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Conformational Changes of Prion Protein and Nucleic Acid Arising from
their Interaction and Relation of the Altered Structures in Causing Prion

Disease
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Abstract: Nucleic acids catalyse the conversion of a-helical prion protein to the f-structured protein oligomers and amy-
loids structurally similar to the infectious isoform of protein. Simultaneously, the prion protein, similar to gene regulating
proteins, bends, unwinds and condenses nucleic acid. These properties might be related to the biological function and

prion infection.
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INTRODUCTION

The naturally occurring fatal scrapie disease in sheep was
first described as early as 1732 in France. The neuropa-
thological and clinical similarities between scrapie and kuru,
a disease of the Fore tribe of Papua New Guinea highlanders
resulting from ritualistic cannibalism, were established in the
late 1950s. Similarities in the pathology of the central nerv-
ous system (CNS) showed a link between scrapie, Kuru and
a rare human neurodegenerative disease, the Creutzfeldt-
Jakob disease (CJD) [1]. The disease is fatal and character-
ised by vacuolation of the CNS due to which the infected
brain appears as sponge. Since the disease can be transmit-
ted, it is also known as transmissible spongiform encephalo-
pathy (TSE) [2]. Depending on their etiology, the disease can
be divided into three categories viz. acquired (infectious),
inherited and sporadic [3]. The disease is classified among
amyloid disease since amyloid plucks are generally observed
in the diseased brain. In both human and animal, spongiform
degeneration causes neuronal loss and astrocytic prolifera-
tion [3]. The disease can be confirmed only after postmortem
analysis of the brain or tonsil by immunoblotting and immu-
nohistochemistry.

Conventional infectious agents viruses and bacteria cause
infection and transmission of the diseases by specific nucleic
acids present in their genomes. TSE has drawn considerable
interest from late 1950s because the agent which caused and
transmitted the disease was found to be strongly resistant to
treatments which destroyed nucleic acids [4]. Instead, it is
believed that the TSE is transmitted through an abnormal
conformation of a cell-surface attached glycoprotein, termed
‘prion’ (acronym for proteinaceous infectious particle) [3, 5,
6]. TSE or prion disease has drawn tremendous attention in
scientific, medical communities and governments in Europe,
USA, Canada and Japan due to i) the appearance of
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a novel prion disease, bovine spongiform encephalopathy
(BSE or mad cow disease termed so from the abnormal be-
haviour of the diseased animal) which reached epidemic
proportion in the 1990s and ii) the evidence that variant
Creutzfeldt-Jacob disease (vCJD) in humans is caused from
the consumption of beef and related food products from the
animal harbouring the BSE disease [3]. The United Kingdom
has been the worst hit country by both these diseases. BSE
was first diagnosed in the United Kingdom in 1986, peaked
in 1992 and is believed to have resulted mostly from under
processed scrapie-infected sheep carcasses (bone meal) used
for cattle feed [7]. Although the vCJD in human appeared
from prion infected cattle, sheep scrapie has not been re-
ported to be transmitted to human [8]. Culling of BSE in-
fected cattle in the late 1990s has tremendously reduced the
number of BSE cases in the UK. vCJID patients identified so
far could represent a distinct genetic subpopulation (homo-
zygous for methionine at polymorphic codon 129 of the
prion protein gene, where either methionine or valine may be
encoded) with unusually short incubation periods for BSE
agent [3, 9]. The total number of vCJD deaths till the end of
2007 is 161. The number of deaths peaked in the year 2000
in the UK (28 dead) have also decreased to a considerable
extent (4 so far in 2007) (http://www.cjd.ed.ac.uk/figures.
htm). However, it is uncertain whether the spread of the
vCIDs has reached a plateau since the diseases have long
incubation periods, and the development of the symptoms
can take as long as fifty years or more. During such a long
incubation period a carrier of prion infection is considered to
be a potential risk to others through blood transfusion and
contamination of surgical and medical instruments. It has
been shown recently that prions that enter the body through a
blood transfusion cause vCJD to develop faster compared to
the disease arising in human through food chain [9].

THE INFECTIOUS AGENT

The detail molecular nature of prion still remains unde-
fined. It is widely accepted that prion contains a certain
population of multimeric, B-sheet rich, ProteinaseK resistant
protein PrP%, which arises as a consequence of a conforma-
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Box 1 Key findings in prion prtein-nucleic acid interaction

1962 Scrapie agent is resistant to ultra violet and ionising radiation and hence devoid of nucleic acid [1].

1982 Isolation of an infectious protease resistant glycoprotein from infected brain which occasionally formed amyloid deposits in the form
of filamentous structures or rods[3].

