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Prion: the infectious protein in neurodegenerative diseases

M.M. Vita Kumiati, Septelia Inawati Wanandi

Abstrak

Prion merupalan suatu partikel infeksius yang menyebabkan beberapa penyakit neurodegeneratif, seperti penyakit Creutqfeldt-
Jakob, penyakit kuru, sindrom Gerstmann-Striiussler-Scheinker dan insomnia familial fatal pada manusia, serta penyakit sapi gila,
scrapie, feline
Protein prion
pascatranslasi
menjadilemba
suatu chaperone. Dalam dua dekade terakhir ini, banyak lcarakteristik prion yang telah terungkap, seperti karakteristikfisik, kimiawi,
snain, biologi molekuler dan imunologik Beberapa peneliti juga telah menemulcan bentuk topologis protein prion dalam membran
retikulum endoplasma serta peran bentuk-bentuk lopologis tersebut dalam proses patofisiologis penyakit. Namun demikian, masih

banyak pertanyaan mengenai penyakit prion yang belum terjawab. Salah satu aspek prion yang belum terungkap adalah multiplikasi
prion. Dai gdiajukanolehparapeneliti, terdapat satuhalyang selalud itubahwa
replikasi pr Penelitian mengenai patogenesis penyakit prion juga perlu m tian untuk
mengembangkan terapi yang efektif untuk penyakit neurodegeneratif ini. Diagnosis penyakit prion ditegakkan berdasarkan temuan

klinis, histopatologis dan uji imunokimia dari beberapa protein dalam cairan serebrospinal. Uji imunokimia dari protein dalam cairan
serebrospinal ini penting untuk menegakkan diagnosis pramortem dari penyakit pion.

Abstract

Prion particle is an infectious agent causing neurodegenerative diseases in humans and animals, such as Creut4feldt-Jakob disease,

kuru, Gerstmann-Striiussler-Scheinker syndrome, and fatal familial insomnia in humans; mad cow disease, scrapie, and feline
spongiform encephalopathy in animals. This particle is devoid of n The
protein (PrP-) is converted into its abnormal isoform (PrP-") p PrP
conformational change whereby the a-helical content decreases il of P
anunknownproteinXwhichmightfunctionasamolecularchaperone. Manyprioncharacteristicshavebeenrevealedintheselasttvvo
decades, such as physical, chemical, sftain, molecular biology, and immunological characteristics. Some investigators revealed the

topologicalforms ofprionprotein in the endoplasmic reticulum membrane and theirrole inthe pathophysiologicalprocess of the disease.
But still prion diseases continue 1o raise many unanswerable questions to be investigated. One of the unanswerable questions is prion
muhiplication. Many prion multiplication models are sug constantftntlitry is that prion replication requires
the interaction of PrPt-PrP". The studies of pathogenes ch more attention to develop an effective therapy

for these neurodegenerative dise.ases. Diagnosis of prion diseases is based on the clinical and histopathological findings, and
immunochemical tests of some proteins in cerebrospinal fluid. Immunochemical tests of proteins in cerebrospinal Jluid are important
in developing premortem diagnosis of prion di.seases.
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During the past two decades, a transmissible pathogen
causing a group of human and animal neurodegenera-
tive diseases has been found. This infectious agent is
different from both viroids and viruses. Some inves-
tigators had indicated that this agent could not be
inactivated by procedures modifying or hydrolyzing
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nucleic acid, such as nuclease digestion, or UV inadia-
tion.l'2 Other evidence shows that the agent contains
a protein that is required for infectivity, and its infec-
tivity is lost upon inactivation by proteinase K, deter-
gent (sodium dodecylsulqhate), guanidinium
thiocyanate, or urea (Table l).' On the basis of these
evidence, the term "prion" was introduced to distin-
guish this infectious pathogen from those responsible
for viral illness, i.e. viruses and viroids.' Prion has an

operational definition, i.e. small proteinaceous infec-
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tious particles which resist inactivation by procedures
that modify nucleic acids. The term prion emphasizes
that the infectivity of this transmissible pathogen of the
neurodegenerative diseases depends on a protein com-
ponent.É

