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Abstract

Prion diseases are associated with the accumulation in the brain of an abnormal, protease resistant isoform of a host encoded glycoprotein known as 
prion protein (PrP). Nanotechnology in combination with biotechniques promises a broad spectrum of highly innovative approaches for overcoming 
the challenges posed by the prions. Recent advances in molecular nanobiotechnology have brought in the potential of molecular targeting in diagnosis 
and therapies of various diseases. Their high binding sensitivity and specificity added by their small size have favored the identification by in vitro 
protocols. Molecular targeting has initiated exciting technologies based on conjugation of biomolecules to nanoparticles.  This review article is an 
extensive study of various research oriented nanobiotechnological protocols for rapid identification and cure for prion diseases both at in vivo and in 
vitro options.
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1. Introduction

     Prion diseases are neurodegenerative diseases with a 
fatal outcome for the host. Therapies other than palliation 
have not promised cent percent solutions so far and hence 
the disease is responsible for tragic episodes for centuries. 
Recent reports indicate that there is a lot to be learnt about 
the mechanisms of prion transmission and the complex 
patterns of infectivity. The causative agent is reported to 
be PrPc- a normal protein found in brain and other organs 
which are converted into a misfolded, pathological form 
designated as PrPsc by some autocatalytic process. It is 
also accompanied by an insoluble form of PrP which is 
resistant to protease digestion [1]. Though the disease is 
rare in humans, research interests in the field is intense 
because of their unique transmissible property with a 
post translationally modified host protein [2]. PrPc- the 
normal form of protein encoded is attached to the outer 
surface of plasma membrane with a glycosylphosphatidyl 
inositol anchor and is susceptible to proteinase K. But 
the pathological form PrPsc is largely resistant to PK 
digestion [3]. Another remarkable feature of prions is the 
existence of many prion strains and can be propagated 
indefinitely. The transmission of disease from one species 
to another is less efficient than transmission within the 

same species. B lymphocytes are largely responsible for 
the spread and neuro invasions [4]. 

    The NMR structure of PrP contains three α-helices and 
a two stranded antiparallel β-sheet. The first turn of the 
second helix and the last turn of the third helix are linked 
by the single disulphide bond in the protein. The twisted 
V-shaped arrangement of these two longest helices 
forms the scaffold onto which the short β-sheet and the 
first helix are anchored [5]. The normal PrPc protein is 
converted to PrPsc by refolding of the α-helical and coil 
to a β-sheet along with changes in the physicochemical 
properties of PrP. Sequence homology exists between 
the C-terminal domain of murine Prp with the catalytic 
domains of monomeric bacterial peptidases and with the 
catalytic subunits of eukaryotic signal peptidases [6].

    The structural features of PrP are determined by 
NMR and Mass Spectrometric studies. Translation of 
PrP- mRNA produces 254 amino acids, the first two of 
which function as signal peptide for translation of the 
polypeptide chain into Endoplasmic reticulum (Fig. 
1). After cleavage of another C-terminal peptide, the 
molecule acquires a glycosyl- phosphatidyl –inositol 
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anchor. The polypeptide undergoes posttranslational 
modifications to add up 2 N-linked carbohydrate chains. 
A disulphide bond stabilizes the conformation of protein. 
After cleavage of the N and C-terminal signal peptides, 
the mature human protein consists of 209 amino acids [7].

    A key molecular event in prion diseases is the 
conversion of the prion protein from its normal cellular 
form (PrPc) to the disease form (PrPsc) (Fig.2). The 
transition involves a major conformational change, 
resulting amorphous protein aggregates and fibrillar 
amyloid deposits with an increased β-sheet structure [8].

    The features of PrPc can be distinguished from PrPsc 
by the following salient features. The infectivity of 
PrPsc is the major factor as the PrPc is the benign form. 
The secondary structure of PrPc in composed mainly 
of α-helical sheets whereas the PrPsc are constituted by 
βsheets. The half life of the molecules also varies with 2-6 
hours for PrPc which exceeds to 16-24 hours in PrPsc. 
The resistance to Proteinase K by the PrPsc molecules is 
an identification criterion. PrPsc molecules are insoluble 
in detergents after ultracentrifugation while the PrPc 
molecules are soluble [9]. 

