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ABSTRACT Prions are unusual infectious pathogens caus-
ing scrapie of sheep and goats as well as Creutzfeldt-Jakob
disease of humans. Biochemical and genetic studies contend
that the scrapie isoform of the prion protein (PrP5°) is a major
component of the prion. Limited proteinase K digestion of
PrP>¢ produced a protein of 27-30 kDa. After dispersion of
brain microsomes isolated from scrapie-infected hamsters into
detergent-lipid—protein complexes, copurification of PrPS° and
scrapie infectivity was obtained with scrapie prion protein of
27-30 kDa monoclonal antibody-affinity columns. PrPS° was
enriched ~5700-fold with respect to total brain protein,
whereas scrapie prion infectivity was enriched ~4000-fold. The
ratio of prion titer to PrPS° remained constant throughout
purification. Heterologous monoclonal antibody columns failed
to bind either PrPSc or scrapie infectivity. Polyclonal rabbit
prion protein antiserum raised against NaDodSO,/PAGE-
purified scrapie prion protein of 27-30 kDa reduced scrapie
infectivity dispersed into detergent-lipid—protein complexes by
a factor of 100. These results represent direct inmunologic and
chromatographic demonstrations of a relationship between
PrPS° and prion infectivity as well as providing additional
support for the contention that PrPSc is a major component of
the infectious scrapie particle. That PrP5° is a host-encoded
protein is an important feature distinguishing prions from
viruses.

Scrapie is a degenerative neurological disease of sheep and
goats that can be transmitted to laboratory rodents. Much
evidence argues that the infectious agent is not a virus, but
rather an unprecedented particle, a prion (1). The only
macromolecule in preparations highly enriched for prion
infectivity identified to date is a protein of 33-35 kDa,
designated the scrapie isoform of the prion protein (PrP3°)
(2). Removal of the N-terminal 67 amino acids of hamster
PrPS¢ by limited proteinase K digestion yields a prion protein
(PrP) of 27-30 kDa that is designated PrP 27-30 (3). Many
biochemical (4-9), genetic (6, 10, 11), biophysical (12),
neuropathologic (13-16), and cell biological (17) lines of
evidence support the idea that PrP5¢ is a component of the
infectious particle.

For several years, the only highly purified preparations of
scrapie prions were in the form of rod-shaped amyloid
polymers (4-6). Recently, we have developed a protocol to
disperse these rod-shaped polymers into detergent-lipid-
protein complexes (DLPC) and liposomes with full retention
of infectivity (12). This protocol was subsequently adapted
for DLPC formation directly from brain microsomes, and it
avoids the aggregation of PrPSc (18).

We reasoned that PrP monoclonal antibody (mAb)-affinity
chromatography would copurify solubilized PrPS° and prion
infectivity if PrPS¢ were a component of the infectious scrapie
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particle. On the other hand, this procedure should separate
PrPS¢ from infectivity if the two were unrelated, as suggested
by some investigators (19-21). As reported here, fractions
eluted from the immunoaffinity column at alkaline pH con-
tained one protein, PrPS°, and high titers of scrapie infectiv-
ity. We also demonstrate that rabbit polyclonal PrP 27-30
antiserum (a-PrP 27-30) can neutralize scrapie infectivity.

MATERIALS AND METHODS

Materials. Sodium cholate, sodium dodecyl sarcosinate
(Sarkosyl), Tris buffer, sodium deoxycholate, and Nonidet
P-40 were obtained from Sigma. Protein A-Sepharose CL-4B
was purchased from Pharmacia, dimethyl pimelimidate from
Pierce, NaDodSO, from BDH, phosphatidylcholine (Ptd-
Cho) from Avanti Biochemicals (Birmingham, AL), and
proteinase K from Beckman.

Scrapie Prion Propagation and Bioassay. Hamster scrapie
prions (22) were passaged five times in golden hamsters [Lak:
LVG (SYR)] purchased from Charles River Breeding Labo-
ratories, Lakeview Colony (Wilmington, MA). Prions were
propagated in golden hamsters inoculated intracerebrally
with =107 IDs, units of scrapie agent, and the animals were
sacrificed 70 days later. Scrapie infectivity was bioassayed in
hamsters by incubation-time measurements (23).

