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In Situ Photodegradation of Incorporated Polyanion
Does Not Alter Prion Infectivity
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Abstract

Single-stranded polyanions 40 bases in length facilitate the formation of hamster scrapie prions vitro, and polyanions

co-localize with PrP°aggregatesin vivo [1,2]. To test the hypothesis that intact polyanionic molecules might serve as a
structural backbone essential for maintaining the infectious conformation(s) of BfRwe produced synthetic prions using a

photocleavable, 100-base oligonucleotide (PC-oligo). In serial Protein Misfolding Cyclic Amplification (SPMCA) reactigns
using purified Pr® substrate, PC-oligo was incorporated into physical complexes with BfBolecules that were resistant to
benzonase digestion. Exposure of these nuclease-resistant prion complexes to long wave ultraviolet light (315 nm) inducHg
degradation of PC-oligo into 5 base fragments. Light-induced photolysis of incorporated PC-oligo did not alter the|
infectivity of in vitro-generated prions, as determined by bioassay in hamsters and brain homogenate SPMCA assay
Neuropathological analysis also revealed no significant differences in the neurotropism of prions containing intact versu
degraded PC-oligo. These results show that polyanions bases in length are not required for maintaining the infectious

properties of in vitro-generated scrapie prions, and indicate that such properties are maintained either by short polyanion|
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remnants, other co-purified cofactors, or by Pr@molecules alone.
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Introduction

Infectious prion diseases such as Creutzfeldt Jakob disease (CID)
and other related human disorders, chronic wasting disease (CWD),
bovine spongiform encephalopathy (BSE), and scrapie are associ-
ated with the conversion of a host-encoded glycoprotein (PrP) into
a misfolded conformer, PrPS° [3]. Several biochemical studies
utilizing the protein misfolding cyclic amplification (PMCA)
technique have shown that PrP*¢ is an essential component of the
infectious agent [4,5,6].

Interestingly, a variety of prion strains with distinctive infectious
phenotypes, such as selective neurotropism and characteristic
disease incubation times, have been isolated and propagated in vivo
and in vitro [7,8]. In some cases, infection with specific prion strains
produces PrPS¢ molecules with distinctive biochemical character-
istics, suggesting that multiple self-propagating PrPS¢ conforma-
tions may provide the structural basis for the existence of multiple
prion strains [9,10].

Several biochemical and cell culture studies have implicated
polyanions such as single stranded nucleic acid and glycosamino-
glycan (GAG) molecules as potent cofactors in the process of
infectious prion propagation [1,5,6,11,12,13,14,15,16,17]. More-
over, it has been shown that polyanions are selectively incorpo-
rated into physical complexes with purified PrP molecules in
infectious hamster prions, and that a minimum length corre-
sponding to a 40 base single stranded oligonucleotide is required

for a polyanion to facilitate hamster prion formation in vitro [1].
Neuropathological analysis of scrapie-infected animals has shown
that nucleic acids and GAG-containing proteoglycans co-localize
with PrPSC aggregates in situ [1,2]. Collectively, these observations
raise the possibility that moderately long polyanions might be
needed to maintain hamster prion infectivity or strain properties
by acting as a structural support for PrP¢ molecules.

Nuclease-resistant RNA molecules have been detected in
purified prion preparations [18], and analytical methods suggest
that the average size of polynucleotides in such preparations is
# 25 nucleotides, assuming a ratio of 1 polynucleotide molecule
per infectious unit [19]. More recently, Jeong et al. reported
reduction of prion infectivity and PrPS by treatment of hamster
263K scrapie brain homogenates with LiAIH, (lithium aluminum
hydride), a highly reactive reducing agent capable of degrading
RNA molecules [20]. However, because LiAIH,4 is a non-specific
reducing agent, which can react with a variety of biological
molecules other than RNA, including proteins, it is not possible to
ascribe definitively the detrimental effect of LiAlH, on prion
infectivity to the degradation of RNA.

