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Abstract For immunohistochemistry of the prion dis-
eases, several pretreatment methods to enhance the
immunoreactivity of human and animal abnormal pro-
teinase-resistant prion protein (PrP%) on the tissue sec-
tions have been employed. The method of 121°C
hydrated autoclaving pretreatment or the combination
method of 121°C hydrated autoclaving with a certain
chemical reagent (formic acid or proteinase K, etc) are
now widely used. We found that an improved hydrated
autoclaving method at 135°C, more effectively enhanced
PrpSe immunoreactivity for the antibodies recognizing
the linear epitope. In addition, this method was more
effective for the long-term fixation samples as compared
with other previous methods. However, this modified
method could not retrieve PrP%° antigenic epitopes
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composed of conformational structures or several dis-
continuous epitopes. We describe the comparative
studies between our improved method and other anti-
gen-retrieval procedures reported previously. Based on
the differences of reaction among the antibodies, we also
discuss the mechanisms of the hydrated autoclaving
methods to retrieve PrPS° immunoreactivity.

Keywords Prion protein - Immunohistochemistry -
Antigen retrieval - Autoclaving - Monoclonal antibody

Introduction

Scrapie in sheep and goat, bovine spongiform encepha-
lopathy (BSE), chronic wasting disease in deer and
Creutzfeldt-Jakob disease (sporadic, iatrogenic, familial
and variant forms) and Kuru in humans are transmis-
sible neurodegenerative disorders belonging to a group
of prion diseases. They are characterized by the accu-
mulation of abnormal proteinase-resistant prion protein
(PrP%), which is an isoform of the cellular, proteinase-
sensitive prion protein (PrP%), as a result of post-trans-
lational modification with increases of the population of
p-sheet conformation in the brain [20]. The pathology is
characterized by neuronal cell loss, spongiform change,
gliosis and deposition of abnormal amyloid protein.

Immunohistochemistry to demonstrate PrPS in tis-
sue sections is now a well-established technique for the
diagnosis of prion diseases [2]. It has been reported that
Prps° immunoreactivity is enhanced by several antigen-
retrieval procedures such as formic acid [4, 10}, a com-
bination of formic acid pretreatment and microwave
processing [7, 14], hydrated or hydrolytic autoclaving [6,
11], guanidine thiocyanate [4, 19], and combined pro-
tocols [1, 8, 9, 15].

The recent disclosure of BSE in J apan has started an
active surveillance for all slaughter cattle since October
2001. Briefly, diagnostic procedure is follows: samples
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have been taken from the medulla oblongata (obex re-
gion) and examined by ELISA as the primary screening
test; the ELISA-positive samples have then been con-
firmed by Western blot and/or immunohistochemistry. In
starting an active surveillance for BSE in Japan, we ap-
plied various pretreatment methods for different anti-
bodies to formalin-fixed and paraffin-embedded tissues to
enhance PrPS immunoreactivity. Although the pre-
treatment methods reported previously were found to
retrieve PrPS° for antibodies used in this study, we found
that an improved hydrated autoclaving method at 135°C
more effectively enhanced PrP5° immunoreactivity for the
antibodies recognizing the linear epitope. However, our
modified method could not retrieve PrP° antigens well
for the monoclonal antibodies recognizing the confor-
mational structures.

Here we describe the comparative studies between
our improved method and other antigen-retrieval pro-
cedures reported previously, and discuss the mechanisms
of the hydrated autoclaving methods to retrieve PrPS°
immunoreactivity.

Materials and methods
Samples

We used the brain tissues that were cut coronally at the
level including hippocampus and thalamus from two
scrapie-infected and two negative control ICR mice, the
medulla oblongata at the level of the obex, and the spinal
cord from three scrapie-affected and two negative control
sheep, and from three BSE-affected cattle in Japan and
two control cattle. Two mice were inoculated intracere-
brally with scrapie G1 strain, which induces amyloid
plaque formations in the brain. Affected or non-affected
sheep and cattle were diagnosed and confirmed by his-
tological, immunohistochemical, and Western blot
methods. These samples were fixed in 15% formalin for
48-72 h and embedded routinely in paraffin. BSE tissue
blocks were treated with 98% formic acid for 1 h to re-
duce the infectivity of prion after formalin fixation. In

addition, we prepared the serial tissue blocks from the
medulla oblongata of scrapie-affected sheep, which was
immersed in 15% formalin at least for 6 months.

