Smith et al. BMC Veterinary Research 2013, 9:8

http://www.biomedcentral.com/1746-6148/9/8
P BMC

Veterinary Research

RESEARCH ARTICLE Open Access

Exposure of RML scrapie agent to a sodium
percarbonate-based product and sodium dodecyl
sulfate renders PrP>° protease sensitive but does
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Abstract

mouse bioassay.

SDS alone resulted in an approximate 2 log;q reduction.

Background: Prions, the causative agents of the transmissible spongiform encephalopathies, are notoriously
difficult to inactivate. Current decontamination recommendations by the World Health Organization include
prolonged exposure to 1 N sodium hydroxide or > 20,000 ppm sodium hypochlorite, or autoclaving. For
decontamination of large stainless steel surfaces and equipment as in abattoirs, for example, these methods are
harsh or unsuitable. The current study was designed to evaluate the effectiveness of a commercial product
containing sodium percarbonate to inactivate prions. Samples of mouse brain infected with a mouse-adapted strain
of the scrapie agent (RML) were exposed to a sodium percarbonate-based product (SPC-P). Treated samples were
evaluated for abnormal prion protein (PrP*9-immunoreactivity by western blot analysis, and residual infectivity by

Results: Exposure to a 21% solution of SPC-P or a solution containing either 2.1% or 21% SPC-P in combination
with sodium dodecy! sulfate (SDS) resulted in increased proteinase K sensitivity of PrP>C. Limited reductions in
infectivity were observed depending on treatment condition. A marginal effect on infectivity was observed with
SPC-P alone, but an approximate 2-3 log;, reduction was observed with the addition of SDS, though exposure to

Conclusions: This study demonstrates that exposure of a mouse-adapted scrapie strain to SPC-P does not
eliminate infectivity, but does render Prp> protease sensitive.
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Background

The transmissible spongiform encephalopathies (TSE)
include diseases such as scrapie in sheep and goats, bo-
vine spongiform encephalopathy (BSE) in cattle, and
Creutzfeldt-Jakob disease (CJD) in humans. Prions are
the causative agent of TSEs and consist predominantly
of an abnormally folded, partially protease resistant iso-
form of the cellular prion protein (termed PrP%) [1].
Prions are notoriously difficult to inactivate and, in the
case of BSE, pose a lethal zoonotic disease risk [2,3]. Oral
exposure is considered the natural route of infection for
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most TSEs affecting domestic species, and is considered
the route by which humans acquired a new variant form
of CJD (vCJD) after exposure to BSE-contaminated beef
during the BSE epidemic in the United Kingdom [4].
Effective prion decontamination methods in settings such
as abattoirs, for example, are desirable to further minimize
the risk of zoonotic TSE transmission. Efficacious decon-
tamination procedures that can be applied to environmen-
tal settings also are desirable to aid in the control of TSEs
such as scrapie and chronic wasting disease, which are
horizontally transmitted [5,6].

Prions are unusually resistant to methods effective at
inactivating conventional microorganisms, such as mod-
erate heating, ultraviolet irradiation, and formalin
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exposure [7]. Current decontamination recommenda-
tions by the World Health Organization, depending on
material to be sterilized, include autoclaving at 134°C for
up to 1 hour, or prolonged exposure to 1 N sodium
hydroxide or > 20,000 ppm sodium hypochlorite [8].
Procedures such as treatment with sodium hydroxide or
sodium hypochlorite are especially detrimental to deli-
cate surgical and diagnostic equipment, spurring re-
search into less caustic alternatives. Recent lines of
investigation have included treatment of contaminated
material with proteolytic enzymes [9,10], sodium dodecyl
sulfate [11,12], and peroxygen compounds [13-15] with
variable success. A 4.5-5.6 log;o reduction in infectivity
of scrapie strain 263 K bioassayed in Syrian hamsters
was demonstrated after treatment of contaminated stain-
less steel wires with vaporized hydrogen peroxide with or
without an enzymatic cleaner [15]. In contrast, a <1 log;,
reduction in infectivity was demonstrated with liquid
hydrogen peroxide [13].

Sodium percarbonate, an oxidizing agent comprising
an adduct of sodium carbonate and hydrogen peroxide
(2 Nay,CO3 « 3 H,0,), is the active ingredient in a num-
ber of commercially available cleaning products. A major
advantage of sodium percarbonate is its high degree of
environmental compatibility, with degradation products
consisting of water, oxygen, and sodium carbonate. In
aqueous solution, sodium percarbonate generates a pH of
10-11. Prompted by positive results using vaporized
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hydrogen peroxide to inactivate the scrapie agent, we
investigated the prion-inactivating potential of a commer-
cial product containing sodium percarbonate (SPC-P). So-
dium dodecyl sulfate alone has been shown to variably
reduce prion infectivity [11,16,17]. We chose to incorpor-
ate it in this study due to its detergent and denaturant
properties. Brain homogenate from terminally ill C57BL/6
mice positive for the mouse-adapted RML strain of scra-
pie was subjected to various SPC-P-based treatment con-
ditions. Western blot (WB) analysis was used to detect
residual PrP%¢ in treated samples, and residual infectivity
was assayed by intracranial inoculation into prion protein
overexpressing tga20 mice [18].