1999 Polymerization of recombinant prion protein to protease resistant protein oligomers and amyloid polymers by synthetic DNA [31].

2001 Demonstration of DNA induced PrP* secondary structure from recombinant prion protein and catalytic action of the protein-DNA
complex on PrP* conversion [34].

2001 Recombinant PrP® condenses nucleic acids which formed functionally active nucleoprotein complex similar to functional retroviral
nucleoprotein complex and mediates DNA strand transfer [53, 56, 57].

2002 Nucleic acid induced unfolding of the globular (c-helical) structure of prion protein induces polymerisation of prion protein to amyloid
[36].

2003 Endogenous RNA was shown to convert endogenous PrP® to PrP** in vitro [37].

2003 Characterization of RNA aptamers which prevented prion protein polymerisation [43].

2004 DNA interaction with recombinant prion protein produced spherical amyloids and amyloids of different morphologies similar to those
found in infected scrapie and CJD brains [27].

2005 Generation of infectious scrapie prions in vifro from a mixture of normal and scrapie infected brain homogenates [15].

2006 Demonstration that DNA interaction with prion protein is mainly mediated through its globular structure [35].

2006 Antiscrapie activity of oligonucleotides [58].

2006 Demonstration of reversible nature of RNA-prion protein interaction [46].

2007 Prion protein was found to bend and unwind DNA suggesting a possible functional role of the protein [54].

2007 Endogenous polyamines can prevent polymerisation of the prion protein by nucleic acids suggesting the possibilities that these amines
can be used for detection as well as therapeutic purposes for prion disease [48].
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2007 De novo generation of native infectious prion from the interaction of PrPC with synthetic nucleic acid [40].
2007 Demonstration that prion protein has both high and low affinity DNA binding sites [47].
2007 Selective incorporation of nucleic acid into de novo generated prions [41].

tional change of non-infectious monomeric o-helical soluble
glycosylated cellular prion protein, PrP€ attached to the outer
cell membrane through a glycophosphatidyl inositol linkage
[3, 10]. The biological function of PrP® remains largely un-
known but the results suggested that the protein can play a
role in maintaining cellular copper concentration, signal
transduction, RNA binding and DNA metabolism [11]. PrpS
can exist as oligomers and amyloid polymers and unlike
PrP€ is resistant to ProteinaseK(PK) digestion [3, 10]. The
maximum prion infectivity has been found to be associated
with prion particles (oligomers) having 17-27 nm diameter
(300-600 kDa) whereas the large fibrils show lower prion
infectivity [10]. The existence of multiple prion strains has
also been attributed to the conformational variations of PrPS¢
[3]. Propagation of the disease has been considered to arise
from the conversion of PrP® by PrP* to its like. Naturally
occurring prion amyloid is constituted from 90-231 amino
acid fragment of the full-length prion protein having 23-231
amino acids [3].

Amyloids obtained from the full-length hamster brain
cellular PrP€ or in vivo isolated hamster PrP 27-30 amyloid
have been found to be non-infectious in experimental ani-
mals over-expressing prion proteins [12]. However, amyloid
formed from the truncated 90-231 fragment of mouse re-
combinant prion protein is found to be infectious and shows
strain specificity of the prion disease in the experimental
mice over-expressing this protein fragment but show very
low levels of infectivity (less than 10®-fold than bona fide
PrP5%) when injected in wild mice suggesting the possibility
that animals over-expressing prion protein were making
prion spontaneously [10, 13, 14]. Inoculation of wild-type
hamsters with in vitro-generated PK-resistant prion protein
form by protein misfolding cyclic amplification in a cell free
system (brain homogenate) has been found to be infectious
which however also does not establish critically that the

infectious agent in prion disease is composed of only protein
since other molecules present in the brain homogenate may
act as a cofactor for the observed results [10, 15]. From all
these considerations, the involvement of host derived mole-
cule viz. nucleic acids or sulphated glycosoaminoglycans as
a cofactor for the conversion of PrP® to PrP* has not been
ruled out [10].