Immunohistochemistry

Serial tissue sections, 4 um in thickness, were picked up
on silane-coated glass slides (Muto Purechemicals Co.,
Japan). After deparaflinization, endogenous peroxidase
was biocked by incubation in 3% H,0; for 5 min. We
applied six different pretreatment protocols as follows:
(1) 98% formic acid for 5 min (designated as FA); (2)
hydrated autoclaving at 121°C, 2 atmosphere (atm) for
20 min (with Tomy high-pressure steam sterilizer KS-
323. Japan) in distilled water (121IDWHA); (3)
121DWHA and 98% formic acid for 5 min (121DWHA/
FA); (4) 121DWHA and proteinase K (0.4 mg/ml, Dako,
USA) treatment for 1 min (121DWHA/PK); (5) hy-
drated autoclaving at 135°C, 3 atm for 20 min in distilled
water (135DWHA); (6) 135DWHA and 98% formic acid
for 5 min (135DWHA/FA). After applying each pre-
treatment, tissue sections were incubated with 10% goat
or horse normal serum (Nichirei, Japan) for 30 min. In
this study, we used the avidin-biotin complex methods
(ABC kit; Vector Lab., USA) and the horseradish per-
oxidase-labeled polymer methods (Envision+ kit;
Dako). Sections were exposed to primary antibodies for
overnight at 4°C or 1 h at room temperature for ABC kit
or Envision + kit, respectively. As negative controls, the
sections were exposed for each primary antibody without
any pretreatments. The following steps were performed
with second antibodies and others according to the each
manufacture’s instructions. The signals were detected
using diaminobenzidine (Simple stain DAB; Nichirei,
Japan). Sections were counterstained with Mayer’s
hematoxylin.

The characteristics of the nine primary antibodies
used in this study are summarized in Table |. For sec-
tions prepared from the tissue blocks immersed in 15%
formalin for 6 months, we tested the 121IDWHA and
135DWHA methods using B103 and 43CS antibodies.

Table 1 Characteristics of the nine antibodies used in this study (L linear epitope, DC discontinuous epitope,m4b monoclonal antibody,

pAb polyclonal antibody)

Antibodies Epitope Clonality Dilution Immunogen Source
Position L/DC
132 119-127 L mAb 1:200 Mouse recPrP Horiuchi
149 147-153 L mAb 1:500 Mouse recPrP Horiuchi
43C5 163-169 L mAb 1:10000 Mouse recPrP Horiuchi
B103 103-121 L pAb 1:1000 Cow recPrP Horiuchi
6H4 155-163 L mAb 1:500 Cow recPrP Prionics (Ziirich, Switzerland)
72 89-231(143-151) DC mAb 1:500 Mouse recPrP Horiuchi
44B1 155-231 DC mAb 1:200 Mouse recPrP Horiuchi
44B2 155-231 DC mAb 1:200 Mouse recPrP Horiuchi
T2 Unknown DC mAb 1:500 Mouse recPrP Tagawa




Morphometry

Serial sections from BSE-affected samples were pre-
treated with 121DWHA, 121DWHA/FA, 12IDWHA/
PK, 135DWHA, and 135DWHA/FA methods, and
immunostained with four antibodies (B103, 43CS5,
44B1, and 6H4), respectively. Each of the pretreatment
conditions were evaluated on the selected five areas
(total pm?). The Lumina Vision computer analysis
system (Mitani Corp., Tokyo, Japan) was used to
measure the positive area of PrP immunostaining. The
brown-colored chromogen precipitate was selected,
digitized images of these areas, and the digital pixels
converted into the density area (um?) on the software.
The highest density measurement was set to 100% and
relative density (RD) of immunostaining by the other
pretreatments in the same area was calculated.

