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Introduction

Prions are the causative agents of fatal neurodegenerative 
disorders known as transmissible spongiform encephalopathies 
(TSEs), including Creutzfeldt-Jakob disease (CJD) in humans, 
bovine spongiform encephalopathy (BSE) in cattle and scrapie in 
sheep and goats.1 The agent that causes TSEs was termed “prion,” 
to describe “a proteinaceous infectious particle resistant to inac-
tivation by most procedures that modify nucleic acids.”2 Prions 
are certainly a unique class of infectious pathogens. The only 
known component of the prion agent is a modified form of the 
cellular glycoprotein, PrPC, encoded by the PRNP gene,3 termed 
PrPSc, with unknown physiological function.4 The central event 
in prion pathogenesis is the conformational conversion of PrPC 
into PrPSc, an insoluble and partially protease-resistant isoform 
that propagates itself by imposing its abnormal conformation 
onto PrPC molecules.1

The unique characteristics of prions correlate with their 
extraordinary resistance to inactivation processes5 and the poten-
tial nosocomial transmission of CJD after medical treatments 
with prion-contaminated surgical tools or medical devices. 
In this context, a considerable amount of study has been con-
ducted aiming to efficient, applicable methods of inactivation. 
Several chemical decontaminants and physical methods includ-
ing UV-C, ionising irradiation and heat have been character-
ized as ineffective or partially effective against prion infectivity.6 
Standard methods for prion decontamination include treatment 
with 20 g L-1 sodium hypochlorite or 1 M sodium hydroxide.7 
However, in many cases these methods failed to fully eliminate 
infectivity8 and were detrimental to non-disposable surgical 
instruments.9 The World Health Organization7 still recommends 
the use of disposable surgical items in highly infectious tissues, 
in confirmed or suspected cases of CJD, but also recognizes the 
need for non-disposable instruments and devices, even, in such 
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Prions are notorious for their extraordinary resistance to traditional methods of decontamination, rendering their 
transmission a public health risk. Iatrogenic creutzfeldt–Jakob disease (icJD) via contaminated surgical instruments and 
medical devices has been verified both experimentally and clinically. standard methods for prion inactivation by sodium 
hydroxide or sodium hypochlorite have failed, in some cases, to fully remove prion infectivity, while they are often 
impractical for routine applications. Prion accumulation in peripheral tissues and indications of human-to-human blood-
borne prion transmission, highlight the need for novel, efficient, yet user-friendly methods of prion inactivation. here we 
show both in vitro and in vivo that homogenous photocatalytic oxidation, mediated by the photo-Fenton reagent, has 
the potential to inactivate the pathological prion isoform adsorbed on metal substrates. Photocatalytic oxidation with 
224 μg mL-1 Fe3+, 500 μg mL-1 h-1 h2O2, UV-a for 480 min lead to 100% survival in golden syrian hamsters after intracra-
nial implantation of stainless steel wires infected with the 263K prion strain. Interestingly, photocatalytic treatment of 
263K infected titanium wires, under the same experimental conditions, prolonged the survival interval significantly, but 
failed to eliminate infectivity, a result that we correlate with the increased adsorption of PrPsc on titanium, in comparison 
to stainless steel. Our findings strongly indicate that our, user—and environmentally—friendly protocol can be safely 
applied to the decontamination of prion infected stainless steel surfaces.
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cases. A generalized use of single-use instruments in operating 
theaters would increase costs and introduce severe ergonomic 
deficiencies during the operating process. In addition, the exis-
tence of potentially asymptomatic carriers, the long incubation 
time of the disease and the variety of tissues which may harbor 
infectivity,10 underline the necessity for effective methods of 
prion inactivation in surgical practice.

