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1 NVENTI ON: PRI ON DI SI NFECTI ON TECHNI CAL FI ELD Thi s i nvention relates to
conpositions and nmethods for inactivating prions and to neans fo

di si nf ecYOf3/%#0%ri-al s contaninated by prions or by S|rnIP$rT’-AU92““m92
conformationally altered 25 proteins. BACKGROUND ART Historicallly,

i nfectious agents such as bacteria, fungi, parasites, and viroids have well
-~ established nethods of control. that i nvol ve various forns. of di si nfection
~and sterilization (e.g. steamsterilization, dry sterilization,
pasteurization, sterile filtration, treatnent with 30 ethyl ene oxide,

gl ut ar al dehyde, phenols or other disinfecting chemcals, radiation,.etc.).
Wth viruses, there are also est abl i shed net hods for exanple Iomerlng t he
‘pHto 4.0 or below, heating at 60C for extended periods, or use of organic

- solvents in high concentrations.” In addition, UV treatnent, formal dehyde

. and specific antiviral agents have ‘“been enployed. 35 02. AUG21105 WO
02/ 062400 PCT/ AU02/ 00092 -2 , ' . L
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20 TITLE OF THE INVENTION: PRION DISINFECTION

TECHNICAL FIELD
This invention relates to compositions and methods for inactivating p.rioz_ls and to means
for disiﬁfecting materiz_ﬂs contaminated by pr_ions or by similar confonhationally altered
25 .proteins.
. 'BACKGRO.UND ART
" Historically, infeciiéﬁs_ agénté such as béct.&ia, fung1 parasites, and viroidg have well
: establishéd methods of control that jnvolVe variétis forms of disinfection and sterilization
(e:g. stemﬁ steri’liz.ation;' dry sterili.;ation, pasteurization, sterile filtration, treatment with
30 _iet_hyle,ne oxide, glutaraidehydc,'pﬁcnols o? other disinfecting chemicz-l.ls,. radiation, ¢tc;).
With \?imses, there afe élso established méthods for example lov.ve‘ri;-lg-the pH to 4.0 or
below, heating at 60°C for ex'ten.de.d periods, or use 6f organic solvents. in high
chcentrations.. In addiﬁon, UV treatment, fofmaldehyde and speciﬁ.c _zmtiviral agents have
been employed.
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For some years now, new and previously unknown species of pat hogeg' CA G Ot S
- have appeared and have been reported in scientific publications. These
have been referred to as . prions and present one of the greatest challenges
faci ng t NEOWBA@F PO care i ndustry today. Prions are infectimusapaidiel es
that differ frombacteria and other previously known 5 infectious agents.
While there is no firmevidence on the exact structure of prions, a nunber
" of diseases have been identified recentl'both in humans and aninals, that
appear to be attributable to prions. As detailed in PCT/US00/ 14353 (the
‘cont ent of Rehsa@he y&ars have atrepoiratpeeyibesleinknoyr spbeeepCeithodetitape s s0ases
attributed to prions include Kuru, Creutzfeldt-Jakob disease (CID),

Cer st-mann- QhhaNsBA LI ' IS QASE: éﬁﬁ) : | A1
| nsomi a. (FEF) . I%\rﬂa]}ia?i?? ?%d;&?%négrliﬁgﬁégiléeasehscao hg%%éav%?%%?g%%@gas
animals are _included in the. group of nown _.prion di seases. Scrapie of
sheep and doat gg?ésjprﬁgiﬂﬁglbesoﬁtﬂfégﬁgg:ﬁ c&ﬁg}ggﬁf%mgrﬁlage‘a e BidEdRsedaeeyer al
- lines of inquiry have suggested a |ink between variant CID and a 15
. precedi ng - épioge ATednisetipnnnagicles by ofifenfrare haeprimpeshethes preBeEly kngvs uccesst ul
t herapeutic treatnents have been developed and as a result these di seases
are al ways ififgttadus agéuteli Whikeohdrbies nor fiiod eiérscetonahd ecdct sthaturk b€ piiagubat i on
period can be up to 30 years in humans ‘and this factor presents a major
- chal | enge tfanitatoSEik@RES Iaive bbdabBThd rddehily $O1HEIn HinACL Ghd BUnAR, BRI HHEAC "IN
the pipeline". 20 G oups possibly at risk of infection include patients who
nmay cone inteQ. ith _in Ted) i ts duri sur.gery,

o cal st a7 Pe AREbATHE W frlone; W ERHERARRCOLSUAL AT St hpltae ™
responsi ble for cleaning and sterilizing instrupents. There are al so s
concer ns tHB(Eorﬁ‘?rBﬁgge ‘9]1"1 gagerﬁwf,glgnﬁpggsgg%aﬁpgutpﬁéq paensvaelads KU ans, G
abattoir workers, . : : ' _

‘ Creutzfeldt-Jakob disease (CJD), Gerstmann-Straussler-Scheinker disease (GSS), and Fatal

10, Familial Insomnia.(FFI).

In addition to prion diseases of humans, disorders of animals are included in the group of
known prion diseases. Scrapie of sheep and goats 1s perhaps the most studied animal |
prion disease. Several ii.nes of inqﬁi:y have suggested a link between variant CID and a
15 preceding epidemic of bovine spongiform encephalopathy (BSE). No successful
: t_herapeutf_c _tre_atmcnts hﬁve been developed and as a result these diseases are always fatal.
| Adding to the prqblem is the fact that thé incubétion "periéd. can be up to 30 yearsin
humans and this féctor pfesents a major chalienge to the scientisfs involved, with some
| predicting an epidemic "in thé pipeline”.
io ' | |
'Gréups .pdssibiy at riskr of infection include patient_s who may come into contact with
infecfed medical inétﬁments during surgerf, medicél étaff dissecting infected material, and
healthcare workers responsible for cleaning and steﬁliiing instruments. There ére also

concerns that groups at risk may be broadened to include veterinarians, abattoir workers,



02 - AUG 2005 WD 02/062400 PCT/ AUO2/ 00092 -3- butchers in contact g@t}m@m
or beef primarily in-Europe and nore recently persons receiving bl ood

: transfusé&ii r. organs from donors incubating a prion disease. The
-structuré -ng(izﬁ%)ns has been the subject of intense investtatitypoghd
different points of 5 view have been expyessed. Sone scientists believe
they are extrenely small viruses, while nobst experts now believe that

prions are;; l.l'y i.nfectious oteins wthaout a or  RNA core. Mre
particul ar Ibsl&%glg I%é%ﬁégcﬁgﬁti‘ CHB’@“‘% e?rfPé}m 'wé 1&5@8%%@%&?%&‘“@9% esses a
protein which can be_ the soluble, non-disease, cellular formPrP or can be
an i nsol uBFE An&RIged rresfpigsmg orggng yram Aererpmerkating dawiontiiease e t hat prion
di seases result 10 fromthe transformation of the normal cellular forminto
the abnormal PrPs” form There is no detectable difference in the am no
aci d sequence of the two forns. The PrP formis conposed of a highly

