Slow Conformational Dynamics in Prion Protein

Firaure 7: A sketeh of the free energy landscope of a protein us a
Tunction of pressure (£) and temperature (7). Arrows on the right
and Jeft indicate the pressure and the temperature dependence,
respectively, of the Gibba freo ehergy within the basic lolded
subcnsemble. The ceniral arrow shows the effect of o fuctuation
under physiological conditions accuering in o PAV plane.

ing the higher encrgy state occurs slowly.

Many intermediates in various proteins have been detected
using high-pressure NMR (34). Why is pressure pettucbation
so sensitive for detecting intermediates compared to tem-
perature perturbation? One reason may be that many
intermediates are better defined in terms of volume than
entropy. As long as protein folding occurs hicrarchically with
distinct volume changes, high-pressure NMR is quite useful
to observe it. However, if an intermediate conformation has
a volume similar to the native conformation, it may not be
detected. Sccond, it mwust be noted that oligomers or
aggregates, including amyloids, tend to dissociate into
monomers under high pressure, while proteins generally tend
to aggregate at high temperature. High-pressure NMR may
prove advantageous for study of such intermolecular interac-
tions.

CONCLUSIONS

Interaction between the C-ternminal helical region and the
hiydrophobic cluster region of PrP“ was previously observed
{11, 13), and both regions are required for the infectivity
{38). As noted, the pressure-induced collapse of cavities
probably accounts for the observed NMR signal changes in
helices B and C and in the $2-B loop and the S-strand 82.
Because the hydrophobic cluster is also in contact with S2
and helix B (11), a5 shown in Figure 4, conformational
transitions its thig region can transduce a switch to possibly
involve most of the structural clements identified in PrP-
(90—231) in promoting the PrP* — PrP% transformation.
Pathogenicity itself must be directly related to the intermo-
lecular interaction around the hydrophobic cluster regions,
and the C-terminal helices may naturafly prevent this
intermolecular interaction. Modeling of PrP% structure using
electron microscopy has yielded models with intramolecular
B-sheets while maintaining some helix stracture (39). While
progress on this difficult project is admirable, it is not
possible at this sfage to know with certainty whether the
hefices in PrPS® correspond precisely to those in PrPC, PrP*
presumably corresponds to an intermediate in the conversion
process. Therefore, disease-cansing mutations can increase
the population of PrP*, which enables access to the hydro-
phobic cluster via the local conformational disorder of helices
B and C. This may promote the conformational conversion
process by intermolecular interaction at the hydrophobic
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cluster, resulting in the intermolecular f-sheet formation
characteristic of PrP™

SUPPORTING INFORMATION AVAILABLE

Representative examples of the nonlinear curve fits of the
relaxation dispersion data. This information is available frec
of charge via the Internct at bitp:/pubs.acs.org.
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T ToREERTS.

_ z—z’w,-
- 5152---55-

ko i3, MREBREBEHEET, SLI2, AONTA—F—
TEZRTS.

ks (47)

pn = [kOakls"’lkﬂ—l]) (48)

gn — [k1)k2"":kﬂ—l]- ' (49)
ZIZT

(ko] = ko,

ko, k1] = kokr + 1,

: (50)
[kﬂ)kll ' "1kn]
= [kO) k11 Ty kﬂ.—l]kn—l[kﬁ, kl, Tty k-n,—'z}

ThHb.

COBESD, EOEERAY REUa 5 BEE
RE A, G5, LTORIREY TohbThHS.

Pnn—1 — Pn-14n = (_1)n- (51)

I/,
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M(n)

= {z—> ez +b :ad—bc:n;a,b,c,dEZ}.
cz+d
{52)

HECRRDEIELZELTELES).

M(n)
{z—> az+b
d

:ad=n;a,b,dEZ}. (53)

Zo Xk )izt hif, &4 Langevin E— FOHII,
Hecke fERERZTHT DI EHFTED.

awmneE ==t Y 3 s ((%):

ad=nbmod d

(54)

Z #1id Hilbert ZB 2T 2725, Hecke BALEH
FEHZETEE,

T(n)y; =t;(n) ¥;. {55)
Hecke @ L B#id, Riemann ¥— ¥ BHOMHTH
h, Hecke AIHFETHERENE.

