
Nonpathogenic Heterologous Prions Can Interfere with Prion
Infection in a Strain-Dependent Manner

Alba Marín-Morenoa, Patricia Aguilar-Calvoa,* José Luis Pitarcha, Juan Carlos Espinosaa, Juan María Torresa

aCentro de Investigación en Sanidad Animal, CISA-INIA, Madrid, Spain

ABSTRACT Co-occurrence of different prion strains into the same host has been recog-
nized as a natural phenomenon for several sporadic Creutzfeldt-Jakob disease (sCJD) pa-
tients and natural scrapie cases. The final outcome of prion coinfection is not easily pre-
dictable. In addition to the usual factors that influence prion conversion, the replication
of one strain may entail positive or negative consequences to the other. The main aim
of this study was to gain insights into the prion coinfection and interference concepts
and their potential therapeutic implications. Here, different mouse models were chal-
lenged with several combinations of prion strains coupled on the basis of the lengths of
their incubation periods and the existence/absence of a species barrier in the tested ani-
mal model. We found that nontransmissible strains can interfere the replication of fully
transmissible strains when there is a species transmission barrier involved, as happened
with the combination of a mouse (22L) and a human (sCJD) strain. However, this phe-
nomenon seems to be strain dependent, since no interference was observed when the
human strain coinoculated was vCJD. For the other combinations tested in this study,
the results suggest that both strains replicate independently without effect on the repli-
cation of one over the other. It is common that the strain with more favorable condi-
tions (e.g., a higher speed of disease development or the absence of a species barrier)
ends being the only one detectable at the terminal stage of the disease. However, this
does not exclude the replication of the least favored strain, leading to situations of the
coexistence of prion strains.

IMPORTANCE As a general conclusion, the outcome of prion coinfection is strongly
dependent on the strain combination and the model utilized and is therefore diffi-
cult to predict. The coexistence of several prion strains may remain undetected if
one of the strains has more favorable conditions to replicate in the host. The use of
several models (such as a transgenic mouse expressing PrP from different species) to
analyze field prion isolates is recommended to avoid this situation. The inference ef-
fect exerted by nonreplicative prion strains should be considered an interesting tool
to advance in new therapeutic strategies for treating prion diseases; it may even be
a proper therapeutic strategy.

KEYWORDS coexistence, coinfection, prion interference, prion propagation, prion
replication, prion strain, TSEs

Prion diseases, also known as transmissible spongiform encephalopathies (TSEs), are
a group of slow progressive and invariably fatal neurodegenerative diseases that

affect a wide range of mammal species, including humans. The key molecular event in
the pathogenesis of TSEs is the conversion of the host-encoded cellular prion protein
PrPC into a disease-associated isoform, PrPSc, which is considered to be, if not entirely,
at least the main component of the prion agent (1). PrPSc self-catalyzes its formation by
recruiting and transforming PrPC into PrPSc (2). For that, PrPSc aggregates act as a
template that promote the PrPC conformational change into new PrPSc particles, which
are characterized by an increase in their �-sheet content. Prion conversion results
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in a change in the protein biochemical features. Whereas PrPC is monomeric,
protease sensitive, and soluble in nonionic detergents (3), PrPSc has a high tendency
to aggregate, is partially resistant to protease digestion, and is insoluble in nonionic
detergents (1).

Early experiments using PrP transgenic mice showed that the efficacy of PrPC

conversion into PrPSc mainly depends on the identity between the primary sequence of
exogenous PrPSc and host PrPC (4). This concept is known as a “species barrier.”
PrPC-PrPSc interaction between identical primary sequences is homologous, and the
efficiency of conversion is fairly high. However, when differences in the amino acid
sequences of both proteins exist, such a mismatch promotes heterologous interaction,
and this is associated with reduced transformation efficiency (5). Prion strains also affect
prion conversion. Prion strains are defined conformational variants which show distinct
prion disease phenotypes (differences in incubation times, the distribution of prion
deposits in the brain, clinical symptoms, and biochemical features) when transmitted to
congenic hosts (6). Hence, the efficiency of prion replication is also affected by the prion
strain being this replication favorable only when the structure of exogenous PrPSc is
one of the possible tridimensional structures that the host PrPC can adopt, as stated by
the conformational selection model (7).

