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Transfer of Scrapie Prion Infectivity
by Cell Contact in Culture

this culture system is effective and requires significantly
less PrPSc than infection by a prion preparation. Several
lines of evidence indicate that it depends on cell contact,
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West Berkshire, RG20 7NN to stably produce PrPSc by exposure to a subcellular
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of a prion-infected brain. It has been difficult to obtain
extensive infection of cells in culture; for example, an

Summary early report analyzed an infected culture on a clonal
basis and found that only 1% of the cells were infected

Background: When a cell is infected with scrapie prions, [6]. More recently, several laboratories have derived
newly synthesized molecules of the prion protein PrPC

subclones of N2a neuroblastoma cells that are readily
are expressed at the cell surface and may subsequently infected by brain homogenates, and these may provide
be converted to the abnormal form PrPSc. In an experi- important opportunities for approaches to diagnostics
mental scrapie infection of an animal, the initial innocu- and therapeutics based in cell culture [5, 7, 8]. The mech-
lum of PrPSc is cleared relatively rapidly, and the subse- anism of infection, however, remains unclear; for exam-
quent propagation of the infection depends on the ability ple, to what extent does the interconversion occur at
of infected cells to convert uninfected target cells to the surface, as opposed to after internalization [1], and
stable production of PrPSc. The mechanism of such cell- what role, if any, do accessory molecules play in the
based infection is not understood. process?

Presumably, a critical aspect of the progression of
Results: We have established a system in dissociated prion infections in vivo is the ability of infected cells in the
cell culture in which scrapie-infected mouse SMB cells CNS, for example, to convert their neighbors to stably
are able to stably convert genetically marked target cells express PrPSc. The mechanisms underlying such cell-
by coculture. After coculture and rigorous removal of to-cell infection have not been studied directly, but the
SMB cells, the target cells express PrPSc and also incor- most obvious possibility is that infected cells produce
porate [35S]methionine into PrPSc. The extent of conver- extracellular forms of PrPSc that then act on target cells
sion was sensitive to the ratio of the two cell types, and as discussed above. Since some PrPSc is expressed at
conversion by live SMB required 2500-fold less PrPSc the cell surface and is accessible to biotinylation [2, 9],
than conversion by a cell-free prion preparation. The it is also possible that cell-to-cell contact might play a
conversion activity of SMB cells is not detectable in role in intercellular conversion. In order to evaluate these
conditioned medium and apparently depends on close possibilities, we have set up a system in dissociated
proximity or contact, as evidenced by culturing the SMB culture in which genetically marked target cells are in-
and target cells on neighboring but separate surfaces. fected by coculture with scrapie-infected counterparts.
SMB cells were killed by fixation in aldehydes, followed In this model, intercellular prion transmission appears
by washing, and were found to retain significant activity to be dependent on direct cell-cell contact.
at conversion of target cells.

Results
Conclusions: Cell-mediated infection of target cells in

The properties of the various cell lines used in this study
are summarized in Table 1. Scrapie mouse brain (SMB)5 Correspondence: j.brockes@ucl.ac.uk
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Table 1. Characteristics of Cell Lines

Cell Line Mouse PrPC Mouse PrPSc HMH-PrP NeoR

SMB � � � �

PS � � � �

HMH1 � � � �

HMH8 � � � �

The scrapie-infected SMB cell and its cured derivative, the PS cell,
were as described [12]. PS cells were transfected with the pEE6
plasmid [31] expressing the chimeric mouse hamster PrP SP66 con-
struct [14], referred to here as HMH, as well as the neo selectable
marker. HMH8 transfectants were selected with G418 and ex-
pressed HMH-PrP (as detected both by immunofluorescence on
live cells and by Western blotting with antibody 3F4 [13]) and neoR,
as detected by in situ hybriduzation. HMH1 cells expressed neoR

but no detectable HMH protein. The column headed “Mouse PrPSc”
refers to the status of PS, HMH1, and HMH8 before infection.