Table 2 Results of the immunoreactivity for the antibodies under
pretreatment methods [F4 96% formic acid for 5 min, 12IDWHA
hydrated autoclaving at 121°C, 2 atmosphere (atm) for 20 min in
distilled water, 12IDWHA|FA 121DWHA and 96% formic acid
for 5 min, 12IDWHA/PK 121DWHA and proteinase K treatment
for 1 min, I135DWHA hydrated autoclaving at 135°C, 3 atm for
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Results
Histopathology

In the mouse, neuropil vacuolation associated with as-
trogliosis and microglial proliferation was observed
throughout all areas of the brain. Amyloid plaque
structures were also seen, which were often observed in
contact with the capillary vessels.

In the obex region of scrapie-infected sheep, neuropil
vacuolation and single or multiple intracytoplasmic
vacuoles were particularly found in the dorsal motor
nucleus of vagus nerve (DMNV), gracile nucleus, nucleus
ambiguus and reticular formation [22]. The hypoglossal
nucleus, olivary nucleus and nucleus of solitary tract
(NST) were only mildly affected. In addition, spongiform

20 min in distilled water, I35DWHA/FA 13SDWHA and 98%
formic acid for 5 min, M scrapie-affected mouse, C BSE-affected
cow,S scrapie-affected sheep, P plaque type, D diffuse type,3+
strongly positive signal, 2+ moderately positive signal, + faint
positive signal,- negative]

Antibodies Tissue Pretreatment
souce
FA 121IDWHA 121DWHA/FA 12IDWHA/PK 135DWHA 135SDWHA/FA
132 M/P - 2+ 2+ + 2+ 2+
M/D - + 2+ - + 2+
C - - + - 3+ 3+
S - - 2+ - 2+ 3+
149 M/P 2+ + 2+ 2+ 3+ 2+
M/D + + 2+ + 34 +
C - - 2+ - 4 3+
S - + 2+ 2+ 24 3+
43C5 M/P + 2+ 2+ 2+ 3+ 3+
M/D - 2+ 2+ 2+ 2+ 2+
C - 2+ 2+ 2+ 24 34
S - 2+ 2+ 2+ 3+ 3+
B103 M/P - + 2+ 2+ 3+ 3+
M/D - + 2+ 2+ 3+ 3+
C - + 2+ 2+ 3+ 3+
S - + 2+ 2+ 3+ 3+
6H4 M/D - + 2+ + - -
M/P - + 2+ - - -
C - + 2+ - - -
S - + 2+ - - -
72 M/P 2+ + 3+ - - 2+
M/D - - + - - -
C + - 2+ + - -
S - + 2+ - - -
44B1 M/P + + 2+ - + 2+
M/D - - 2+ - - 2+
C + + 2+ - - +
S - - 2+ - - +
44B2 M/P + + 3+ - - 2+
M/D - - 2+ - - +
C - - 2+ - - -
S - - 2+ - - -
T2 M/P 2+ + 3+ - - +
M/D - - 2+ - - -
C - - 2+ - - -+




266

. »
e L3 # -
"
0 -~ o
y 3. AL -
- ey T8 ,‘” ) o
! R L, PR Ml
¢ b ®
Q o
53 P
», ’ s . 1S .
e N 2 /-
% .a" ‘ % ¢
» S, R
i ¥ 5 F,‘ » ‘} ]
v ){. ‘,j ,‘ foa e
4 . ® - s
1 ~ .
b o e ¥ & 4 a 2 ‘6
. \. o 3
v > -
. »
= Y . ' Y 2 7 Y
\ g '
a | - 3 [o e )
8 - b - .
b
¥
o’ R
.
[

Fig. 1 Immunohistochemistry of the PrP with mAb 43C5 in the
thalamus of scrapie-affected mouse; a 121DWHA, b 121DWHA/
FA, ¢ 135DWHA and d 135DWHA/FA methods. The immuno-
density is considerably greater using the 135DWHA and
135DWHA/FA methods [PrP prion protein, 121DWHA hydrated
autoclaving at 121°C, 2 atmosphere (atm) for 20 min in distilled
water, I2IDWHA|FA 121DWHA and 96% formic acid for 5 min,
135DWHA hydrated autoclaving at 135°C, 3 atm for 20 min in
distilled water, I35SDWHA/FA 135DWHA and 98% formic acid
for 5 min]. Bars a-d 50 pm

neuropil lesions were seen in the periphery of the dorsal
column of spinal cord and the vertebral column.