Taking into account both concepts, the species barrier and the prion strains, the use
of a heterologous PrPC protein to hamper the efficient conversion between homolo-
gous PrPs has been proposed in recent years. Either peptides (8, 9) or whole heterol-
ogous proteins (10) have been used with promising results in cellular and animal
models. However, the use of a second PrPSc protein to stop homologous PrP conversion
could be another therapeutic strategy to treat prion diseases. Further understanding of
the factors governing prion coinfection and the possible outcomes of this phenomenon
are first necessary in order to advance the development of these therapies.

Co-occurrence of two different prion strains into the same host is a naturally existing
phenomenon, since it has been reported for certain sporadic Creutzfeldt-Jakob disease
(sCJD) patients (11, 12) and natural scrapie isolates (13, 14). PrP posttranslational
modifications are a natural source of prion strain emergence (15). However, whether
the host is coinfected by two different prion conformations or a distinct conformation
of prions emerges within the same host is completely unknown. Experimentally, prion
coinfection has been studied using several animal and cellular models (16–24). These
experiments mainly conclude that the final outcome of the coinfection process is not
easily predictable and is highly dependent on the combination of the strains used.

The main aim of this study was to gain insights into prion coinfection and interfer-
ence concepts. For that purpose, several transgenic mouse models for the PrP
protein were challenged with different combinations of prion strain pairs. The
length of the incubation period and the existence of species barrier for one of the
strains were the basic features considered for the selection of the prion strain pairs
used in the experiments.

RESULTS

In this study, several mouse models were challenged by the intracranial route with
different combinations of prion strain pairs. The selection of each strain pair was
performed attending to the length of the incubation period (fast and slow strains) and
the existence of a species barrier for one of the strains (transmissible and nontrans-
missible strains). All of the prion strains used in this study have been previously
characterized and adapted to replication in the corresponding mouse models by at
least two previous passages. Detailed information about prion strain origins, the strain
combinations, and the inoculated animal models can be found in (Tables 1 and 2).

Coinfection experiments in wild-type 129 Ola mice. Three different experiments
were conducted in wild-type 129 Ola mice: (i) coinoculation of 22L and RML mouse-
adapted prions (fast strain versus fast strain); (ii) coinoculation of 22L and BSE mouse-
adapted prions (fast strain versus slow strain); and (iii) coinoculation of 22L mouse-adapted
prions and fast-sCJD (transmissible strain versus nontransmissible strain).
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All mice coinoculated with 22L and RML developed prion disease with a mean
survival time of 136 � 15 days postinoculation (dpi). Their control counterparts, inoc-
ulated with either 22L or RML, showed mean survival times of 128 � 10 dpi and
147 � 4 dpi, respectively (Table 2). Therefore, the coinoculated animals showed an
intermediate incubation time between both controls. Regarding the propagated PrPSc

on coinoculated animals, both strains used in this experiment typically showed an
indistinguishable 21-kDa PrPres signature in Western blotting (WB) and, unfortunately,
we do not possess any antibody able to discriminate between these two strains (Fig.
1A). In wild-type mice, differentiation of both strains by histological analysis is also
difficult due to their similarity (25), and paraffin-embedded tissue blotting (PET-blot)
analyses did not clarify the results (see Fig. 4). Overall, these results suggest a no-effect
outcome of the coinoculation with an impossibility to determine whether one of the
strains has succeeded in imposing against the other.