Prion diseases are neurodegenerative disorders of
humans and animals causing severe neurologic dys-
function and death. Prions cause four transmissible
neurodegenerative diseases of humans and six of
animals. Human prion diseases, can manifest as infec-
tious, sporadic, and inherited forms, include kuru,
Creutzfeldt-Jakob disease (CJD), fatal familial insom-
nia (FFI), and Gerstmann-Strâussler-Scheinker
syndrome (GSS). The animal prion diseases include
the following: scrapie of sheep, transmissible mink
encephalopathy (TME), chronic wasting disease
(CWD) of mule, deer and elk, bovine spongiform ence-
phalopathy (B SE), feline spongiform encephalopathy
(FSE), and exotic ungulate encephalopathy.

Table l. Stabilities of prion and viroids against physical,

chemical and enzymatic treatrnent (modified from
Prusiner2)

Viroid Prion

Physical treatment:
UV irradiation 254 nm

Chemical treatment :

SDS
Phenol

Urea 3 M
Guanidium thiocyanate I M
Psoralen

Enzymatic treatment :

RNase A
DNase
Proteinase K
Trypsin

+
+
+
+
+

+
+

+ = inactivated; - = no change in infectivity

The
mal
The
ally modified process that involves a change in the
conformation without evidence for chemical modifica-
tion. Both PrP isoforms are encoded by a chromosomal
gene. The human PrP gene maps to the short arm of
chromosome 20 and is designated PRNP; the mouse
PrP gene maps to chromosome 2 and is designated
P*-p.'

Med J Indones

Characteristic of the cellular prion protein and
scrapie prion protein

The PrPc and PrPS" have a molecular weight (Mr) of
33 to 35 kD.l Both PrPc and PrPs" are encoded by a
single exon of the chromosomal gene as proteins with
the same 254 amino acid sequence. The first 22-

ma membrane by a glycosyl-phosphatidylinositol
(GPI) moiety located at the COOH terminus of the

polypeptide chain. The anchor is added post-transla-
tionally in the endoplasmic reticulum, following
cleavage of a 23-residue COOH-terminal hydro-
phobic sequence which serves as a signal for the anchor

attachment.-'

The two PrP isoforms can be distinguished by their
K digestion,
only the first
of irPs" are

hydrolyzed and converted PrP 33-35s" to P.P 27-30

presence of PrP amyloid rods in some prion diseases

has led to assumptions that amyloid formation is essen-

tial for the formation of PrPs". However, PrPs" can be

formed in the absence of amyloid, and the presence of
amyloid plaques is not obligâtory for prion diseases.3

The physiological function of PrPc is unknown, but it
appears to be unnecessary since mice in which the PrP
gene has been deleted develop normally and are heal-

thy for more than 9 months.' Recently, some inves-
tigators suggested several roles of PrP, such as:

postsynaptic PrP might be necessary for GABA-de-
pendent synapses to be fully functional, PrP lacking
animals exhibit altered sleep patterns and rhythms of
circadian activity. PrP also contributes to the prion
diseases; the PrP fragment,-PrP 106-126, is toxic to

cortical and cerebellar cells.'t

The studies of PrP indicate that there are two distinct
strains of transmissible mink encephalopathy prions,
designated hyper (HY) and drowsy (DY). These

different physico-
DY PrPs" ieems to
Y PrPs".
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Studies of CJD demonstrate four distinct patterns of
protease-resistant PrP on Western blots after limited
proteolysis. Types I and 2 are seen in sporadic CJD
and also in some iatrogenic CJD. The third type is seen
in acquired prion diseases that arise from a peripheral
route of exposure to prions, while central nervous
system (CNS) exposure typically resembles sporadic
CJD. Type 4 is associated with a new variant CJD
which arises from dietary exposure to bovine prions.
The bands pattern of type 4 is similar to type 3, but it
can be distinguished from all three types of CJD by a

characteristic pattern of band intensities. Type 1 is
always associated with genotype MM, type 2 with all
genotypes (MM, MV or VV). Type 3 is seen in
g"notyp" MV or VV, and type 4in gênotype MM.6

