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Introductlon

Summary ~ A previous study has demonstrated the potential of alkaline

- proteases to inactivate bovine spongiform encephalopathy (BSE301Y), Hére'

we explored the use of MC3, a genetically engineered variant of Bacillus lentus
subtilisin. MC3 was used to digest BSE301V infectiois mouse brain homogenate

-(iMBH). MC3 eliminated all detectable 6H4-immunoreactive material at pH 10

and 12; howéver, Proteinase K was only partiatly effective at pH 12. When

bioassayed in VM mice, MC3- and Proteinase K-digested iMBH gave

respectively 66.6% and 22.7% survival rates. Using a titration series for disease
incubation, thisequates toa >7 log reduction ininfectivity for MC3 and >6 log

‘reduction for Proteinase K. This study demonstrates the potential for thermo-

stable proteases to be developed as effective lnactwatlon processes for pricn
agents in healthcare management. '
Crown Copyright @ 2009 Published by Elsevier Ltd on behalf of The Hospltal
Infection Society. All rights reserved.- .

generated a number of public health issues. Although
any residual risk of eating BSE-contaminated food has

The emergence of bovine sponglform encephalopathy been minimised, there continues. to be a threat of
(BSE) in cattle, believed to have given rise to variant ~ onward transmission: by fatrogenic réutes.
Creuufeldt_Jakob disease (VCJD} in humans) has ., Deﬁning the leVelS of risk of transmission of

human prion disorders via surgery, transplant or

transfusion has proved difficult due to.the unique

* Corresponding author. Address: Technology Develeprnent nature of these agents ‘uncertainties about
H

Group, Health Protection Agency, CEPR, Porton Down, Salisbury,
Wiltshire SP4 0JG, UK. Tel.: +44 1980 612100; fax: -+44 1980

612622,

the underlying prevalence of the disease and the
. absence of ante-mortem diagnostic methods. The

F-mail address: mark.sutton@hpa.org.uk number of clinical vCJD. cases remains low: 167

0195-6701/5 - see front matter Crown Copyright © 2009 Published by Elsevier Ltd on behatf of The Hospital infection Society. All rights reserved.
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{dead and alive) definite or probable cases of vCJD
in the UK with a further 43 cases worldwide to
June 2008 [University of Edinburgh’s National
Creutzfeldi—Jakob Disease Surveillance Unit
{NCJDSU} website]. All clinical cases have been
restricted to a single genotype, being homozygous
for methionine at codon 129 of the prion protein
gene (PRNP). Further cases of potential infection,
with no known clinical disease, have been identi-
fied in the two remaining genotypes: two valine
- homozygotes- from a retrospective study looking
at appendix samples and a heterozygote case of
‘blood transfusion related transmission.’™> Studies
suggest that clinical manifestation in these geno-
types may require extended incubations and poss-
ibly present with different clinical symptoms.*>
The estimation of transmission risk via vCJD is
difficult as certain aspects of its presentation differ
_ significantly from the historical forms of CJD. PrP%,
a biomarker for prion infectivity, has béen found at
much higher levels in vCJD-infected lymphoid and pe-
ripheral nervous tissue than sporadic CJD (sCJD) in-
fected tissue.®” This suggests that the iatrogenic
transmission of vCJD is more likely than sCJD, which
- is supported by the.identification of four cases of
transfusion-related vCJD.>*° However, there are
", well-documented cases of transmission of sCJD via
neurosurgery, transplant of dura mater and human
-growth hormone.'®"* Some studies have also sug-.
gested that an increased rate of sCJD is associated

with an increase in the number of surgical events an -

individual may have undergone.’.® In addition, PrP*
signal has been shown in sCJD-infected skeletal mus-
cle and adrenal gland,-suggesting that infectivity
may be more widespread than originatly thought.”*®
- Given the high levels of untertainty, validated
methods for the decontamination of surgical in-
struments are urgently required. It is widely ac-
cepted that autoclaving only partially inactivates
TSE agents.'?® The World Health Organization
(WHO) recommends extended treatment with high

‘concentrations of sodium hypochlorite or sodium -

hydroxide but these are not suitable for many appli-
cations, including routine-decontamination of surgi-
cal instruments,?! We report here an extension of
-our previous work using genetically engineered al-
‘kaline proteases in an inactivation model relevant
to treatment of surgical instruments.