Analytical Procedures. Protein was measured using the
bicinchoninic acid (BCA) (Pierce) dye method with crystal-
line bovine serum albumin as standard (24). Samples with low
protein concentrations were precipitated by chloroform/
methanol (1:2) before measurement with bicinchoninic acid.
Radioiodination of PrP 27-30 was accomplished using *°I-
labeled Bolton-Hunter reagent purchased from Amersham (1
mCi, 2000 Ci/mmol; 1 Ci = 37 GBq) (25). NaDodSO,/PAGE
was done according to the method of Laemmli (26). Immu-
nologic blots (27) and silver staining of gels (28) were done as
described previously with 0.01% NaDodSO, in the electro-
transfer buffer (17). Concentration of PrP was estimated
visually by comparing the volume of a given fraction required
for detection on an immunologic blot as well as the intensity
of staining with that of standards.

Preparation of Inmunoaffinity Resin. PrP mAb 13A5 was
purified by a Protein A-Sepharose CL-4B column in the
presence of 0.5 M NaCl at pH 8.5; =10 mg of antibody was
obtained from 1 liter of hybridoma medium (29). The PrP
mAbs (10 mg) were crosslinked to Protein A-Sepharose
CL-4B (4 ml) using 20 mM dimethy] pimelimidate dihydro-
chloride (30), washed with phosphate-buffered saline, and

Abbreviations: PrP, prion protein; PrPS°, scrapie isoform of prion
protein; PrP 27-30, scrapie prion protein of 27-30 kDa derived from
PrPS¢ by partial proteolysis; DLPC, detergent-lipid-protein com-
plexes; mAb, monoclonal antibody; PtdCho, phosphatidylcholine;
HIV, human immunodeficiency virus; a-PrP 27-30 and a-PrP mAb
13AS5, antiserum against PrP 27-30 and against mAb 13A5, respec-
tively; a-PrPs, a-PrP 27-30 and a-PrP mAb 13AS5.
#To whom reprint requests should be addressed at: Department of
Neurology, HSE-781, University of California, San Francisco, CA
94143-0518.



6618 Biochemistry: Gabizon et al.

Proc. Natl. Acad. Sci. USA 85 (1988)

Table 1. Immunoaffinity copurification of PrPS¢ and scrapie prion infectivity using a PrP mAb matrix

Log specific

Log titer*, Log total Protein infectivity,

Volume, Protein*, ID, per ml infectivity, recovery, IDy, per mg

Fraction ml mg/ml + SE IDs, % of protein
Homogenate 150 15 8.1 +0.25 10.3 100 6.9
Microsome 15 5.0 8.8 + 0.18 10.0 50 8.1
DLPC 15 5.0 8.8 + 0.22 10.0 50 8.1
Flow-through 15 4.0 7.9 +0.23 9.1 6 7.3
Wash 3 15 0.13 4.8 + 0.35 6.0 0.005 5.7

Wash 10 15 <0.00001

Eluate pH 9.5 10 0.00007 5.9 +0.28 6.9 0.04 10.1
Eluate pH 10.0 10 0.0005 6.9 + 0.13 7.9 0.4 10.2
Eluate pH 11.2 10 0.0027 7.9 +0.23 8.9 4 10.5

*Mean of three determinations.

TConcentration of PrP estimated by volume of fraction required for detection on immunologic blot and by the intensity of staining.

stored at 4°C in a suspension containing 0.02% sodium azide.
Alternatively, the IgG fraction from a polyclonal rabbit a-PrP
27-30 (RO17) (17) or a polyclonal rabbit human immunode-
ficiency virus (HIV)-gp120 synthetic peptide antiserum was
crosslinked to Protein A-Sepharose CL-4B. This a-PrP 27—
30 was raised against the prion rods that had been denatured
in 0.5% NaDodSO, and boiled for 5 min. The synthetic
peptide antiserum was raised against the amino acids 465-480
of the HIV-gp120 (CFRPGGGDMRDNWRSEL) and was
provided by T. Krowka.

Purification of Brain Microsomes. Scrapie-infected hamster
brains were homogenized with a Polytron for 10 sec in 320
mM sucrose to produce a 10% (wt/vol) homogenate. All
procedures were performed at 4°C unless otherwise stated.
After centrifugation at 5000 X g for 10 min, the pellet was
discarded, and the supernatant was centrifuged for 1 hr at
100,000 x g. The resulting pellet was resuspended in a
minimal volume of a buffer containing 10 mM Tris-HCl, pH
7.4/150 mM NaCl and then subjected to osmotic shock by a
100-fold dilution into 10 mM Tris-HCIl, pH 7.4/2 mM phenyl-
methylsulfonyl fluoride. After 20 min the suspension was
centrifuged for 1 hr at 100,000 X g, and the osmotic-shock
step was repeated. The purified microsomal membranes were
resuspended at a protein concentration of 5 mg/ml and either
used immediately or stored at —70°C.