    Transgenic studies conducted on the same concluded 
that PrPsc acts as a template upon which PrPc is refolded 
into a nascent PrPsc molecule with interactions of other 
proteins. More than 20 mutations of the PrP gene are now 
known to cause the inherited human prion diseases and 
significant genetic linkage has been established for five of 
them [10].

Methodologies for the detection of prions

Optical based methods

    Optical sensing methodologies have been developed 
to detect the changes of proteins when bound to small 
molecules. Surface Plasmon resonance and planar wave 
guide are used for the same. For this, the target protein 
is immobilized onto a solid surface by covalent or 
noncovalent interactions. Binding of molecules change 
the refractive index and is sensed by optical detection. 
SPR determines the kinetic parameters and equilibrium 
constants of binding [11].

    Optical trapping is another important kind of diagnostic 
tool for prions. Amyloid fibrils are formed during the 

agglomeration of PrPsc and this can be detected by 
optical trapping and fluorescent imaging. These forces 
govern the integrity of amyloid fibres. The self templating 
properties of amyloidogenic proteins are used to tether 
prion fibrils to be manipulated in optical trap. At normal 
pulling forces, the fibrils are impervious to disruption. 
At much higher forces, 250pN, discontinuities occurred 
in force extension. Experiments with selective amyloid 
disrupting agents and mutations demonstrated that such 
discontinuities were caused by the unfolding of individual 
subdomains. Prion fibrils are remarkably resistant to 
mechanical forces. This serves as an evidence for tracing 
infectious particles [12].

Detection based on protein confirmations

    Prions do have a peculiar folding pattern in their 
secondary structure formations. Comparison of normal 
and infected proteins by FTIR provides clear evidence 
about their presence, leading to their ultrasensitive 
detections in pools of proteins. Normal PrPc structure 
has been derived from FTIR peaks which contain 40% 
α-helical content with little or no β-sheet. The PrPsc types 
contain 50 % β-sheets. Comparison of the secondary 
structures by FTIR of the normal and PrPsc provided 
additional evidence about their structural variations. 
Direct determination of the secondary structure content 
of this portion presented solutions to the methodology of 
generation of infectious particles [13].

    When protein is heated, it unfolds and loses its native 
conformation. Small- molecule binding can often stabilize 
the native conformation of a protein, leading to a higher 
unfolding temperature. This shift in unfolding temperature 
can be detected using sensitive dyes. A CCD camera was 
used for proper detection of the output [14].

    Bioconformatics emerges as a novel field using 
sequence specific detection of prion conformations. The 
technology uses small peptides that mimic the misfolding 
to detect it. When peptides associate with a misfold it 
changes shape itself. The peptide labeled on each end 
with a fluorophore that emits a signal as the shape change 
occurs, giving us a quantitative data on the βsheets 
present. The reaction is highly sensitive and it exists as an 
ensemble. Antibodies or Proteinase K are not required for 
the reaction.

Interaction based methods

Fig. 1 Schematic diagram of a PrP protein Fig. 2 Schematic illustration of PrPc conversion mechanism  
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    NMR and X-ray Crystallography helps to study the 
interactions between small molecules and protein targets. 
The interaction between small molecules and protein is 
monitored by the chemical shift of the compound along 
with saturation transfer difference and simple relaxation 
measurement [15].
    Mass spectrometry has been an accepted method of 
detection. A separation step has to be involved before MS 
to remove unbound compounds. Size exclusion, affinity 
based or ultra filtration can be used for the same. Target 
prions are immobilized onto solid support with an affinity 
tag. Compounds are bound to target protein and unbound 
compounds are washed away. Bound compounds are 
eluted [16].