SITES OF CONVERSION OF THE NORMAL PRO-
TEIN TO DISEASED PROTEIN FORM

The sub-cellular site of the change in the conformation of
PrP€ to PrP* is not known with certainty and the structural
change can occur at the cell surface or in the endosomes after
internalisation [16-18]. However, prion protein has been
demonstrated to be present in the cytoplasm [19-25]. Inter-
nalisation of PrP€ in neuronal cells in the presence of copper
ions shows that the protein is present in the perinuclear com-
partment [20]. Prion protein has been found to be translo-
cated to the nuclei of infected cells and interacts with chro-
matin [22]. It has been recently shown that that full-length
prion protein without the GPI anchor accumulates in the nu-
cleus of the hippocampal and neuroblastoma cell lines [23].
A mutant (D177N), which is associated with a heritable and
transmissible form of the spongiform encephalopathy, has
been shown to accumulate in the cytoplasm [24]. The evi-
dence that PrP® can exist in cytoplasm and interact with
other molecules in there has been reported [25]. Thus, the
prion protein has the possibility to interact with DNA/RNA
present in the interior of the cell. It is possible that nucleic
acid catalysed conversion of PrP€ to PrP% in the cytoplasm
produces oligomers and polymer amyloids related to prion
infection [25, 26]. Morphological similarities between dif-
ferent types of amyloids formed from prion protein and nu-
cleic acid interaction in solution and those found in cyto-
plasm of scrapie infected tissue further strengthens this sug-
gestion [27].
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NUCLEIC ACID INTERACTION WITH PRION PRO-
TEIN

A great majority of the studies on the solution properties,
structure and interaction with other molecules have been
carried out with the unglycosylated recombinant prion pro-
tein, rPrP, expressed in E. Coli, which has been considered
as a model for the cellular protein PrP€. Human rPrP is a
single domain basic protein (pI, 11) consisting of an ex-
tended N-terminal segment (residues 23-121) and a globular
domain (residues 121-231) consisting of three o-helices that
encompass residues 144—153 (helix 1), 172—-194 (helix 2),
and 200-227 (helix 3) and a short B-sheet formed by two
strands at residues 129-131 and 161-163 [3, 10]. The un-
structured N-terminal segment is highly basic, glycine rich
and contains octapeptide residues where copper ions bind.

The first experimental evidence in solution that nucleic
acid can bind with a segment of prion protein was provided
by the interaction of synthetic nucleic acids with a prion pep-
tide fragment 106-126 having the sequence KTNMKHMA -
GAAAAGAVVGGLG which has overall positive charge
[28]. This synthetic peptide fragment was chosen since it
shows neurotoxicity towards primary cultures of various rat
brain cells [29]. Subsequently it was found that the above
nucleic acids can induce polymerisation of the peptide to
amyloids [30]. This prompted us to study the interaction of
nucleic acids with the recombinant full-length 23-231 prion
protein (rPrP) which lead to the demonstration that DNA can
catalyse the conversion of rPrP into its amyloid which is
resistant to PK-digestion [31]. It was further observed that
the reaction of the protein either with double or single
stranded nucleic acids produce amyloid fibril and fibres of
different morphologies, similar to those identified in the
prion diseased brains [27, 31]. In addition, the interaction
also produced polymer lattices and spherical amyloids of
different dimensions (15-150 nm in diameters) which have
been found to be the most infectious polymeric structures of
the protein [10, 27, 32]. The spherical amyloids structurally
resemble “spherical particles” observed in natural spongi-
form encephalopathy and in scrapie-infected (TSE) brains
[27].

At specific DNA to rPrP concentration ratios a conforma-
tional transition from predominantly a-helical structure of
the protein PrP to a soluble B-sheet rich structure could be
identified by circular dichroism [34]. Based on solution re-
sults, it has been suggested that host nucleic acid may modu-
late the balance between the cellular and the misfolded con-
formations by reducing the protein mobility and by making
the protein-protein interactions more favourable. The ab-
sence of associated nucleic acid with the oligomeric and po-
lymeric prion protein amyloids obtained from prion protein
and nucleic acid interaction would suggest that these species
dissociate from the nucleic acid after their formation [27].
There is no report yet whether prion protein oligomers and
amyloid polymers obtained from nucleic acid interaction
with the protein are toxic or infectious.