~« menbr ane asgRGtraked o3 rionsSRAsRe B @b alnseal a8 st s anddli §EShi ;SH?nt‘é'ionh
- protease K. However the PrPs® formhas an altered conformational Torm in

particular hayi Al f B s 1 tion. Properties of..PrPs’
Caet ul 1% TSR RebtblitecsBd Sonfl selbn TR Belib R ) AP el ot R bR PG
- protease resistant cor%eﬁf 27 - 30kDa. Ana%{he{ distinctive feature of the

~ altered confUr MRTSHIY SeRFEILRVASIONS At 3€ualiydricrious paefains @dthquia HNSpPobi ¢
~core- Conventional -disinfection and sterilizing agents have no significant
~effect on pgNorere Merm papigubielydhe edsisensis rew inthabthetPsP gonadefanaimalse pri ons
~and/or to disinfect surfaces on which they nmy be transnmitted have shown

- qan extraor eixpesses aesitsinavideh callte the sslublephicn-deenst rettuaf SHrmaRtsadahbelado
‘severe to be practical for routine disinfection, not only in ternms of tine

.and ~ 1insoluble disease form PrP™. Many lines of evidence indicate that prion diseases resuit

o

10 from the transformation of the normal cellular form into the abnormal rPrPSC form. There s
no detectﬁble difference in the amino acid sequence of the two forms. The PrP¢ form is
composed of a highly membrane associated 33 - 35kDa protein which degrades on
digestion with protease K. However the PrP* form has an altered conformational form, in
particular having a high level of B-sheet conformation. Properties of PrP* useful in

15 diagnosing the infect.ive altered conformational form are a protease resistant core of 27 -
- 30kDa. Another distinctive feature of the altered conformational infective form is that it

'acquir-'es a hydrophobic core.

C_onv'entional disinfectien and steﬁlizing agents have no significant effect O]’.l. pﬁons in an
20 acceptable time. Attempts to deactivate prions and/or to disinfect surfaces on which they
may be transmitted have shown an extraerdinary resistance. The condition.s- required are rr
: generaliy too severe to be practical for routine disinfection, not only in term"sr of time and
cost, but also in terms of damage to materials and occupational health hazards igvolved.
Fer example in one study infectious PfPSC_pa.tticles have been detected i a sarhple after 5-

25 15mins /600°C dry heat although total destruction could be achieved at 1000°C in 15mins




cost, but al'so in terms of damage to materials and occupational hgal Al 2005
hazards i nvolved. For exanple in one study infectious PrPs  particles ﬁ?ve
been detected in a sanple after 5 25 15nmi ns /600C dry heat although total
dest ruct i YA '¥BEHY be achi eved at 1000C in 15nins 02 AUG 2080HAUMMNERE 062400
~PCT/ AU02/ 00092 -4- and in from 1-10hrs at >200C. It has been proposed to
treat with | M caustic soda (PH 4) for 2hrs but that treatnent is

. extremely corrosive, dangerous to staff, and aggressive to nmaterials.

. US5633349 describes a procedure for treating a biological nmateri al

i nvol vi ng 2% iadfame htl Opfstan >B0E Cadt kas beerepropesed 1o tragf) vaith EMd icaistie Bodsdphil4l e

- for a nminimumof 12 hrs 5 (preferably 18 hrs) which suffers fromsinilar

- di sadvant afpe@hrsBet tusecafehtie extirdrhdly nbrostee, mgdennns amfinatd pprdstivhas been
- proposed as preferably that surgical instrunments used in brain surgery

~ shoul d be HeRHRNIUSSEEERO ML h$rddeBhk F6r eaiflh BRRGCHl nlfertd iddflib} on to
bei ng expensive and for sone instrunents inpractical.” 10 PCTIUSOQO 14353 ;

descri bes t - 0F o enderin i ons. non-inf.ectiqus by use of
potycat: onftelBnaRls BRRE{veA By Piashiar B HiSapty Rot piiGeglorla brs
. reversible or_permanent or cgomercially viable for disinfecting surfaces.
" Al t houghR aﬁﬁr%fﬁiagb’nlghlgé) BRsh spisers fem Bwilpndisgdventagasm and the PrPs formit
has al so been 15 suggested that the protein can exist in an internedi ate
formwhich has a 13-sheet content internedi ate between the predom nantly
al pha helix structure of the PrP° formand the predom nantly 13-sheet

conf or mat i Becake bhhe BifRsultiéDmmedditamitaton It Bhabets peepdsbd hd H@ﬁéfeifé?blj? hat absence
of a denaturant. 20 The assenbly or misassenbly of normally sol uble )

prot _ei ns i E'llr@icﬁﬂﬂgtmn@hé k) ¥radl étﬁ'é&%’ should be used only once, but this implies a
disposal risk in addition to being expensi\}e and for some instruments impractical.
10 PCT/US00/14353 describes a method of rendering prions non-infectious by use of a

polycationic dendrimer but it is not clear whetheér that process is reversible or permanent or

commercially viable for disinfecting surfaces.

Although attention has been focused on the PrP® form and the PrP* form it has also been
15 suggested that the protein can exist in an intermediate form which has a 8-sheet content
intermediate between the pfedominantly alpha helix structure of the PrP° form and the (

predominantly f3-sheet co’nformation_ of the P-rP:’S“ form. ahd which retains solubility in the -

absence of a denaturant.