Additionally, several studies have demonstrated that prion 
infectivity persists over years upon exposure to extraordinary 
environmental conditions.11,12 Incineration of hamster brain, 
infected with the 263K prion strain, at 600 °C, has been reported 
to completely ash the sample, but failed to fully eliminate prion 
infectivity.13 This fact poses important questions concerning 
the disposal of thousands of contaminated or potentially con-
taminated animal carcasses and the risks of transmission to 
other animals and humans from water runoff originating from 
contaminated landfills, meat processing facilities, biochemical 
laboratories and hospitals.14 Thus, prion inactivation remains a 
prominent topic of prion disease research.

Our group demonstrated for the first time that TiO
2
-mediated 

photocatalytic oxidation may significantly reduce prion infectiv-
ity,15 and that the photo-Fenton reagent can degrade PrPSc in 
aqueous media.16 Both methods belong to the group of Advanced 
Oxidation Processes (AOPs), employed mainly in the detoxifica-
tion and disinfection of water and air. Other oxidation processes, 
more importantly those employing gas plasma technologies, have 
been developed, aiming to address the problem of prion inac-
tivation, requiring, however, sophisticated equipment.17,18 Here, 
we investigate the potential of homogenous photocatalysis, a 
simple, user-friendly process that takes place under mild envi-
ronmental conditions, mediated by the photo-Fenton reagent, to 
inactivate prions adsorbed on stainless steel and titanium sub-
strates, by in vitro techniques and bioassays in suitable prion 
models. According to our knowledge, this is also the first report 
of photo-Fenton based removal of organic targets adsorbed on 
solid substrates.

Results and Discussion

In the present study, photocatalytic decontamination of prion-
contaminated metal substrates is mediated by the photo-Fenton 
reagent (Fe3+/H

2
O

2
/UV-A,Vis). The Fenton reagent, a mixture 

of Fe+2 and H
2
O

2
, is an attractive oxidative system well known 

for its potential to oxidize organic compounds.19 The oxidation 
mechanism is based on the generation of potent oxidizing species, 
hydroxyl radicals (OH•). The efficiency of this process can be 
greatly enhanced by UV/VIS irradiation20 (artificial or natural), 
which results to the production of additional OH• radicals and 
to the regeneration of the catalyst (Fe2+). These transients, with 
a reduction potential of 2.8 V, can attack and degrade organic 
compounds21 or inactivate viruses and microorganisms22 non-
selectively, leading to their mineralization. Our group was the 
first to demonstrate that the photo-Fenton reagent has the poten-
tial to rapidly degrade recombinant prion proteins as well as PrPSc 
in brain homogenates from different TSE affected mammalian 
species.16

However, it is well known that prions exhibit high bind-
ing affinity to metal surfaces and that when adsorbed, they are 
significantly more resistant to inactivation than prion proteins 
present in brain homogenates.23 Thus, in order to investigate the 
potential of homogenous photocatalytic oxidation to inactivate 
PrPSc adsorbed on metal surfaces, two substrates commonly used 
in the manufacture of non-disposable surgical instruments, were 
employed in the study: stainless steel and titanium. Although 
stainless steel continues to serve as the most popular material 
for this purpose, the use of titanium increases rapidly, due to its 
excellent corrosion resistance, its lack of magnetic properties, its 
biocompatibility and its lower specific weight.24 When exposed 
to environmental conditions titanium is passivated, forming a 
protective layer consisting of TiO

2
 in the TiO

2
 in the rutile crys-

talline form, known for its ability to strongly adsorb organic mol-
ecules.25 Thus, in the present study TiO

2
 (rutile) particles served 

as substrates for contamination with the RML prion strain, by 
incubation with a 10% w/v mouse brain homogenate. The con-
taminated particles were then treated photocatalytically with 
the photo-Fenton reagent. After 120 min of UV-A irradiation 
in the presence of 56 μg mL-1 Fe3+ and 600 μg mL-1 h-1 H