Concerning 22L and BSE (BSEm) mouse-adapted prion coinoculation, the mean
survival times of the coinoculated animals were similar to the that obtained for
22L-inoculated controls (135 � 1 versus 128 � 10 dpi) and significantly shorter than the
result found for BSEm-inoculated controls (142 � 5 dpi) (Table 2). WB assay of the
brains belonging to coinoculated animals showed the same PrPres profile than 22L-
inoculated controls (Fig. 1B), which is in consonance with the mean survival times and
suggests a no-effect outcome of the coinoculation with the clear imposition of the
strain under more favorable conditions, in this case 22L, probably due to its faster
replication and/or short incubation period. In addition, the PET-blot analysis of the
brains from coinoculated mice showed a result compatible with the replication of 22L
alone (see Fig. 4) similar to that previously described (25).

We then tested the role of the species barrier in the coinfection outcome inoculating
22L and fast-sCJD, being the last nontransmissible strain in wild-type 129 Ola mice.
Surprisingly, an interference outcome was obtained, since the survival times of the

FIG 1 Brain PrPres signature obtained from coinfection experiments in 129 Ola mice. Western blot images
of the PrPres signature displayed by the coinfected wild-type 129 Ola mice and the corresponding
controls. (A) Coinfection of 22L and RML. Both strains show an undistinguishable 21-kDa pattern. (B)
Coinfection of 22L and BSEm. The only PrPres component in coinoculated animals is the one given by 22L
strain, since the Sha31 antibody does not reveal any BSEm pattern (19-kDa band) in the samples. (C)
Coinfection of 22L and fast-sCJD. Fast-sCJD is nontransmissible in this animal model, so the PrPres

displayed is for the 22L strain.
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coinoculated animals were delayed compared to the 22L control inoculated animals
(164 � 31 versus 128 � 10 dpi) (Table 2). All coinoculated animals propagated prions
with the same PrPres signature as the 22L control inoculated animals (Fig. 1C). More-
over, the PrPSc deposition patterns in the brains of coinoculated mice were similar to
those previously reported for animals inoculated with 22L alone (see Fig. 4) (25).

Coinfection experiments in HuTg340 transgenic mice. Five different experiments
were conducted in HuTg340 mice: (i) coinoculation of fast-sCJD with vCJD (fast strain
versus slow strain); (ii) coinoculation of fast-sCJD with slow-sCJD (fast strain versus slow
strain); (iii) coinoculation of vCJD with slow-sCJD (slow strain versus slow strain); (iv)
coinoculation of fast-sCJD and 22L (fast strain versus nontransmissible strain); and (v)
coinoculation of vCJD and 22L (slow strain versus nontransmissible strain).

As the fast strain, fast-sCJD was chosen. Slow-sCJD and vCJD were chosen as slow
strains. The slow-sCJD isolate used in this study was previously adapted to HuTg340
mice to avoid any possible transmission barrier derived from the polymorphism present
in human PrP codon 129 (see Table 1 for more information about the slow-sCJD isolate
origin). In addition, the mean survival time of the second passage of this isolate in
HuTg340 is 428 � 37 dpi, with a 100% attack rate, which definitely proves that this
agent behaves as a slow strain with a long incubation period in this animal model
(Table 2).

All animals coinoculated with fast and slow-sCJD developed prion disease with a
mean survival time similar to the one obtained for the control animals inoculated only
with fast-sCJD (204 � 7 versus 201 � 15 dpi) (Table 2). The brain PrPres signature in
coinoculated animals was also the same as the one observed in fast-sCJD (type 1)
control inoculated animals (Fig. 2A). However, the transmission of slow-sCJD prions in
HuTg340 mice yielded the same brain PrPres signature (type 1) as the transmission of
fast-sCJD in these mice (Fig. 2A). Therefore, the contribution of slow-sCJD to the brain
PrPres signature could not be discarded only by WB. When the slow-sCJD agent was
changed by vCJD, similar results were observed. Coinoculated animals coincided with
fast-sCJD control animals in terms of the mean survival time (197 � 36 versus
201 � 15 dpi) (Table 2) and brain PrPres signature (Fig. 2B). In both coinoculation
experiments, PET-blot analyses revealed a typical fast-sCJD PrPSc deposition pattern
(see Fig. 4), similar to that previously reported in HuTg340 mice inoculated with
fast-sCJD alone (26) but different from that observed in these mice inoculated with
vCJD (27). In summary, the outcome of both inoculations could be described as a
no-effect outcome with the clear imposition of fast-sCJD, the strain in more favorable
conditions due to its higher rate of replication and/or shorter incubation period.