The transmission of prions from one species to another
is generally accompanied by a prolonged incubation
time relative to transmission to which the host species
is the same.l'7 Thir is often referred to as the "species
barrier". The species barrier concept is important in
assessing the risk for humans of developing CJD after
consumption of scrapie-infected lamb or BSE beef.
There are three factors that might contribute to the
species barrier: (i) the difference in amino acid se-
quence of PrP between prion donor and recipient, (ii)
strain of prion, (iii) the species specificity of protein
X, a factor that binds to PrP" and facilitates PrP'"
formation.T PrPc is most efficiently converted to
PrPs" when the amino acids sequencês of PrPc and
PrPSt are identical.s

Studies of PrP genes responsible for the prolonged
incubation time in mice have demonstrated genetic
linkage between Prn-p gene and a gene modulating

aps to mouse
verv closelv

cubation time is also influenced by the eË"'ifr::*
When prions are passaged into mice with a nonmatch-
ing PrP sequennce, the incubation time is longer than
that in micè with a matching PrP sequence.8

Another characteristics of this agent are that the agent
is not destroyed by boiling in water, and it is not in
activated by standard exposure in an autoclave to wet
heat at l2loC for 15 min. Exposure to 134-138 oC for
18 min in porous-load autoclave is currently recom-
mended but may not be adequate in all circumstances.
The scrapie agent withstands alcohol and strong disin-
fectants such as formaldehyde and glutaraldehyde.
Formaldehyde may even increase its heat-stability. It
may be inactivated by exposure for t hour to sodium
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hypochlorite providing 2Vo available chlorine. The in-
fectivity of scrapie affected brain homogenate can
pass through small-pore filters.e

The formation of the scrapie prion protein

The prion diseases are due to the conversion of PrPc
into PrPs". PrPs" formation is a posttranslational

terol-rich membranes
o*". lo Th" formation
the cell surface and

lysosomal membranes, releasing hydrolases into the
cell. These enzymes will cause cytoskeletal disruption
and spongiform changes. l2

al studies of prion proteins showed that
condary structure which contains about
and only 3vo p-sheet.l0'13 Molecular

modelins studies
resions Jt prpc. a
thiough H4).t'tq''
residues were identified as Dotential sites that would
mediate helix-helix interacti,on.13 It i, ,ugg"sted that
Hl and H2 are converted into p-sheet structures during
the formation of PrPsc, while H3 and H4 remain
unchanged (Fig. 1A and 1B).lo

Pre a central domain of PrPc 1ap-
pro 95 to 170) that binds to PrPsc

dur of nascent PrP-t. This domain
shows higher homology between cattle and humans
than between sheep and humans, which raises the
possibility that prion transmission from cattle to
humans than from sheep to
humans in of PlPc is thought
to form binds.T

In contrast to PrPc, the p-sheet content of PrPs" it 43Eo

and a-helix content is 30Vo. Furthermore,PrP 27-30
contains 54Vo p-sheet The formation of PrPs" involves
refoldingof theNH2-terminal helices (Hl andH2) into
p-she"{s (Fig. 1Ç). The major conformational change
of PrPu into PrPrc has been localized to residues 90 to
fi2.7
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Figure I . (A) Schemaric drawing of tertiary stuctural model of PrPc.t 3 (B) Plausibte model for the tertiary structure of PrPc .10

(C) Plausible modelfor the tertiary structure oY Prd,'.10
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Finally, in the case of
mutations (Â) would des
conversion into ÂPrP*
formation.lo

\ 
svnttresi,

ÂPrPc- APrP'-

f o"g^d^tion
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Mutations of PrP qene can destabilize the conforma-
tion of PrPc and iacilitate its refolding into PrPsc.
Usually PrP gene mutations occur at or near the helix-
helix interaction residues. These mutations could dis-
rupt or destabilize the structure of PrPC and produce
mice or humans which are susceptible to prion disease.
Mutation at codon 178 in fatal familial insomnia and
familial CJD would eliminate the negative charge that
interacts with the positive end of a helix dipole and
destabilizes H3. Another mutation at codon 2lO that
also produces familial CJD would disrupt the H4 - Hl
interàction and, thus, perturbs the structure of PrPc.13