Results

Immunoblotting

Residual PrP5¢ in brain homogenate treated with a low
or high concentration of the SPC-containing product
(SPC-Pp, and SPC-Py, respectively) alone or in com-
bination with 2.5% SDS was assayed via WB. Immuno-
blots were performed in triplicate with representative
blots presented in Figure 1. Immunoreactivity for the di-,
mono-, and unglycosylated forms of PrP>° was present in
SPC-Py treated samples after proteinase K (PK) digestion
(Figure 1A, lanes 3-5), but was undetectable in SPC-Py
treated samples (Figure 1A, lanes 7-9). When PK diges-
tion was omitted, PrP immunoreactivity was similarly de-
tectable in all SPC-Py treated samples and faint banding
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Figure 1 Western blot of PrP*¢ in brain homogenate from RML scrapie-affected C57BI/6 mice treated with SPC-P, or SPC-P,, alone (A)
or in combination with 2.5% SDS (B). A) PrP°° was still detectable after PK digestion of samples exposed to SPC-P, (lanes 3-5), but not in
samples treated with SPCy (lanes 7-9). B) Prp>° immunoreactivity was undetectable after PK digestion of samples exposed to either SPC-P| + SDS
(lanes 3-5) or SPC-P,; + SDS (lanes 7-9). Lane 1, molecular weight marker; lane 2, RML positive control; lane 6, empty. Abbreviations: MW,
molecular weight; SPC-P_ or , low or high concentration sodium percarbonate-based product; SDS, sodium dodecy! sulfate; m, minutes.
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was present in SPC-Py; treated samples (data not shown).
When samples treated with either SPC-P;, or SPC-Py; in
combination with SDS were subjected to limited proteoly-
sis with PK prior to immunoblotting, PrP*¢ immunoreac-
tivity was undetectable for all treatment conditions
(Figure 1B, lanes 3-5 and 7-9). RML brain homogenate
exposed to SDS only retained detectable but decreased
PrP*¢ immunoreactivity after PK digestion (Figure 2). Both
concentrations of SPC-P used in this study generated a
pH of approximately 11 in solution. To evaluate the effect
of pH, brain samples buffered with 0.35 M sodium hydro-
gen phosphate (pH 11) were incubated at room
temperature for 30, 90, or 180 minutes. PrP>® immunor-
eactivity was undetectable after PK digestion at all time
points (Figure 3).

Mouse bioassay

Residual infectivity in treated samples was assayed via
intracranial inoculation of £ga20 mice. The average num-
ber of days to terminal disease for the positive control
group (untreated RML-positive brain homogenate) was
65.5 + 3.4 days, which is typical of RML disease kinetics
in #ga20 mice inoculated intracranially [18]. Ten-fold
serial dilutions of this stock resulted in an increase in in-
cubation and mean survival times. The survival curves
generated from these data were used as the comparative
standard when evaluating survival time in mice inocu-
lated with treated samples and for approximating reduc-
tions in infectivity. All animals inoculated with a 10” or
greater dilution survived until termination of the study
at 15 months post-inoculation (PI) (Table 1), with the
exception of 10 mice removed from the study and cen-
sored from survival statistics due to intercurrent disease.
One mouse from the 10™* group was also censored from
survival data due to intercurrent disease. Consistent
clinical signs observed in scrapie-affected mice included
ataxia that progressed to a listing or rolling gait in some
cases, pelvic limb paresis, and lethargy. All but 2 animals
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Figure 2 Western blot of PrP*¢ in brain homogenate from RML
scrapie-affected C57BI/6 mice treated with 2.5% SDS for 30, 90,
or 180 minutes. PrP°“-immunoreactivity was decreased but still
detectable after PK digestion of samples exposed to SDS for 30
(lane 3), 90 (lane 4), or 180 minutes (lane 5). Lane 1, molecular
weight marker (kDa); lane 2, RML positive control.
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Figure 3 Western blot of PrP*¢ in brain homogenate from RML
scrapie-affected C57BI/6 mice treated with 0.35 M sodium
hydrogen phosphate buffered solution (pH 11) for 30 (lanes 3, 8),
90 (lanes 4, 9), or 180 minutes (lanes 5, 10). PrPSC—immunoreactivity
was undetectable after PK digestion (lanes 3-5). PK digestion was
omitted prior to immunoblotting for samples in lanes 7-10. Lanes 1
and 6, molecular weight marker (kDa); lanes 2 and 7, RML positive
control.

in the negative control group (treated RML-negative
brain homogenate) survived until study termination at
15 months PI. One mouse was euthanized due to severe
hydrocephalus and the other death was undetermined.