Coinoculation of the two slow strains, slow-sCJD and vCJD, resulted in a mean
survival time of coinoculated animals that was not very different from that for the
control animals inoculated with either vCJD (546 � 32 versus 650 � 60 dpi) or slow-
sCJD (546 � 32 versus 507 � 85 dpi) (Table 2). Strikingly, the brain PrPres signature
obtained in some coinoculated animals was the one of vCJD, while in other animals a
slow-sCJD-PrPres (type 1) signature or even a mixture of the two PrPres signatures in the
same mice was detected (Fig. 2C). Similarly, PrPSc deposition patterns compatible with
either vCJD (27) or slow-sCJD (26) replication were detected by PET-blot analyses in the
brains of coinoculated animals (see Fig. 4). These results suggest that for each animal
one prion has imposed against the other but without a general clear supremacy of one
of the strains. However, in other animals, the coexistence of both strains can be
observed.

We next tested the role of the species barrier in prion infection interference by
coinoculation of two different transmissible agents in HuTg340, fast-sCJD (short incu-
bation period) and vCJD (long incubation period), with the nontransmissible agent 22L.
An interference outcome was obtained for fast-sCJD and 22L coinoculation, since
coinoculated animals showed a mean survival time of 247 � 27 dpi versus 201 � 15 dpi
obtained for the fast-sCJD control inoculated mice (Table 2). Such a delay in the mean
survival time was statically significant (4.7 � 10�5; ***, P value [Student t test] with
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respect to fast-sCJD control animals). The brain PrPres signature in these animals was
identical to that observed in fast-sCJD control mice (Fig. 2D). In this case, PET-blot
analyses revealed a PrPSc deposition pattern characteristic of fast-sCJD (see Fig. 4) (26).
However, the interference disappeared, and a no-effect outcome was obtained when
the transmissible strain was changed by vCJD, since no significant delay in the mean
survival time was reported compared to the vCJD control inoculated animals (632 � 63
versus 650 � 60 dpi) (Table 2). The brain PrPres signature was identical to the one for
the vCJD control mice (Fig. 2E), and the PrPres deposition pattern (see Fig. 4) was similar
to that previously described for these mice inoculated with vCJD (27).

Coinfection experiments in BoTg110 transgenic mice. Coinoculation of classic
BSE (C-BSE) and H-BSE (slow strain versus slow strain) was conducted in BoTg110
mouse line.

Coinoculation of both strains gave mean survival times that did not differ from those
for both strains when inoculated alone, which showed few differences in their survival
times (Table 2). In addition, the PrPres isoforms of both strains can be found in the
brains of all coinoculated mice by differential WB using two different antibodies: 12B2,
which detects just the H-BSE PrPres, and Sha31, which detects both H-BSE and C-BSE