Preparation of DLPC. Ten milliliters of microsomes puri-
fied from scrapie-infected brains were added to a glass test
tube containing 100 mg of dry PtdCho and mixed in a Vortex
before the addition of Sarkosyl to a final concentration of 2%
(wt/vol) (12, 18). The mixture was then sonicated for 10 min
in a cylindrical bath sonicator and centrifuged at 100,000 X
g for 1 hr. The supernatant fraction contained DLPC, which
were used for further purification.

RESULTS

A microsomal membrane fraction was prepared from scrapie-
infected brains containing 50% of the scrapie infectivity and
50% of the PrP (Table 1). The microsomes were solubilized
by a combination of Sarkosyl (2% wt/vol) and PtdCho (5
mg/ml). The DLPC formed by this procedure were subjected
to ultracentrifugation, and the supernatant was applied to PrP
mAb-affinity matrix. mAbs raised against PrP 27-30 were
crosslinked to Protein A-Sepharose to minimize the leakage
of the antibodies. After overnight incubation at 4°C, the
immunoaffinity matrix was washed with buffers containing
various increased concentrations of salt and different deter-
gent as well as 2% (wt/vol) PtdCho. The PtdCho was
included to prevent aggregation of PrPS¢ while bound to the
matrix and during elution.

Elution of PrP from the matrix was accomplished with
higher and higher concentrations of alkali; the pH of the
eluant was increased progressively from 9.5 to 11.2. At pH

9.5, the first detectable PrP was eluted. Acid was also
examined, but it was not efficient in eluting the PrP. Because
alkali is known to inactivate scrapie infectivity (31), samples
were titrated immediately after elution to pH 7.

Selected fractions of the immunoaffinity purification pro-
cedure were analyzed by NaDodSO,/PAGE as shown in Fig.
1. Most unbound PrP was eluted in the void volume; that not

* all of the PrP molecules are bound to the matrix may result

from some PrP molecules possessing a configuration unfa-
vorable for binding. No PrP was detected in subsequent
washes before increasing the pH of the eluant buffer to 9.5 as
judged by immunologic blotting (Fig. 1 Upper). Approxi-
mately 9% of the PrP was recovered in the alkaline eluate;
this represents =20% of the PrP in the microsome fraction.
An equal amount of PrP was found in the flow-through
fraction. At least 20% of the unaccounted-for PrP remained
bound to the column and was eluted by additional washes
with the pH 11.2 buffer. The extent of PrP purification was
=5700-fold, and the purity of the PrP, as judged by
NaDodSO,/PAGE with silver staining, was excellent (Fig. 1
Lower). Similar results were obtained when the IgG fraction
of a polyclonal rabbit a-PrP 27-30 was coupled to Protein A—
Sepharose and used in place of the PrP mAb columns.

Aliquots eluted from the immunoaffinity column at alkaline
pH were examined by electron microscopy after negative
staining with uranyl formate. Amorphous vesicles but no
prion rods were seen (data not shown).

Some prion proteins in purified fractions are probably the
cellular isoform of the prion protein because all of our PrP
mAbs to date bind to both PrP isoforms. To estimate the
amount of PrPS° in the purified fractions, we digested the
fractions with proteinase K, which catalyzes the hydrolysis
of the cellular isoform of PrP and the conversion of PrPS¢ to
PrP 27-30. As depicted in Fig. 1 (lane 10), the majority of the
purified PrPS¢ is converted to PrP 27-30 as evidenced by the
intensity of immunostaining as well as silver staining on
NaDodSO,/PAGE. From these digestions, we conclude that
most of the PrP in our purified fractions is PrPSe,