Nucleic acid based methods
    DNA encoding is possible methodology for detecting 
very low concentrations of prions as well as proteins. 
The detection strategy employs immune-PCR. There are 
four different approaches for tagging of small molecules. 
In the first approach, nucleotides are conjugated to 
small molecule building blocks and are then assembled 
to longer DNA oligonucleotides by DNA polymerase. 
Then, synthesis of building blocks to complex chemicals 
is done. In the second process, DNA tags are conjugated 
to small molecule building blocks which are ligated 
enzymatically and then similar reactions as the first are 
carried out. The third method conjugates a small molecule 
to a single DNA strand and then attaches a second small 
molecule to the complementary strand. The fourth method 
involves a piece of double stranded DNA named the 
headpiece is bound with a covalently closed end linker 
to which a small molecule scaffold core is attached. 
Following addition of a small molecule building block 
to the scaffold core, another DNA tag which encodes the 
identity of the chemical building block is ligated to the 
headpiece. This process is repeated for several cycles to 
produce vary large combinatorial libraries each containing 
unique DNA tags [17]. 

    Aptamers are s ingle s tranded DNA or RNA 
oligonucleotides with a size range of 20-80 bases that can 
be folded to well defined 3D structures such as proteins 
and phospholipids with high affinity and sensitivity. They 
are capable of penetrating tissues better than antibodies 
because of their smaller size. Aptamer binding sites 
include grooves and clefts that might be present on the 
target molecules similar to the structures that act as 
binding sites for small –molecule drugs [30].
Immuno based methods
    Immunoblotting techniques including Western blotting, 
dot blotting and slot blot analysis are of the most often 
used methods of prion detection. With these techniques, 
scientists can detect the proteins of interest using 
specific antibodies with very high accuracy. Proteins 
thus separated based on molecular weight are transferred 
from SDS PAGE to a nitrocellulose membrane. Then 
the prion protein is detected using antibodies similar to 

immunohistochemistry using primary and secondary 
antibodies along with an antigen complex. Staining, 
chemiluminescence, autoradiography and fluorography 
can be used for observation purpose [19].

    Monoclonal antibodies are raised to copper refolded 
PrP to analyze the normal and diseased prions. The anti-
PrP monoclonal antibodies were reactive by western 
blot and ELISA with recombinant murine prions. PrPc 
refolded in the presence or absence of either copper or 
manganese. The monoclonal antibodies were shown to 
react with the unglycosylated and monoglycosylated 
forms of PrPsc in tissue samples. The majority of these 
monoclonal antibodies recognized the C-terminal portion 
of PrP. These may therefore be used to examine whether 
alterations occur in expression or conformation of Cell 
surface PrP. They also lend themselves to a diagnostic 
evaluation concerned with modulation of epitopes within 
PrP [21].

    Immunohistochemistry is the light microscopic 
visualization of an antigen/ antibody reactions in tissues. 
Polyclonal and monoclonal antibodies have been used 
to stain formalin- fixed or paraformaldehyde or paraffin 
imbedded sections tissues. PrP specific antisera raised 
against purified preparations has been shown to be 
effective in identification of bound antibodies. These 
stained regions show birefringence under polarized light 
[23].

    ImmunoPCR has been commonly used for the detection 
of many of the prion diseases and can be considered as 
a potential method for the detection of prions at very 
low concentrations. This technique binds an antibody 
detection step similar to an ELISA with nucleic acid 
amplification by a real time PCR procedure. The results 
were analyzed by running the PCR product on a 1.2% 
agarose gel electrophoresis and visualized by ethidium 
bromide staining and observing the intensity and band 
size [18].

    RNA Polymerase Immuno Detection (RAPID) is a 
combinatorial method developed from the available 
Immuno Polymerase Chain Reaction (IPCR) method 
which has been optimized for maximum sensitivity 
through a number of modifications. It uses an RNA 
polymerase to produce RNA transcripts at isothermal 
temperatures and a magnetic bead solid support. The 
sensitivity has been reported to be about 100 attograms/ml 
of recombinant prion protein. This sensitivity is believed 
to be required for Pre-symptomatic detection of PrP in 
blood. Fluorescent transcripts which are the outcomes of 
the method are verified by gel electrophoresis and real 
time PCR data. The ability to detect fluorescence directly 
in the reaction tube allows the detection without any 
sophisticated instrument [25].