cells were originally derived from culture of mouse brain
infected with the Chandler strain of mouse scrapie [10,
11] and have subsequently been cloned [12]. They divide
rapidly in culture without indications of cytopathology,
stably express PrPC and PrPSc, and maintain an invariant
level of scrapie infectivity over many passages, as deter-
mined by bioassay of cell extracts after inoculation into
mice [10, 11]. The SMB cells have been cured of infecti- Figure 1. Infection of Target Cells with Scrapie-Infected Mouse

Brain Homogenate Gives Stable Production of PrPScvity and PrPSc expression by growth in the presence of
(A) Cells were infected with homogenates of infected mouse brainpentosan sulfate, and the resulting pentosan sulfate (PS)
as described in the Experimental Procedures and were expandedcell line was readily reinfected by exposure to homoge-
by multiple passages prior to the preparation of PrPSc fractions (seenates of scrapie-infected mouse brain [12].
the Experimental Procedures) from equivalent numbers of cells and

The target cells used in the present study were derived analysis by Western blotting. An aliquot of each cell lysate was
by transfecting PS cells under neomycin selection to analyzed without proteinase K treatment to detect PrPC expression,
obtain two clonal cell lines, HMH1 and HMH8 (Table 1). and this was comparable for each sample. The mobilities of the

unglycosylated and monoglycosylated bands in the PrPSc fractionsThe HMH8 line expressed the selectable neo gene, as
are indicated with a solid or empty arrowhead, respectively. B, ali-well as a cotransfected hamster/mouse PrP construct
quot of the infected brain homogenate; S, SMB cells; PS(10), PS(referred to here as HMH), which carries the hamster
cells at 10 generations and 5 passages after infection; PS(12), the

3F4 epitope [13] and, in earlier work, was converted to cells used for PS(10) at 12 generations and 6 passages; PS, PS cells;
PrPSc after transient transfection into scrapie-infected H1(8), HMH1 cells at 8 generations and 4 passages after infection;
N2a cells [14]. Although the HMH protein in HMH8 was H1(12), HMH1 cells at 12 generations and 6 passages after infection;

H1, HMH1 cells. The HMH1 samples are taken from a separate gel.not stably converted to PrPSc in the experiments de-
Production of PrPSc does not reflect the persistence of the originalscribed here, either by brain homogenates or by live
innoculum, because it does not decrease with passage number, and,SMB cells, it was converted after transient transfection
furthermore, the position of the unglycosylated protease-resistant

of the construct into SMB cells and analysis after 7 days band in the infected brain homogenate runs characteristically above
(data not shown). In our experiments, we assayed for the corresponding band for SMB and infected cell samples (see
the stable conversion of the endogenous mouse PrPC lane 1).

(B) Titration of scrapie-infected mouse brain homogenate on HMH1in the target cells (Table 1).
indicator cells. HMH1 cells were exposed to varying dilutions of 2%
brain homogenate and expanded by passaging for 17 days, priorInfection of Target Cell Lines with Scrapie Prions
to the preparation of PrPSc fractions and Western blotting after elec-

The target cells were readily converted to stably express trophoresis of 75 �g protein/lane. The expression of PrPSc was quan-
mouse PrPSc by incubation with a homogenate of mouse titated by imager analysis. Control infections of PS cells with normal
brain infected with the 79A strain, which was originally mouse brain homogenates gave no detectable appearance of PrPSc.
derived from Chandler scrapie [15]. After washing to
remove residual homogenate, the cells were passaged
for 8–12 generations, lysed in detergent, and analyzed of PrPSc was detected after exposure to the two lowest

dilutions.by Western blotting for the presence of protease-resis-
tant and detergent-insoluble PrPSc. The PrPSc fraction The maximum level of expression of PrPSc in Figure

1B corresponds to approximately 10% of the level ofof SMB cells [12] migrates predominantly as the lower
unglycosylated and upper monoglycosylated bands (de- expression observed in extracts of an equivalent num-

ber of SMB cells. In the absence of a single cell assaypicted by arrows in Figure 1A, see legend), and infection
of PS cells (Figure 1A, PS lanes) or HMH1 cells (H1 lanes) to identify PrPSc-positive cells, it is not clear if this repre-

sents conversion of 10% of the cells to the SMB levelgave a comparable profile. The brain homogenate was
titered on both HMH1 and HMH8, and an example with or conversion of a higher percentage to a level below

that of SMB. Nonetheless, it is clear that PS cells, inHMH1 is shown in Figure 1B, where stable expression
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Figure 2. Coculture of SMB and HMH8 Cells and Selective Reisola-
tion of Target Cells