In BSE cases, because of the subclinical case,
extremely mild spongiform lesions were observed only in
the DMNV, and periphery of the reticular formation
[24].

Immunohistochemistry

Immunohistochemical examination revealed that no PrP
depositions were observed in the sections from the af-
fected animals without pretreatment and from the con-
trol animals with and without pretreatment.
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PrP%° immunostaining yielded characteristic patterns
in each animals affected with prion disease [21]. The
following immunostaining patterns were observed: (1)
fine particulate deposition; (2) coarse particulate depo-
sition; (3) perineuronal deposition; (4) glial type depo-
sition; (5) perivascular or perivacuolar deposition; (6)
plaque or plaque-like deposition.

In scrapie-infected mice, PrPS° deposits were ob-
served diffusely in cortex, thalamus, and hippocampus.
Perivascular, perivacuolar PrPS° deposits and plaque or
plaque-like structures in thalamus were also seen.

The PrPS° deposits in scrapie-affected sheep were most
intense in the DMNV. The hypoglossal nucleus also
showed deposits, but the staining was sparse. Glial, coarse
particulate, perineuronal, perivascular and perivacuolar
depositions were found in the reticular formation.

In BSE cases, the intense positive reactions of PrPS°
were observed in the DMNV, NST and periphery of the
reticular formation, which showed fine, perineuronal
and perivacuolar patterns. Fine or coarse particulate
depositions were seen in olivary nucleus. The hypo-
glossal nucleus also showed positive reactions, but with
a low intensity of immunostaining.
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Fig. 2 Immunohistochemistry of the PrP with mAb 44B1 in the
thalamus of scrapie-affected mouse; a 12IDWHA, b 121DWHA/
FA, ¢ 135DWHA and d 135DWHA/FA methods. The 12IDWHA/
FA method is the most effective for enhancing the PrP and only
faint reactivity is observed with the 121DWHA method. Although
135DWHA/FA method enhances the PrP, no reactive deposits are
observed using the 135SDWHA method. Bars a-d 50 pum

Comparison of pretreatment methods

Microscopic examinations for each pretreatment and
antibody are summarized in Table 2. All antibodies used
in this study reacted with PrPS® of all animals under
some pretreatments.

Single FA pretreatment gave very weak or no reac-
tions to all antibodies; however, mouse amyloid plaques
were positive to some antibodies (mAbs 149, 43C5, 72,
44B1, 44B2, and T2). Among 121DWHA, and a com-
bination of 12IDWHA with FA (121DWHA/FA) or
PK (121DWHA/PK) pretreatments, 121DWHA/FA
was most effective with most antibodies, but
121DWHA/PK was more or equally effective compared
with 121DWHA/FA using mAb 43C5 and pAb B103.
Considering the sensitivity to 135DWHA and
135DWHA/FA pretreatments, the antibodies used in

2 -

b

()
]

-

Bar:50um

this study have been divided into two types, one which
showed the increase in reactivity, and the other showing
a significant reduction or a loss of reactivity. mAbs 132,
149, 43CS and pAb B103, which reacted with the linear
epitope, are classified to the former group (Fig. la—d),
while mAbs 72, 44B1, 44B2 and T2 recognizing the
discontinuous epitope are referred to the latter group
(Fig. 2a-d). mAb 6H4 against cow recombinant PrP
stained bovine, ovine and murine PrP% with
12IDWHA/FA pretreatment, but other pretreatments
showed no positive reactions for any animal PrPS¢ ex-
cept for the murine plaque type of PrP5 with
121DWHA, 121DWHA/FA and 121DWHA/PK pre-
treatments.