CHARACTERIZATION OF PrP-DNA COMPLEX

The structural characterization of the complex between
prion protein with DNA has been carried out by using a
small double-stranded 18 base pair oligonucleotide [35]. The
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small-angle X-ray scattering data show that the globular 121-
231 domain of the protein (pI 7.2) dominates the formation
of the complex although its binding constant (Kd ~ 500nM)
to the olgonucleotide is comparable to that of the nucleotide
with the full-length prion protein (pI 11.2). The nmr hetero-
nuclear single-quantum coherence spectra data show that the
changes in the protein spectra were clustered both in the
globular segment and in the disordered region of the protein.
The interaction between the oligonucleotide and nucleic ac-
ids both to the full-length protein and the globular protein
fragment is dominated by electrostatic interaction [35]. Pre-
viously it was shown that the incubated mixture of the 121-
231 fragment and nucleic acid yields amyloid fibres [36].
The secondary structure of the 121-231 amyloid formed in
nucleic acid solution is similar to the in vivo isolated prion
protein 27-30 amyloid but unlike in it, a hydrophobic milieu
is absent in the 121-231-amyloid [36]. Thermal denaturation
study demonstrates a partial unfolding of the 121-231 protein
fragment in nucleic acid solution. It has been suggested that
nucleic acid catalyses unfolding of prion protein helix 1,
which is the most hydrophilic o-helix known among pro-
teins, is responsible for the polymerization of the protein to
amyloid [36].

RNA CAN AMPLIFY PrP’¢ FROM ENDOGENOUS
PrPC IN VITRO

Deleault et al. from in vitro studies using brain tissue
have provided strong evidence that nucleic acid can play a
role in the conversion of PrP€ to the PK-resistant PrP* in the
presence of a cellular RNA of a molecular mass around 100
kDa (~300 nucleotides) which co-purified with ribosomal
RNA [37]. These authors also observed that addition of RNA
extracts from mouse or hamster tissues induced hamster
PrP%¢ conversion whereas invertebrate RNA failed to support
hamster PrP% amplification, indicating species specificity of
RNA in amplification of PrPSC. The inability of endogenous
DNA to amplify PrP% formation observed by Deleault et al.
is in variation from the solution results which showed that
DNA by interacting with PP produces PK resistant PrP-
oligomers and amyloid fibres [37]. One explanation of this
discrepancy can due to binding of DNA to its various ligands
(viz. other DNA-binding proteins) in brain homogenate mak-
ing it unavailable to interact with PrP¢ [38].

A small highly structured RNA (197 nucleotides) which
forms very stable nucleoprotein complexes with human re-
combinant prion protein and cellular PrP€ from various cell
extracts and mammalian brain homogenates has been shown
to produce PK-resistant protein indicating the formation of
PrP%. The results also showed that the activity of RNA
manifests some species specificity since RNA from inverte-
brates did not show amplification [39]. The authors specu-
lated that small non-coding RNAs which are abundant in the
cell may be involved in PrP€ conversion in vivo.

FORMATION OF NATIVE PRIONS IN VITRO

Infectious prions in vitro was first generated by subject-
ing a mixture of normal and scrapie infected brain homogen-
ates to protein misfolding cyclic amplification (PMCA) [40].
Recently by using this technique and using a nucleic acid
synthetic poly(A) and hamster PrPC formation of de novo
native and infectious prions has been achieved which has
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been confirmed by bioassays in wild type hamsters [40].
This sample produced a unique regional profile characterized
by relatively mild vacuolation in the frontal cortex and hip-
pocampus, The study provides the first evidence that mam-
malian prions can be made by using biochemically well de-
fined constituents native PrPC, and a synthetic nucleic acid.
The requirement of an accessory nucleic acid suggests that
endogenous nucleic acid cofactors may participate in prion
propagation in vivo, by becoming selectively incorporated
into complexes with prion protein molecules during the for-
mation of native prions [41].

BINDING CHARACTERISTICS OF DIFFERENT NU-
CLEIC ACIDS WITH PrP

Binding of recombinant prion protein with DNA, tRNA
and polyA, highly structured small RNAs, prokaryotic and
eukaryotic prion protein mRNA pseudoknots, has been stud-
ied at cytoplasmic and endosomal pHs (pH 7 and 5 respec-
tively). Thermodynamic analyses of the repeat region sug-
gest the presence of several hairpin loop structures and a
RNA pseudoknot in human prion mRNA. Computer gener-
ated three-dimensional structures of the human prion pseu-
doknot indicate prion protein and RNA interaction domains
and the possible involvement of this interaction in prion pro-
tein (PrPC) translation [42]. Reversible nature of prion pro-
tein interaction with RNA has also demonstrated [43-46].