(A) Phase contrast micrograph of SMB and HMH8 cells after 6 days
of coculture, with tracker-labeled SMB cells identified by an asterisk.
Note the close apposition of the two cell types.
(B) Fluorescence micrograph of (A) showing the SMB cells labeled
by prior incubation with the Syto 64 cell tracker dye. The scale bar
represents 50 �m.

agreement with earlier work [12], as well as their stably
transfected derivatives (Table 1) are readily reinfected Figure 3. Labeling of NeoR Cells by In Situ Hybridization
by mouse scrapie prions in suspension. (A) Hybridization of HMH8 with an antisense probe to the neo gene

showing that all cells are labeled.
(B) Hybridization of SMB cells showing that no cells are labeled.Infection by Live SMB Cells
(C) All cells are labeled after hybridization to HMH8 cells isolatedIn order to assay for cell-based infection, in this case,
by neo selection after coculture with SMB. The hybridizations ofthe ability of SMB to stably convert its cured derivatives,
(A)–(C) were performed in parallel. Analysis of such populationsthe target cells, either HMH1 or HMH8, were plated out
indicates that �1 cell in 1000 is an SMB cell after neo selection.

with an equal number of SMB cells. The two cell types Furthermore, when SMB cells were labeled with the PKH26 cell
divided and associated to form closely packed mono- tracker dye (see the Experimental Procedures), no positive cells

remained after 10 days of G418 selection. The scale bar representslayers without sorting out, as evidenced by labeling one
50 �m.population with a fluorescent cell tracker dye (Figures

2A and 2B). After 7 days of coculture, the cells were
passaged and propagated in medium containing G418.
All of the SMB cells were killed after 10 days of exposure One important index of conversion is the biosynthetic

incorporation of a radioactive amino acid into PrPSc [3, 4].to the antibiotic, as shown by in situ hybridization of
populations with an antisense probe to the neo tran- The target cells were selected after coculture and pulse

labeled in medium containing [35S]methionine, followedscript, which selectively labeled the target cells (Figures
3A–3C; see Figure 3 legend). The selected populations by a chase in normal medium. The PrPSc was isolated

from detergent extracts by proteinase K digestion, fol-were generally passaged at least three more times (8–10
generations) in medium containing G418 prior to analy- lowed by ultracentrifugation, and was denatured with

acidic guanidine isothiocyanate (see the Experimen-sis for PrPSc. The coculture resulted in effective conver-
sion of HMH1 or HMH8 to expression of mouse PrPSc tal Procedures). Radiolabeled PrP was renatured and

immunoprecipitated, followed by deglycosylation and(Figure 4A), and this was maintained after prolonged
drug selection. In parallel experiments with a neo-resis- analysis by gel electrophoresis. A radiolabeled band at

21 kDa was specifically immunoprecipitated from SMBtant sheep cell line expressing PrPC, no conversion was
observed after coculture with SMB. This provides fur- (Figure 4B, lanes 1 and 2) and HMH8 cells reisolated by

G418 selection from a coculture (lanes 3 and 4), but notther evidence that all SMB cells are killed after G418
treatment. from control PS cells (lanes 5 and 6). We conclude from
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Figure 5. Dependence of PrPSc Production on the Cell Ratio in the
Coculture

HMH1 cells (1.4 � 105/dish) were cocultured with SMB so as to vary
the ratio over a range of 500-fold. After coculture, the HMH1 cells
were G418 selected as before, extracted, processed for PrPSc, and
analyzed by quantitative Western blotting at 60 �g protein/well. TheFigure 4. Production and Synthesis of PrPSc in HMH Target Cells
decrease in the PrPSc level seen at the lowest ratio of HMH1:SMBafter Coculture with SMB Cells
was reproducible and did not apparently reflect any toxic effect of

(A) Production as analyzed by Western blotting. B, Scrapie-infected
higher cell density. It might be due to some sorting out of the two

mouse brain standard; S, SMB cells used for coculture; 1H8:1S,
populations.