Aliquots of fractions from the PrP immunoaffinity column
were inoculated into hamsters for bioassay of scrapie prion
titer. Those fractions, which contain PrPS¢, also contain
scrapie infectivity, whereas those fractions with no detect-
able PrPS¢ contain either low levels of scrapie prions or none
(Table 1). Moreover, the amount of PrPS° recovered from the
column was a function of the eluate pH and was roughly
proportional to the prion titer. Although the specific infec-
tivity (IDs, units per mg of protein) increased by 4000-fold
during purification, the IDy, units per ug of PrP remained
constant. We recovered =4% of the total infectivity in the pH
11.2 eluate; this amount corresponds to =10% of infectivity
found in the microsome fraction (Table 1). An additional
=10% of the microsome infectivity was found in the flow-
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Protein Total Prp Specific activity, Prp Log titer/
purification, PrPt, PrP, recovery, ng of PrP/mg of purification, PrP ratio,
-fold ug/ml ne % protein -fold IDs, per ug
1 2 300 100 0.13 1 7.8
16 10 150 50 2.0 15 7.8
16 10 150 50 2.0 15 7.8
2.5 2 30 10 0.5 4 7.6
0.06 <0.01
<0.01
1600 0.05 0.5 0.2 740 5700 7.2
2000 0.5 5 1.7 1000 7700 7.2
4000 2.0 20 7 740 5700 7.6

through fraction. How much of the unaccounted infectivity
remains bound to the column and how much is inactivated
during alkali elution remain to be determined. The impreci-
sion of the animal bioassay (23) for scrapie infectivity
complicates attempts to determine accurately the degree of
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FiG. 1. Immunoaffinity purification of PrPS¢. Microsomes iso-
lated from 15 scrapie-infected hamster brains were solubilized by a
combination of Sarkosyl and PtdCho. The DLPC fraction was
incubated overnight at 4°C with PrP mAb Protein A-Sepharose beads
on a rocking platform oscillating 30 times per min. The DLPC bound
to resin was transferred to a column (2.5 x 15 cm) and washed with
the follawing buffers: (/) 0.5 M NaCl/0.05 M Tris-HCI, pH 8.2/1%
(wt/vol) Sarkosyl/PtdCho at 2 mg/ml (4 vol); (ii) the same buffer
with 0.5% (vol/vol) Nonidet P-40 instead of Sarkosyl (3 vol); (iii) 0.15
M NaCl/0.5% (wt/vol) sodium deoxycholate/PtdCho at 1 mg/ml (3
vol). PrP was then eluted by a discontinuous gradient of alkaline pH:
({) 10 ml of 0.05 M triethylamine, pH 9.5/0.5% sodium deoxycholate/
PtdCho at 1 mg/ml; (ii) the same solution titrated to pH 10.0; (iii) the
same solution at pH 11.2. After elution, the samples were immedi-
ately titrated to neutrality with 2-[ N-morpholino)ethanesulfonic acid
(MES) buffer. Each wash was equivalent to one column volume of
15 ml. Aliquots of selected fractions were analyzed by NaDodSO,/
PAGE and bioassays for infectivity (Table 1). (Upper) Immunologic
blot from NaDodSO,/polyacrylamide gel stained with rabbit a-PrP
27-30 (RO18) that had been raised against NaDodSO,/PAGE-
purified PrP 27-30. Similar immunablots were obtained when PrP
mAb were used in place of the rabbit a-PrP. (Lower) Silver-stained
duplicate 12% PAGE. Lanes: 1, DLPC; 2, flow-through; 3, second
wash; 4, third wash; 5, seventh wash; 6, tenth wash; 7, pH 9.2 eluate;
8, pH 10 eluate; 9, pH 11.2 eluate; 10, 100-ul aligpot of the pH 11.2
eluate was incubated with proteinase K (20 mg/ml) for 30 min at 37°C
before denaturation by boiling in 2% NaDodSO, buffer. M, of protein
standards are given in kDa.

purification and the recovery for any particular step. Even
though the prion titers given in Table 1 represent the means
from three separate experiments, it may be more prudent to
claim a 10°- to 10%-fold purification of scrapie infectivity than
the =4000-fold claimed, as described above.

To establish the specificity of our immunoaffinity purifi-
cation protocol, we constructed an immunoaffinity matrix
using an unrelated antibody raised against a synthetic peptide
of glycoprotein 120 of HIV. The results of the chromatogra-
phy are depicted in Fig. 2. No PrPS¢ was eluted from the
column regardless of the buffer pH, establishing that the
binding of the PrPS° to the column was specific. Aliquots of
the fractions from this experiment were bioassayed in ham-
sters. Prion infectivity was recovered only in the flow-
through fractions; none was found in fractions eluted with
alkali (Table 2). Comparing the recoveries of prion infectivity
eluted by alkali for the two columns reveals an impressive
difference of ~10® (Tables 1 and 2).