20 The assémbly or misassembly of .normally soluble proteiﬁ_s i_rito conformationaliy aiteréd o,
Insoluble proteins is tho'ught. to be causative of, 6r implicated in, a variety of other diseases.
Although tﬁe -fn\(én'tic;n.wili be herein described in relation to prions, it will be understood
to be applicable to other insoluEle or enzyme resistant conformationally altered pfoteins

' ifnplicated m diséas_c. | |
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-inSOIubIe proteins is thought to be causative of, or |an|cated i g2 AUG 2005

variety of other diseases. Although the invention wll be herein described -
in relation toﬁgrlons it will be understood to be applicable to other
~ i nsol ubl e¥8P28¢#Yhe resistant confornationally altered proteiatzoiapl i cat ed

in disease. 25 02 AUG 2005 WD 02/062400 PCT/ AU02/ 00092 -5 The above

- di scussi on of prior art is not. to 'be construed as an admi ssion with regard

to the common general know edge in Aust?al i a. An obj ect of the invention

‘isto prOV|de i nproved, or at |east alternative, means of 5 disinfecting a

surface i nTb‘t%we\dischssmm adfpsior dohiscrert tcabmcqms&ﬁ@irzrsad admisiineith ssgatdie the
invention renders prions inactive nore efficiently, that is to say nore

.ef fectivel yormlﬂoﬁlg&lé{zﬂfknbwmﬁeerAé’éErathfeCt| vely in a shorter tine, than

“prior art nethods. Certain

-

-gaseous medf ORI O

ighly preferred enbodiments of the invention
achieve better than a 4 log reduction in less than 60 m ns at bel ow 60C. ‘In
sone enbodi nents the invention is al so applicable to prions in situations

ot her than,on,10 Sﬁh aces,. exanIf)Jge in s enS| onin a solid, liquid or
HiVS?tb(ﬁ‘i ‘Eéﬂ pro t”é‘RE“’& r?ﬁ lrasi altemgiive rmedis@ft ro or in

“vivo uses. It is an object of sone enbodinents of the invention to provide

i mpr oved dﬂlﬁ@ﬁ%@gesv wlednfaetad vhithqrivas. brdsodinmeefeged empodiviedts, thagwention
epi mers for preparation of antibodies. 15 The term"prion protein" as

her ei n usetkniles pridesinvaivieamirs efifdiagiyphbsis té b6 10618 cffadthvelpinal gigaﬁsmg,hatas have

other interactions or. activities that are substantially the same as those

52 af u; In dlaﬁét%/@lyﬂﬁ b Qflork: @] thafl BROPAE Rrethidh. UMaBhiGRY pPEFeHBI EmbOMRR: N
- of the invention ach1evc better than a 4 log reduction in less than 60 mins at below 60°C In
some embodiments the invention is also applicable to prions in situations other tha.n. on’
10 surfaces for example in suspension in a sélid, liquid or gaseous medium or in_biological-
systems .and ‘may have other in vitro or in vivo uses. It is an object of some embodiments _ i

of the invention to provide improved diagnostic tools and of other embodiments to provide

novel epimers for preparation of antibodies.

15 .Th.ertem} "prion protein” as herein used includes variants, fragments, ﬁlsiq_ns, and
aha}ogucs that have other intéractions or ac_tivities that ére subs_téntialiy_ the same as those”
of a full length prion protein sequence, but which may be more convem"ent.to use andr
i.ncludes. all forms of secondary structure Thc term is also herein used to ipclude prion

| surrogates, that is to say proteins which are not themselves prions .but which have similar

20  structure or exhibit similar behaviour fo_ pﬁons and can be used to model or predict. hov;r a
prion would perform under sﬁeciﬁ'ed coﬁditions. The term "PrP* pribn p'rot..ein" is |
intended to have a sirr;ilarly broad mezming but is limited to prion proteins which by virtue
6f their secondary or t.ertiary. structure are .em_:yme resistant and includes conformations
which are similarly enzyme resistant

25




includes all forms of secondary structure The termis also herei nggsggls bms
" i:nclude prion surrogates, that is to say proteins which are not thenselves
prions but which have simlar 20 structure or exhibit simlar behaviour to
prions and can be used to nodel or predict howa prion would perform under
specified conditions. The term'PrPs" prion protein" is intended to have a
simlarly broad neaning but is Iimted-t6 prion proteins which by virtue
of their secondary or tertiary. structure are enzynme resistant and incl udes

- conf or mat DESTRIMNGH G €13 INVEBCTMOENZY M resistant 25 02 AUG 2005 -6
'DESCRI PTI ON OF THE | NVENTI ON According to a first aspect the invention

provi des ' h of- di si nfect.i on conpri.si ng the teps. of treatjng.a
surf ace c%ﬁ a&nllm%{?él H\% atsﬁecéiﬁriﬁgerﬁ}oflﬁo‘ﬁa%ﬁ‘g’lnﬁ&’(?fi 03 dbsﬁ}ff:‘aﬁ)é‘t“é”ﬁ%i%dhe' ,
simul taneously with a conbination of (1) ong or nore enzynmes effective to
cleave a PFPOR Beahpe et oty read Withal iRy RaionanotehT et $unwgnisitearadfar
wei ght, and (2) one or nore agents selected to favour confornational
~unf ol di ngsiafultaheouBlyPgith pcombination ef (1) whe bemioat erdgnat viftdive th BRaPOLHQEL NOT €
enzymes. According to a second aspect the invention provides a nethod _
accor disngpidleih i frhéh&dts ASARE b non tket Vel MSeck1BCH LN And 8)) RBS, HordREL2IENT S
selected to pronote or protect folding of the one or re enzynes, W.t hout
preventin - of -1 0 .e] ne. Prefarabl the conditions. are
sel ect ed tge olg(lftggééﬂt‘r&@%l%fc ofdi ng{l‘%)l%/ag}lgﬁoeé%g gf fhs .Peﬂigt PPé‘nﬁFOé?@rW 00t dERAEERG hat
pr ot ei ns Bgvi ng a nol ecul ar wei ght -of |ess than 27kDa are non- 15 infective
and saf e, "B BBTTUFNGISPSt he met hod of the invention envi sages digestion

or
o

According to a second aspect the invention provides a method according to the first aspect,
10 further including (3) one or more agents selected to promote or protect folding of the one or
more enzymes, without preventing cleavage of the prion protein. Preferably, the conditions

are selected to favour unfolding over refolding.

It is presently accepted that proteins having a molecular weighi of less than 27kIDa are non-
15 infective and safe, and gccordin.gly the method of the invention envisages digestion or
(-~ cleavage of the prion to fragments of Which at least.90% and prefefabiy a_ti:a_st 98% are
| iess than 2'7kDa,_and prefgr:—ib_ly less .than 25kDa of_ mo_ré p;;ferably less than 231_&_)&.
~ However, ifin thé fu_mr;: a protéin of less than 27 kDa éhould be found to be infectivé, the
method of the invention could be utﬂized to fragment the protein to fra.grr_lentslof any safe

20 size.