2
O

2
 

(pH: 3.5), complete degradation of the total protein organic load 
was observed (Fig. 1A). Elimination of the PrP signal occurred 
within 60 min of photocatalytic treatment under the same exper-
imental conditions (Fig. 1B). Visualization of PrP was performed 
employing the highly sensitive West Femto substrate.16 Control 
experiments, performed in combinations in which at least one of 
the photo-Fenton components was absent, showed no or partial 
protein degradation, as expected, in the case of Fe3+/H

2
O

2
 in the 

absence of UV-A irradiation (data not shown).
Several studies, however, have demonstrated that elimina-

tion of the PrP signal verified by immunoblotting, often does 
not correlate with complete removal of infectivity.26 Therefore, 

Figure  1. Photo-Fenton treatment of TiO2 (rutile) particles contami-
nated with the RML scrapie strain. 0.2 g of TiO2 were incubated with 10% 
w/v RML mouse brain homogenate and were then treated with 56 μg 
mL-1 Fe3+, 600 μg mL-1 h-1, UV-a, ph: 3.5. (A) sDs-PaGe, following agNO3 
staining of adsorbed proteins after treatment with photo-Fenton at the 
indicated time points (min). (B) western blotting of adsorbed PrP after 
treatment with photo-Fenton at the indicated time points (min). Primary 
antibody: 12F10, visualization: West Femto substrate (Pierce). arrow: 32.5 
kDa relative molecular mass marker. 
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a bioassay was conducted, based on the intraperitoneal inocula-
tion of C57BL mice with RML-contaminated TiO

2
 particles. As 

expected all mice inoculated with 20 mg of RML-contaminated 
TiO

2
 (which corresponds to approximately 140 cm2 of con-

taminated titanium surface/animal) were clinically affected 
and sacrificed at the terminal stage of the scrapie illness, 250 d 
post inoculation. On the other hand, 67% of the animals that 
were inoculated with prion-contaminated TiO

2
 particles fol-

lowing photo-Fenton treatment for 180 or 360 min under the 
experimental conditions previously described remained asymp-
tomatic even 453 d.p.i. (Table 1). Furthermore, the difference in 
the incubation period of the clinically affected mice (2/6) of the 
two photo-Fenton treated groups, in comparison to the positive 
control group, was statistically significant (P < 0.01). Although a 
100% survival rate was not accomplished by the applied photo-
catalytic protocol, it should be stressed that the proposed method 
of exposure to prion infectivity introduces an important advan-
tage, since it enables the administration of a significantly higher 
amount of PrP, in comparison to a wire or a single sphere also 
inoculated i.p.27 We found that the amount of PrP adsorbed on 

TiO
2
 that was inoculated per animal, was approximately 240 ng 

(data not shown), whereas a steel wire (0.15–0.25 mm diameter, 
5 mm length) adsorbs approximately 15–25 pg of PrP.28

Further investigation of the potential of homogenous pho-
tocatalytic oxidation to inactivate prions adsorbed on metal 
substrates was conducted employing the well accepted prion 
infectivity assay, based on the intracranial implantation of steel 
wires.29 Groups of stainless steel or titanium wires (n: 30) were 
contaminated with the 263K prion strain and were then, treated 
with 56 μg mL-1 Fe3+, 300 μg mL-1h-1 H

2
O

2
, UV-A (pH: 3.5). 

Elimination of the PrP signal was achieved, within 60 min or 120 
min in the case of stainless steel and titanium respectively, under 
the employed conditions, as demonstrated by immunoblotting 
(Fig. 2). Densitometric analysis of the PrP bands in Figure 2, 
prior to the photo-Fenton treatment, demonstrated that titanium 
wires adsorb approximately 2.7 times more PrP than stainless 
steel.