The affinities (nanomolar range, see above) of the above
nucleic acids for the prion protein and the number of sites (4-
6, unpublished results) where the protein binds to the nucleic
acids do not vary appreciably although the nucleic acids used
have very different compositions and structures. The binding
parameters do not depend upon pH of the solution and show
a poor cooperativity. The reactants form larger nucleoprotein
complexes at pH 5 compared to that at neutral pH. Electro-
static force between the protein and nucleic acids dominates
the binding interaction at neutral pH (unpublished results). In
contrast, nucleic acid interaction with the incipient nonpolar
groups exposed from the structured region of the prion pro-
tein dominates the reaction at pH 5. Prion protein of a par-
ticular species forms larger complexes with prion protein
mRNA pseudoknots of the same species. The three dimen-
sional structure of the pseudoknots and not their base se-
quences probably dominates their interaction with prion pro-
tein (unpublished results). Binding studies of small ssDNA
thioaptamers to PrP shows the existence of both high and
low affinity binding affinities in PrP towards these DNAs
[47].

NUCLEIC ACID APTAMERS

Research has been also focussed to find nucleic acid
ligands which can have specific affinities for either PrP¢ or
PrP* forms. Artificial RNA ligands or aptamers which bind
specifically to infectious prions or scrapie associated fibrils
or B-oligomeric form of prion protein have also been isolated
from a number of mammalian species. 2'-fluoropyrimidine-
substituted RNA aptamers bind selectively to disease-
associated [-sheet-rich forms of the prion protein. These
aptamers inhibit the accumulation of protease-resistant forms
of PrP in a prion-seeded, in vitro conversion assay [44]. Con-
versely, certain DNA aptamers have been isolated which
bind rPrP (o-form) with high affinity but not to the PrPSc
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form of the protein. These ligands show sequence and struc-
ture specificity when binding to rPrP. These nucleic acid
aptamers have the potential to be used as both diagnostic or
prophylactic tools [44].

MODULATION OF NUCLEIC ACID-PRION PRO-
TEIN INTERACTION BY BIOLOGICALLY RELE-
VANT MOLECULES

As has been mentioned above, PrP¢ can exist in cyto-
plasm where it can interact with other molecules, for exam-
ple, with DNA/RNA present in the cytoplasm and catalyse
the conversion of PrP¢ to PrP* producing oligomers and
polymer amyloids causing the disease in vivo. It is conceiv-
able that there would be some other molecules which would
influence the above reaction and polymerisation of the pro-
tein since the prion disease is of relatively rare occurrence.
Nucleic acids, both RNA and DNA, remain predominantly
as complex with the biological polyamines, spermine and
spermidine, in the cytoplasm [48]. These polyamines at their
physiological concentrations can prevent polymerisation of
the prion protein by nucleic acids and it can be surmised that
nucleic acid induced polymerisation of PrP¢ to PrP% can
occur when there will be a depletion of the concentrations of
cytosolic polyamines [49]. Concentrations of the cellular
polyamines are regulated by a complex circuitry of synthesis,
degradation and cellular uptake and efflux [50]. The concen-
tration of these amines in the cell can decrease either by gene
disruption, defect in their biosynthesis or increased rate of
break down [49-52]. It has been suggested that a decrease in
polyamine concentrations in the cytoplasm due to the meta-
bolic defects mentioned might trigger polymerisation of
prion protein in the cytoplasm due to the availability of free
nucleic acid to interact with PrP€. Based on these observa-
tions we speculate that the polyamines can be used for diag-
nostic and therapeutic agent for prion disease [48].

CONFORMATIONAL CHANGES OF NUCLEIC ACID
BY PRION PROTEIN

We have mostly described the changes in the conforma-
tion of prion protein by nucleic acids above. Study whether
the same reaction induces conformational changes in the
DNA has been also undertaken since prion protein acceler-
ates DNA strand transfers process [53]. We have used bio-
physical methods to study DNA conformational change and
electron microscopy to monitor the aggregation of the DNA
molecules in the presence of prion protein.