Concurrent with the development of an immunoaffinity
purification protocol, we examined the immunoprecipitation
of purified PrP 27-30 rods dispersed into DLPC. Polyclonal
rabbit PrP 27-30 antiserum (RO18) precipitated ~50% of the
radioiodinated PrP 27-30 in DLPC in the presence of Protein
A-Sepharose (Table 3). Preimmune serum precipitated 1-2%
of the PrP 27-30. PrP mAb 13AS5 could not precipitate a
significant portion of the PrP 27-30 in the presence of Protein
A-Sepharose; presumably, this was due to the relatively poor

— 65

— 31

1702734 "5 6 T

F1G. 2. Immunoaffinity chromatography of PrPS¢ with a heterol-
ogous antibody. An immunoaffinity resin was constructed by cross-
linking the IgG fraction from a polyclonal rabbit HIV-gp120 synthetic
peptide antiserum that was coupled to Protein A—Sepharose CL-4B.
Microsomes isolated from 15 scrapie-infected hamster brains were
solubilized by a combination of Sarkosyl and PtdCho. The resulting
DLPC were incubated with constant mixing by using a rocking
platform overnight at 4°C in the presence of the immunoaffinity resin.
The resin was then loaded into a column and washed sequentially
with the three buffers described in Fig. 1. Immunologic blot of a
NaDodSO,/PAGE of selected fractions stained with rabbit a-PrP 27-
30 (RO18). Lanes: 1, DLPC; 2, flow-through fraction; 3, third wash;
4, fifth wash; 5, seventh wash; 6, pH 10 eluate; 7, pH 11.2 eluate. M,
of protein standards are given in kDa.
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Table 2. Immunoaffinity chromatography of PrPS¢ and scrapie prion infectivity using a heterologous antibody matrix

Log specific
Log titer, infectivity, Log titer/PrP
Volume, Protein, IDs, per ml IDg, per mg PrP, ratio, IDs, per
Fraction ml mg/ml + SE of protein pug/ml ug
Homogenate 150 15 8.1 + 0.25 6.9 2 7.8
Microsome 15 5.0 8.8 = 0.38 8.1 10 7.8
DLPC 15 4.7 8.7 +0.23 8.0 10 7.8
Flow-through 15 4.1 8.6 = 0.32 8.0 8 7.7
Wash 3 15 0.5 50 +0.13 53 <0.01
Wash 10 15 0.05 <0 <0.01
Eluate pH 9.5 10 0.002 <0 <0.01
Eluate pH 10.0 10 0.002 <0 <0.01
Eluate pH 11.2 10 <0.00001 <0 <0.01

IgG fraction from a polyclonal rabbit HIV-glycoprotein 120 synthetic peptide antiserum was coupled to Protein A-

Sepharose CL-4B.

binding of murine IgG molecules to Protein A. The efficacy
of PrP mAb immunoprecipitation was substantially increased
by using rabbit antiserum (RO21) raised against PrP mAb
13AS, as a second antibody (a-PrP mAb 13A5) to facilitate
binding to Protein A-Sepharose (Table 3). With all PrP
antibodies tested, high concentrations were necessary to
obtain maximal immunoprecipitation of 1>I-labeled PrP 27—
30 in DLPC. '

Immunoprecipitated fractions were also assessed for scrap-
ie infectivity (Table 3). The prion titers of samples treated with
rabbit a-PrP 27-30 were reduced by a factor of 100, whereas
exposure to preimmune serum did not alter the titer (Table 3).
In contrast to the polyclonal rabbit a-PrP (RO18), PrP mAb
13AS5 as well as polyclonal rabbit a-PrP mAb 13A5 (2021) failed
to neutralize scrapie infectivity associated with the DLPC.

To extend our finding that a-PrP 27-30 can neutralize
scrapie infectivity, we incubated PrP 27-30 DLPC with
various concentrations of antiserum. Preimmune serum
failed to alter prion titer, whereas immune serum caused a
progressive decrease in titer (Fig. 3). A correlation between
the ratio of a-PrP 27-30 to PrP 27-30 and diminishing
infectivity was found (Fig. 3).