Treatment of brain homogenate with SPC-Pp or SPC-Py
alone had minimal effect on infectivity. The average
time to disease in all animals inoculated with SPC-P; or
SPC-Py was 68.2 + 3.4 days or 71.7 + 5.0 days, respectively.
The limited increase in survival time of the SPC-Py; treated
groups corresponded to an approximate 1 log;, reduction
in infectivity (Figure 4A). In contrast, exposure of the in-
oculum to a solution of SPC-P;, or SPC-Py containing SDS
resulted in a 2-3 log;, reduction in infectivity (Figure 4B).
The average time to terminal disease for the SPC-Py; + SDS
groups at 30 min, 90 min, and 180 min was 92.5 + 7.6,
86.4 t 6.9, and 84.7 + 11.1 days, respectively. These values
corresponded to an approximate 2 log;o reduction; how-
ever, the transmission rate was 100%. A 2-3 log;o reduc-
tion was achieved with SPC-P; + SDS. This effect was
time-dependent with 30 min, 90 min, and 180 min treat-
ment groups surviving on average 93 + 9.7, 1364 + 72.2,
and 178.7 + 92.4 days, respectively. Additionally, 10% of
mice in the 90 min treatment group and 20% in the
180 min group survived until study termination at
15 months PI. Mice inoculated with samples exposed to
SDS alone for 30 min, 90 min, or 180 min developed dis-
ease in 84.9 + 12.3, 107.5 + 40.5, and 85.7 + 6.7 days, re-
spectively, corresponding to an approximate 2 logio
reduction in infectivity for each group (Figure 4B), but
with a transmission rate of 100%. Eight mice total were
censored from survival statistics due to intercurrent dis-
ease including 5 mice in the SPC-Py + SDS group (1 due
to complications from inoculation, 1 death undetermined,
3 euthanized due to severe hydrocephalus), 2 mice in the
30 min SPC-Pp +SDS group (cause of death undeter-
mined), and 1 mouse in the 180 min SPC-Py + SDS group
(euthanized due to incisor malocclusion).
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Table 1 Survival times of tga20 mice inoculated
intracranially with serially diluted or treated RML brain
homogenate

Mean survival time in
days + SD (% survival)

Dilution or treatment

1) RML titration series
10°

10"

107

107

10"

10° through 10°'?

2) Treated RML

SPC-P_ x 30 min
SPC-P; x 90 min
SPC-P, x 180 min
SPC-Py x 30 min
SPC-Py x 90 min
SPC-P x 180 min
SPC-P_ + SDS x 30 min
SPC-P_ + SDS x 90 min
SPC-P_ 4+ SDS x 180 min
SPC-P,; + SDS x 30 min
SPC-Py + SDS x 90 min
SPC-Py + SDS x 180 min
SDS x 30 min

SDS x 90 min

SDS x 180 min

65.5 + 3.4 (0%)

73.6 £ 3.3 (0%)

832 £ 6.1 (0%)
1954 + 1485 (22%)
394.8 + 120.3 (78%)

455 (100%) — study termination

67.1 £ 26 (0%
68.8 + 4.6 (0%
68.5 £ 2.8 (0%
703 £ 6.0 (0%
(
(

1.0 + 5.1 (0%

738 +3.2 (0%
93 + 9.7 (0%)
1364 £ 72.2 (10%)
178.7 + 92.4 (20%)
925 + 7.6 (0%)
864 £ 6.9 (0%)
84.7 £ 11.1 (0%)
84.9 + 12.3 (0%)
107.5 £ 40.5 (0%)
85.7 + 6.7 (0%)

Abbreviations: SD, standard deviation; SPC-P, or 4, low or high concentration
sodium percarbonate-based product; SDS, sodium dodecyl sulfate.
1% w/v starting (10°) concentration.

Neuropathology and PrP immunohistochemistry

Lesions of spongiform encephalopathy (SE) in affected
mice were predominantly present in thalamic and mid-
brain nuclei and consisted of 7 — 20 pm, clear, round
vacuoles primarily within the neuropil, but also occa-
sionally present within neurons. Milder SE lesions were
present in the cerebral cortex, septal nuclei, cornus
ammonis regions of the hippocampus, cerebellar nuclei,
and brainstem nuclei. The cerebellar cortex lacked defini-
tive SE lesions as did cerebral and cerebellar white matter.
Mild to moderate gliosis and scattered degenerate neu-
rons, characterized by hyperchromasia, a shrunken and
angular profile, and loss of fine nuclear detail were asso-
ciated with areas of SE. Approximately 8% of mice
exposed to inocula from the SPC-P + SDS treated groups
developed varying degrees of hydrocephalus that was most
often noted incidentally at necropsy. Immunoreactivity for
PrP%¢ in affected mice corresponded to areas of SE and
was most intense in midbrain and vestibular nuclei.
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Immunoreactivity was predominantly present as fine
punctate granules within the neuropil and less often as
fine deposits around individual neuronal soma and den-
drites (perineuronal or synaptic).

Discussion

In this report, we investigated the effectiveness of a
product containing the oxidizing agent sodium percar-
bonate to inactivate the RML scrapie agent. Sodium
dodecyl sulfate at 2.5% w/v also was added to certain
treatment groups to evaluate the combinatorial effect of
SPC-P and SDS. Treated samples were evaluated for
PrP¢ immunoreactivity by western blot and residual in-
fectivity by mouse bioassay using £ga20 mice. Our choice
for using the tga20 mouse for the bioassay was largely
due to the well-characterized and relatively rapid disease
kinetics of RML scrapie in this strain of mouse [18]. We
were able to measure a reduction in infectivity over a
range of 10°-fold with this model, which was adequate
for this particular study because of the poor efficacy of
the product resulting in survival times well within the
detection range. Product choice and treatment conditions
for this study were defined by the following considera-
tions: 1) the product should be sufficiently non-hazardous
to the environment and human health to be applied safely
on a large-scale; and 2) treatment conditions (e.g. time
and temperature) should be similar to those that could be
realistically achieved in, for example, an abattoir.

