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Determined by PrPS¢-Specific Monoclonal Antibodies
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ABSTRACT. In prion diseases, abnormal prion protein (PrPS¢) is considered as the main component of the infectious agent. Delineation of
PrPS¢ conformation is expected to be a critical factor in understanding properties of prions. However, practical methods to differentiate
between conformers of PrPS¢ are inadequate. Here, we used two PrPS¢-specific monoclonal antibodies (mAbs), 3B7 and 3H6, and found
that mAb 3H6 detected a limited portion of PrPS¢ in five mice-adapted prion strains. The quantity of mAb 3H6-precipitated PrPS¢ was sig-
nificantly lesser in 22L compared to other strains. This result provides a direct evidence of the conformational heterogeneity of PrPS¢ within
the prion strains. Conformation-specific probes, like these mAbs, have the potential to be powerful tools for investigating conformational

variations in PrPSe,
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Transmissible spongiform encephalopathy (TSE) is a
neurodegenerative disorder in humans and animals, such as
scrapie in sheep and goats. An abnormal isoform of prion
protein, PrPS¢, which is generated by the posttranslational
modification of cellular prion protein (PrP€), accumulates in
affected animals. PrPS° is believed to be the major, or the
only, component of the infectious agent, that is, the prion
[18]. Unlike PrP€, PrPS¢ has many B-sheets [15], and this
structure is considered responsible for the aggregation
of PrP¢. These characteristics contribute to the relative
resistance to proteinase K (PK) digestion [17]. Biochemi-
cal detection of the moieties remaining after PK digestion,
designated as PrP™s, has generally been utilized as a criterion
for diagnosing TSE.

Accumulating evidence indicates that PrPS¢-specific
monoclonal antibodies (mAbs) can be employed to detect
conformations of PrPS¢ [6, 9, 12, 14, 16, 21]. Although their
deduced epitopes vary, almost all mAbs seemed to detect
PrPS¢ irrespective of the species-based differences. The
mAb 3B7 and 3H6 possessed different reactivities to the
PrPS¢ of several species; this represents their unique char-
acteristics. This differential reactivity enabled us to trace the
conformational transition of mouse PrPS¢ during adaptation
in the sheep-to-mice transmission of scrapie [21]. This also
indicated the co-existence of heterogeneous PrP%¢ in early-
passaged mice in inter-species transmission of prion. These
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unique characteristics of mAbs are expected to provide an
advantage in the conformational analysis of PrPS,

TSE can be transmitted across species, and during this
transmission, the incidence of different strains exhibiting
different disease phenotypes have often been found [7]. The
“protein-only” hypothesis suggests that conformational dif-
ferences in PrPS¢ determine the strain phenotype [20]. It has
been proposed that PrPS¢ has several conformations and this
concept adequately explains the variation in the susceptibil-
ity and the emergence of new strains during interspecies
transmission [3, 4]. However, direct evidence based on a
biochemical approach is limited. The conformational dif-
ferences in PrPS¢ have been estimated by the biochemical
properties of PrP™ during immunoblotting [5, 20]. These
analyses are effective in the comparison of PrPS¢ conforma-
tions among strains. However, distinguishing a particular
PrPS¢ from a mixture of PrPS¢ is difficult, except in case
of clearly distinguishing characteristics [1, 2]. Therefore,
simple procedures for conformational discrimination of
PrPS¢ in non-denatured condition would be of great value.
In this study, we aimed to determine whether heterogeneous
PrPS¢ exists within mouse-adapted prion strains, by using
PrPS¢_specific mAbs.