The term “prion swrrogate” as used herein is according to the FDA definition, that is to say,

~ proteins having a similar resistance to proteases due to the presence of p-folding.




cl eavage of the prion fo fragnents of;mhich at Ieastlgoqband pfefﬁQaﬁﬁgzﬂﬁ

- teast 98% are |ess than 27kDa, and preferably I ess than 25kDa or nore

preferably | ess than 23kDa. However, if in the future a protein of |ess
t han 27 kDa should be found to be infective, the nethod of the invention
could be utilized to fragnent the protein to fragnments of any safe 20

~size. The term"prion surrogate" as uséd-herein is according to the FDA
‘definition, that is to say, proteins having a simlar resistance to .

pr ot easeghde@nt Ggbhe iPhe&aREE & inOufiobSibnBemBtal AdeeRQ0S ex@ﬁllp-i-@gnigﬁlé m

"agent" is .herein used to.include both chem cal reagents for exanple

gent” i's I . th agents for example
i ch or POt R APl ERARNN Sl Qp TRy i n R iR e PR R r e, ©

tenperat ur irradiation rid. other - energetic influences which pronote
v

f ol di ng, 2BYOURFEPATAE IS sondHions sHERa P PEYEs, feuPerirgiHadioponud obes WO
02/ 062400 PCT/ AU02/ 00092 -7- agents are sonetines referred to as

" r ef ol-di sgergelgemikienddafrdiich prgmatefvldngre uwortdingnesthe cofilex t wduires. #lding

"denaturing" agents According to a third aspect the invention provides a
nmet hod according to the first or second ‘5 aspect wherein said one or nore
agents selected to favour conformational unfolding includes one or nore
agents selected fromthe group consisting of irradiation, electric field,

. magnetic field, energetic vibration and conbinations thereof. In highly

preferred enmbodi ments of the invention a conbination of chem cal and

- physi cal

¢ ”' .




10 agents is enployed, for exanple the agents of step (2) i”C|UdQQE”A082a5
ani oni c surfactant in conbination w th soni'cation by ultrasound. ™ For
preference the prion .is subjected to sound waves in the ultrasonic range
during tW® 0%062WPnent. However the unfol ding may be i nducec/atozioded by
~other forms of radiation 15 such as nicrowave radiation, radiation in the
radi ofrequency, infra red, visible or. UV spectrum sound at audi bl e or

| ower frequency, energetic_vibration-from mechanical neans such as

magneti ¢ ofSRETATEROTBRLMGS REpTedin T refoldiRs Azeaise LR Hme agpuss arpespmetiEics de -
from electron beamirradiation, |aser irradiation, or electrolysis.. 20
Accor di ng teteredteras Sdquestimg” agwats nvent i on extends to include conpositions

. for use in conducting the nethod, to novel prion fragnments produced by the
~ method and to novel antibodies produced fromsaid fragnents According to
the invention a contam nated surface, for exanple a surgical instrument 25

oo e S8 AP ot ADEOF R b A SRR BN AR B cl 0°
i rotein into fra of, a_non infective nolecul ar

cl eave the prio nt
vei ght . S( cATRPEY RSTEin SE OnE L RIS RESHTS Selfsird 19 fEVSHE CTORMAUONAGRIBIEMED| oct ed

~.to favour. conformational unfolding of the prion protein 5 PrPs . protein is

char act er i Bicludss pye erasetstagents selecied Hem thy senpyansistingcdfudhdigtion slestiofidld
enzynes. Wthout w shing to be bound by theory, the present inventors _
supposed t hagndtheield enbigeancibraionBhPsompimtiensthe@ot t ack by enzynmes is a
consequence of the folded conformation (having a high ratio of B-sheet
rsecondary structure relative to al pha helix :

In highly preferred embodiments of the invention a combination of chemical and physical
10 agents 1s employed, for example the agents of step (2) include an anionic surfactant in

combination with sonication by ultrasound.

Fér pfefereﬁce the prion is subjected to sound waves in the uifr_asonic rangé during the
treatment. However the unfolding may be induced or aided by other forms. of radiation

i5 .such as micro.wave radiation, radiation in the radiofrequenéy, infra red, visible or U.V
spectrum, sound at _audible or lower frequenéy, energetic vibration from mechanical means
Suqh as magnetic or vortex st.i.m'ng-'. Other forms of energetic iﬁput may includé from

electron beam 1rradiation, laser irradiation, or electrolysis.

. 20 According to other aspects, the invention extends to include compositions for use in
conducting the method, to novel prion fragments produced by the method and to novel

antibodies produced from séid fragments

According to the invention a contaminated surface, for examplé a surgical instrument

25 contaminated with a PrP* protein, is treated with a combination of (1) one or more




~cl ear. whet her 't hat

structure). The invention involves the conception that it is possh?lg %2%5
sel ect one or nore 10 agents so as to pronote, under selected contiti
unfol ding of the PrPs’ protein sufficiently for an enzynme to gain access
and cIeaMé)mMMQMmproteln Many proteins are prone to | oosecti®ozomeat ura
t hree dlnen5|onal folding pattern ("sec%ndary and tertiary structure") and.
to_becone ‘denatured”. The denaturation’i"ncludes 15 breakdown of the
intranol ecul ar interaction, especially hydrogen and disul phide bonds, and
thus the | e8&ymss cffctivedo chedue thegriondretria intei fedgments afal dop infectiveamplpeular
proteins have in at 1least parts of the nolecule, and which generally is
deci si vel y wetghnabsirditly, fees thil @7id04), ¥id (2) ofic o Merefigehtgislectd@talfaiose skil | ed
in the art appreciate that enzynes are thenselves proteins and tend to be
readil'y de @ﬁgﬁ protein unfolding. It is not
@éﬁ&%ﬁﬁhJEm eca §£ﬂPﬁgnun ol ding agent binds to the enzyne, _
preventlng t he enzyne frombinding to a target substrate, or nore likely
because the unfol ding agent  pronotes unfol ding of the enzynes ‘ o
conformational structure, rendering it i nactive or 25 "denatured" or a
conbi nats ofkTRf PEPIEEESs eharagensticplpessisimbiogtiaclohy enrymss Praluding Pretgolptighl y 0 2
~AUG 2005 WO 02/062400. PCT/ AU02/ 00092 -9- resistant to unfolding. It has-
hitherto beezyrmnéhfdhmﬁdmhnmg)s]sbdib@nﬁ by tieony Itk gresens tnentord suppodet] dtat alre

- enzyme retains activity in the presence of an unfolding agent effective to-

influence sesedtarRB olf PEFSE, %ﬁ)ﬁlﬁh R Rtk Bl BnBAIdAiPS consoliddt SF Aglf¥idkdie present
inventors have found that either (i) certain unfolding agents selectlvely

- unfold or rglﬁeﬁo{lﬁ?@ﬁ\?ﬁgﬁ%%ﬁ glo%‘@ﬂé o nghﬁ@&ﬁ&ﬂ{m a&@smaﬁma%

selected en ng o ing a €.