A major finding of this study was the increased sensi-
tivity of PrP* to PK by the SPC-based product without
(SPC-Py only) or with SDS at room temperature, as
judged by immunoblotting after exposure of the samples
to limited proteolysis. Based on the loss of detectable
PrP*¢ immunoreactivity after incubation at pH 11, it
appears this effect may be largely pH-dependent. It is
well established that prion infectivity is reduced under
extremely basic conditions, such as exposure to NaOH
(pH 12-14) [19-21]. While the pH generated by SPC-P
is lower at 11, it appears to be a favorable characteristic
of the compound with regard to PrP*¢ protease sensitiv-
ity. However, a solely pH-dependent effect does not ex-
plain why SPC-Py treatment alone (pH 11) did not yield
similar WB results. One possible explanation is that a
lower concentration of the product may have contained
diminished buffering capacity resulting in a drop in pH
as treatment proceeded, but serial pH evaluation of
treated brain homogenate at 30, 90, and 180 min
revealed that the pH remained above 10.7. Although
treatment with the SPC product did render PrP*¢ sensi-
tive to digestion by proteinase K, it did not eliminate in-
fectivity. Recent studies examining prion infectivity in
infected tissue and cell cultures have also demonstrated
loss of detectable PrP¢ on western blot, but residual in-
fectivity [22,23]. Our results support the inference that



Smith et al. BMC Veterinary Research 2013, 9:8
http://www.biomedcentral.com/1746-6148/9/8

Page 5 of 9

A
100
—— SPC-P_ 30 min
g | 10% , ——SPC-PL 90 min
%’ ' —+— SPC-P|_ 180 min
2 --+-- SPC-PH 30 min
< 504 ;
] -==+-- SPC-PH 90 min
9 10° , -—-+-- SPC-Py 180 min
257 —+ untreated RML 10 to 105
0 . 1 T 1 1
0 100 200 300 400
Days post-inoculation
B .
100 —— SPC-P+SDS 30 min
\—‘ —— SPC-P_+SDS 90 min
10+ .
T 751 —— SPC-P+SDS 180 min
s | ouwd- SPC-Px+SDS 30 min
w
‘g‘ 509  Itq =t e SPC-PH+SDS 90 min
g 108 SPC-PH+SDS 180 min
8 254 —. untreated RML 10%to 10°°
I— —— SDS control
G Il’ T T L}
0 100 200 300 400
Days post-inoculation
Figure 4 Effect of SPC-P with or without SDS on infectivity. Kaplan-Meier survival curves were generated to compare SPC-P treatment
conditions with 10-fold serial dilutions of RML scrapie in tga20 mice. A) Treatment with SPC-P_ or SPC-P, alone had minimal effect on infectivity
with 0% survival. B) Combining SPC-P and SDS resulted in 2-3 log;, reductions in infectivity depending on treatment condition. Greater
reductions and higher survival percentages were observed with the SPC-P, + SDS groups in a time-dependent manner. Exposure to SDS alone
resulted in an approximate 2 log;, reduction in infectivity (combined data from 30 min., 90 min., and 180 min. exposure groups). Abbreviations:
SPC-P_ or y, low or high concentration sodium percarbonate-based product; SDS, sodium dodecyl sulfate.

biochemical analysis alone is insufficient for determin-
ation of prion infectivity. The observed PrP‘/infectivity
mismatch in this study and in others warrants a number
of considerations including WB sensitivity, epitope dis-
ruption by inactivation treatments, and alternative infec-
tious agents to PrP>, such as PK-sensitive forms of PrP
or viruses. It is possible the amount of residual PrP*¢ in
our treated samples was below the detection limit of our
WB (0.025 mg equivalents of brain tissue for this par-
ticular inoculum [24]), or it may be that a true dissoci-
ation of PrP> and TSE infectivity exists supporting the
actuality of alternative infectious agents to PrP5° [25]. A
recent study has demonstrated poor correlation between
infectivity and WB results for sheep scrapie and sheep
BSE [26] in line with observations that PK-sensitive PrP
particles are associated with disease [27,28].

The bioassay results we present indicate that exposure
to the selected SPC-based product alone or in combin-
ation with 2.5% SDS is not a viable option for the

inactivation of prions. No decrease in infectivity was
observed using the SPC-Py, solution alone, and a modest
1 log;o reduction was achieved with the SPC-Py solu-
tion. However, recent investigations have demonstrated
differential susceptibility of distinct prion strains to the
same inactivation procedure [29]; therefore, we are cur-
rently investigating the efficacy of these treatment condi-
tions in an ovine scrapie model. It should also be
acknowledged that chemical treatment of the scrapie
agent has been shown to delay the dose—response rela-
tionship [30,31] resulting in prolonged incubation times
without a change in calculable titer. It is possible our
results could be reflecting this phenomenon, but without
bioassay data from serial dilutions of treated brain hom-
ogenate this cannot be definitively determined. Some
caution may therefore be warranted when interpreting
these results. The addition of 2.5% SDS to the SPC-P
solutions resulted in a 2—3 log;o reduction in infectivity,
but exposure to SDS alone resulted in an approximate 2
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logyp reduction. This suggests much of the observed
combinatorial effect was due to SDS. Prior studies using
SDS have demonstrated minimal effects on CJD infectiv-
ity [16], but up to a 3 log;, reduction on scrapie infectiv-
ity [17]. Exposure of hamster-adapted Sc237 scrapie to
room temperature SDS at pH values of <4.5 or =10
resulted in increased PK sensitivity of PrP¢, and expos-
ure to acidic SDS resulted in decreased infectivity [11].
Since SDS at room temperature is an effective denatur-
ant at a pH 210, this could have contributed to the loss
of detectable PrPS“-immunoreactivity we observed after
proteolysis in samples treated with SPC-P and SDS.
There was also enhanced reduction in infectivity with
the combination of SPC-P; and SDS. This may be indi-
cative of an enhanced effect of SDS under basic condi-
tions or a two-step mechanism whereby denaturation of
PrP%¢ by the relatively high pH of the solution and/or
SDS is followed by exposure of sites sensitive to oxida-
tive damage. Alternatively, the two treatment compo-
nents could be acting on different PrP5¢ fractions in the
inoculum resulting in an additive effect since the com-
bination of SPC-P; and SDS was roughly equivalent to
slightly greater than the sum of the effects of each indi-
vidual component. The combination of SPC-Py; and SDS
did not provide an equivalent or better increase in sur-
vival time than the combination of SPC-P; and SDS.
While we are confident in this result, we cannot defini-
tively explain this observation. Perhaps disease in this
group was exacerbated by oxidative damage induced by
the introduction of treated brain samples containing a
greater concentration of sodium percarbonate. Oxidative
stress, whether a cause or consequence of disease progres-
sion, is considered an important contributor to prion
neuropathology [32-34]. It is also possible that the SPC-P
solution at higher concentration may somehow be inter-
fering with the denaturing action of SDS. SDS action may
be enhanced when combined with lower concentrations
of SPC-P for longer exposure times, but restricted by
higher concentrations, perhaps via chemical modification
of SDS binding sites on the protein.