Initially, we examined their reactivity to the scrapie
Obihiro [19]-affected mouse brain homogenate by the im-
munoprecipitation (IP) assay. The mAbs 3B7 and 3H6 were
conjugated to Dynabeads M-280 Tosylactivated (Invitrogen,
Carlsbad, CA, U.S.A.), in accordance with the manufactur-
er’s instructions and used in an [P assay as described earlier
[21]. In short, 200 ul of 0.025% brain homogenate (equiva-
lent to 50 ug of brain tissue) in 2% Triton X-100 in PBS (Tri-
ton/PBS) and 5 u/ of mAb-conjugated beads were rotated
for 1 hr at room temperature and then washed 4 times with
Triton/PBS. The mAb-bound PrPS¢ was directly eluted into
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Fig. 1. Representative immunoblotting results of PrPs after immunoprecipitation (IP) or proteinase K

(PK) treatment. PrPs were detected with anti-PrP monoclonal antibody (mAb) T2 [8] in accordance with
the standard protocol [21] (n=3 or 4). Intensity of the bands was analyzed with Spot Denso software
(Alphalmager, ProteinSimple, Santa Clara, CA, U.S.A.). The signal intensity obtained in independent im-
munoblots was evaluated by the ratio to the standard material, purified mouse PrP™ (Mo PrP'™®), prepared
as described earlier [13]. Mo PrP™* was coelectrophoresed with test samples for every PrP immunoblot.
The mean intensity of each band in immunoblot of (C, D) is summarized in Table 1. (A) Repetitive IP of
PrPS¢ with mAbs 3B7 and 3H6. The PrPS¢ that remained in the supernatant (sup) after being precipitated
by repeated IP (4 times; 1st to 4th) were detected by immunoblotting. The ratio of each fraction was
represented as the percentage of total intensity, which was obtained from 3 independent experiments and
is designated underneath immunoblotting panel. (B) Differences in PrPS¢ of Obihiro precipitated with the
mAbs 3B7 and 3H6. The residual PrPS¢ recovered from the supernatant of the first IP with 1 mAb was
detected by successive IP with another mAb. The PrPS¢ in the precipitate (p) and supernatant (s) of IP
were detected. (C) Quantification of PrP™s. The mouse brain homogenates were treated (+) or not treated
(—) with PK and then detected. PrP™s, comprising about 34—52% of total PrP, was present in all examined
homogenates. Obi: Obihiro; Chan: Chandler. (D) The result of IP with the mAbs 3B7 and 3H6 of 5 strains.
The PrP%¢ in the precipitate (p) and supernatant (s) of IP were detected.

sodium dodecyl sulfate (SDS) sample buffer by heating. The
unbound PrP remaining in the supernatant was precipitated
using a 2-butanol/methanol solution [11] and resuspended
in SDS sample buffer [21]. Both bound and unbound PrPS°
were detected by immunoblotting as described previously
[21]. Preliminary IP analysis showed that the quantity of
PrPS¢ detected by mAb 3H6 was lower than that detected by

mAb 3B7. Additionally, preparatory repetitive IP indicated
that most of the mAb 3B7/3H6-precipitated PrPS¢ was de-
tected by Ist round-IP. However, the supernatant retained
47% of the total PrP after the 4th round of repetitive IP using
mAb 3H6 (Fig. 1A). Therefore, we assessed whether the
PrPS¢ remaining in the supernatant after the IP with mAb
3H6 could be detected by mAb 3B7. As shown in Fig. 1B,
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Table 1. Summary of relative intensity of PrPs analyzed by immuno-
blotting

WB 1P
mAb-precipitated PrPS¢ in brain

Scrapie strain

PrPres (%) homogenate (%)
mAb 3B7Y mAb 3H6
Obihiro S1+11 96 +2 43+12
22L 52+ 10 95+2 15+ 12%
Chandler 34+8 93+3 55+3
T9A 37+11 95+3 51+5
ME7 51+13 94+3 47+7

a) The quantity of PrP™ was estimated as the ratio of relative intensity
of PrP™s (PK+) to that of total PrP (PK-) of immunoblots (n=3). b) The
ratio of mAb-precipitated PrPS¢ to total PrP was calculated according to
the intensity obtained by immunoblots (n=3 or 4). The intensity of total
PrP was estimated as the sum of the precipitate and the supernatant (p
and s in Fig. 1D , respectively). The asterisk indicates significant differ-
ences in the mean values analyzed by Student’s z-test between 22L and
other 4 strains (P<0.05).

most of the PrPS¢ was precipitated with mAb 3B7, and only
a small amount remained in the supernatant. In contrast,
after IP with mAb 3H6, the supernatant contained a large
amount of PrP5¢, while most of the remaining PrPS¢ could
be precipitated with mAb 3B7. These results suggested that
the mAb 3H6 selectively precipitated a portion of the PrPS°
present in the brain homogenate of the Obihiro strain, leav-
ing a substantial amount of PrPS¢ that could be precipitated
by mAb 3B7.