Previous photo-irradiation studies of naturally occurring prions
[21,22] suggested that specific nucleic acid sequences are not
necessary for prion infectivity, and this conclusion was confirmed
by the de novo formation of purified prions using synthetic,
homopolymeric poly(A) RNA molecules [5]. However, these prior
studies did not exclude a structural, non-coding role for polyanions

V(2):

role



protease-resistance between light-treated versus mock-treated
samples (Figure S3 in Supporting Information S1). To measure
SPMCA seeding activity, samples were serially titrated, and the
resulting dilutions were used to seed three rounds of SPMCA using
fresh hamster brain homogenate as substrate, and samples from
the final round of SPMCA were analyzed for the presence of PrPS¢
by Western blot. The results of this quantitative end-point titration
assay show that PrPS® molecules containing either dT-oligo or PC-
oligo were equally susceptible to UV irradiation; both sets of
samples displayed , 1 log decrease in seed titer upon light
treatment, presumably due to non-specific effects (Figure 4). A
small amount of each sample was concurrently analyzed by
acrylamide gel electrophoresis to confirm that UV treatment was
successful in degrading the PC-oligo below detection limits (Figure
S4 in Supporting Information S1). Taken together, the results
indicate that light-induced degradation of incorporated PC-oligo
into 5-mers had no specific effect on the ability of PrP*° to seed
SPMCA reactions of normal brain homogenate.

Light- and dark-treated PrPS¢ containing either dT-oligo or PC-
oligo were injected intracerebrally into Golden Syrian hamsters for
bioassay. In addition, negative control samples consisting of either
the original Sc237 seed propagated for 15 rounds in PrP®
substrate without nucleic acid (designated PrP€) or a cocktail
containing the dT-oligo and PC-oligo (designated dT/PC-oligo
alone) were inoculated in parallel. The scrapie incubation time for
all 4 experimental groups was , 150 days, with all of the
inoculated animals developing similar clinical signs of ataxia,
trembling, and circling (Table 1). Animals injected with the PrP©
and dT/PC-oligo control samples did not develop signs of clinical
scrapie during the time frame of the experiment (Table 1 and
figures 5A and 5B). Neuropathological analysis showed significant
vacuolization throughout the brains of animals in all 4 groups,
including the brainstem and hippocampus (Figure 5A and 5B),
and a blinded comparison of vacuolization scores from different
brain regions showed no difference between the experimental
groups (Figure 6). Biochemical analysis showed no differences in
the protease sensitivity, glycoform ratio, or electrophoretic
mobility of the PrPS® molecules produced in the brains of animals
from all 4 experimental groups (Figure S5 in Supporting
Information S1). There was also no apparent difference in the
conformational stability of PrPS® molecules in the brains of animals
injected with light-treated versus control inocula, as determined by
a urea denaturation assay (Figure S6 in Supporting Information
S1). Therefore, these results indicate that degradation of an
incorporated polyanion does not significantly alter the biological
infectivity or the strain-dependent properties of purified Sc237
prions.
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Figure 4. Western blot showing the final samples from 3 round
sPMCA reactions. Samples containing dT-oligo or PC-oligo were
seeded with a dilution of Pr° which was either subjected to light
treatment or not, as indicated. All samples were subjected to limited
proteolysis with proteinase K.

doi:10.1371/journal.ppat.1002001.g004
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Table 1. Prion incubation times in hamsters inoculated
intracerebrally with SPMCA generated prions.

Inoculum n/n o Incubation Time (Days + S.E.M.)
dT-Oligo—light 8/8 155 1

dT-Oligotlight 6/6 1536 0

PC-Oligo-light 77 156 1

PC-Oligeight 5/5 1536 0

PrF 0/4 . 182

dT/PC-Oligo alone 0/4 . 182

The Pri® sample was generated by serially propagating the original Sc237 seed
for 15 rounds in Pri substrate alone (without polyanion) at a 1:10 ratio in each
round. The dT/PC-Oligo alone inoculum contains a mixture of both
oligonucleotides as described in Methods.
doi:10.1371/journal.ppat.1002001.t001
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Figure 5. Representative histological fields of brainstem and
hippocampus. Hemotoxylin and Eosin staining from animals injected
with in vitro generated PriS° containing dT-oligo or PC-oligo treated
with or without light. Top row: animals injected with prions treated in
dark. Middle row: animals injected with prions treated with light.
Bottom row: control animals.A. Brain stem. (Scale bar, 100m). B.
Hippocampus. (Scale bar, 200m).
doi:10.1371/journal.ppat.1002001.g005
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Figure 6. Regional neuropathology of hamsters infected with
light- or dark-treated inocula.
inoculated with samples containing dark-treated dT-oligo X-), light-