_structure). The invention involves the conception that 1t is possible to_select One Or more
10 agents so as to promote, under selected conditions, unfolding of the PrP* protein

sufficiently for an enzyme to gain access and cleave PrP> protein.

Many proteins are prone to loose their natural three dimensional folding pattern
(“seconda.ry and tertiary structure") and to become "denatured". The denaturation includes
15. breakdown of the intramolecular interaction, especially hydrogen and disulphide bonds,

o

and thus the loss of the secondary structure 'which_ virtually all native proi'eins have in at

LoATT

least parts of the moleciile, and which generally is decisively responsible for the activity of

the protein.

20 Those skilled in the art appreciate that enzymes are themselves proteins and tend to be |
.readily denatured by agents which promote protein unfolding.
It is not clear whether that is because the unfolding aéent.binds to the enzyfhe, pre#ent’ing
the enzyme from binding to a target substrate, or more likely b.ecause the uhfolding ageot
pr’omotés unfolding of the énzymes conformational structure, rendering it inactive or

25 "denatured” or a combination of those effects. PrP* protein on the other hand is highly




can be conbined in such a“way that the fol ding agent selectively eQ
and

- or retains enzyne activity, while the unfol ding agent sel ectivel

sufficiently unfolds the prion to provide access to the enzyne for prion
sci ssi onwal@/0bh#ge intrinsically conflicting desiderata arcaaetz/oomst he
present invention by classifying agents as pronoting "folding" or
Munfolding” and then determning their relative effect on enzynmes and on
PrPs’ protein or a surrogate thereof. THe surface may be first treated with
~the one or. nore agents and the one or nore enzynmes 15 may be added

subsequentrkyistinttio ufifopligd. €t hathitheho HedrbdohsideiRe iBpsdsitetoUubaailgieiangstemaat ment
is subjected to both sinultaneously. The enzyne is preferably a proteolytic

. Enzymne. S%ﬁla% r(;ﬁg'@g '??cﬁin@ﬁﬁiw@glg I&Qﬁgéeﬁé e(:ofpaBQ%]%l@ﬁE %?ent cfrelivedT i Ne-,

-aspartic-, t el nases ‘nore speci el nases -e.qg.
keratlnases coIIa enases t-hat passe teolytic
_activity ThIuehge sy ar'?ﬂ?téacg’aﬁﬁrge fI‘s ¢ edgjﬂ}/rf &@JF‘C@B%F OJEQ"IL Sunf ol di ng
. of the prlo rotein are chosen to be effective to: prOV|der access by the
enzyne t o fPrRd Pat @iheptibeeapin udgding aaerts sdedivelyondald o Aooth P&rlf? ABOZEBO092-

-10- In general the fol ding-unfolding of a pol ypeptide chain maybe a

t her mody namiiteaidt ynfolding(dehdiiugn gouselected iennymps aro@d thaofoldimy abeunfpldingeagentsl e.
By way of exanple only, agents which pronote unfolding (denaturation)
include: -cah b bhmBRRY in such MWASIRA thdfol BAP 8Scht SIE By tpRorbRY br rbBfhsC.

eniyme activity, while the unfolding agent selectively' and sufficiently unfolds the prion to

provide access to the enzyme for prion scission.

10 These intrinsically conflicting desiderata are met in the present invention by classifying
‘agents as promoting "folding" or "unfolding" and then determining their relative effect on

enzymes and on PrP> protein or a surrogate thereof.

The surface may be first treated with the one or more agents and the one or more enzymes
15 may be added subsequently but in prcfeﬁed embodiments the surface undergoing treatment

is subjected to both simultaneously.

~ The enzyme is preferably a proteolytic enzyme. Suitable enzymes are:
- non-specific proteinases:- e.g. serine-, aspartic-, metalloproteinases
20 - ~ more specific proteinases —e.g. keratinases, collagenases etc

- any other enzyme(é) that posses prbteolytic abtivity

The one or more agents selected to favour conformational unfolding of the prion protein
are chosen to be effective to provider access by the enzyme to the prion protein.

25




(2) pH - values below 3 and above 9 (global effect resulting fronbz AUG 2006 -
ionization of many side chain residues accessible to the solvent) or In
some nnLq&@les may be attributable to local c., effects due to ionization
of specif 06{?%&‘}95 (e.g. serine proteases due ionization 8CTMWaetmem nal
am no group of the carboxylate) (3) Selgqbgd organi c. sol vents of a kind
which tend to denature, dissolve or swell "proteins. Generally the products
are not co 'IeteH u &ﬁlded d possess an ordered conformation which
differs frohetHEd xléﬁfg’ n%“P%@ﬂﬂ%B?%@ﬂb@@W@hﬂlﬂW Hidpineedynamisaby mat i ons
(i.e. 15 unfolding) are exenplified by N-dinethyl.formam de, formam de,
m cresol , dPxable eq@imien pgeestidmmay He otdversiétldlyl ene, and 2- chl or oet hanol .
This group also includes solvents which have a weak tendency to form
hydr ogen bonds such as the al cohols, ethanol, n- propanol, nethanol - :
(especially in mxture with 0.019%1Cl), Al so, solvents which tend to
di.sorgani zeg r : ' hexi ' 0Q),:at .hi.gh . _

» e SRR Gl AR RO ABIRE (MR B I an o her

concentrations,” 20 di chl oroacetic aci roaceti.c

~electrophilly,c solvents . Certain organi c_sgg|l utes and chaotropic agents.
- Such _a§; Lgye}ée,alsgﬁfgﬁ?aﬁ?srfﬁ%wﬁ‘?rﬁ%‘m'&fo ouf ﬁiﬂ-&-) . The transition to

randonml y coil ed pol ypeptide is conplete for 6-8M GUHCI at roomtenp except

for some exceptionally stable proteins. These agents may. be markedly-25

~influenced by tenperature, pH other reagents and conditions. 02 AUG 21105
WO 02/ 0624¢2) HCF/vAB2bEAOGRantlabo(5 (Flebilaiffecsresilang aBinSonizh@sH 6f sy §&d ant s

~-'tend to bind to proteins and initiate unfolding of tertiary structure.