HMH8 cells reisolated by neo selection from coculture at a 1:1
(HMH8/SMB) ratio; H8, HMH8 cells used for coculture; S, SMB cells
used for coculture, the loading is higher than in the other S lane;
1H1:1S, HMH1 reisolated from a 1:1 coculture, 1H1:3S, HMH1 reiso- of a dish of target cells by SMB cells required 2,500-
lated from a 1:3 coculture; H1, HMH1 input cells. fold less PrPSc than conversion by a brain homogenate,
(B) Synthesis of radiolabeled PrPSc after metabolic labeling of cul- as determined by comparative Western blotting.
tured cells with [35S]methionine. Cultures were pulsed with medium
containing [35S]methionine and chased as detailed in the Experimen-
tal Procedures. Lysates were processed for PrPSc, denatured and Evidence for Contact Dependence
renatured, immunoprecipitated, and deglycosylated as detailed in of SMB Cell Infection
the Experimental Procedures. One half of each sample was precipi- The SMB cells could conceivably convert the target cells
tated, either with specific anti-PrP monoclonal antibodies or with

by releasing or generating PrPSc in the medium, andcontrol antibody as indicated, followed by gel electrophoresis and
a previous report on GT1 cells is consistent with thisautoradiography. Lanes 1 and 2 are derived from SMB cells; lanes
possibility [16]. In order to investigate this possibility,3 and 4 are derived from HMH8 cells reisolated from a SMB coculture

at a 1:1 ratio; and lanes 5 and 6 are derived from control PS cells. medium was conditioned for 2 days by SMB cells at
Note the 21 kDa deglycosylated band present in SMB cells and high density and then incubated with the two target cell
cocultured HMH8, but not in control PS cells. Comparable results lines for 7 days; but, in repeated attempts, it did not
have been obtained with independent isolates of cocultured HMH1

induce any detectable conversion to PrPSc. The activitycells.
of live SMB cells is therefore most unlikely to depend
on the presence of stable infective components in the
medium, either prion rods or some other species.these studies that target cells were converted to stably

express and synthesize PrPSc by coculture with SMB. Other possibilities include the release of either an un-
stable activity or PrPSc in membrane exovesicles, which
might not be recovered adequately in conditioned me-Efficiency of Infection by Live SMB Cells

The quantitative dependence of the interaction was ana- dium. In order to bring the cells into close proximity but
not into contact, we cocultured SMB or HMH cells aslyzed by varying the input ratio of SMB to target cells,

while keeping the number of target cells constant. After separate populations, one on an insert membrane with
high-density pores of 0.4-�m diameter, the other on the1 week of coculture, the SMB cells were removed by

antibiotic selection for 2 weeks as before, and the level bottom surface of the dish in medium shared by cells
on the insert (Figure 6). Although such pores would notof PrPSc in the target cells was determined by Western

blotting. The maximum expression of PrPSc was achieved permit transfer of larger prion rods, they should permit
transfer of exovesicles, as well as most soluble mole-at around a unitary ratio, and increasing the number of

SMB cells to a ratio of 0.2 (target/SMB) led to a decrease cules. When cells were either cocultured in contact fol-
lowed by G418 selection (Figure 6v) or were coculturedin expression (Figure 5). Conversion of the target cells

was detected at a ratio of 20, but not at 100 (Figure 5). separately and assayed after a comparable time (Figures
6i and 6iii), the separated configuration did not giveIn comparing infection of the HMH1 target cell line by

a diluted homogenate of scrapie-infected brain (Figure detectable conversion, that is less than 10% of the level
of PrPSc observed for the contact case. An alternative1B) to infection by the live SMB cell (Figure 5), the maxi-

mum level of target cell PrPSc expression was similar, hypothesis is that it is the products of dying SMB cells
that convert the target cells during the period of G418approximately 10% and 30%, respectively, to the level

in SMB cells. Although infection by the two methods is selection of cocultures. When G418 was introduced into
insert cultures in either configuration so as to exposenot strictly comparable, it is noteworthy that conversion
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from fixed SMB cells after detergent lysis and proteoly-
sis (Figure 7, lane F, compare live SMB, lane S), but was
found as an aggregate in the initial low-speed pellet
(lane P), presumably because of the crosslinking activity
of the fixatives.