Additionally, SEM was employed in order to investigate the 
efficiency of photocatalysis in the removal of adsorbed organic 
contamination from the surface of stainless steel wires. Based on 
the results obtained by immunoblotting, groups of wires (n: 8) 
were contaminated with the 263K scrapie strain and were then 
treated with the photo-Fenton reagent under the conditions pre-
viously described. Interestingly, areas of remaining organic con-
tamination could be detected, even after 480 min of illumination 
in the presence of 56 μg mL-1 Fe3+ and 300 μg mL-1 h-1 H

2
O

2
 

(see Fig. S2). By applying more drastic treatment conditions  
(112 μg mL-1 Fe3+ and 400 μg mL-1 h-1 H

2
O

2
, UV-A) photocata-

lytic treatment resulted in a significant reduction of the surface 
area and the depth of the organic deposits. Careful monitoring, 
however, revealed residual organic contamination (see Fig. S3). 
In contrast, the use of 224 μg mL-1 Fe3+ and 500 μg mL-1 h-1 
H

2
O

2
, UV-A for 480 min, resulted in complete elimination of 

organic contaminants within 480 min of treatment (Fig. 3). On 
the other hand, in the case of titanium, detection of residual con-
tamination based on SEM was often hindered, due to the pres-
ence of the rough protective layer of TiO

2
, especially when the 

organic deposits were limited in size and depth (see Fig. S4).
Fluorescent microscopy was employed in order to monitor the 

removal of protein contamination from the surface of the wires. 
Groups of wires (n: 8) were contaminated with the 263K scrapie 

Figure 2. Photo-Fenton treatment of stainless steel and titanium wires 
contaminated with the 263K scrapie strain. Western blotting of PrP 
adsorbed on the surface of wires previously incubated with 10% w/v 
263K hamster brain homogenate and then, treated with 56 μg mL-1 Fe3+, 
300 μg mL-1 h-1 h2O2, UV-a, ph: 3.5, at the indicated time points (min). 
Primary antibody: 6Η4 (Prionics, aG), visualization: cDP-star substrate 
(New england Biolabs). arrow: 32.5 kDa relative molecular mass marker. 

Table 1. efficiency of the following photo-Fenton decontamination of scrapie infected TiO2 particles based on a bioassay employing c57BL/6J mice

Group No Description Survival rate (%)
Clinically affected/ 

Total number
Survival interval ± 

standard error (days)

1 aPositive control, 1% brain homogenate 0 4/4 236.8 ± 2.3

2 aPositive control, contaminated rutile 0 5/5 249.8 ± 8.6

3 bphoto-Fenton, 180 min 67 2/6b 269.0 ± 32.0

4 photo-Fenton, 360 min 67 2/6 278.5 ± 22.5

animals were inoculated with 0.02 g RML-contaminated TiO2 particles following photo-Fenton treatment (56 μg mL-1 Fe3+, 600 μg mL-1 h-1 h2O2, UV-a, ph: 
3.5). asymptomatic animals were sacrificed 453 d.p.i. Only clinically affected animals were taken into account in the calculation of the survival interval. aThe 
difference in the incubation period between the two positive control groups was not statistically significant, demonstrating similar initial infectivity titers. 
ban asymptomatic individual was found with PK-resistant cerebral PrP, 453 d post inoculation (see Fig. S1). 
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strain and were then treated with the photo-Fenton reagent  
(224 μg mL-1 Fe3+ and 500 μg mL-1 h-1 H

2
O

2
, UV-A). Similarly 

to SEM, elimination of the fluorescent signal was observed 
within 480 min of photocatalytic treatment of stainless steel 
wires (Fig. 4). However, when decontamination was held under 
identical experimental conditions on titanium, the fluorescent 
signal was significantly reduced but not completely eliminated 
(Fig. 5).

Estimation of the area of protein contamination detected 
by fluorescence microscopy was conducted by densitometric 

analysis. The amount of protein contamination on titanium, 
prior to the photocatalytic treatment, was approximately 3 times 
higher in comparison to the stainless steel wires (Fig. 6). This 
finding is in good agreement with the increased adsorption of 
PrP on titanium as already demonstrated by immunoblotting 
(Fig. 2). Photo-Fenton treatment of stainless steel for 360 min 
lead to almost complete elimination of the fluorescent signal 
(Fig. 6A); however, under the same experimental conditions, 
areas of protein deposits could still be detected on the surface of 
titanium wires (Fig. 6B).