Effects on the sections from the tissues immersed
in formalin for a long period

With 121IDWHA and 135DWHA pretreatment, both
B103 and 43C5 antibodies gave positive reactions in
almost the same areas for sections of scrapie-affected
sheep that had been immersed in formalin for
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Fig. 3 Immunohistochemistry of the PrP with pAb B103 in the 6 months. However, the sections treated by the

sections of scrapie-affected sheep from the sample immersed in od vield : siena
formslin fof 6 months a, I2IDWHA and b SDWHA meihets, oo 2 Do Deliod yieded 2yl iptense sgnal and

Bars a, b 500 widespread staining, while the detectable antigens in
e H 121DWHA pretreatment were limited and showed low
intensity (Fig. 3a, b).



Morphometry

The comparison of RD in each pretreatment method on
BSE sections is shown in Fig. 4. This digital mor-
phometry was in good agreement with the observations
throughout. Although 135DWHA or 135DWHA/FA
methods increased the density with mAb 43C5 and pAb
B103, the effect was stronger with the former (Fig. 4a,
b). Using mAbs 44B1 and 6H4, the 121DWHA/FA
protocol was appropriate for antigen retrieval and the

Fig. 4 Comparison of relative density (RD%) using each pretreat-
ment method on BSE sections for different antibodies; a pAb B103,
b mAb 43C5, ¢ mAb 6H4, and d mAb 44B1. mAb 44B1 recognizes
discontinuous epitope, and others recognize linear epitope. The
effect of FA, 12IDWHA, 121DWHA/FA, 121DWHA/PK,
135DWHA and 135DWHA/FA is displayed as bar 4, B, C, D, E
and F, respectively. a FA displays 1 RD%. 121IDWHA (29 RD%)
does not lead to a significant increase. 121DWHA/FA and
12IDWHA/PK show a density of 81 and 75 RD%, respectively.
Immunodensity is further enhanced by 135DWHA (100 RD%) and
135 DWHA/FA (100 RD%). b FA displays 1 RD%. 121IDWHA,
121DWHA/FA and 121DWHA/PK show 15, 22 and 18 RD%,
respectively. 135DWHA and 135DWHA/FA result in 100 and 94
RD%, showing a significant increase. ¢ FA (5 RD%), 12IDWHA
(17 RD%), 121DWHA/PK (3 RD%), 135DWHA (1 RD%) and
135DWHA/FA (2 RD%) do not lead to a significant increase in
immunodensity. 12IDWHA/FA (100 RD%) shows the highest
increase. d FA shows 22 RD% and 12IDWHA 25 RD%.
Imunodensity is not enhanced by 12IDWHA/PK and 135DWHA.
135DWHA/FA displays 4 RD%. The best result was obtained by
121DWHA/FA (100 RD%) (FA 96% formic acid for 5 min,
12IDWHA/PK 121DWHA and proteinase K treatment for 1 min)
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I135DWHA or 135DWHA/FA method were not effec-
tive (Fig. 4c, d).

Discussion

In immunohistochemistry for the prion diseases, several
pretreatment methods to enhance the immunoreactivity
of human and animal PrP%° on the tissue sections have
been reported. The method of 121°C hydrated auto-
claving pretreatment or the combination method of
121°C hydrated autoclaving with a certain chemical re-
agent (formic acid or proteinase K, etc) are now widely
used [5, 13]. The precise mechanisms by which pre-
treatments enhance the PrP%° immunoreactivity are still
unknown. However, the effect of these chemical treat-
ments is considered to make amyloid fibril proteins
denature, breaking down the structure of amyloid fibrils,
and exposing the buried epitopes [4]. In formic acid
pretreatment, microwave irradiation is thought to en-
able for formic acid penetration in tissue, and to expose
the epitope and react with the antigen more efficiently
[7]. In addition, it is speculated that hydrolytic auto-
claving contributes to alter the primary structures of PrP
in situ [11].