    Selective absorption of prion proteins to an affinity 
ligand optimized for prion capture and attachment 
to synthetic resin particles has been widely used for 
applications for prion related studies (20). These 
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absorptions work on the basic principle of affinity based 
chromatographic procedures which can trap selective 
prion molecules with an altered conformation with strong 
binding to ligand molecules.

    Targeted protein and nucleic acid biomarkers are 
helpful in detecting diseases and confirming diagnosis 
very early on. The availability of this highly sensitive, 
quantitative, automated, cost-effective and easy to use 
methodology to identify proteins in minute concentrations 
prove to be better than conventional ELISA based assays 
as it is 1,000-10,000 fold more sensitive with a detection 
limit in attomolar ranges [22]. Erythriod differentiation 
Related Factor (EDRF) serves as one of the important 
factors for biomarker based identification.
Single molecule based methods
    The advantage of single molecule based methodology is 
that it can reveal individual static and dynamic behaviours 
in seemingly identical but in fact, heterogeneous 
biomolecules. Identification of conformational differences 
in prion individual molecules thus becomes possible. 
This type of analysis is presently dominated by two 
different kinds of approaches- Atomic force microscopy 
and optical methods. The optical methods include 
FRAP- Fluorescence Recovery After Photobleaching 
and FRET- Fluorescence resonance Energy Transfer with 
single molecule resolution. Fluorescence Correlation 
Spectroscopy is a novel field for single molecule 
detection covering a wide spectrum of structural and 
functional variations in prions. A measured volume even 
smaller than 10-5 litres is achieved by simply focusing 
a laser beam down to the resultion limit by an objective 
with high numerical aperture. Fluorescence is excited 
within the illuminated region and molecules in this focus 
contribute the measured signal [26].

    Laser induced Fluorescent spectroscopic detection 
of PrP with capillary electrophoresis is possible. A 
competitive assay for PrP with fluorescent tagged peptides 
from prions and the specific antibody is involved. Very 
small levels of PrP in tissues as well as blood ie., low 
levels up to 10 picograms can be detected [24].

    Field Flow Fractionation is an analytical study based 
on the aggregating potential of prion units. Asymmetric 
Frit Inflow Field Flow Fractionation (FIFFF) and Thermal 
Field Flow Fractionation (ThFFF) are recently applied 
to correlate the size of prion particles with infectivity. 
Protease resistant PrP protein aggregates were fractioned 
and the molar mass and hydrodynamic radius was 
determined using Quasi Elastic light scattering (QELS) 
[27].

    The in vitro replication of protein conformation is 
called Protein Misfolding Cyclic amplification (PMCA). 
To estimate the rate of amplification, a densitometric 
analysis of immunoblots from different samples is 
done. This system has been used to study the molecular 
mechanism of PrP conversion, the sequence specificity 
of PrPsc formation and to identify and evaluate inhibitors 

of PrP transformation. Early detection of PrPsc from non 
brain sources is possible with highly sensitive methods. It 
also favours for the detection of low quantities by means 
of amplifying undetectable amounts of the protein to a 
detectable level [28].

Biosensor based methods

    The trends toward multianalyte and miniaturized 
sensors have produced microarray-type technologies 
where the active elements features are on the order 
of microns in size, allowing for thousands of target 
molecules (e.g., DNA sequences, RNA sequences, 
proteins) to be displayed simultaneously on chips only 
a few square centimeters in area. The identification 
of materials is obtained by binding patterns that are 
visualized by tags of fluorescent molecules. Fluorescence 
pattern on an array chip for identifying DNA fragments is 
followed for accurate detection.

    Surface nanotechnology finds application in 
biomolecular profiling through Reverse Phase Protein 
Microarrays (RPMA). These enable high throughput 
screening of post translational modifications of signaling 
proteins within diseased cells. Silicon with low intrinsic 
autofluorescence has been explored as a potential 
microarray surface. Using the combinatorial method 
of surface roughening and surface coating, the silicon 
surfaces were shown to transform native silicon into a 
protein binding substrate comparable to nitrocellulose 
serving as the most suitable substrate for RPMA [29].