Target cells were plated onto the fixed and washed
SMB cells for varying times and came into close apposi-
tion or partial overlap with them (Figure 7A). After tryp-
sinization (see Figure 7 legend), the cells were propa-
gated in medium containing G418 for 2 weeks. If any
conversion occurred during the period of contact with
fixed SMB cells, this was presumably amplified in theFigure 6. Appearance of PrPSc Is Prevented by Separation of In-

fected and Target Cells target cells during the period of subsequent culture.
When this period was reduced to 48 hr, PrPSc was de-In (i)–(iv), the SMB and HMH8 cells were separated during coculture

by growth in shared medium on different surfaces of a culture dish tected only at low levels for the 7-day samples, and not
with an insert of pore size 0.4 �m. Note that one population grows at 3 or 5 days (not shown). This is consistent with a
on the insert, and the other on the bottom of the dish. In (ii) and (iv), requirement for amplification and also shows that the
G418 was added to the medium in order to kill SMB cells while

PrPSc signal cannot be accounted for by carry over fromseparated from HMH8. In (v), HMH8 and SMB were cocultured as
the fixed cells, although this would be inconsistent withbefore. After coculture, the HMH8 cells were expanded in G418
the result in Figure 7, lane F anyway. After coculture for([i]–[iv]) or selected from the coculture [(v)] so as to undergo the

same number of passages. The five populations were extracted, 3, 5, or 7 days with an identical number of either live or
processed for PrPSc, and analyzed by Western blotting as before. fixed SMB cells (Figure 7B, lanes 4, 6, and 8 or 5, 7, and
S, SMB; H, HMH8 control; M, marker lane showing artifactual band. 9, respectively), an increase in conversion with time was
Titration of the signal in (v) indicated that separation of the popula-

observed for both contexts. The level of conversion ob-tions gave �10% of the level of PrPSc obtained for cells in contact.
served for fixed cells was about 10%–25% of the level
for live cells. No detectable conversion was observed

target cells to the local death of SMB, no detectable after 1 day of coculture, and no conversion was ob-
conversion was observed, arguing against this poss- served in parallel experiments with fixed, washed PS
ibility (Figures 6ii and 6iv). While the possibility of a cells in place of SMB cells. Thus, the fixed SMB cells
short-range diffusible signal is not ruled out, the results remain substantially active in converting target cells to
support the importance of close apposition (as seen in stably produce PrPSc.
Figures 2A and 2B) in cell-based infection.

Infection by Aldehyde-Fixed SMB Cells Discussion
Direct evidence for the role of cell contact has come
from the activity of aldehyde-fixed infected cells. A principal conclusion from this study is that a scrapie

prion-infected cell is able to convert a neighboring unin-SMB cells were fixed in a mixture of buffered paraformal-
dehyde and glutaraldehyde and then washed for 48 hr fected cell by a process that is dependent upon cell

contact. Although it is plausible that the SMB cell mightto remove the fixatives. The cells were dead, as assayed
by staining with vital dyes, and did not incorporate generate infectious forms of PrP in the medium, which

then act on the target cells, this extracellular pathway[3H]leucine into protein, as detected by autoradiography.
The state of PrPSc was investigated by fractionation of appears not to operate in the particular circumstances

analyzed here, since conditioned medium has no activ-fixed cells. It was not detected in the high-speed pellet

Figure 7. Aldehyde-Fixed SMB Cells Are
Able to Convert Target Cells in Coculture

(A) Association of fixed SMB and live target
cells labeled with cell tracker dyes. SMB cells
were stained in suspension with Syto 64 cell
tracker dye (red), plated, fixed, and washed
for 48 hr as described in the Experimental
Procedures. HMH1 cells were labeled in sus-
pension with Cell Tracker Green and plated
onto the fixed SMB cells for 3 days. The cells
partially overlap on the upper surface of three
of the SMB cells, giving a yellow zone of cell
apposition. Note that the red cells are smaller,