FIG 2 Brain PrPres signature obtained from coinfection experiments in HuTg340 transgenic mice. Western blot
images of the PrPres signature displayed by the coinfected HuTg340 transgenic mice and the corresponding
controls. (A) Coinfection of fast-sCJD and slow-sCJD. The biochemical profile of slow-sCJD (a type 2 isolate from a
129VV individual) is indistinguishable from that of fast-sCJD in these animal models (M/M in the blue circle) but is
different in human PrP transgenic mouse lines valine homozygous at codon 129 (V/V in the blue circle). (B)
Coinfection of fast-sCJD and vCJD. The PrPres pattern corresponds to fast-sCJD. (C) Coinfection of vCJD and
slow-sCJD. Both patterns can be found in coinoculated animals. (D) Coinfection of fast-sCJD and 22L mouse-
adapted prions. Coinoculated animals show a fast-sCJD pattern, since 22L is nontransmissible in HuTg340 mice. (E)
Coinoculation of vCJD and 22L mouse-adapted prions. The biochemical PrPres signature corresponds to vCJD, since
22L is nontransmissible in HuTg340 mice.
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PrPres (Fig. 3). PET-blot analysis (Fig. 4) revealed that the PrPSc deposition pattern
observed in some coinoculated animals has a greater resemblance to PrPSc deposition
pattern described in BoTg110 inoculated with C-BSE alone (28), whereas in other
coinoculated animals the PrPres deposition pattern was similar to that previously
reported in these mice inoculated with H-BSE (28).

DISCUSSION

In this study, different coinoculation experiments in three different animal models
were performed to gain insights into the prion coinoculation and interference con-
cepts. To summarize, three theoretical possible outcomes can result from prion coin-
fection: (i) interference, when the replication of one prion strain delays or blocks the

FIG 3 Brain PrPres signature obtained from coinfection experiments in BoTg110 transgenic mice. Western
blot images of the PrPres signature displayed by the coinfected BoTg110 transgenic mice and the
corresponding controls are presented. Coinfection results for C-BSE and H-BSE are shown. The C-BSE and
H-BSE strains can be detected in the propagated PrPSc by antibodies Sha31 and 12B2, respectively.

FIG 4 PrPres deposition patterns in the brains of different coinoculated and control animals. Sha31
immunoblotted PET-blot images of the PrPres deposits in coinfected animals and the corresponding
controls are shown.
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replication of the other; (ii) synergy, when both strains replicate in a collaborative way
accelerating the disease; and (iii) no effect, when both strains replicate without affect-
ing each other. Our studies show that most coinfective strains can replicate without
affecting its strain partner. As expected, the prion strain in more favorable conditions,
either due to its shorter incubation period or to the absence of a species barrier, usually
imposes above the other strain. This phenomenon could lead to the wrong conclusion
that only one strain is present in the host brain, something that could have been
happening in natural sCJD or scrapie cases (11–14). However, when coinoculated
strains shared similar incubation times and replicated without a species barrier, such as
vCJD plus slow-sCJD in HuTg340 or C-BSE plus H-BSE in BoTg110, no clear imposition
of one of the strain could be detected. Survival times suffered no changes with respect
to the controls, and both brain PrPres isoforms can be detected by WB either in
separated animals or even in the same animal.

Furthermore, when we used nontransmissible strains in our experiments, these
strains were sometimes able to interfere the replication process of the fully transmis-
sible one, as happened in a reciprocal way with the combinations of 22L plus fast-sCJD
in wild-type 129 Ola mice and of fast-sCJD plus 22L in HuTg340 mice. However, this
phenomenon seems to be strain dependent, since the coinoculation of vCJD plus 22L
in HuTg340 did not yield an interference result. Indeed, other cases of nontransmissible
strains unable to interfere with prion replication have been reported (29), something
totally expected since the outcome of a certain prion coinfection experiment is
extremely difficult to predict and strongly dependent on the prion strain combination
tested, the model used, and other experiment parameters such as the interval between
the inoculations of the strains. It was previously suggested that the interfering strain
must be able to replicate in the model of study in order to exert its effect above the
other strain (19). Nevertheless, our results and those of others (22) postulate that this
is not a necessary condition for producing interference. These different results could be
due to discrepancies between the animal models and prion strains used in the different
studies. Although the most likely explanation for our results is that the interfering
strains are not replicating, agent replication and the contribution of this process to the
interference results cannot be ruled out. As a matter of fact, it has been reported that
prion replication can occur in the absence of disease development (30, 31). Thus, the
phenomenon observed here should be referred to as prion interference mediated by
nonpathogenic prion strains. Our results show that prion interference, as a result of
coinfection, can be exploited as a possible therapeutic approach for treating TSEs. In
light of our results, the use of a nontransmissible or nonpathogenic prion strain in
humans could be an interesting choice for interfering with or blocking prion replication.
Taking into account that this is a daring proposal, at least the elements involved in the
interference should be identified in order to increase our knowledge about prion
replication and also to be used as possible therapeutic targets to treat prion diseases.
How exactly prion replication is interfered with by a nonreplicative, nonpathogenic, or
a deficient-replicative prion strain is not known. Hypothetically, the interfering strain
could act as a PrPC blocker, binding but not transforming PrPC molecules, hindering the
access of the interfered strain to its substrate and retarding PrPSc self-catalysis. In the
case of totally nonreplicative/nonpathogenic strains, this effect would not be perpetual,
and a delay in the apparition of the disease would be observed, as happened in our
experiments. In contrast, deficient replicative prion strains that sustain a poor but
constant rate of replication could extend the blocking effect, even achieving a total
absence of disease, as reported elsewhere (19, 20).