    Microfluidic technology uses the inherent properties 
of liquid and gases at the microscale, combined with 
semiconductor. Analysis of stable as well as conventional 
proteins through SDS-PAGE and colorimetry utilizes 
the properties of microfluidics. It also allows the active 
control of fluids in microfabricated channel without 
any interference. The commercial form ‘Bioanalyser’ 
integrates multiple experimental procedures such as 
sample separation, staining, detection and data analysis. 
Protein identification by digestion is done by electrospray 
and ionization mass spectrometry. The advantages 
include usage of nanogram levels of sample and rapid 
identification in minutes along with separation schemes 
from complex mixtures or lysates.

    Different types of biosensors employing varied 
functional principles can find effective detection for pico 
or attomolar concentrations of prions. A nanobiosensor 
is a probe that integrates a biological component, such 
as a whole bacterium, enzymes or antibodies with an 
electronic component to yield a measurable signal. The 
nanoprobes are fabricated with distal ends having sizes 
of 30-50 nms. The nanoscale sensors allow changes in 
protein conformations at single molecule level. There 
are different types of sensors. Fibre optic nanoprobes 
are covalently bound with antibodies which are selective 
targets to analyte molecules. The fluorescence emission 
from analyte molecules is connected to a microscope. 
Changes caused by the conformations leading to altered 
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information helps in measuring detectable signals. 
Cantilever based nanomechanical detection helps the 
detection of biomolecules by measuring nanomechanical 
forces and it offers an exciting opportunity for the 
development of sensitive, miniaturized sensors. Micron 
sized silicon cantilever beams undergo bending due to 
surface stresses created by molecular adsorption. The 
resonant frequency also varies due to mass loading. These 
variations can be measured by optical beam deflection, 
piezoresistivity, piezoelectricity and capacitance [31].    

    A novel technology employing surface interactions of 
B-lymphocytes expressing antibodies with prions is a 
promising route for detection based on biosensor effect. 
The B-lymphocytes are genetically engineered to express 
an antibody of interest on the cell surface and calcium 
sensitive protein in the cell’s cytosol. The interaction of 
antigen with the membrane bound antibody cause the 
engineered biosensors to emit light, which is detectable 
by small, portable Luminometer. The steps include 1. 
Obtaining sequences of light and heavy chains of variable 
region of anti- prion monoclonal antibody by RT-PCR. 
2. Construction of a two vector antibody expression 
system. 3. Generation of a stable cell line that expresses 
the recombinant antibody on its surface and a calcium 
sensitive bioluminescent protein in the cell’s cytosol that 
responds to prion antibody. A special type of biosensing 
was developed using an anti-prion monoclonal antibody. 
Fluorescen iso thio cyanate labeled with prion epitope 
for detection. Addition of Sodium Dodecyl Sulfate (SDS) 
at 0.3 mg mL-1 to gelatin samples facilitated detection in 
gelatin. The lowest detectable concentration of prion in 
gelatin was 0.5nmol L-1 [32].

Nanotechnology based methods

    Structured nanomaterials can be used for the detection 
of prions. Surface Enhanced Raman based biosensing 
can be used for testing the presence of prion molecules 
assis ted by structured nanomaterials .  Complex 
optical sensing biochemistries are being attached to 
nanoparticles called PEBBLES (Probes Encapsulated 
By Biologically Localised Embedding). The technique 
is used for measuring the concentration of prions. Two 
different constructs are linked by a peptide substrate 
and recognition site (in case of normal proteins). But 
when the peptide substrate is modified in a prion, the 
conformational changes cause a modification in the 
binding of the recognition site. This brings in a change in 
the efficiency of fluorescence resonance energy. Different 
levels of fluorescence begin to appear. 
    Dynamic resonance based techniques with mass 
labeling technique in a sandwich based assay is employed 
to enhance the frequency shift for the detection of prions. 
They are collectively called Nanomechanical resonator 
arrays and secondary Mass labeling. Resonant sensors are 
sensitive for mass detection, with analytical sensitivities 
upto femtograms or even less. Large array devices with 
arrays of low stress silicon nitride resonators are created 
that has an improved sensitivity. Functionalization of 