treated dT-oligo (%-), dark-treated PC-oligo fa-), light-treated PC-
oligo (#-), Prf® (-X-), or dT/PC-oligos aloned. The mean values

(n=5-8 animals/group) are shown6é S.E.M. FC: Frontal cortex. PC:

Parietal cortex. H: Hippocampus. C: Cerebellum. BS: Brain stem.
doi:10.1371/journal.ppat.1002001.9g006

Discussion

The major finding of this work is that selective degradation of
an incorporated photocleavable polyanion cofactor does not alter
the catalytic activity, infectivity, or strain properties of in vitro
generated prions.

These results contrast with those of Jeong et al., who showed that
treatment of scrapie-infected brain homogenates with LiAIH,
caused degradation of endogenous RNA and increased prion
incubation time from , 100 to, 340 days [20]. There are several
possible reasons for the discrepancy between the two studies: (1)
Although both LiAIH, and UV light treatment are capable of
reacting non-specifically with non-polyanionic molecules, under
the conditions used for each study, it is possible that LiAIH,
treatment is more non-specifically damaging than UV light. For
instance, it could reduce PrPS® molecules and/or directly damage
protein structure. (2) The work of Jeong et al. used scrapie brain
homogenate as the starting infectious material, whereas the
experiments reported here used purified prions formed from
native PrPC substrate in vitro using SPMCA. Such purified prions
are composed only of PrP, stoichiometric amounts of an
endogenous lipid molecule containing 20 carbon fatty acids, and
a synthetic polyanion [5]. (3) Whereas LiAlH, is capable of
hydrolyzing RNA molecules completely, UV light degrades the
PC-oligo used in our study to (dT)s oligonucleotides. Although
such small nucleic acids do not support prion propagation in vitro,
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our results cannot formally exclude the possibility that short
oligonucleotides, once incorporated, might be able to act as a
reinforcing backbone for PrP*¢, (4) Although we did not detect any
intact PC-oligo after light treatment using a highly sensitive
intercalating agent, it is possible that a small, undetectable amount
of PC-oligo was protected from UV-irradiation by virtue of being
complexed with PrP¢ molecules. This possibility is difficult to
address experimentally because it is technically difficult to recover
and detect such small amounts of DNA that cannot be amplified.
It is worth noting that UV light degrades PC-oligo quantitatively
within nuclease-resistant complexes with recombinant PrP.

Our results are compatible with the scenario in which prion
infectivity might be exclusively encoded by PrP*¢ structure in the
absence of non-proteinaceous cofactors, as proposed by the
“protein only” hypothesis [23,24]. However, this hypothesis
cannot be confirmed in our experimental system because both
endogenous lipid and remnant (dT)s oligonucleotide molecules
remain present in purified prions generated with PC-oligo
following light treatment. Nonetheless, we are able to conclude
that it is unnecessary for prions to contain polyanions . 5 bases in
length to maintain infectivity, whereas polyanions $ 40 bases are
required for the process of prion formation in vitro. This conclusion
places a significant geometric constraint on the mechanism by
which polyanionic cofactors could be theoretically used to
maintain PrPS architecture. Stoichiometric quantities of endog-
enous lipids containing 20-carbon fatty acids co-purify with the
PrPC substrate used in these studies [5], and therefore these lipid
molecules could also become incorporated into the infectious
PrPS® product during PMCA reactions. Future studies will be
required to test whether endogenous lipid molecules or other non-
nucleic acid cofactors, such as those recently described in mouse
brain homogenates [25,26], might be required to maintain prion
infectivity and strain phenotypes.
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