DISCUSSION

The immunoaffinity purification and neutralization studies
reported here provide direct immunological and chromato-

graphic demonstrations of a link between PrPS° and prion
infectivity. For many years, investigators searched for a
detergent that would solubilize scrapie prion infectivity (32,
33). Attempts at purification, as well as characterization of
the scrapie agent, were plagued by the smearing of scrapie
infectivity across centrifugation gradients, electrophoretic
fractions, and chromatography profiles (34, 35). The exper-
imental protocols described here could not have been done
without functional solubilization of scrapie prions into DLPC
(12, 18). Our results combined with other immunologic,
biochemical, and genetic data make it difficult to contend that
PrPS¢ is not a component of the infectious particle but rather
a pathologic product of scrapie infection.

Attempts to neutralize scrapie infectivity in fractions
containing prion amyloid rods were unsuccessful (36). Only
after the rods were dispersed into DLPC was a reduction of
scrapie infectivity found with PrP antibodies (Fig. 3 and
Table 3). Presumably, the DLPC expose epitopes that allow
neutralizing antibodies to bind; these same epitopes in rods
may be buried and inaccessible to antibodies. Neutralization
of viruses by antibodies has been widely studied and is
thought to be a complex process (37). Antibodies have also
been used to assign a biological activity to a specific protein
using neutralization or immunoprecipitation procedures (38—
40). The precise mechanism by which antibodies raised

Table 3. Immunoprecipitation of PrP 27-30 and neutralization of scrapie prion infectivity in DLPC
(*>*1)PrP
27-30 Log prion titer, IDy, per ml + SE
precipitated,
Antibody % Unfractionated  Supernatant Pellet

a-PrP 27-30 (RO18)

None 8.5 + 0.32

In preimmune rabbit 14 8.6 + 0.25 8.7 £ 0.13 5.6 + 0.21

In immune rabbit 54 6.1 = 0.22 6.6 = 0.23 5.7 £ 0.32
PrP mAb and a-PrP mAb

None 7.5 + 0.39 7.6 + 0.16 5.8 = 0.31

mAb 13A5 1.5 7.8 +£0.22 54 +0.27

mAb 13AS + 51 6.7 + 0.21 6.8 + 0.41

rabbit a-PrP mAb (RO21)
Rabbit a-PrP mAb (RO21) 4.5 7.9 + 0.33 4.7 = 0.20

125].labeled PrP 27-30 in purified prion rods was prepared using the Bolton-Hunter reagent (25),
methanol-precipitated and solubilized into DLPC by the addition of 2% cholate and PtdCho at S mg/ml.
Protein concentration was 5 ug/ml. DLPC were incubated with an IgG fraction of a-PrP or PrP mAb
in a 1.5-ml Eppendorf tube and rocked overnight at 4°C. Protein A-Sepharose beads were added to the
PrP antibody/DLPC mixture and incubated for 1 hr before centrifugation in a Microfuge for 10 min.
The protein adsorbed by the beads was separated from the supernatant fluid, and the 1251 in each fraction
was measured in a Beckman vy counter. For neutralization experiments, nonradioactive '?’I-labeled PrP
27-30 was solubilized into DLPC and incubated with the relevant antibody overnight. Samples were
either directly inoculated into hamsters after dilution with inoculation buffer or incubated with Protein
A-Sepharose before fractionation and inoculation. Prion titers in RO18 treatment represent an average
of two experiments, whereas values in the mAb and a-PrP treatment are from a single experiment.



Biochemistry: Gabizon et al.

IOF
.

_ ‘,r?r
ET ., 4 e ? ® g
S e T ! 1
= ?é
o
E of ¢ %

L 0

-3 -2 -1 0 1 2 3 4
LOG [anti-PrP)/[PrP)

Fi1G.3. Neutralization of scrapie prion infectivity with polyclonal
a-PrP 27-30. DLPC were formed from purified prion rods containing
PrP 27-30at 5 ug/ml by dispersion in 2% cholate /PtdCho at S mg/ml.
The IgG fraction (10 mg/ml) of rabbit preimmune serum (®) or
antiserum (anti-PrP; RO18) (0) raised against NaDodSO,/PAGE-
purified PrP 27-30 was mixed with PrP 27-30 solubilized into DLPC
and incubated in an Eppendorf tube on a rocking platform at 4°C
overnight. a-PrP 27-30 and DLPC as well as diluent, when neces-
sary, were added to each sample to obtain a final volume of 100 ul.
Seven samples contained the following volumes (in ul) of a-PrP 27-
30 and DLPC-solubilized PrP 27-30, respectively: 1, 0.05 and 50; 2,
0.5 and 50; 3, 5 and 50; 4, 50 and 50; 5, 50 and 5; 6, 50 and 0.5; 7, 50
and 0.05. The samples were then inoculated directly into hamsters for
bioassay. Samples were not frozen at any time after the DLPC were
formed. Scrapie prion titer is plotted as a function of the ratio of the
volume of a-PrP 27-30 to the volume of DLPC containing PrP 27-30.

against NaDodSO,/PAGE-purified PrP 27-30 reduce scrapie
infectivity remains to be established.