We describe a new hydrated autoclaving method,
termed the 135DWHA method, to enhance the
immunoreactivity of the PrP%, and have compared
this with the previously reported methods. Generally,
the 135DWHA or 135DWHA/FA methods for the
antibodies reacting with linear epitope showed a higher
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sensitivity than 121DWHA, 121DWHA/FA, or
121IDWHA/PK methods, except for antibody 6H4.
Although prolonged exposure of brain material to
aldehyde fixatives usually dramatically decreases the
antigenicity of PrP5¢ [17], this newly enhancing method
was more effective for the long-term fixation samples
compared with other methods. On the other hand, our
simple modification could not enhance immunoreac-
tivity for the prion antigen for antibodies recognizing
discontinuous or conformational epitopes.

For immunohistochemical antigen-retrieval tech-
niques, hypotheses such as breaking cross-linking [16],
protein denaturation or modification-re-modification
{3] have been proposed, and were thought to have an
advantage on the basis of observation or support from
several studies [18, 22, 23]. In particular, the later
theory is based on heat- or chemical-induced modifi-
cation of the three-dimensional structure of “formali-
nized” protein, restoring the condition of a formalin-
modified protein structure back towards its original
structure on the paraffin-embedding tissue sections.
Because immunohistochemistry without pretreatment
did not give any positive reactions using the pAb B103
and 44B1 in the frozen sections (data not shown),
there are some differences between this theory and our
model. However, it seemed probable that epitopes
hidden by the aggregation of PrPs are exposed on the
surface, or that conformational binding sites formed
by the other protein molecules are disrupted due to
conformational changes induced by the hydrating
autoclave methods on the formalin-fixed paraffin sec-
tions, assuming that the principle of the antigen-re-
trieval methods is to lead to a re-naturation or partial
restoration of the protein structure with re-establish-
ment of the three-dimensional to something
approaching its native condition [22, 23].

Antibody, especially that reacting on the discon-
tinuous epitope, recognizes specific epitopes localized
in a spatial configuration within the protein molecule.
mAb 15B3 recognizes the discontinuous epitope in the
pathological PrP isoform, and a single continuous
15B3 binding site was speculated to be formed either
by aggregation of two or several PrP molecules, or by
structural rearrangement of a single PrP molecule, or
by a combination thereof [12]. The exact mechanisms
causing the differences between 135DWHA and
121DWHA methods in the antibody’s recognition of
the conformational epitope are still unknown. How-
ever, these can be surmised as follows: some aggregate
proteins or molecules may be loosely arranged and
antigenic determinants come to lie on the surface
during formic acid or 121°C, 2 atm autoclaving pre-
treatment; furthermore, elevation of the temperature
and atmosphere may cause further changes of certain
stereoscopic structures or components of PrP mole-
cules, causing a loss of its conformational epitope.
Additional formic acid treatment also causes a slight
change, helping in the demasking of the conforma-
tional epitope.

Further studies on prion antigen-retrieval techniques,
including establishing an exact correlation of these
mechanisms and the antibody epitope, may shed new
light in the pathology of the prion diseases.
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Abstract