Oxidizing agents have been used with variable success
in prion inactivation studies. Exposure of prions to halo-
gens such as sodium hypochlorite at > 20,000 ppm is an
accepted means of decontamination [8], but chlorine di-
oxide is much less effective at inactivating hamster-
adapted 263 K scrapie [35]. Peroxygens such as liquid
hydrogen peroxide [13,35,36] and peracetic acid [37] also
promote limited inactivation. However, recent studies
using vaporized hydrogen peroxide to decontaminate
stainless steel surfaces have demonstrated significant
reductions in infectivity for hamster-adapted 263 K scra-
pie and mouse-adapted BSE [13,15]. A protective effect
from oxidation by peracetic acid has been demonstrated
with the ME7 scrapie agent and attributed to prion
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aggregation [37]. Peracetic acid at 2% was effective at in-
activating the ME7 scrapie agent in intact brain tissue,
but not homogenized tissue. Samples in the current
study were homogenized, which may have imparted a
degree of protection from oxidation and contributed to
the ineffectiveness of SPC-P alone at decreasing infectiv-
ity. We propose that the addition of SDS would have
decreased aggregation of cell membranes to which in-
fectivity is bound, thus enhancing the activity of SPC-P
and perhaps contributing to the increased survival
observed with the combination.

Conclusions

This study demonstrates that exposure of the RML scrapie
agent to an SPC-containing product alone or in combin-
ation with SDS does not eliminate prion infectivity, but
does render PrP%¢ sensitive to proteinase K. Because of
this, it is interesting to consider the potential viability of a
combination of SPC and SDS, even at relatively low
concentrations and mild temperatures, concomitant with
or followed by a protease for prion decontamination. Also,
because the SPC product we used contains additional
proprietary ingredients, we cannot rule-out contributions
to increased PK-sensitivity or increased survival by other
components of the product. Studies in our laboratory are
currently underway examining exposure of prions to
chemical grade SPC with or without SDS followed by ex-
posure to a protease.

Methods

Preparation of inoculum

A 10% w/v brain homogenate in PBS was prepared from
a pool of clinically affected C57BL/6 mice inoculated
with the mouse-adapted RML strain of scrapie [38] or
uninfected C57BL/6 mice using a bead beater tissue
homogenizer (Mini-Beadbeater-8, BioSpec). Briefly, brain
tissue was placed inside a sealed polycarbonate tube
along with PBS and a small volume of 1.0 mm silica
beads. The sample was homogenized for 1 min at 4°C.
This was repeated for a total of 5 homogenizations. Fol-
lowing centrifugation at 4,000 x G for 10 min at 4°C, the
pellet was discarded and the sample was transferred to a
new tube and stored at —80°C.

Inactivation of inoculum

Brain samples from negative control or RML-positive
mice were prepared as outlined above. Homogenates
were diluted to a concentration of 5% in either a 2.1%
(pH 10.7) or 21.0% (pH 10.6) solution of a commercial
product containing SPC (OxiMagic, Clorox Company;
50-60% SPC) with or without 2.5% w/v SDS. The manu-
facturer’s instructions on concentration were followed
(2.1% working solution), but additional parameters were
experimentally defined. Samples were agitated under
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ambient oxygen in microcentrifuge tubes at 25°C for
30 min, 1.5 h, or 3 h, and then diluted with sterile saline
to a final concentration of 1% for inoculation (final pH
values of 10.3 and 10.6 for SPC-P; and SPC-Py-treated
samples, respectively). Samples were inoculated intra-
cranially (see below) into 10 #ga20 mice per treatment
condition. Mice (n=10/group) inoculated with RML-
negative brain homogenate treated with 2.1% or 21.0%
SPC-P with or without SDS served as negative controls.
Mice (n=10/group) inoculated with RML-positive brain
homogenate incubated with 2.5% w/v SDS at 25°C for
30 min, 1.5 h, or 3 h were included as SDS-only controls.
Samples were stored at —20°C until thawing for WB ana-
lysis and inoculation into #ga20 mice. Mice were inocu-
lated within 12-24 h of sample treatment.