Other aspects which seem to be relevant for prion interference are the window time
between the inoculation of both strains and the spatial distribution of both strains in
the brain during the replication (20). Both aspects were not extensively studied in our
experiments, since all isolates were coinoculated at the same time with a single
injection, but we could not rule out that different outcomes could have been obtained
if such variables were introduced into the experiments since well-established interfer-
ence results have been reported to be strongly dependent on these parameters (20).
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Natural cases of prion co-occurrence in scrapie and sCJD are surprisingly common
(11–14). Misclassification of sCJD cases due to the sampling process for diagnosis can
occur easily if PrPSc is only analyzed in the frontal cortex, as is usually done (12). Indeed,
it has been proposed that the different combinations of mixed phenotypes be incor-
porated into the current sCJD classification (12). Whether these cases are due to a
proper coinfection by two different prion strains or whether the emergence of a second
strain is determined by posttranslational modification remains unanswered. In these
cases, both strains would not have to deal with any species barrier. Regarding their
speed of disease development and according to our results, if it is similar for both
strains then none of them would be able to impose against the other, and both of them
would be detectable and easily diagnosed, at least in cases of vCJD plus slow-sCJD
(type 2) and C-BSE plus H-BSE coinfections. However, if one of the strains is faster or if
the second strain appears when the replication of the first one is already extended, this
strain would impose and kill the host and the existence of the second strain could be
ruled out, missing important information about the prion replication process.

Finally, one of the main conclusions determined here are that the outcome of prion
coinfection is strongly dependent on the prion strain pair used and is difficult to
predict, as previously noted by other authors (16–24). Nevertheless, we highlight here
two main factors involved in this phenomenon regarding the prion strain combination:
(i) their incubation period length and (ii) their transmissibility in the model of study can
deeply impact the result of the process, ranging from no effect to prion interference.
Interference with prion infection mediated by nonreplicating/nonpathogenic prion
strains could constitute an interesting tool for developing new therapeutic strategies
for treating prion diseases, or even be a therapeutic strategy itself.

MATERIALS AND METHODS
Ethics statements. Animal experiments were carried out in strict accordance with the recommen-

dations of the Code for Methods and Welfare Considerations in Behavioural Research with Animals
(Directive 86/609EC and 2010/63/EU), and all efforts were made to minimize suffering. Experiments were
approved by the Committee on the Ethics of Animal Experiments (CEEA) of the Spanish Instituto Nacional
de Investigación y Tecnología Agraria y Alimentaria (INIA; permit CEEA2011/050).

Animal models and prion strain pair selection. Three different animal models were used in these
studies: wild-type 129 Ola mice, HuTg340 mice (methionine homozygous at codon 129) (32), and
BoTg110 transgenic mice (33) which overexpress 4- and 8-fold levels of human and bovine PrP proteins
in human and cow brains, respectively.