Next, we determined whether the difference in discrimi-
nation of mAb 3H6 was commonly found in other mouse-
adapted scrapie strains. The brains of scrapie 22L-, Chan-
dler-, 79A- and ME7-infected mice [10, 22] were examined.
We confirmed that all scrapie-affected brains contained
approximately similar amounts of PrP™ (34-52% of total
PrP) by immunoblotting (Fig. 1C and Table 1). Then, IP was
performed with both mAbs 3B7 and 3H6, and the ratio of the
precipitated PrPS¢ was calculated as a percentage of total PrP
(sum of intensities on the immunoblot of mAb-precipitated
PrPS¢ and that of PrP in the supernatant). We found that mAb
3B7 precipitated approximately 93-96% of the PrPS¢ from
the 22L, Chandler, 79A and ME7 homogenates (Table 1),
similar to the results obtained for Obihiro (Fig. 1B), and
almost no PrPS¢ was detected in the remaining supernatant
(Fig. 1D). In contrast, the ratio of mAb 3H6-precipitated
PrPS¢ to total PrP was lower: 55% for Chandler, 51% for
79A, 47% for ME7 and 15% for 22L (Table 1). This finding
suggested that the partial recognition of PrPS¢ by mAb 3H6
was not specific to the Obihiro strain, but was also observed
in all the prion strains examined. These data suggested that
the mAb 3H6 precipitated and unprecipitated PrPS¢ coex-
isted in the scrapie-affected mice.

It should be noted that the partial detection of PrPS¢ by
mADb 3H6 was possibly due to its low binding affinity. How-
ever, low affinity does not adequately explain the reason for
lesser binding to 22L (Fig. 1D and Table 1). Interestingly,
these mAbs possessed different species specificity. The mAb

3H6 was considered mouse specific, while mAb 3B7 reacted
with the PrPS¢ of mice, hamsters and deer [21]. This differ-
ence in the species specificity of these two mAbs would have
an effect on the ratio of mAb-precipitated PrPS¢ to total PrP.
Detailed kinetic analyses of these mAbs need to be carried
out in future. Understanding the mechanism underlying the
differential reactivity of mAb 3H6 would enable us to clarify
the species-specific conformational characteristics of PrPSe,

The findings of this study indicated that the PrPS¢ of the
five strains examined by us consisted of at least two types
of PrPS¢, viz., the mAb 3H6-precipitated PrPS¢ and the other
PrPS¢, even in the strains stabilized by sufficient adaptation.
To date, some models of PrPS¢ conformation at the molecu-
lar level have been proposed, which suggest that the PrPS¢
of an individual strain could be represented as a mixture
of several conformations, including intermediate forms [3,
4]. Our data present the direct evidence of heterogeneity
of PrPS¢ in prion-affected mice. It is necessary to compare
the conformational characteristics of mAb 3H6-precipitated
PrPS¢ and the other PrPS¢ in future studies.

In conclusion, our study demonstrated the conformational
heterogeneity of PrPS¢ in mouse-adapted scrapie prions by
utilizing the unique specificity of mAb 3H6. A panel of
mAbs capable of delineating specific PrPS° conformation
could be a powerful tool for further investigation of confor-
mational variation of PrPS¢. If other biochemical approaches
that focus on the heterogeneity of PrPS¢ conformation within
a strain were to be combined with our mAb-based strategy,
it could shed light on the mechanism by which PrPS¢ confor-
mations may generate various strain phenotypes.
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