Immunoblotting

Treated samples from each inactivation condition were
examined for PrP¢ by WB. In addition, pH 11 control
samples were prepared. For these control samples,
RML-positive brain homogenate was incubated at room
temperature for 30 min, 1.5 h, or 3 h in a 0.35 M sodium
hydrogen phosphate buffered solution (pH 11). Pretreat-
ment of brain homogenate with proteinase K (USB Cor-
poration) was performed on one set of blots and omitted
on repeated blotting of the same samples. Western blots
were repeated three times with representative blots pre-
sented in Figure 1. Briefly, samples were digested with PK
using a final concentration of 0.08 mg/mL at 48°C for
40 min. A proteinase inhibitor (Pefabloc, Roche) was
added to a final concentration of 0.1 mg/ml to inhibit PK
activity. Samples were dissolved in SDS-PAGE sample
buffer and analyzed by standard WB procedures. A
tissue equivalent of 1.0 mg was loaded onto the gel for
each sample. PrP>° was detected using monoclonal anti-
body 6H4 (Prionics) at a 1:10,000 (0.1 pug/mL) dilution
applied for 1 hour at room temperature or 4°C over-
night. A biotinylated sheep anti-mouse secondary anti-
body and a streptavidin-horseradish peroxidase conjugate
(GE Healthcare) were used in conjunction with a detec-
tion kit (ECL Plus, GE Healthcare) to detect immunola-
beling. Secondary antibody and streptavidin-horseradish
peroxidase incubations were conducted at room tem-
perature for 1 h. Blots were developed using a Typhoon
9410 Variable Mode Imager (Molecular Dynamics).

Mouse bioassay

To establish comparative survival curves, a 1% w/v RML
brain homogenate was serially diluted (ten-fold dilutions;
undiluted or 10° through 10™?), and each dilution was
intracranially inoculated into 10 mice of the B6;129S7-
Prnp"™“"°Tg(Prnp)a20Cwe/CweCnrm  (£ga20) mouse
line [18]. For all inoculations, tga20 mice were anesthe-
tized with isoflurane and a 30 gauge tuberculin syringe
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was used to inject 20 pL of brain homogenate into the
right cerebral hemisphere at a depth of 3—-5 mm. Mice
were monitored for 48 hours post-inoculation for
procedure-related adverse events. Mice were then moni-
tored daily and euthanized when they displayed unequivo-
cal neurological signs, or at the time of study termination
(15 months PI). This experiment was carried out in ac-
cordance with the Guide for the Care and Use of Labora-
tory Animals (Institute of Laboratory Animal Resources,
National Academy of Sciences, Washington, DC) and was
approved by the National Animal Disease Center’s Animal
Care and Use Committee (protocol #2422).

Histopathology and immunohistochemistry

At necropsy, the skull cap was removed and the brain
was extracted. A single parasagittal cut was made and
two-thirds of the brain was immersed in 10% neutral
buffered formalin and one-third was frozen. Fixed brain
tissue was trimmed into 5 standard transverse sections
[39] and tissues were processed by routine histological
methods and embedded into paraffin blocks. Serial 4 um
sections were cut from the brain and stained with
hematoxylin and eosin. For confirmation of scrapie in-
fection, each brain was examined for characteristic
spongiform lesions and/or PrP*“-immunoreactivity by
WB or immunohistochemistry. For immunohistochemis-
try, tissue sections were deparaffinized and rehydrated.
Sections were autoclaved at 121°C for 20 min in distilled
water and incubated for 5 min in 98% formic acid. En-
dogenous peroxidase activity was blocked with a 3%
hydrogen peroxide solution. Sections were blocked in Tris
buffered saline with 0.05% Tween 20, 1% bovine serum al-
bumin, and 1.5% goat serum. Primary antibody (6H4 at
1:10,000) was applied for 1 hr. at room temperature.
Secondary antibody with an HRP labeled polymer (Dako)
was applied for 1 hr. at room temperature. Sections were
incubated in a 3,3’-diaminobenzidine solution (Vector La-
boratories), counterstained with hematoxylin, dehydrated,
and cover-slipped.

Statistical method

Kaplan-Meier survival curves were generated using stat-
istical software (Prism version 4.0, GraphPad Software).
To estimate reductions in infectivity, survival curves
from treated groups were compared to those of the titra-
tion study using the logrank test with a level of statistical
significance of 0.05. Mice that died within the first
3 weeks PI due to complications related to intracranial
inoculation or were removed from the study for humane
reasons (e.g. disease unrelated to TSE, injuries) prior to
developing clinical signs were censored and not included
in survival analyses.



Smith et al. BMC Veterinary Research 2013, 9:8
http://www.biomedcentral.com/1746-6148/9/8

Abbreviations

BSE: Bovine spongiform encephalopathy; CJD: Creutzfeldt-Jakob disease;
MW: Molecular weight; PI: Post-inoculation; PK: Proteinase K; PrP*: Abnormal
or disease-associated isoform of the prion protein; RML: Rocky Mountain
Laboratory strain of the scrapie agent; SDS: Sodium dodecyl sulfate;

SE: Spongiform encephalopathy; SPC-P: Sodium percarbonate-based product;

SPC-P.: Low concentration SPC-P; SPC-Py;: High concentration SPC-P;
TSE: Transmissible spongiform encephalopathy; WB: Western blot.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

JDS conceived of the study, carried out the western blot and animal
bioassay studies, and drafted the manuscript. EMN participated in the design
of the study and interpretation of results. GHF carried out the end-point
titration study. JJG participated in the design of the study and helped to
draft the manuscript. All authors read and approved the final manuscript.