Methods

Reagents and models

Proteinase K was supplied by Finnzymes (Espoo,
Finland) and MC3 ('Prionzyme™') by Danisco US
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inc., Genencor Division (Rochester, NY, USA).‘

‘Preparation of BSE301V mouse brain homogenate,

analysis by sodium dodecyl sulphate (SDS)—poly-
acrylamide gel electrophoresis, western blotting
and bioassays were carried out as previously
described.” Animal studies were conducted in
compliance with current UK Home Office regula-
tions and licences.

Assessment of the subtilisin variants

The kinetic parameters k.., Ku, and kca:}.KM' were
measured by hydrolysis of succinyl-L-Ala-t-Ala-t- |

Pro-t-Phe-p-nitroanilide (AAPFpna).> To assess ther-
mal stability, purified enzyme {15 pg/ml in 0.1 mol/
L glycine, 0.01% Tween-80, pH 10.0) & 50 mmol/L
CaCl; was incubated at 10°C for 5min, 10°C to
60°C over 1 min and 60°C for 20 min, then ptaced

- on ice for 10 min and enzyme activity measured by

hydrolysis as above.

Results

. Protéase digestion of 'infect_ious MBH (iMBH)

Digestion of BSE301V iMBH by MC3 was assessed at
different pH values. At atl pH values tested, MC3
was able to reduce the levels of 6H4-reactive

‘material as detected by western blot {Figure 1).

The western blots showed the presence -of the
characteristic triple bands corresponding to the

. unglycosylated, monoglycosylated and diglycosyl-

ated forms of PrP, Bands were fuily digested at
pH 8, 10 and 12: this is in line with previous results™
showing that alkaline pH is critical to effective di-
gestion: of PrP* by subtilisin-type proteases.”? At
pH 4, PrP* is.only partially digested, whereas
greater digestion is.observed at pH 2 and 6, sug-
gesting that the conformation at pH 4 may be es-

pecially resistant to proteolysis. Proteinase K was .

relatively poor at eliminating PrP5 with a smear
of material evident even at pH 12, partial digestion
of PrP5 at pH 8 and 18, resolution to PrP*< at pH 6
and little or no effect at pH 2 and 4 (Figure 1). Di-
gestions of iMBH with MC3 at 5Q, 60, 70 and 80°C
were analysed by westemn blot; digestion at 60 °C
appeared to be most effective (data not shown).
Assessment of MC3-digested iMBH by bioassay
gave a highly significant reduction in the overall
levels of infectivity compared with our previous
study {Figure 2). Of the mice challenged with MC3-
digested iMBH, 66.6% survived to the end of the
study with a mean incubation of 447 & 154 days
(assuming that all animals had been culled at 18

+
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months post challenge). This compares with 29.2%
(315173 days) and 30.4% (326162 days) sur-
vival for 1077 and 107 dilutions of iMBH respec- -
tively. 2 The incubation period (447 & 154 days) is
significantly different from the 10~% dilution
(326 & 162 days), equating to a >7 log clearance,
as, assessed by Kaplan—Meier survival analysis
(P=0.0195). Data from our previous study show in-
cubation of iMBH with pH 12 buffer resulted in a're-

- duction in.infectivity of ~1 log from 135.8 +5.59
to 142.8+9.62 for an equivalent dilution of
iMBH. Extended mcubatmn pertods of 327 4151
days were also obtained for Proteinase K digestion
although there was a lower overall survival rate of
22.7%. These values were not significantly differ-
ent from the 107 dilution (P=0.7971). Histology

_was carried out to confirm disease pathology and-
showed "complete correlation between clinical

. . . ‘endpoint and’signs of disease in the bram (results

Figure 1 Degradation of 6H4-immunareactive material  not shown).

by proteases under alkaline conditions. Infectious mouse

brain homogenate (iMBH) dlalysed against pH buffer indi- Relevance of the genetic modlﬁcatwns to

cated, digested far 30 min at 60 °C with 2 mg/ml.MC3 (A}
and Proteinase K (B). Digestion was assessed by western MC3 and its ability to digest prion material

blot with 6H4. Lane r: recambinant PrP {Prionics); lane ]
u undlgested iMBH in PBS. o MC3, a propnetary alkalme protease, represents

a genetically engineéred variant of the Bacifius
lentus subtilisin with amino acid changes N76D/

w 2 .4 & 8 10 12 r
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Figure 2 Bioassay survival curves of protease-treated BSE-301V infectious mouse brain homogenate (iMBH) in VM
mice. Percentage survival of mice was assessed following protease digestion of 10% BSE301V iMBH. The values
. were compared to a titration of iMBH in naive MBH {nMBH) as published previously.??
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Table 1 Thermal stability and enzymatic characteristics of engineered proteases®
Thermal stability (T4,2 min}® Enzyme kinetic analysis )
(% of Purafect) kear (1/5) Ky, (M} Keaed K
Purafect ) 100 170 0.78 2.20E+ 05
Properase ' 100 435 1.89 230E4+05
MC3 460 830 1.6 5.20E 405

B Measured by hydrolysls of sucanyI-L-Ala-L-Ala -1-Pro--Phe-p- n{troanilide atpH 8.6, 25°C,

b pH 10 buffer.