Arii oni ¢ detchiig @Hidued h& YT 1S THeRBH B RAHEMY SiolcEnGs mag Bk YA g}'& ' =
-sul'fate (SDS) is able to conpletely ﬁnfo{d nan?e%%u%nﬁgﬁbgﬁb g@%%%#ﬁgeﬂ(?ﬁ
concentr at |eﬁ9§ts due to ionization of specific groups (e.g. serine proteases due ionization of N- 1

10 terminal amino group of the carboxylate)

3 Selected organic solvents of a kind which tend to denature, dissolve or swell proteins.
Generally the products are not completely unfolded and possess an ordered conformation
which differs from the native state. Solvents which favour heIica_I conformations (i.e.
15 uﬁfoldirig) are e.xemplified by N—dimethylfonnamide, forrnalnide, m-cresol, dioxan,

CHCI;, pyndine, dichlorethylene, and 2-c.h10roe_:thanol. This group also iﬁciudes‘solvents

_ which have a weak .tendenCy to form hydrogen bonds such as the alcohols, ethanol, n- |

' propanbl, me’t_h'an'ol- (especially in mixture with 0.01%HC1), Also, solvchts which t.erid to
disofgiﬁize the é&ucture :e. g. dimeth?lsuiphdkide' (DMSO) at. high concentratioﬁs,

20 dichlo_ro_acetic acid and trifluoroacetic acid, and other electrophillic solvents

(4) Certain organic solutes and chaotropic agents. - Such as urea, guanidiﬁé hydrochloride
(GuHCI). The transition to randomly coiled polypeptide is complete for 6-8M GuHC| at
- room temp except for some exceptionally-stable proteihs. These agents may be markédiy

25 influenced by temperature, pH other reagents and coﬁditions.




-~ 5 close to the critical mcelle concentration. Dodecyl benzene subﬁomy% 9k S
.al so a denaturant. The detergents do not necessarily result in a conp

ete
unfolding since in some cases it appears that the hydrophobic part of the
det er genwomz@kiz40d nteract with the ordered structure ' of te@a/pcmieeesz to form
m cellar regions. Cationic surfactants are usually |ess effective

‘unf ol di ng agents than ani oni c- Dodecyl ethoxy sulfates tendency to denature |

bovi ne serum 10 al bunmi n ( BSA) decreases!Wth i ncreasi ng et hoxy groups and .

~ disappears for ethoxy greater than six (6) Inorganic salts can induce
-conformational transitions in proteins. For exanple LiBr, CaCl2, KSCN, NaT

-, NaBr, sodium azide are strong denaturants. Although these salts do not

T

_ 15 necessakh byrthin 3RO THb Ak eldfadittitolede & PnetShReitB diBRhAUB 1A @eTed

structure nay be disrupted by energy input e.g. increasing tenperatdure.

* behavi our SR RF Al i s SRR s S AR e

(GQuH) 2S04 has been observed to protfg\(g‘é certain proteins against .
Idhug

denat ur at | BHateAgD8T s abifclRcempHf wary.{buk pejlly prafeias af coneeniigfienss yuch és

“thioglycols (8 Oher substances with strong affinity to either hydrophilic"
- or. hydr 6phdbiedo thesirfigelsmipklle earicenrationdo®ByinAti@ sRfotute islfso( Qdenatisartpt i on
- on certain surfaces and interfaces including zeotites, including air/liquid
- i nterfacesThell®&geritd@d HothecdsBirilgXaMN€a chuple it islaing! sinte i®cbrh®cases it - o

appe_ars that the hydrophébic part of the detéfgent might iﬁtérabt with fhe ordered stnicttire

‘of the prbtéin té- form micellar regions. Cationic surfactgnts are usually less effective |

unfolding agents than anionic. Dddecyl ethoxy sulfates tendency to dénature bovine serum |
10 albumin (BSA) decreaées with inc.reasing ethoxy groups and disappears ﬂ;r ethoxy greater

than six

(6) Inorganic salts can induce confo:ma_tipnal transitions in proteins. qu example LiBr,
C&Clz_ KSCN, Nal , NaBr, sodium azide are stroné denaturants. Although these salts do not
15 necessarily lead to compk:tély unfolded protein_, the .residual ordered structure may be
disrupted By energy input e.g. incréasing temp.era.turc. ' An;ions such as CNS> I>Br >.
| NOy > CI' >CH,;COO" > SO, exhibit similar bcﬁaviohf as do g@jdinium salts and |
“tetraalkyl ammonium s'_aits I—ibweﬁer (GuH)zS_O; has bee.n. ob_served to protsc.t.c.ertain-
i proteins against denaturatioﬁ; |
0 |
) agents which cause é.cission of the S-§ Bond such.as thioglycols
(8) Other substances with st'roﬁg afﬁnity'tqieither hydrophitic or hydrophdbic residués of

amino acids

25




- finely di.vided alunina, silicas and other chromatographic anc | sggIAmmgmy
- phases. 5 (10) Utrasonic energy, Infra red and m crowave radi ation, high

. pressure, and subjecting protons to the action of electric and /or
“magnetic fields may be able to pronote unfolding (refolding), and even--

shaking or stirring may be influential. In preferred forns of the invention

. a conbination of agents is used for exadple a surfactant 10 and /or a

suitable solvent with ultrasound is enployed. It is unclear whether the

i nput of (BredsgihtionwaiteasinfOatddl dnt asetnehs iﬁﬁﬂ}ﬁ%§€élﬂe&dﬁﬂc\{ﬁcﬁﬁ bf8iquid
~folding/unfolding equilibriumin favour of unfolding of the %rPs rotein

al 2 or ealfirldl erhdahdiladRG S hApHE AL HE LDALhAS, (FZyTe, or whether it
nerely a55|sts in providing acc g he reagent s or enzymes to the

- prion, ethe is effective j tlvatlng.the enzynme. O her nethods
of appl y| X@‘@ﬂ?lr Yymitke piliges %ﬂﬁ?th?é?‘?%ﬂa%ﬁag@ﬁﬁﬂ | \REpfeBaTy whases. sub- soni ¢
range. However energetic vibration may be induced by other forms of :
el.ectronmechani cal radiation or energetic vibration from mechanical neans
'such as nmagnetic or vortex stirring. Qther forns of energetic input nay .

i ncl ude f (@NBLehiomehsamid feadhd biiowaka seliatiod! h@h?ﬁésrs@{le}’ﬁicﬁsub?&hﬁg :
i ndi cat ed above, nost of the discussed unfol ding agents would be expected'

ef f ecti veliodo dRIRkih S LB V?rymg%ﬂeﬁ@rﬁegﬂso ASZEC F[;ggx%ﬂ}%@ g Qffing S Of‘

conditions of -use nust be care
the PrPs™ Ll i ts.surrogate. wit hqut dena uring the enzyne, or
aIternatl9§f$&PﬁgaﬂiP§Wﬁh@§n g AR ELY LOREItREd with a fol di ng agent .
,02 AUG 2005 Suitable foldlng agents |nclude 02 AUG 2005 WD 02/062400
PCT/ AU02/ 00092 :