Based on the findings of both scanning electron and fluo-
rescence microscopy, a bioassay was conducted, involving intra-
cranial implantation of both types of wires in golden Syrian 
hamsters, in order to further investigate the potential of photo-
Fenton to efficiently inactivate adsorbed PrPSc. As expected, all 

Figure  3. scanning electron Microscopy of stainless steel wires. a: 
uncontaminated, b-e: incubated with 10% hamster brain homogenate 
infected with the 263K prion strain and treated with 224 μg mL-1 Fe3+, 500 
μg mL-1 h-1 h2O2, ph = 3.5, UV-a for 0, 240, 360, and 480 min respectively. 
White bar: 200μm, black bar: 20 μm. Panels to the right (a2-e2) are close 
ups of respective areas of the left column (a1-e1). 

Figure  4. Fluorescence Microscopy of stainless steel wires. (A) uncon-
taminated, (B–E) incubated with 10% hamster brain homogenate 
infected with the 263K prion strain and treated with 224 μg mL-1 Fe3+, 500 
μg mL-1 h-1 h2O2, ph = 3.5 and UV-a for 0, 240, 360, and 480 min respec-
tively. each row of panels (1–2) demonstrates areas of wires of the same 
group. Bar: 200 μm 
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animals in the positive control groups (Table 2) were clinically 
affected. Interestingly, the difference in the survival interval 
between these two groups was found to be statistically signifi-
cant (t test, P < 0.05). This finding indicates that titanium not 
only adsorbs a higher amount of PrP, organic and protein load 
as demonstrated by immunoblotting, scanning and fluorescence 
microscopy respectively, but it also binds a significantly higher 
amount of initial prion infectivity. Furthermore, the increased 
amount of initial infectivity on the surface of titanium resulted 
in differentiated survival rates when both types of wires were 
subjected to photocatalytic treatment under the same experi-
mental conditions for 360 min (Table 2, groups 3 and 7). A 
62.5% survival rate was observed in the case of stainless steel, 
whereas all animals implanted with 263K-contaminated tita-
nium wires were clinically affected. However, the extension in 
the survival interval of the individuals of group 7, in compari-
son to the positive control group 6, was statistically significant  
(P < 0.001).

Prolonged photocatalytic treatment (224 μg mL-1 Fe3+,  
500 μg mL-1 h-1 H

2
O

2
, UV-A, 480 min) of prion-contaminated 

stainless steel resulted in complete elimination of the initial 

infectivity (Table 2, group 4). All individuals demonstrated no 
sign of the scrapie illness and were euthanized 505 d.p.i. The 
absence of PrPSc in the brains of all asymptomatic animals was 
verified by immunoblotting (see Fig. S5).

In conclusion, the present paper demonstrates for the first 
time the potential of homogenous photocatalytic oxidation, 
mediated by the photo-Fenton reagent, to effectively degrade 
and inactivate prions adsorbed on metal surfaces. The mecha-
nism of inactivation is based on the oxidative attack of powerful 
transitory species. Moreover, a novel method of prion trans-
mission, via intraperitoneal inoculation of prion-contaminated 
TiO

2
 particles in C57BL mice, is presented. This method sig-

nificantly increases the amount of inoculated PrP and could 
offer an alternative or a supplement in future prion inactivation 
studies. The current study also investigates for the first time the 
behavior of titanium, a material commonly used for the manu-
facture of surgical instruments, in terms of prion adsorption and 
following decontamination efficiency. Both in vitro and in vivo 
analyses reveal that titanium adsorbs more protein and PrP, thus 
more intensive treatment conditions are required in compari-
son to stainless steel. This finding raises questions concerning 
the adequacy of current protocols of decontamination of non-
disposable metallic surgical instruments in healthcare facilities, 