In part, the need for high concentrations of PrP antiserum
to demonstrate neutralization may be due to the high particle-
to-infectivity ratio. We estimate that the ratio of PrPSc
molecules per IDs, unit in our immunoaffinity-purified frac-
tions is =10°. This particle-to-infectivity ratio resembles that
previously reported for the prion amyloid rods, where it
ranges from 10* to 10° (4, 5).

The experimental results of the complementary immuno-
logic approaches reported here combined with results of
biochemical and genetic studies mount a convincing argu-
ment for PrP5¢ being a major component of the infectious
scrapie prion. This is an important feature, distinguishing
prions from viruses, because PrP is encoded by a host gene
and not by a nucleic acid within the prion particle. Qur results
argue neither for nor against a second molecule within the
prion—such as a small nucleic acid; however, all attempts to
demonstrate a scrapie-specific polynucleotide have been
unsuccessful to date. The development of an immunoaffinity
purification protocol and procedures for chromatography will
undoubtedly facilitate structural studies of prions as well as
experiments focusing on how prions multiply.

Authors thank Ms. M. Vincent for excellent technical assistance,
Dr. E. Turk for helpful discussions, Drs. R. Barry and D. Serban for
production of PrP antibodies, and L. Gallagher for document
production assistance. R.G. was supported by a Chaim Weizmann
Postdoctoral Fellowship for Scientific Research. M.M. was sup-
ported by the California State Department of Health Services
(87-92057). This work was supported by research grants from the
National Institutes of Health (AG02132 and NS14069), the Senator
Jacob Javits Center of Excellence in Neuroscience (NS22786), and
the American Health Assistance Foundation, as well as by gifts from
Sherman Fairchild Foundation and RJR-Nabisco, Inc.

1. Prusiner, S. B. (1982) Science 216, 136-144.
2. Prusiner, S. B. (1987) N. Engl. J. Med. 317, 1571-1581.
3. Basler, K., Oesch, B., Scott, M., Westaway, D., Wilchli, M.,

10.

11.
12.
13.
14.

15.
16.
17.

18.

19.
20.

21.

22.
23.

25.
26.
27.
28.
29.
30.

31

32.

33.

34

35.

36.

37.
38.

39.

Proc. Natl. Acad. Sci. USA 85 (1988) 6621

Groth, D. F., McKinley, M. P., Prusiner, S. B. & Weissmann, C.
(1986) Cell 46, 417-428.

Prusiner, S. B., McKinley, M. P., Bowman, K. A., Bolton, D. C.,
Bendheim, P. E., Groth, D. F. & Glenner, G. G. (1983) Cell 35,
349-358.

Prusiner, S. B., Bolton, D. C., Groth, D. F., Bowman, K. A,,
Cochran, S. P. & McKinley, M. P. (1982) Biochemistry 21, 6942—
6950.

Diringer, H., Gelderblom, H., Hilmert, H., Ozel, M., Edelbluth, C.
& Kimberlin, R. H. (1983) Nature (London) 306, 476-478.
Bolton, D. C., McKinley, M. P. & Prusiner, S. B. (1982) Science
218, 1309-1311.

McKinley, M. P., Bolton, D. C. & Prusiner, S. B. (1983) Cell 35,
57-62.

Bolton, D. C., McKinley, M. P. & Prusiner, S. B. (1984) Biochem-
istry 23, 5898-5905.

Carlson, G. A., Kingsbury, D. T., Goodman, P., Coleman, S.,
Marshall, S. T., DeArmond, S. J., Westaway, D. & Prusiner, S. B.
(1986) Cell 46, 503-511.

Westaway, D., Goodman, P. A., Mirenda, C. A., McKinley, M. P.,
Carlson, G. A. & Prusiner, S. B. (1987) Cell 51, 651-662.
Gabizon, R., McKinley, M. P. & Prusiner, S. B. (1987) Proc. Natl.
Acad. Sci. USA 84, 4017-4021.