In p_refenedrfqnns of .the invention a combination of agents is used for example a surfactant
10 and/ora suitable solv_em wit’h ultrasound is employed. It is unclear whether the input of _

" energy, such as from Iultrasound, assists in driving the folding/unfolding equilibrium in
f-avour:of unfolding of the PrP*® prétein at a greater rate than it does in denaturing the
enzyme, or whetlier it merely assists in providing access. of the reagents or enzymes to the

_.Ipﬁon,_ or. whether it is effective in activating the enzyme. Other methods of applying
15 energy mclude application of sound waves in the éub—sonic range. However energetic

p_ ~ vibration rnéy be induced by other forms of c_l_ecfromechaniéal radiation or_énergetic
, vibratidn f_rd_m mechaiﬁcai .IﬁeaI.lS such as.maglnetic_ or vorfe_x_ stin’ing. Other forms of

energetic input may include from electron beam irradiation, laser, or electrolysis.

20 VIA'S indicated-above, most of the discu’ssed unfolding agénts would be expected effectively
N to denatt_ire the én'zyme. Either thé_ﬁnfolding agent and its c-:'or_lditions of use must be
.éarefully selected s0 as té permit digestion of the PrPSC protein or its surrogate without
deﬁaturing the enzyme, 01; altemati‘.-(ely the unfolding agent must be combined with a

folding agent.

I‘k_

3



13- (1) Nucleophllllc sol vents and hi ghly hydrogen bonded organlq% Jﬁgﬂh§ i
There is conpetition between the energy of the peptide hydrogen s and - ]
the strength of hydrogen bonds between sol vent nol ecul es. Wien sol vent
- nolecules are linked by strong hydrogen bonds the equilibriumis shifted .

"~ to towards stabilization of peptide hydrogen 5 bonds. Sol vents such as
"~ di oxan,. acetonitrile, dimethylformani dgp;pyridine, and, at |ow
concentrations, dinethylsul phoxi de(DMSO) which are good proton acceptors
but weak ‘ a very weak tendency to disrupt peptide
hydrogenE%Q%g%qgﬁg%ﬁg%gmqgwgﬁnduce ordered conformation, especially in
gl obul ar proteins. 10 (2) Stabilizing solvents such as polyhydric al cohol s
(e.g. glycerol, ethylene glycol, and propylene glycol, sucrose and the '
l'i'ke) which are weakly protic and in the presence of which proteins tend -
- to remain conformationally stable and nmay be used as stabilizing agents.
15 (3) Non-ionic surfactants such as al kyl, phenyl or al kyl ethoxyl ates,

- propoxylates or copol yners thereof, alkylpolyglucosides etc, sarcosinates
“(e.g. sodium (N-lauroyl) sarcosinate):do not alter the tertiary structure

of protein and any unfolding occurs in the region of the isothermwhere a
significant increase in surfactant  binding by non-specific cooperative
interaction begins The effects of SDS can be reduced by addition of
“non-ionic 20 or anphoteric -surfactants (4) Zwi tterionic and anphoteric
surfactants, (5) Hi gh concentrations of buffers, (e.g. phosphates,

- acet at es, C|trates borates) 25 02 AUR11)5



WO 02/ 062400 PCT/ AU02/ 00092 -14- (6) Surface active honp-, co-, qy2dueckes
pol ynmers which.contai n weakly hydrophobi ¢ and weakly hydrophilic zones in
alternating arrangenent, (7) Protective agents such as sul phated conpounds,
deoxychoW4&t €/06410)cosami nogl ycans 5 1f a fol ding agent i sPEOHBI¥BEO2M th an
unfol ding (denaturing) agent then the agents and conditions nust be
sel ected to .protect or refold the enzyn? whil e irreversibly unfol ding or
at |l east opening the prion-sufficiently for access by the enzyne. For
exanpl e, the pH and/or tenperature may be sel ected so that the folding
agent act d1s¥hdeeivigt yolents hed bighiyrtedroghin bended erganicotadyangs. AherRtis act s
selectively on the PrPs’ protein. 10 BEST MODES FOR CARRYI'NG QUT THE

. | NVENTI ON ddaipietigorabddstsdnthwichdretib Othe eptidd tiydragen bemds dn8itgerstranghchfct A7906) ,
bet a- gal act osi dase (Gr279) and rabbit nuscle myosin (M)163)) were used as

‘model s of Imggﬁft] Bg?&é" hmée WolR01 MBlekhiby mgnl %ﬂw&m hehauthest ifeatstrond he -

. ol ecul ar the above proteins are significantly largér -than

that of the prions., The identifyi of, nol equl ar...nass tide fragnents .
o per Cengy iRt Bisdbe it e Mo T Rl AR S ne Bl hifogeh” 29 S
- experinment have nol ecul ar mass (20-35 KDa) simlar_to prions: SDS-PAGE was
conduct &d besdngSelnenthaichsa dyean aceionitply, digisthilforpamride, pgiding andzylow oq
pages 680-685,(1970). The protein solution was boiled for 2 mn in sanple
buf fer  comna¢ntiangns @inGiE/ sliphormdg BME S whiahadeost alotge hecep®rsiiRggveakr e
- loaded with-10 mcrolitres. of the protein per |lane, and subjected to

" non-r educi petcrARdblshaiSa (49 -wdiR tfedcy BRIEEAN gﬁdbamkogeﬁ boAdnd thutf foer ) .
(;E_I ectrophoresi-s was perforned for 1 hour at 150 V, :
B induce ordered conformation, especially 1n globular proteins.

10 (2) Stabilizing solvents such as polvhydric alcohols (e.g. glycerol, ethylene glycol, and
propylene glycol, sucrose and the like) which are weakly protic and in the presence of
which proteins tend to remain conformationally stable and may be used as stabilizing

agenfs.