Figure  5. Fluorescence Microscopy of titanium wires. (A) uncontami-
nated, (B–D) incubated with 10% hamster brain homogenate infected 
with the 263K prion strain and treated with 224 μg mL-1 Fe3+, 500 μg 
mL-1 h-1 h2O2, ph = 3.5 and UV-a for 0, 240, and 480 min respectively. 
each row of panels (1–2) demonstrates areas of wires of the same group.  
Bar: 200 μm 

Figure 6. surface protein contamination in groups of wires (n = 8), after 
densitometric analysis of fluorescence micrographs. (A) stainless steel, 
(B) Titanium. homogenous photocatalytic treatment was performed 
in the presence of 224 μg mL-1 Fe3+, 500 μg mL-1 h-1 h2O2, and UV-a  
(ph = 3.5). 
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since the vast majority of decontamination studies and the opti-
mization of protocols have been conducted employing stainless 
steel substrates. The specific type of the stainless steel used in the 
manufacture of instruments may affect PrP adsorption,30 while 
even the prolonged age of instruments is known to aid the accu-
mulation of deposits onto wearing sites.31 Furthermore, contrary 
to immunoblotting, SEM and fluorescence microscopy have 
served as particularly sensitive tools, aiding the standardization of 
our photocatalytic decontamination protocols, prior to the bioas-
say. This finding could perhaps contribute to the reduction of the 
number of animals used in future prion decontamination studies 
employing metal substrates.

Indeed, further work is required, under real conditions, before 
this process could evolve into a mature application, both for the 
decontamination of surgical instruments and the treatment of 
contaminated biological waste, including the design of a prac-
tical setup and the reduction of treatment times by employing 
even more drastic treatment conditions. However, this proposed 
homogenous photocatalytic decontamination process, among 
others, bears another very significant advantage: It may also be 
efficient for parts of the instruments not directly illuminated, 
since its’ main reaction (Fenton reaction), responsible for the 
production of the highly oxidative species is, in fact, a dark reac-
tion.16 Furthermore, the simplicity of the technique, the mild, 
instrument-compatible and user-friendly operational conditions, 
the low cost of the reagents and equipment and the potential of 
catalyst reuse, render homogenous photocatalytic oxidation a 
promising tool for decontamination applications, which could be 
exploited alone or in combination with traditional disinfection 
processes.

Materials and Methods

Contamination materials
Brain homogenates (10% w/v) were prepared in phosphate 

buffered saline (PBS) and 5 mM phenylmethylsulfonyl fluoride 
(PMSF), using a FastPrep (Thermo Scientific) apparatus. Brain 
tissue originated from terminally ill C57BL/6J female mice 
infected with the RML scrapie strain, as well as from male golden 
Syrian hamsters infected with the 263K scrapie strain. A 10% 
w/v brain homogenate from a healthy hamster was similarly pre-
pared. The presence of protease-resistant prion isoform in scrapie 

infected brains was verified by digestion with protease K, fol-
lowed by western blot immunodetection.32

Contamination of surfaces
TiO

2
 particles (rutile, Alfa-Aesar, 1–2 μm diameter, 7092 cm2 

g-1 surface area) as well as stainless steel and titanium wires (Alfa-
Aesar, 5.0 mm length, 0.25 mm diameter) served as substrates for 
scrapie contamination. TiO

2
 particles were incubated with 10% 

w/v RML brain homogenate for 3 h (h) at room temperature 
under constant agitation, washed with PBS and dried for 16 h at 
room temperature, prior to the photocatalytic treatment. Wires 
were cleaned by ultrasonication in a 2% w/v Triton X-100 solu-
tion, rinsed in distilled water and dried at 37 °C. The wires were 
artificially contaminated by immersion in 10% w/v scrapie brain 
homogenate for 1 h at room temperature (positive controls) or 
in normal hamster brain homogenate (negative controls). Wires 
were then dried for 16 h at room temperature. Excess of unbound 
infectivity was removed by rinsing for 5 min in PBS.