in part because SMB cells are smaller, and in part because the fixation induced some shrinkage.
(B) Infection of target cells by fixed SMB cells. Lanes P, F, and S: fixation leads to crosslinking of PrPSc in SMB, as analyzed by Western
blotting. P, low-speed pellet fraction from fixed SMB showing aggregates; F, PrPSc fraction from fixed cells after protease K digestion and
ultracentrifugation, note that no PrPSc is visible; S, PrPSc fraction from control live SMB cells processed in parallel. Lanes L3–F7: live and fixed
SMB were cocultured with HMH8 target cells for 3, 5, or 7 days, followed by trypsinization, passaging, and growth for 14 days in medium
with G418. Cells were extracted and processed for PrPSc, and 80 �g protein was loaded per lane prior to Western blotting as before. L3, 3
days with live SMB; F3, 3 days with fixed SMB; L5, 5 days with live SMB; F5, 5 days with fixed SMB; L7, 7 days with live SMB; F7, 7 days
with fixed SMB.
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ity. The target cells are sensitive to conversion by PrPSc change within the axolemma, some form of slow retro-
grade axoplasmic transport, or the progressive conver-in homogenates of infected brain within a certain con-

centration range, the 10-fold dilution of Figure 1B corre- sion of Schwann cells or fibroblasts along the sheath
by the type of mechanism described here. The culturesponds to approximately 0.2% of an infected mouse

brain in 0.5 ml, and it is possible that more sensitive system described in this report offers a favorable oppor-
tunity to analyze the mechanisms underlying contact-target cells, such as one of the recently described sub-

clones of N2a cells [5], would be converted. The activity dependent infection as well as an opportunity to study
any changes in the target cell that are acutely associatedof fixed and washed SMB cells argues directly for a

central role for cell-cell contact, albeit one that is sub- with infection.
stantially retained under conditions of aldehyde fixation.
It is a classical property of scrapie infectivity that it is Conclusions
resistant to the conditions of aldehyde fixation, which Cell-mediated infection of target cells in this culture
kill both cells and conventional infectious agents [17]. system is effective and requires significantly less PrPSc

Given the expectation that PrPSc on the cell surface than infection by a prion preparation. Several lines of
should be functional, it is perhaps not surprising that evidence indicate that it depends on cell contact, partic-
fixed cells are active, but the present analysis has shown ularly the activity of aldehyde-fixed, infected cells.
that this can account for at least 10%–25% of the activity
of live cells assayed in parallel. There are several activi- Experimental Procedures

ties of a live cell that could initiate infection after close
Cell Culture, Labeling, and In Situ Hybridizationapposition. One example is the facilitated release of
Cells were propagated in a 7.5% CO2 incubator at 37�C in mediumPrPSc with its GPI anchor and its subsequent insertion
199 with serum as described elsewhere [12]. For labeling of cells,

into the target cell membrane [18, 19]. Another is the we used either Syto 64 (Molecular Probes), PKH 26 (Sigma), or Cell
active release of membrane exovesicles (reviewed by Tracker Green (Molecular Probes) according to the manufacturer’s

instructions. In situ hybridization to fixed cultured cells was per-Denzer [20]). Although it remains possible that these
formed by standard methods with a 0.76-kb antisense neo riboprobemechanisms could play a role, the results with fixed and
substituted with digoxygenin (DIG RNA labeling kit; Roche). Thedead cells essentially rule out that either is a necessary
hybridized probe was detected with alkaline phosphatase-labeledevent.
antibody and was developed with the standard BCIP/NBT substrate.

Earlier studies of prion liposome complexes may help
to explain the differences we observe in the specific Scrapie Infection in Culture
activity of PrPSc in subcellular aggregates and intact Scrapie (strain 79A)-infected mouse brains were homogenized in

saline at 10% (w/v), stored in aliquots at �80�C, and dispersed bycells [21]. When prion rods are solubilized and incorpo-
sonication prior to dilution in culture medium. Target cells wererated into lipid vesicles, there is an associated increase
grown to approximately 75% confluence in wells of 35-mm diameterin infectivity of approximately 100-fold, as measured by
and exposed to 0.55 ml of 2% brain homogenate, diluted in growthend point titration [22]. The presentation of monomeric
medium, for 5 hr at 34�C in a 5% CO2 incubator. After the addition

or oligomeric PrPSc embedded or anchored in a lipid of medium for an additional 18 hr, cells were washed, grown to
membrane is apparently more effective for converting confluence, and passaged at least twice at a 1:3 split ratio.