In each experiment, two prion strains were coinoculated by the intracranial route in the same host.
The selection of each strain pair was performed attending to two distinct criteria: the length of the
incubation period (fast and slow strains) and the existence of a species barrier for one of the strains
(transmissible and nontransmissible strains). All of the prion isolates used in this work were extensively
characterized and adapted to replication in the corresponding mouse models by at least two passages
of intracranial inoculation (Table 1). Detailed information about prion strain origin, strain combination,
and animal models can be found in Tables 1 and 2. All combinations were inoculated in a 1:1 proportion,
which results in a 5% brain homogenate inoculation of each strain. Corresponding controls were
developed by inoculating 5% brain homogenate of each strain separately.

Two different sCJD isolates have been utilized on this study: a sCJD catalogued as a type 1 isolate
coming from a 129-methionine homozygous individual (referred to here as fast-sCJD) and a sCJD isolate
classified as a type 2 coming from a 129-valine homozygous individual (referred to here as slow-sCJD).
The latter isolate, like other sCJD type 2 isolates, undergoes a change in its electrophoretic mobility when
transmitted in human PrP transgenic mice homozygous for the amino acid 129 polymorphism. Its PrPres

profile changes from a typical type 2 pattern to a common “21-kDa” profile that is indistinguishable from
the one expected from a sCJD type 1 isolate (Fig. 2).

Prion transmission studies. Groups of 6 to 9 individually identified animals (6 to 7 weeks old) were
anesthetized and intracranially inoculated with 20 �l of prion-infected brain homogenate or a mixture
of two prion-infected brain homogenates in the right parietal lobe using a 25-gauge disposable
hypodermic needle, as previously detailed (33). The mouse neurologic status was assessed twice a week.
Animals were killed for ethical reasons when progression of the disease was evident or at the set
endpoint of the experiment, 700 dpi. Necropsy was then performed, and each brain was harvested. Half
of the brain was collected for histological analysis, and the remaining brain tissue was used for PrPres

detection by WB. In all cases, the survival time and attack rate were calculated for each coinfection
experiment. The survival time was expressed as the mean survival dpi for all mice scoring positive for
PrPres, along with the corresponding standard deviation. The attack rate was determined as the
proportion of mice scoring positive for brain PrPres among the total numbers of inoculated mice. The
mean survival times obtained for coinoculated and control groups were subjected to a Student t test in
order to find statistical differences among them (*, P � 0.01; ** P � 0.05; ***, P � 0.001).
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Western blotting. Brain tissue was homogenized in 5% glucose in distilled water in grinding tubes
(Bio-Rad) and adjusted to 10% (wt/vol) by using a TeSeE Precess 48TM homogenizer (Bio-Rad) according
to the manufacturer’s instructions. To determine the presence of PrPres in mouse brains, 100 �l of 10%
brain homogenate were analyzed by WB as previously described (32). Briefly, digestion was performed
with 40 �g/ml of proteinase K using the reagents of the TeSeE (Bio-Rad) enzyme-linked immunosorbent
assay at 37°C for 15 min. Samples were electrophoresed in 12% Criterion XT Bis-Tris gel (Bio-Rad). For
immunoblotting, membranes were incubated with Sha31 (34) or 12B2 (35) PrP monoclonal antibody
(epitopes 145-YEDRYYRE-152 and 89-WGQGG-93 of the human PrP sequence, respectively) at a final
concentration of 1 �g/ml. Immunocomplexes were detected with horseradish peroxidase-conjugated
anti-mouse IgG (Amersham Pharmacia Biotech) after incubation of the membranes for 1 h, and blots
were developed with chemiluminescent substrate ECL Select (GE Healthcare Amersham Biosciences).
Images were captured using the ChemiDoc XRS� system and then processed using Image Lab 5.2.1
Software.

Histopathological analysis. Brain samples were immediately fixed in neutral buffered 10% formalin
(4% 2-formaldehyde) during mouse necropsy and paraffin embedded later. PET-blot analyses were
conducted as previously described (26).
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