Synthesis of PrPst probably also involves another
protein which is not known. This protein X, possibly a
"chaperone", facilitates the refolding process of o,-
helicis in PrPc into p-sheets in PrPs".r'rc The CooH-
terminal domain of H3 in PrPc appears to contain the
site for protein X binding.T fnJ Èinaing of PrPc to
protein X seems to exhibit the highest affinity when
ihese two proteins are from the saire species.lÔ

Prion protein receptor

The cell-surface form of the prion protein, PrPc, is
anchored to the plasma membrane by a glycosyl-phos-

a neurotoxic region in human prion (residues 106- 126)
that contains the binding site recognized by aputative
cell receptor. Rieger et al.r) identified the 37 kD
laminin receptor precursor (LRP) as interacting with
PrP'in yeast, insect and mammalian cells. The 37 kD
LRP is located on the cell surface, and it may act as a
receptor or co-receptor for the prion protein.Is

Multiplication of prions

The mechanism by which prions multiply is not yet
clearly established. Several plausible models for the
multiplication of prions can be proposed. If the prion
contains a small nucleic acid molecule, than this
nucleic acid may stimulate the production of PrPs".
The PrPùc would stimulate the production of new
copies of the hypothetical small nucleic ac_id, then this
new nucleic acid may combine with PrPsc to form a
highly stable infectious terna-
tively, prions may be de PrPs"
may stimulate its own s com-
bine w
would
2B). rt

the biosynthesis of new PrPS" molecules (Fig. 2C).a
Another alternative mechanism is a Drocess in which
PrPsc lcircles) binds to PrPc (squares) forming
heterodimers that function as replication intermediates
in the synthesis of PrPsc (Fig. 2b).t

Another plausible model for prion multiplication can
nal model. According to
PrPc would generate a
(PrP ) that is an inter-
ation of P.C".8'lo P.P*

can revert to PrPc, be degraded, or form PrPst. Nor-
mally, the concentration of PrP* would be low, and
PrPSc would be formed in insignificant amounts.S

an exogenous
a template to
rPst, which is

u.-19*ogenous 
Prions)

* PrP"-PrÉc 
- 

PrPSc- Prp27-30

The sporadic prion diseases, in which there are no
exogenous prions, may result ns
in which there is sufficient a to
produce PrPs". The concentration of PrPst may even-
tually reach a threshold level upon which a positive
feedback loop would stimulate the formation of
PrPS".8
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PrPs"* PrP27-30

^PtP'-^PrP$- 
ÂPrPs- LPrP 27-3O
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Figure 2. Some possible mechanisms of prion multiplication
(Aj A snalt nucieic acid triggers the syithesis o7 Prf'.a (il Prf the synthesis of
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produce 
^or" Prë'.4 to PrPc
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The role of the immune system in the prion disease

It has been noted for years that scrapie infection fails
to induce an immune response. This lack of immune
response to the infectious scrapie particle can be ex-
plained by the dis the major
scrapie (PrPN) is form of th
protein (PrPt); t sms may
scrapie particle also reasonable to
rugfest thut an to both PrPc and
PrPt", because in most tissues of
uninfected animals and is even found on the surfâce of
T lymphocytes,16 and B cells.tT The T and B cells'
tolerance to PrP would explain the absence of immune
response to scrapie infection.l6

A scrapie infection from a different species or in the
PrP-deficient mice also can not induce an immune
response although the scrapie particle would be con-
sidered foreign. This absence of immune response is
due to the failure of scrapie infection to activate the
nonspecific immune mediators thatnormally signal the
invasion of pathogenic microorganisms, such as inter-
ferons, tumor necrosis factor, interleukin I (IL-1), and
IL-6. In the absence of these nonspecific mediators,
even foreign proteins do not elicit an irnmune response.
This situation suggests that successful approaches to
treating prion diseases cannot depend on activating the
immune system.to