Authors’ information

JDS and JJG are Research Veterinary Medical Officers in the NADC VPRU and
diplomates of the American College of Veterinary Pathologists. JDS is a
Postdoctoral Research Associate. EMN is a Research Chemist and Lead
Scientist in the VPRU. GHF was a Postdoctoral Research Associate/Research
Molecular Biologist in the VPRU during the time these experiments were
performed.

Acknowledgements

The authors thank K. Hassall, T. Tatum, and L. Mandell for excellent technical
assistance. Mention of trade names or commercial products in this report is
solely for the purpose of providing specific information and does not imply
recommendation or endorsement by the U. S. Department of Agriculture.
USDA is an equal opportunity provider and employer.

Received: 18 September 2012 Accepted: 8 January 2013
Published: 11 January 2013

References

1. Prusiner SB: Prions. Proc Nat Acad Sci U S A 1998, 95(23):13363-13383.

2. Bruce ME, Will RG, Ironside JW, McConnell |, Drummond D, Suttie A,
McCardle L, Chree A, Hope J, Birkett C, Cousens S, Fraser H, Bostock CJ:
Transmissions to mice indicate that ‘new variant’ CJD is caused by the
BSE agent. Nature 1997, 389(6650):498-501.

3. Collinge J, Sidle KC, Meads J, Ironside J, Hill AF: Molecular analysis of prion
strain variation and the aetiology of ‘new variant’ CJD. Nature 1996,
383(6602):685-690.

4. Wilesmith JW, Wells GA, Cranwell MP, Ryan JB: Bovine spongiform
encephalopathy: epidemiological studies. Vet Rec 1988, 123(25):638-644.

5. Detwiler LA, Baylis M: The epidemiology of scrapie. Rev Sci Tech 2003,
22(1):121-143.

6. Sigurdson CJ: A prion disease of cervids: chronic wasting disease. Vet Res
2008, 39(4):41.

7. Taylor DM: Inactivation of transmissible degenerative encephalopathy
agents: A review. Vet J 2000, 159(1):10-17.

8. WHO: WHO infection control guidelines for transmissible spongiform
encephalopathies. Geneva: WHO/CDS/CSR/APH/20003; 1999:29-32.

9. Pilon JL, Nash PB, Arver T, Hoglund D, Vercauteren KC: Feasibility of
infectious prion digestion using mild conditions and commercial
subtilisin. J Virol Methods 2009, 161(1):168-172.

10.  McLeod AH, Murdoch H, Dickinson J, Dennis MJ, Hall GA, Buswell CM, Carr
J, Taylor DM, Sutton JM, Raven ND: Proteolytic inactivation of the bovine
spongiform encephalopathy agent. Biochem Biophys Res Comm 2004,
317(4):1165-1170.

11, Peretz D, Supattapone S, Giles K, Vergara J, Freyman Y, Lessard P, Safar JG,
Glidden DV, McCulloch C, Nguyen HO, Scott M, DeArmond SJ, Prusiner SB:
Inactivation of prions by acidic sodium dodecyl sulfate. J Viro/ 2006,
80(1):322-331.

12. Yao HL, Han J, Gao JM, Zhang J, Zhang BY, Guo YJ, Nie K, Gao C, Wang XF,
Dong XP: Comparative study of the effects of several chemical and
physical treatments on the activity of protease resistance and infectivity

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Page 8 of 9

of scrapie strain 263 K. J Vet Med B, Infect Dis Vet Public Health 2005,
52(10):437-443.

Fichet G, Antloga K, Comoy E, Deslys JP, McDonnell G: Prion inactivation
using a new gaseous hydrogen peroxide sterilisation process. J Hosp
Infect 2007, 67(3):278-286.

Solassol J, Pastore M, Crozet C, Perrier V, Lehmann S: A novel copper-
hydrogen peroxide formulation for prion decontamination. J Infect Dis
2006, 194(6):865-869.

Fichet G, Comoy E, Duval C, Antloga K, Dehen C, Charbonnier A, McDonnell
G, Brown P, Lasmezas Cl, Deslys JP: Novel methods for disinfection of
prion-contaminated medical devices. Lancet 2004, 364(9433):521-526.
Walker AS, Inderlied CB, Kingsbury DT: Conditions for the chemical and
physical inactivation of the K. Fu. strain of the agent of Creutzfeldt-
Jakob disease. Am J Public Health 1983, 73(6):661-665.

Millson GC, Hunter GD, Kimberlin RH: The physico-chemical nature of the
scrapie agent. In Slow Virus Diseases of Animals and Man. Volume 44. Edited
by Kimberlin RH. Amsterdam: North-Holland; 1976:243-264.

Fischer M, Rulicke T, Raeber A, Sailer A, Moser M, Oesch B, Brandner S,
Aguzzi A, Weissmann C: Prion protein (PrP) with amino-proximal
deletions restoring susceptibility of PrP knockout mice to scrapie. EMBO
11996, 15(6):1255-1264.

Brown P, Rohwer RG, Gajdusek DC: Newer data on the inactivation of
scrapie virus or Creutzfeldt-Jakob disease virus in brain tissue. J Infect Dis
1986, 153(6):1145-1148.