Prion protein (rPrP) induced DNA conformational
changes has been studied using oligonucleotides covalently
labelled with energy donor fluorescein and acceptor rho-
damine moieties by fluorescence resonance energy transfer
(FRET). The protein induces strong FRET effect in the oli-
gonucleotides evidenced from the simultaneous quenching of
fluorescence intensity of the donor and increase in the fluo-
rescence intensity of the acceptor which indicate bending of
the oligonucleotides by prion protein. The protein also in-
duces significant structural destabilization of the oligonu-
cleotides evidenced from the lowering of their melting tem-
peratures. The DNA structural changes observed in the pres-
ence of prion protein are similar to those caused by proteins
involved in initiation and regulation of protein synthesis
[54].
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We have further observed that prion protein induces se-
quence specific condensation of DNA. The extent of conden-
sation is maximum with the molecules containing the GC
sequence where as the DNA containing AT sequences is not
condensed by prion protein. The protein also induces greater
exposure of the DNA bases to the bulk solvent in DNA con-
taining GC bases (unpublished results). These results like the
bending and unwinding of DNA by prion protein also sug-
gests a biological function of the prion protein which needs
to be explored. It is to be pointed out that the structured 121-
231 segment of prion protein is unable either to bend or con-
dense although the affinity constants (nanomolar range, see
above) of the DNAs for the full-length 23-231 protein and
the fragment are comparable [35, 54]. There are instances in
the literature where protein induced DNA conformational
change is independent of energetics of binding between the
protein and DNA [55]. Our results show that that the N-
terminal unstructured basic region of the protein is responsi-
ble for inducing DNA conformational changes.

Morphological studies by electron microscopy show that
after relatively long incubation of prion protein and DNA
mixture, ordered aggregation of the nucleic acid (protein-
nucleic acid complex) resulted in small condensed spherical
globules [56]. These small condensed globules further ag-
gregated to larger globules. The nucleic acid globules are
different from morphologically altered nucleic acid struc-
tures induced by other cellular DNA-binding proteins. Fur-
ther, these large condensed nucleic acid globules dissociate
spontaneously after very long period of incubation. The large
condensed DNA structures resembled the human immunode-
ficiency virus (HIV-1) nucleocapsid protein NCp7 induced
condensed globular aggregates of nucleic acids. In this sys-
tem both the processes of condensation and dissociation of
nucleoprotein complex are believed to be responsible for the
functional properties of the above virus [56].

FUNCTIONAL PROPERTIES OF PrP-NUCLEIC
ACID COMPLEX

The above similarities between the structural properties
of the nucleoprotein complexes formed from NCp7 and
prion protein and nucleic acids lead us to investigate the bio-
logical functional properties of PrP-nucleic acid complexes.
The results show that the prion protein functionally resem-
bles NCp7 of HIV-1. Like NCp7, prion protein accelerates
the hybridization of complementary DNA strands and chap-
erone viral DNA synthesis during the minus and plus DNA
strand transfers necessary to generate the long terminal re-
peats. The DNA-binding and strand transfer properties of the
protein appear to map to the N-terminal fragment, whereas
the structured C-terminal domain is inactive. These results
suggest that PrP could be involved in nucleic acid metabo-
lism in vivo [53]. Further, it has been also found that PrP has
properties characteristic of NCp7 with respect to viral RNA
dimerization and proviral DNA synthesis by reverse tran-
scriptase [57]. The biological properties of PrP similar to the
structural properties (bending, unwinding and condensation
of DNA) map to the N-terminal region of the protein (see
above). We suggest that both the changes in the prion protein
and nucleic acid conformation would be relevant for prion
infection.
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THERAPEUTIC APPROACH

The uncertainties of the nature of the infectious agent and
the mechanism of prion propagation have caused the devel-
opment of effective therapy difficult [58]. Two types of
therapies have been approached viz. immunotherapy and
chemotherapy. The latter focuses on the conversion of PrP¢
to the infection related PrPS¢ form. Polyanionic pentosan
sulphate has been reported to increase the longevity of the
vCJID patients. Various other compounds viz. porphyrins and
phthalocyanins etc. have been effective in increasing the
survival times of experimental rodents [59]. Degenerate sin-
gle stranded phosphothioated analogues of nucleic acid at
very low concentrations (nanomolar) inhibit PrPS accumula-
tion in cell culture and prolong the longevity of experimental
mice [57, 58]. The effect of these analogues depend on their
size, stereospecificity and hydrophobicity and not on their
base compositions. The antiscrapie properties coupled with
their anticoagulating activities, these phosphothioated nu-
cleic acid analogues have been suggested to be more relevant
compounds for the treatment of prion diseases than currently
used pentosan sulphate [58].

CONCLUSION

Unlike in virus or bacteria where nucleic acid is the main
infectious component for the propagation of the diseases,
nucleic acid, among other polyanionic molecules, can induce
oligomerization and polymerization of cellular prion protein
which are considered as major components of the propaga-
tion of the prion disease. Concomitant changes in the nucleic
acid conformations by prion protein are similar to those in-
duced by nucleic acid regulatory proteins involved in gene
expression. Further information in the above fields of the
prion protein-nucleic acid interaction are expected to provide
both biological functions of prion protein and prion infectiv-
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