Topology of prion protein

Studies of PrP topology at the endoplasmic reticulum
(ER) membrane have revealed two distinct forms of
PrP: one that is fully translocated into the ER lumen
and is termed the secretory fbrm 1t""PrP;; and one that
spans the membrane (transmembrane) (ttPrP). Diges-
tion of transmembrane form with proteases added to
the outside of the membrane yielded two fragments:
one is COOH-terminal derived and glycosylated (ctm-
PrP), and the other is NH2-terminal derived and un-
glycosylated 1Nt'PrP;. These data indicated that
transmembrane PrP chains span the membrane twice,
with the NH2- and COOH-termini of the molecule in
the ER lumen (Fig. 3).18

Hegde et al. examined the possible role of PrP topology
in neurodegeneration. Their data showed a marked
increase in ct*PrP production at the ER membrane of
scrapie infected hamster, with a concomitant decrease

in the t"tPrP. The amount of NttPrP remained un-
changed. These findings suggest that ctmPrP is in-

;#::,;T #:'$""::l1P*ent 
or spon taneous neuro-

sec Ntm Sc
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Figure 3. Sc.hematic PrP topology at the endoplasmic reticulum

^e^brar".]8Ctm = CooH-terminal derived, Sec = secretory.fonn,
Ntm = NH2-terminaL derived, Sc = scrapie, N = N-ternùnal,
C = C-terminal.

Ctm

In normal cells the percentage of ct*PrP in vivo was
consistently lower than that found in vitro. This data
suggests that cells normally have mechanisms to
prevent the accumulation of this potentially pathogenic

trigger the disease.lS

The pathogenesis of ct*PrP-associated neuro-
degenerative disease includes at least three distinct
steps (Fig.4). First, nascent PrP is synthesized in the
t""PrP, NttPrP, o. cttprp form. Second, the ct'tprp

form may be rapidly degraded in the ER or, in some
cases, may be able to escape degradation to a post-ER
compartment. Finally, in the post-ER compartment,
cttPrP is proposed to cause disease. How the ct*PrP

can cause the t known. The pathway
involving the P may not be the oniy
pathway of ne l8
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F atal familial ins o mnia

Fatal familial insomnia (FFI) exhibits insomnia,
dysautonomia, ataxia, dysarthria, dysphagia,
myoclonus, and signs of pyramidal tract dysfunction.
This FFI is caused by a mutation at codon 178 (Asp->
Asn). However, in contrast to the inherited CJD with
a valine residue at codon 129, a methionine residue
was always found at codon 129 of FFI patients.2o

Bovine spongtform encephalopathy (mad cow disease)

Bovine spongiform encephalopathy (BSE) was first
recognized in Britain in November 1986 in cattle. The
cows initially became apprehensive, hyperesthetic,
and uncoordinated. Then they became hard to handle,
and in some ca sed to frenzy. which led
to the name "m .20 Th"rn"un incubation
period is four to five y"u.r.7'20

The BSE agent can be transmitted to another species,
such as calves, sheep, goats, and mice, by the oral
route, in some cases by very high-challenge doses
only. Transmission orally to sheep and goats was pos-
sible using 0.5 g infected bovine brain; and I g of brain
was effective in cows.' In humans, there are three
possible routes of infection. First, by implantation or
injection of bovine-derived materials or preparations
associated with bovine products, including "catgut"
sutures. Second, workers in animal feed preparation
might have been at risk of inhaling infected dust or
acquiring the agent conjunctivally. Infection by inges-
tion is the third possible route. High-titre infectivity
challenges seem to be associated with bovine brain,
retina, and spinal cord. Medium infectivity is as-
sociated with lymphoreticular tissues. Other tissues,
including skeletal muscle_(meat), milk, and blood, had
no detectable infectivity.zt