For infection by coculture, SMB and HMH cells (140,000 each)cells than the presentation of aggregates in suspension.
were mixed in an 80-cm2 flask and cultured for 7 days. The confluentThe activity of fixed SMB cells is indicative of a templat-
cultures were passaged at 1:2 into medium with 0.35 mg/ml G418.ing mechanism, whereby PrPSc on the infected cells is
Cells were expanded in G418 medium and passaged at confluence.able to act in trans to convert PrPC on the surface of
For insert cocultures, cells were plated at appropriate densities

the target cell. This could occur directly, or by cleavage onto the two growth surfaces of 9.6-cm2 dishes with translucent
of PrPSc on the infected cell by an activity of the target polyethylene terephthalate inserts (0.4 �m high pore density; Becton

Dickenson). In some cases, G418 medium was introduced when thecell, followed by subsequent transfer to the target cell.
SMB cells had attained high density so that the HMH cells wereThe latter possibility is less likely because of the evi-
exposed to the products of G418-induced cell death.dence for effective crosslinking of PrPSc. The conversion

For fixation of SMB cells prior to coculture, 140,000 cells werecould then be amplified by the cis interaction between
plated into an 80-cm2 flask, washed twice with phosphate-buffered

PrPSc in the target and other PrPC molecules in the plane saline, fixed for 5 min at room temperature with 1% paraformalde-
of the membrane. Such a templating mechanism might hyde, 0.05% glutaraldehyde in phosphate-buffered saline, washed
also be relevant to the high infectivity of PrPSc after again, and left for 48 hr in the incubator with growth medium to

remove any residual fixative. Cocultures with fixed cells and targetadsorption to metal surfaces [23].
cells were generally compared to parallel cocultures with liveA mechanism that is dependent on cell contact would,
SMB cells. Cocultures were trypsinized and replated in medium within general, be expected to propagate at a much slower
G418 for 14 days prior to assay for PrPSc. Fixed cells were observed

rate than a mechanism involving diffusible extracellular to rarely detach after trypsin treatment and not to reattach.
forms of PrP. It is interesting to consider the potential
relevance of this mechanism for the time course of prion PrP Isolation from Cultured Cells
infection in vivo. After peripheral administration of Cells were lysed on the dish in buffer containing 10 mM Tris (pH

8.0), 100 mM NaCl, 10 mM EDTA with 0.5% NP40 and 0.5% sodiumscrapie prions, the lymphatic organs show early accu-
deoxycholate, and aliquots were removed for methanol precipitationmulation of infectivity, but access to the CNS occurs
and PrPC analysis without protease digestion. The remainder wasvia certain peripheral nerves [24–26]. In experimental
incubated with proteinase K (1 hr, 37�C, 30 �g/ml), adjusted to 0.2studies after injection into a peripheral nerve, scrapie
mM PMSF, and centrifuged at 356,000 � g for 15 min at 4�C in a

infectivity moves back along the nerve at a rate of ap- Beckman TLA 120.1 rotor. The pellet (PrPSc fraction) was solubilized
proximately 1 mm per day [27, 28]. It is possible that this in sample buffer prior to electrophoresis on 12% SDS gels and

Western blotting onto nitrocellulose. The blots were reacted withcould reflect the propagation of the PrP conformational
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6H4 monoclonal anti-PrP [29] (Prionics), followed by peroxidase- B. (1988). Analyses of frequency of infection, specific infectivity,
and prion protein biosynthesis in scrapie-infected neuro-labeled anti-mouse antibody (Dako) and development by ECL

(Amersham). For quantitation of PrPSc, blots were imaged with a blastoma cell clones. J. Virol. 62, 2845–2849.
7. Bosque, P.J., and Prusiner, S.B. (2000). Cultured cell sublinesFujifilm Luminescent Image Analyzer and analyzed with Image

Reader software. highly susceptible to prion infection. J. Virol. 74, 4377–4386.
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