device was done with silanization and gluteraldehyde 
chemistry. With the use of functionalized nanoparticles, 
the sensitivity improved further to orders of 2ng mL-1 [33]. 
The resonators are fabricated from a 200nm thick layer 
of low stress silicon nitride deposited on 1.5µm thick 
layer of silicon dioxide. Patterning was enabled with 
optical photolithography and the resonant frequencies 
were measured. A 405 nm diode laser was modulated 
in intensity and used to heat and excite the resonators. 
Thermal expansion mismatch between silicon nitride 
and oxide is responsible for sensor actuation. Resonant 
frequencies were determined by measuring the reflectance 
variation from laser. An array of resonators was used for 
evaluating the concentration of prions. The resonators 
were exposed to PrP and subsequently with secondary 
antibodies and nanoparticles for mass labelling. For the 
detection of PrP, the resonant frequency of each device 
was measured before and after exposing the resonators to 
PrP.

    Nanoparticle immobilization assay has been developed 
to enable the binding of nanoparticles to specific 
prion proteins. This paves the way for the selection of 
misfolded prion proteins from the whole lot of native 
proteins with PrP forms. Synthesized nanoparticles serve 
as prion protein carriers after carbodiimide activation in 
the presence of N-hydroxysuccinimide. FTIR and TEM 
were used for the confirming the binding properties. 
The formation of prion protein complexes reveals the 
3 dimensional structures and the prion protein kinetics 
involved [34].

    A highly sensitive and molecular size selective method 
for the detection of proteins using heteroliganded gold 
is identified with Localised Surface Plasmon Resonance 
(LSPR). Two different heteroligands with different 
chain lengths were used in fabricating nanoholes for size 
dependent separation of a protein. The binding produces 
distinct shifts in the LSPR peaks, which can be detected 
by UV visible spectrophotometry. With a lower detection 
limit of 1.0 ng/ml, the method can be used to detect 
small concentrations of prions distributed in the protein 
population [35].

    A nanowire covalently linked to a tyrosine kinase could 
be used for the detection of small molecule inhibitors 
by monitoring the conductivity. As very small volumes 
are required for this study, minimal prion proteins would 
be enough for the analysis. A nanoscale Surface Plasma 
Resonance chip was coupled with nanoparticles to detect 
binding interactions and identification of small molecules 
[36]. Libraries containing upto 24 individual nanowire 
sensors have been constructed for the purpose of rapid, 
high throughput, highly multiplexed biomolecular 
detection [37].
    The biobarcode assay is a powerful amplification and 
detection system for proteins. In case of proteins the 
detection agent is a monoclonal antibody. The second is 
a nanoparticle with a recognition agent that can sandwich 
the target with the microparticle. The nanoparticles 
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carries with it hundreds of oligonucleotides referred to 
as barcodes. Once the two particles have sandwiched 
the target, a magnetic field can be used to separate the 
complexed target from sample solution. Protein or prion 
targets as low as attomolar levels can be detected [38].
Therapeutic measures for prion diseases 
Available drugs for therapy
    Many drugs have been discovered which have the 
capacity to reisist the binding and proliferation for PrPs 
in invitro culture conditions. But few of them have 
been proved to be effective for human administration. 
Quinacrine,  chlorpromazine and some tr icyclic 
derivatives with an aliphatic side chain were described 
as efficient inhibitors of PrPsc formation. These drugs 
have promising activities in curing malaria and psychosis 
[39, 40]. Amphotericin B and some analogs delayed 
the appearance of spongiosis, astrogliosis and PrPsc 
accumulations in brain [41, 42]. Pentosan polysulphonate, 
which is prevalent in the treatment of interstitial cystitis 
as an anticoagulant, when administered intracerebrally, 
prolonged the incubation time [43]. Polyamines – 
Polypropyleneimine (PPI) has been reported to reduce 
the concentration of PrPsc appearing in the tissue [44]. 
Certain other drugs used for the treatment and reduction 
of appearance of PrPsc are, Cyclic tetrapyrrols [45], 
Anthracyclins [46], Aptamers [47], Dextran Sulphate 
[48], Suramin [49], congo red [50], Quinolines [51], Bis-
acridine derivatives [52], Cyclic tetrapyrroles [53], Filipin 
[54], β-sheet breaker [55] etc. Cholesterol inhibitors such 
as lovastatin and sequalestin, when added to cells reduced 
the propagation of PrPscs. The disease symptoms were 
delayed with simvastatin [56]. Peptide aptamers (bacterial 
thioredoxin) are combinatorial peptides of 16-20 residues 
in length presented by a constant protein scaffold. They 
are conformationally constrained and bind to the protein 
target with high binding affinity. When recombinant 
aptamers were added to culture media of infected cells 
with PrPsc, the propagation of PrPsc was inhibited and 
came down to undetectable levels. Three such aptamers 
have been identified which inhibited PrPsc conversion in 
infected cells based upon the peptide sequence and sorting 
signal [57]. Autoimmunization has been considered as 
one of the remedies for Prion infection. Antibodies raised 
as monoclonal or polyclonal antibodies were tested for 
inhibition of PrPsc conversion. Besides inhibiting the 
conversion and interactions, endocytosis and degradation 
are enhanced. A novel antigen, resembling a putative 
folding intermediate, consisting of two covalently linked 
murine PrP molecules without N and C terminal signal 
peptides was used for immunization [58]. RNA aptamers 
are small combinatorial RNA molecules selected from 
genomic libraries. As targets for selecting anti- PrP RNA 
aptamers, a peptide comprising human PrP has been 
chosen in the region of 90-129 due to its importance 
in conversion process. The nuclease resistant complex 
binds with high affinity to the recombinants of PrPs 
of different species. The formation of high molecular 
mass aggregates is impeded, so that the misfolded PrP 