The structure of the mouse prion (moPrP) was studied using site-directed spin-labeling electron spin resonance (SDSL-ESR).
Since a previous NMR study by Hornemanna et al., [Hornemanna, Korthb, Oeschb, Rieka, Widera, Wiithricha, Glockshubera,
Recombinant full-length murine prion protein, mPrP (23-231): purification and spectroscopic characterization, FEBS Lett. 413
(1997) 277-281] has indicated that N96, D143, and T189 in moPrP are localized in a Cu®* binding region, Helix1 and Helix2, respec-
tively, three recombinant moPrP mutations (N96C, D143C, and T189C) were expressed in an Escherichia coli system, and then
refolded by dialysis under low pH and purified by reverse-phase HPLC. By using the preparation, we succeeded in preserving a tar-
get cystein residue without alteration of the a-helix structure of moPrP and were able to apply SDSL-ESR with a methane thiosulf-
onate spin label to the full-length prion protein. The rotational correlation times (7) of 1.1, 3.3, and 4.8 ns were evaluated from the
X-band ESR spectra at pH 7.4 and 20 °C for N96R1, D143R1, and T189R1, respectively. t reflects the fact that the Cu?* binding
region is more flexible than Helix1 or Helix2. ESR spectra recorded at various temperatures revealed two phases together with a
transition point at around 20 °C in D143R1 and T189R 1, but not in N96R1. With the variation of pH from 4.0 to 7.8, ESR spectra
of T189R1 at 20 °C showed a gradual increase of 7 from 2.9 to 4.8 ns. On the other hand, the pH-dependent conformational changes
in N96R1 and D143R1 were negligible. These results indicated that T189 located in Helix2 possessed a structure sensitive to phys-
iological pH changes; simultaneously, N96 in the Cu®" binding region and D143 in Helix1 were conserved.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Site-directed spin-labeling; Electron spin resonance; Prion; Conformational change; pH-sensitive region

The cellular prion protein (PrP°) is a glycosylphos-
phatidylinositol (GPI)-plasma membrane-anchored pro-
tein whose function is still under debate [I-10].
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Conversion of PrP° from an o-helix- to a B-sheet-rich
structure (the scrapie prion protein, PrP%) causes rele-
vant biophysical changes to the protein that have been
related to brain dysfunction in prion diseases [1-3].
The mechanisms involved in the conversion are un-
known. However, accumulating evidence suggests that
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the process occurs after PrP° reaches the plasma mem-
brane, and it may involve the entry of PrP€ into intracel-
lular acidic organelles [4-10].

As shown in Fig, 1A, the prion protein of the mouse,
moPrP, consists of 208 amino acids (residues 23-231). It
contains a carboxy-terminal domain, moPrP (121-231),
which represents an autonomous folding unit with three
a-helices (Helix1, Helix2, and Helix3) and a two-strand-
ed antiparallel B-sheet [1-3,11 13]. In the full-length
prion protein, moPrP (23-231), comparison of near-
UV circular dichroism (CD), fluorescence and one-
dimensional "H NMR spectra of moPrP (23-231) and
moPrP (121-231) shows that amino-terminal segment
23-120, which includes the five characteristic octapep-
tide repeats, does not contribute measurably to the
manifestation of the three-dimensional structure as
detected [7]. Development of techniques for analysis of
the structural and conformational changes in the
amino-terminal region of moPrP is of great importance,
because the amino-terminal region acts as a Cu®"
binding domain [11] and Cu®*" ions modulate various
biological functions of prions such as the cellular
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enzymatic activity of superoxide dismutase (SOD) [14],
signal transduction [15], shedding of PrP°[16], and con-
version to PrP*° [17]. Recently, site-directed spin labeling
(SDSL) together with electron spin resonance (ESR)
spectroscopy has proven to be a practical method for
determining the secondary structure and molecular ori-
entation; surfaces of tertiary interactions; inter-residue
distances and the chain topologies of various proteins
(18-21]. SDSL involves the introduction of a spin-
labeled side chain into protein sequences, usually
through cysteine substitution mutagenesis, followed by
reaction with a sulfhydryl-specific nitroxide reagent such
as a methane thiosulfonate spin label MTSSL) (Fig. 1 B).
Although SDSL-ESR is widely recognized as a useful
method for structural analysis and domain dynamics of
a number of membrane and soluble proteins, there are
no reports about the application of this technique to
detection of conformational changes in PrP°.

In the present study, to obtain information about
pH- and temperature-dependent conformational chang-
es of typical domains in PrP, we employed the SDSL-
ESR technique. We targeted the amino acid residues
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Fig. 1. (A) Three-dimensional rendering of PrP (61-231) [11]and the target sites (N96, D143, and T189) for site-directed spin-labeling (SDSL). (B)
The reaction scheme of the methanethiosulfonate spin labeling reagent with cystein residue to yield the R1 side chain attached to the PrP.