Bockman, J. M., Kingsbury, D. T., McKinley, M. P., Bendheim,
P. E. & Prusiner, S. B. (1985) N. Engl. J. Med. 312, 73-78.
Brown, P., Coker-Vann, M., Pomeroy, K., Franko, M., Asher,
D. M., Gibbs, C. J., Jr., & Gajdusek, D. C. (1986) N. Engl. J. Med.
314, 547-551.

Bockman, J. M., Prusiner, S. B., Tateishi, J. & Kingsbury, D. T.
(1987) Ann. Neurol. 21, 589-595.

Roberts, G. W., Lofthouse, R., Brown, R., Crow, T. J., Barry,
R. A. & Prusiner, S. B. (1986) N. Engl. J. Med. 315, 1231-1233.
Butler, D. A., Scott, M. R. D., Bockman, J. M., Borchelt, D. R.,
Taraboulos, A., Hsiao, K. K., Kingsbury, D. T. & Prusiner, S. B.
(1988) J. Virol. 62, 1558-1564.

Gabizon, R., McKinley, M. P., Groth, D. F., Kenaga, L. &
Prusiner, S. B. (1988) J. Biol. Chem. 263, 4950-4955.

Braig, H. & Diringer, H. (1985) EMBO J. 4, 2309-2312.
Manuelidis, L., Sklaviadis, T. & Manuelidis, E. E. (1987) EMBOJ.
6, 341-347.

Chesebro, B., Race, R., Wehrly, K., Nishio, J., Bloom, M.,
Lechner, D., Bergstrom, S., Robbins, K., Mayer, L., Keith, J. M.,
Garon, C. & Haase, A. (1985) Nature (London) 315, 331-333.
Marsh, R. F. & Kimberlin, R. H. (1975) J. Infect. Dis. 131, 104-110.
Prusiner, S. B., Cochran, S. P., Groth, D. F., Downey, D. E.,
Bowman, K. A. & Martinez, H. M. (1982) Ann. Neurol. 11, 353-
358.

Bradford, M. M. (1976) Anal. Biochem. 72, 248-254.

Bolton, A. E. & Hunter, W. M. (1973) Biochem. J. 133, 529-539.
Laemmli, U. K. (1970) Nature (London) 227, 680-685.

Towbin, H., Staehelin, T. & Gordon, J. (1979) Proc. Natl. Acad.
Sci. USA 76, 4350-4354.

Heukeshoven, S. & Dermick, R. (1985) Electrophoresis 6, 103-112.
Barry, R. A. & Prusiner, S. B. (1986) J. Infect. Dis. 154, 518-521.
Schneider, C., Newman, R. A., Sutherland, D. R., Asser, U. &
Greaves, M. F. (1982) J. Biol. Chem. 257, 10766-10769.

Prusiner, S. B., Groth, D. F., McKinley, M. P., Cochran, S. P.,
Bowman, K. A. & Kasper, K. C. (1981) Proc. Natl. Acad. Sci. USA
78, 4606—4610.

Millson, G. C. & Manning, E. J. (1979) in Slow Transmissible
Diseases of the Nervous System, eds. Prusiner, S. B. & Hadlow,
W. J. (Academic, New York), Vol. 2, pp. 409-424.

Prusiner, S. B., Groth, D. F., Cochran, S. P., Masiarz, F. R.,
McKinley, M. P. & Martinez, H. M. (1980) Biochemistry 19, 4883—
4891.

Prusiner, S. B., Hadlow, W. J., Garfin, D. E., Cochran, S. P.,
Baringer, J. R., Race, R. E. & Eklund, C. M. (1978) Biochemistry
17, 4993-4997.

Siakotos, A. N., Gajdusek, D. C., Gibbs, C. J., Jr., Traub,R. D. &
Bucana, C. (1976) Virology 70, 230-237.

Barry, R. A. & Prusiner, S. B. (1987) in Prions—Novel Infectious
Pathogens Causing Scrapie and Creutifeldt-Jakob Disease, eds.
Prusiner, S. B. & McKinley, M. P. (Academic, Orlando, FL), pp.
239-275.

Dimmock, N. J. (1987) Trends Biosci. 12, 70-75.

Barzilai, A., Spanier, R. & Rahamimoff, H. (1987) J. Biol. Chem.
262, 10315-10320.

Allard, W. J. & Lienhard, G. E. (1985) J. Biol. Chem. 260, 8668—

8675.
Targoff, I. N. & Reichlin, M. (1987) J. Immunol. 138, 2874 2882.