Hy(s) = 3 ts(m)n ™

n=1

= [[a-t@p +27>)7 (56)
F=1
I I T t; i Hecke BIFEETH 5.
DL, BERERwLZLICLY, £YMEER
THEKBSFOKDICBT AERERE, BEFHFE
® X 2 Hilbert ZRTHBRT 5 BHFHIT TV 5.

i . een I

E\E, #E# Riemann ¥ — % O LG ZE~D
mHEEZ, BEHEDY A+ 3 7 A% Langevin £—
FOEREREEZ . WETR- L) 284
MTERICEHVTOUE, SFEOFRT— FIRER
EF - 4FLVTHB SR TV AMEENIE. 4
%, BRES AT I A0FET- FORBELRIE,
HEWETNFVICROND L Y ICHALRERE TR
ERTCERVEELRHEOUGHRATEORE, B
FUEBNLBEENRELLLZTHS . BHETI,
EYNZINA T RE S Hecke R OERBFERL 25,
EFEERA.

EZAT, iDL hEGKOERFMZERp
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Summary

1. Sporadic Creutzfeldt-Jakob disease (CJD) is a rapidly progressive and fatal
disease. Patients with CJD usunally become akinetic mutism within
approximately six months. In addition, clinical signs and symptoms at early
stage of sporadic CJD may not be easy to discriminate from other
neurodegenerative diseases by neurological findings. However, diagnostic
biochemical parameters including 14-3-3 protein, S100, neuron specific
enorase in cerebrospinal fluid (CSF) have been used as diagnostic markers,
elevated titers of these markers can also be observed in CSF in other
neurodegenerative diseases. Therefore, we examined other biochemical
markers to discriminate CJD from other neurodegenerative diseases in CSE.

2. We analyzed one CSF samples derived from one hundred patients with
various neurodegenerative disorders by western blot of 14-3-3 protein,
quantification of total tau (t-tau) protein and phosphorylated tau (p-tau}
protein. All patients with CJD in this study showed positive 14-3-3 protein
and elevated t-tau protein (>1000 pg/ml) in CSE. We also detected positive
14-3-3 protein bands in two patients with non-CJD patients (patients with

Alzheimer’ disase; AD) and also detected elevated t-tau protein in three
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patients in non-CJD patients. Elevated t-tau protein levels were observed in
two patients with AD and in one patient with cerevrovascular disease in acute
phase.

3. To distinguish patients with CJD from non-CJD patients with elevated t-tau
protem in CSF, we compared to ratip of p-tau and t-tau protein. The p/t-tau
ratio was dramatically and significantly higher in AD patients rather than in
CJD patients.

4. Therefore, we concluded that the assay of t-tau protein may be useful as st
screening and the ratio of p-tau protein/ t-tau protein would be useful as 2nd

screening to discriminate CJD from other neurodegenerative disease.
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Introduction

Prion diseases, or transmissible qungiform encephalopathy (TSE), are a group
of invariably fatal neurodegenerativé disorders affecting both human and animals. These
diseases include Creutzfeldt-disease (CID), Gestmann-Straussler-Scheinker syndrome
(GSS), fatal familial insomnia (FFI) and Kuru in human.

Diagnosis of sporadic CJD is made based on neurological findings of
progressive dementia, myoclonus and cerebellular ataxia. The progression of clinical
signs and symptoms are typically subacute. Akinetic mutism usually appears
approximately within 3 months. About 70% of cases die within 6 months. Clinical
findings at the early stage of sporadic CJD) may resemble the symptoms of other
neurodegenerative diseases including Alzheimer’ disase (AD). The diagnosis of CID is
made based on the clinical features, clinical course and eiectroencephalogram (EEG)
analysis. The biochemical detection of 14-3-3 protein in CSF samples (Zerr I et al,
1998) and the diffusion-weighted MRI (DW-MRI) (Demaerel P et al, 1999) are
recently reported as useful diagnostic tools for CJD.

However, detection of 14-3-3 protein in CSF sample is useful as a diagnostic
marker to discriminate CJD from other neurodegenerative diseases, 14-3-3 protein

results showed false positive results in few cases among other neurological disorders.
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Also 14-3-3 protein could not be detected in two cases of CJD in early phase of disease
progression in this study. In the late phase of disgase progression, these cases showed
positive result with 14-3-3 protein, which suggested that 14-3-3 protein is not a good
marker for diagnosis at early stage.

Therefore, we need to search for other biomedical markers except 14-3-3
protein in CSF to discriminate CJD from other neurodegenerative diseases.

Otto et al. reported the t-tau protein in CSF as a new diagnostic marker in the patients

with CJD (Otto M et al. 2002).

We designed to compare the efficiency of the 14-3-3 protein, total tau (t-tau)
protein and phosphorylated tau (p-tau) of CSF samples as diagnostic markers in CID

patients in Japan.
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