Taylor DM, Fraser H, McConnell |, Brown DA, Brown KL, Lamza KA, Smith GR:
Decontamination studies with the agents of bovine spongiform
encephalopathy and scrapie. Arch Virol 1994, 139(3-4):313-326.

Unal A, Thyer J, Uren E, Middleton D, Braun M, Maher D: Investigation by
bioassay of the efficacy of sodium hydroxide treatment on the
inactivation of mouse-adapted scrapie. Biologicals 2007, 35(3):161-164.
Bruederle CE, Hnasko RM, Kraemer T, Garcia RA, Haas MJ, Marmer WN,
Carter JM: Prion infected meat-and-bone meal is still infectious after
biodiesel production. PLoS ONE 2008, 3(8):e2969.

Miyazawa K, Emmerling K, Manuelidis L: High CJD infectivity remains after
prion protein is destroyed. J Cell Biochem 2011, 112(12):3630-3637.

Smith JD, Greenlee JJ, Foster GH, Nicholson EM: Acetone precipitation of
the scrapie agent results in successful recovery of PrP* but decreased
infectivity. J Agric Food Chem 2012, 60(18):4758-4762.

Manuelidis L: A 25 nm virion is the likely cause of transmissible
spongiform encephalopathies. J Cell Biochem 2007, 100(4):897-915.
Gonzalez L, Thorne L, Jeffrey M, Martin S, Spiropoulos J, Beck KE, Lockey RW,
Vickery CM, Holder T, Terry L: Infectious titres of sheep scrapie and bovine
spongiform encephalopathy agents cannot be accurately predicted from
quantitative laboratory test results. J Gen Virol 2012, 93(Pt 11):2518-2527.
Gambetti P, Dong Z, Yuan J, Xiao X, Zheng M, Alshekhlee A, Castellani R,
Cohen M, Barria MA, Gonzalez-Romero D, Belay ED, Schonberger LB, Marder K,
Harris C, Burke JR, Montine T, Wisniewski T, Dickson DW, Soto C, Hulette CM,
Mastrianni JA, Kong Q, Zou WQ: A novel human disease with abnormal
prion protein sensitive to protease. Ann Neurol 2008, 63(6):697-708.

Head MW, Knight R, Zeidler M, Yull H, Barlow A, Ironside JW: A case of
protease sensitive prionopathy in a patient in the UK. Neuropathol
Applied Neurobiol 2009, 35(6):628-632.

Giles K, Glidden DV, Beckwith R, Seoanes R, Peretz D, DeArmond SJ, Prusiner
SB: Resistance of bovine spongiform encephalopathy (BSE) prions to
inactivation. PLoS Pathog 2008, 4(11):e1000206.

Lax AJ, Millson GC, Manning EJ: Can scrapie titres be calculated accurately
from incubation periods? J Gen Virol 1983, 64(Pt 4):971-973.

Taylor DM, Fernie K: Exposure to autoclaving or sodium hydroxide
extends the dose-response curve of the 263 K strain of scrapie agent in
hamsters. J Gen Virol 1996, 77(Pt 4):811-813.

Yun SW, Gerlach M, Riederer P, Klein MA: Oxidative stress in the brain at
early preclinical stages of mouse scrapie. Exp Neurol 2006, 201(1):90-98.
Pamplona R, Naudi A, Gavin R, Pastrana MA, Sajnani G, llieva EV, Del Rio JA,
Portero-Otin M, Ferrer |, Requena JR: Increased oxidation, glycoxidation,
and lipoxidation of brain proteins in prion disease. Free Rad Biol Med
2008, 45(8):1159-1166.

Singh N, Singh A, Das D, Mohan ML: Redox control of prion and disease
pathogenesis. Antioxid Redox Signal 2010, 12(11):1271-1294.

Brown P, Rohwer RG, Green EM, Gajdusek DC: Effect of chemicals, heat,
and histopathologic processing on high-infectivity hamster-adapted
scrapie virus. J Infect Dis 1982, 145(5):683-687.



Smith et al. BMC Veterinary Research 2013, 9:8 Page 9 of 9
http://www.biomedcentral.com/1746-6148/9/8

36. Brown P, Gibbs CJ Jr, Amyx HL, Kingsbury DT, Rohwer RG, Sulima MP,
Gajdusek DC: Chemical disinfection of Creutzfeldt-Jakob disease virus.
New Engl J Med 1982, 306(21):1279-1282.

37. Taylor DM: Resistance of the ME7 scrapie agent to peracetic acid. Vet
Microbiol 1991, 27(1):19-24.

38.  Chandler RL: Encephalopathy in mice produced by inoculation with
scrapie brain material. Lancet 1961, 1(7191):1378-1379.

39. Fraser H, Dickinson AG: The sequential development of the brain lesion
of scrapie in three strains of mice. J Comp Pathol 1968, 78(3):301-311.

doi:10.1186/1746-6148-9-8

Cite this article as: Smith et al: Exposure of RML scrapie agent to a
sodium percarbonate-based product and sodium dodecyl sulfate
renders PrP*¢ protease sensitive but does not eliminate infectivity. BMC
Veterinary Research 2013 9:8.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central




	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Immunoblotting
	Mouse bioassay
	Neuropathology and PrP immunohistochemistry

	Discussion
	Conclusions
	Methods
	Preparation of inoculum
	Inactivation of inoculum
	Immunoblotting
	Mouse bioassay
	Histopathology and immunohistochemistry
	Statistical method

	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