S103A/V1041.%* The effects of the three amino acid
modifications in MC3 were compared with both the
parent enzyme {wild type Bacillus leritus subtili-
sin; Purafect} and Properase (Table ). At pH 10,
MC3 shaws significantly improved thermat stability
with the half-life of the enzyme extended by >4.5-
fold compared with Purafect and Properase. En-

zyme kinetics were measured by hydrolysis of the

substrate AAPFpna. MC3 showed significantly im-
proved catalytic properties with a higher catalytic

rate (keat/Ku) Of 5.2 x 10° compared with 2.3 x 10>

for Properase and 2.2 x 105 for Purafect.

Dlscussmn

This study. demonstrates the ablllty of genetically -

engineered proteases, selected for improved sta-
bility and catalytic properties at alkaline pH, to
digest prion material. We have reduced BSE301V.
infectivity from ~3 log with Properase in our pre-
vious study to >7log with MC3. This compares
favourably with estabtished decontamination/disin-
fection processes and is beyond the 5 log reduction
recommended by the Spongiform Encephalopathy

Advisory Committee (SEAC) on its website, MC3 .

can be easily introduced into existing healthcare
practice and avoids the harsh conditions for instru-
ments, operators and the environment that are as-
sociated with- the WHO guideline conditions of
** 20000 ppm active chlorine or T mol/L sodium. hy-
droxide, The alkaline pH required for inactivation
-is comparable with other alkaline prion inactivat-
ing cleaners on the market (neodisher® Septo-

Clean, Serchem Deilta) and is compatible with .
stainless ‘steel instruments. The 30 min contact

time of the enzyme with iMBH was selected on
the basis of compatibility with a pre-soak process
for the final product, :

Since the publication of our earlier study,
several other groups have described approaches
to the inactivation of prions including further
. protease-based, detergent-based and gas-phase
inactivants.?®%*~3% Comparing data between these
_models is extremely difficult as a variety of TSE
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agents, animal models and chaltenge regimes
have been used to assess decontamination. The

- relevance of different scrapie strains to the inacti-

vation of human prion agents (and BSE) has been
questioned, given their lower stability to thermal,
chemical and enzymatic denaturation,2%:36:37
Given this uncertainty-it would seem most appro-
priate to use a high titre TSE agent that is directly
relevant to human disease in an animal model with
no transmission barrier. At the moment such
models are limited to the type of strain used

"here, a murine passaged BSE strain as a model

for BSE and vCJD,. or vCJD/sCJD in a human trans-

" genic murine model.

Many inactivation studies have used the wire
implant model as pioneered by Weissman and
colleagues.®® Although these studies are clearly
directly relevant for assessing the effectiveness
of prion removal from steel surfaces, they may
be limited in their ability to show large reduction
values due to the limited volume of ‘material on -
the wire. Titration curvesfor 263K scrapie on wires
consistently show a very rapid decrease in infectiv-
ity at ~4—6 log dilutions compared to the 8log
dilutions typical of this agent in solution. 30,31 | im-
ited data using wire implants in overexpressing
transgenic mouse models offer no improvement
in sensitivity.?®? SEAC has highlighted on its web-
site the need for a standardised model which can
be used to compare the efficacy of decontamina-
tion technologies. The guidance suggests that
a suitable model shoutd mimic the clinical situa-
tion, for which the decontamination technology
is to be used, as closely as possible. SEAC recog-
nises that infectivity bound to a metal surface,’
particularly material that is dried on, may repre-
sent a tougher challenge than infectivity in solu-
tion.. However, the guidance also suggests that
any decontamination process should demonstrate .
a reduction in infectivity of >5 log, to offer an ap-
preciable improvement over existing practices. In
reality this may mean that two models need to
be employed: a wire model te demonstrate clinical
efficacy and an "in-solution” model to ensure suffi-
cient dynamic range.