Photo-Fenton decontamination
Analytical grade FeCl

3
•6H

2
0 and H

2
O

2
 were used in the 

study. Photocatalytic treatment of prion-contaminated TiO
2
 

particles and wires, was performed at room temperature in poly-
styrene plates and the reaction mixture in each well was gently 
stirred during the treatment. Irradiation was performed using 5 
parallel black light blue fluorescent tubes (TLD 8W/08; Philips, 
UV-A region, 340–400 nm), placed 10 cm above the solution 
surface. The light intensity was 9.1 ± 0.2 mW cm-2 as measured 
by a PMA 2100 radiometer (Solar Light Co) equipped with a 
UV-A S/N 8773 detector. Substrates were treated in the presence 
of UV-A with Fe3+ and H

2
O

2
 at pH 3.5. Control reactions were 

performed in combinations in which at least one of the photo-
Fenton components (Fe3+/H

2
O

2
/UV-A) was absent.

Electrophoresis and immunoblotting
After photocatalytic processing, the substrates were incubated 

at 100 °C with O’Farrell loading buffer,33 to remove any remain-
ing protein contamination. Degradation of total protein adsorbed 
on the substrates’ surface was monitored by SDS-PAGE34 fol-
lowing silver staining,32 whereas degradation of adsorbed PrPSc 
was followed by immunodetection.32 For the immunodetection 
of RML, blots were probed with the anti-PrP monoclonal anti-
body 12F10 (Cayman chemical), whereas for the 263K strain 
the anti-PrP monoclonal antibody 6H4 (a generous gift from 
Prionics) was used.

Table 2. Bioassay of wires contaminated with the 263K scrapie strain

Group No Treatment survival interval ± standard error (days) clinically affected/ Total

1 Negative controls, stainless steel >505.0 0/3

2 Positive controls, stainless steel 135.0 ± 8.0 3/3

3 360 min photo-Fenton, stainless steel 302.0 ± 29.3 3/8

4 480 min photo-Fenton, stainless steel >505.0 0/8

5 Negative controls, titanium >505.0 0/4

6 Positive controls, titanium 113.8 ± 3.5 4/4

7 360 min photo-Fenton, titanium 202.9 ± 5.8 8/8

after photo-Fenton treatment (224 μg mL-1 Fe3+, 500 μg mL-1 h-1 h2O2, UV-a) wires were intracranially implanted in male golden syrian hamsters. The 
survival interval of group 3 was calculated taking into account only the scrapie affected animals.
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Scanning electron (SEM) and fluorescence microscopy
SEM inspection of the wires’ surface was performed using 

a JEOL, JSM-840A microscope operating at 21 kV. SYPRO 
Ruby fluorescent protein staining of wires was conducted as 
described elsewhere.35 Fluorescence microscopy was performed 
using a Nikon Eclipse TE2000-4 microscope, equipped with a 
HQ TexasRedrhodamine filter. Estimation of the f luorescent 
area of the wires was performed with the ImageJ software (ver-
sion 1.37v, http://rsb.info.nih.gov/ij/).

Bioassays
The hamster-adapted scrapie strains 263K and RML were 

propagated in golden Syrian hamsters and C57BL/6J mice, 
respectively. Bioassays were conducted according to the regula-
tions of the local ethics committee (reference number 13/7225). 
TiO

2
 particles were inoculated intraperitoneally into C57BL/6J 

female mice (Charles Rivers Laboratories). Wires were indi-
vidually implanted into the right frontal parietal lobe of anes-
thetized 8 week-old male golden Syrian hamsters (Harlan 
Laboratories). Animals were regularly monitored for clinical 
signs of scrapie and were euthanized at terminal stage of the 
disease. Asymptomatic mice and hamsters were euthanized 

453 and 505 d post inoculation (d.p.i.), respectively. Diagnosis 
of TSE was confirmed by detection of PrPSc in brain tissue by 
immunoblotting, according to a previously described protocol.32
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