The bovine prions in humans can cause some cases
which differ in several ways from other cases of CJD.
These cases are being called variant Creutzfeldt-Jakob
disease (vCJD) or new variant CreutzfeldçJakob dis-
ease (nvCJD). The patients are young (the age range is
between 16 and 41), and presenting behavioral chan-
ges, ataxia, and peripheral sensory disturbances, while
progressive dementia developed later. The PrP genes
in all cases analyzed showed no mutation and are

homozygous for methionine at codon 129 (the same as

in catttei.2o

Alzheimer's disease

The hallmark of Alzheimer's disease is the accumula-
tion of several abnormal proteins in the brain, such as

P rion in neurode generative diseases

amyloid p protein, p protein precursor, Apo E, and PrP.
These proteins are present in the muscle fibers. The
muscle fibers also demonstrated increased PrPc
mRNA while the abnormal brains of patients with
prion diseases did not have increased PrÊc mRNA.22

Diagnosis of prion diseases

The diagnosis ofprion diseases is based on clinical and
neuropathological findings. The typical neuro-
pathological findings of these diseases are spongiform
change, astrocytosis, and neuronal loss. Of these the
most specific is the spongiform change, which consists
of diffuse or focally clustered, small, round vacuoles
that may become confluent. In some cases, there are

amyloid plaques composed of extracellular accumula-
tion of PrP." The definitive diagnosis can only be
made by histopathological examination of brain biopsy
specimen.23'24 Brain biopsy, however, places patients
and health personnel at risk and may miss the site of
disease.23 

^

Most cerebrospinal fluid proteins in CJD patients
showed two 30-kD proteins detected by two-dimen-
sional electrophoresis and designated as protein 130
and 131. These two proteins are 14-3-3 proteins. The
14-3-3 protein was abundant in an extract of normal
human brain, but it was not found in normal serum and
in serum from CJD patients. In humans and other
mammals, 14-3-3 is anormal neuronal protein consist-
ing several isoforms, and it plays a part in conforma-
tional stabilization of other proteins. The presence of
14-3-3 in cerebrospinal fluid may be due to massive
neuronal disruption and the leakage of brain proteins
into cerebrospinal fluid. The quantity of 74-3-3 present
in cerebrospinal fluid may be propotional to the rate
and the amount of neuronal destruction."

The l4-3-3 proteins can be detected by an immunoas-
say method. This 14-3-3 protein can also be found in
cerebrospinal fluid from patients with herpes simplex
encephalitis or recent infarctions. Therefore, it should
be emphasized that the need to use the 14-3-3 marker
as a test is only useful in an appropriate clinical setting.
For a patient with dementia, the detection of 14-3-3 in
cerebrospinal fluid strongly supports a diagnosis of
CJD.23 

^

Some other studies in small numbers of patients have
suggested that there is another protein in cerebrospinal
fluid which is increased in the early phase and retums
to normal in the late stages of the CJD. This protein is
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CONCLUSION

Prion is an infectious protein that cause neuro-
diseases in humans The
(PrP) consists of two rPc,
oform, and PrPst, the The

conversion of PrPc into PrPs" is a posttranslational
Drocess that involves a conformational modification.
i{ow PrPc can be converted into PrPs" remains to be

established although several investigators have sug-
gested some prion multiplication models. Under-
standing the prion propagation needs much more
attention because it may contribute to the development
of an effective therapy for these neurodegenerative
diseases.

The development of premortem diagnostic test of
prions is needed, since a definitive diagnosis ofprion
diseases by histopathological examination of a brain
biopsy specimen is accompanied by high risks. There
are biochemical markers, such as neuron-specific
enolase and 14-3-3 protein in cerebrospinal fluid,
which can provide an objective evidence for the diag-
nosis of prion diseases, especially the Creutzfeldt-
Jakob disease. These markers can be detected by an

immunochemical examination. However, these diag-
nostic tests should only be considered as a marker in
appropriate clinical findings or when other diseases
have been excluded.

The understanding of prion diseases might open a new
and emerging area of investigation in molecular biol-
ogy, cell biology, genetics, and protein chemistry.
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