thermodynamic studies have suggested that

and cell membranes. For example, Lingappa and colleaguessome mutations (including D177N) significantly destabilize

have postulated the existence of two transmembrane specie € structure of the molec_ule, Wh”e others (including E199K)
of PrP, each with the same membrane-spanning segmen 0 not 60_42)_' Interestingly, it has _been _reportgd that
(residues 112135), but with opposite orientations of the mutants'ln thg first group aggregate as mcluspn bodies whgn
polypeptide chain3g, 39). It was suggested that an increase sg/nthesaedd in the periplasm 02 k?acterlall, ;\I'h':ce mutgnts n
in the proportion of one of these species was induced by thethe second group are recovered in a soluble ot 42).

presence of a disease-causing mutation in PrP (A117V), andSimiIarIy, E199K moPrP is more detergent-soluble than other

that this transmembrane form was a cause of neurodegenMutants when expressed in CHO celld,(15). These results

eration. However, a difficulty with these studies is that the Su99est the possibility that E199K is less PIPLC-resistant
percentage of the transmembrane forms is usually quite low, P€cause it is less aggregated.
and in addition it was not determined whether these PIPLC resistance appears to depend on the cellular context
molecules contained a GPI anchor. It is also not known if in which PrP is expressed. Thus, the same set of octapeptide
mutations other than A117V have a similar effect. insertion mutants that are inefficiently released by PIPLC
Although the majority of PG14 and D177N PrP molecules from 3T3 cells are released normally when expressed in N2a
are resistant to anchor cleavage, we have detected a populareuroblastoma cells2§). In addition, human D178N PrP
tion (30-50% of the total) that is PIPLC-sensitive in each appears to be fully PIPLC-releasable when synthesized in
of three different assays (Figures-3). We do not think that ~ human neuroblastoma celld3). Despite these differences
these molecules represent a distinct population with a among transformed cell lines, however, PIPLC resistance
different mode of membrane association, but rather that theyappears to be a bona fide property of mutant PrPs expressed
are generated by the conditions used to solubilize the protein.in neurons in vivo, since we observe it for PG14 moPrP
In support of this idea, we have found that alteration of the molecules expressed in the brains of transgenic midg (
detergent lysis conditions can either increase or decrease th&here are no reports of the PIPLC sensitivity of mutant PrPs
proportion of cleavable molecules (data not shown). More- from the brains of human patients.
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