becomes more susceptible to Protein Kinase digestion 
[59]. Imatinib effectively accelerated the degradation of 
PrPsc and reduced its half life. Overexpression of c-abl 
the transdominant negative mutant allele affected the 
accumulation of PrPsc. Cellular autophagy was found 
to be induced by imatinib [60]. Leukotrap affinity Prion 
reduction filter is a filter that was developed to overcome 
the current limitations of leukocyte reduction filters. It 
removes leukocytes and all types of prions- cell associated 
and non cell associated in a single step based on a surface 
modification technology that removes all types of prions 
aggregated, denatured or normal. The packed red blood 
cells for transfusion are subjected to both invitro and 
invivo studies with the filter. The concentration of the 
prions tend to reduce below detectable values by western 
blot ie., reduction occurs by 99.9%. Besides acting as a 
safe methodology for transfusion, it can also serve as an 
important tool to detect and eliminate the prion population 
in diverse proteins in blood [61].

Drug delivery systems

    Nanoparticle based drug delivery can be promising to 
overcome the hindrance of Blood Brain Barrier (BBB). 
Crossing the blood brain barrier by therapeutic molecules 
is a deadlock hence the circulatory network is separated 
from brain by a highly impermeable endothelial cells 
with tight junctions, supported by active efflux transport 
systems. It prevents the transport of water soluble 
molecules from blood circulation and allows highly 
essential molecules for the functional activity of brain. 
These phenomena remain as one of the important barriers 
in designing and sending the therapeutic molecules to treat 
as well as reduce the concentration of prions [62]. The use 
of nanoparticles to deliver drugs to brain by infiltrating 
Blood Brain Barrier (BBB) provides a significant strategy 
to break this impasse. The system also reduces drug 
leaching in the brain and peripheral toxicity. PEGylated 
polymeric nanoparticles as drug carriers have proven 
to be efficient for treating prion diseases. Adsorption of 
drugs to polysorbate 80 coated nanoparticles increases 
the transport of a number of substances across BBB eg., 
polar hexapeptide dalargin, tubocurarine, loperamide 
and doxorubicin. Polymeric nanoparticles are promising 
carriers for Central Nervous System drug delivery due 
to their potential in encapsulation and protection form 
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