15 (3) Non-ionic surfactants such as alkyl, phenyl or alkyl etlioxylates, propczcylates or
copolymer§ thereof, alkylpolygluéosides etc, Saxcosinate_s (e.g. sodium- (N-lauroyl)
sarcosinate) do not alter the terﬁa’ry structure of protein a;nd any unfolding occurs iﬁ the
region of the isotherm whérer a signiﬁcant increase in surfactant binding by non—spe_c.ific
c00perative'int_eraction begins The effects of SDS can be _reducéd by addition of non-ionic

20 or amphoteric surfactants
(4) Zwitterionic and amphoteric surfactants,

'(5) High concentrations of buffers, (e.g. phosphates, acetates, citrates, borates)

25




~until -the dye front 'was at the bottomof the gel. The gel was theg2ri®yRs
and the protein 25 bands visualized by staining either with Coonassie :

brilliant blue R-250.(Sigm) or silver - - ------- -- @ AUG 2005 - 15

. stained (BP8YEEHC. The nol ecul ar mass val ue for proteins Ra&Ader/er0at ned by
using. calibrating curve obtained with pyestained | ow nol ecul ar wei ght

- markers. (Bi o-Rad marker 1;1-0318). 5 Ceaving the proteins was consi dered
sufficient n.no fragments wt | ecul ar ss larger an 14.4 KDa (the
ol ccul o (REREESICE S5 e b P HeR e Wt aror He Nk R bR 08 of

unfol ding agents and enzymes. That indicates that the treatment was

 effective ®Rakly hedrophilioganes.in 2lerwheng gepetwient r agnents with nol ecul ar mass

of larger than 14.4 KDa were present, the results was reported as positive .

To prove that the nethod of the invention maybe used to deactivate prions,

~and not nerely cleave the surrogate, the prion detection test devel oped by

Prioni cs A s8Rl Q¥R sudkPas bRl BRbE S BGychota@  SBIARIRRIEA 1 et

for the.detection of "prions 1 n aninal ssues at use ody "
‘devel oped -ONI CS, AG__The PrPbs- r i Ni in.the reaction mxtureis
bound by t Aot SR B! Hiamled ot LR CEr o Gea e 16 e aad ©
~antibody. 20 100 nL aliquots of the solutions as described in table 1 were-
spi ked wi t RORBpPISIUSt be selegtedioPisrt eraelokbibssaeyme whHe proteriitly antplding or
Prionics Check was perfornmed as per the - procedure described in Appendix 1. -
- at least opening the prion sufficiently for access by the enzyme. For example, the pH :
and/or temperature may be selected so that the folding agent acts selectively on the enzyme
while the unfolding agent acts selectively on the PrP™ protein.
10
'BEST MODES FOR CARRYING OUT THE INVENTION
Bovine albumin with high globulin content (Sigma product A7906), beta-galactosidase
(G7279) and rabbit muscle myosin (M0163)) were used as models of proteins with low-
solubility and high beta-sheet content. The molecular weight of the above proteins are
15 significantly larger than that of the prions. The identifying of molecular mass of peptide

~ fragments after enzymatic digest is easier, as most of proteases used in the experiment have

“molecular mass (20-35 KIDa) similar to prions.

SDS-PAGE was conducted using the method describec.i.by Laemmli U.Kl. , Nature, 227,
20 pages 680-685,(1970). The protein. solﬁtio_n was boiled for 2 min in sample buffer
. _coﬁtaining 2%_SDS. 1.5mm po]yacrflarriidé slab gels (8-12%). were loaded with 10
microlitres of the protein per lane, and subj.ecte'd' to ﬁon—redﬁcing conditions (i¢. no beta-
mercaptoethanol in sample.buffer). Electrophoresis was performed for 1 hourat 150 V,
~ until the dye front was at the bottom of the- gel.. The gel was then removed and the protein

25  bands visualized by staining either with Coomassie brilliant blue R-250 (Sigma) or silver




When PrPs’ was detected after the enzymatic digest, the results VﬁéeAUG 2006
reported as positive 02 AUG 2005 16 Table.1 shows that in contro
experinments 1-1 to 6-; fragnents having a mass greatr than 14.4 KDa were
detected as was PrP" . However in experinments 1-2 Lo 6-2 no fragnments were
detected with mass greater than 14.4 KDa anhi no PrPs’ was detected. 1-1

differs - from 1-2 by inclusion of an unfébdi ng agent (3% DOBS ) shown to be

effective 5in 30 minat 70C 2-2 and 3-2 differ from2-1 and 3-1
respecti vehipedBiorR4d)s 1o noflcSQRrH&as velie foripr Bteﬁ]saﬂas dafraisiang NG, AgeNt 3% DOBS:

~in conbination with 25%erric 164 ( a fol ding agent) was effectlve at 25 C

Wi th soni gabkamealurAlHint D vwdndr&aihdd by 5@&&1!31{\;&!@%%% 1%?: Cers ‘ %OO/(SDS

as unf ol di ng agent and a zwi tterionic surtacta
mHz 10 4- dtﬁt rs from4-1 by the conbination of borax vvlth SDS at a nore

- el evated errper ture. 5-2 differs from5-1 by conbi ni ng DOBS with Triton

X-100 in the absence of boron 6-2 differs from®6-1 by increasing the
concentration of DMSO fromreversibly unfolding (0.05% to irreversibly

-~ unfolding (0.5% 15 As w || be apparent to those skilled in the art from

t he t eachClegvingtisofrotdies wmlmidefedrﬁaﬁﬁdb@t veh herfEpehed wigh 8ldM&filar mass:
conbi nati ons of agents w thout departing fromthe inventive concept herein

t aug ht . Oﬁrg%%a%]{k(lﬁ{ﬂé@t&%gl@&ﬁgpwg g[tl cﬁ{@&fz%g?%ere]d ’teeIé%Biffer the combined

action of unfoldmg agents and enzymes. That lndtcates that the treatment was effective on -

the surrogate.

10 'When peptide fragments with molecular mass of larger than 14.4 KDa were present, the .

resulis was reported as positive

‘To prove that the method of the invention may be used to deactivate prions, and not merely

cleave the surrogate, the pﬁon detection test developed by Prionics AG was employed.

15 The "Prionics-Check" is an immunological test for the detection of prions in animal tissues

that use a novel antibody developed by PRIONICS AG. The PrP remaining in the o

' reactlon mixture is bound by the antibody and detected usmg an enzyme coupled to the.

'antibody.

..’.).0 100 ml ahquots of the solutions as described in table 1 were splked with approx 1

microgram of recombmant prion protetn and the Prionics Check was perfomted as per the

procedure described in Appendix 1.

[} . g ..
When PrP™" was detected after the enzymatic digest, the restlts were reported as positive

qr




~ No. Test procedur e/ sol utions -SDS- SDS- SDS- Prionic PAGE. PAGE Fﬁ\@ﬁu@b@gk
Al bumin beta- E gal acto nyosi sidase n'1-1. Distilled water + + + + Warm

- to 70C Keep in water bath at 70C for 30 min, 15 units protease activity
per ni, pHY Cool down to 25C 1-2. 3% DOBS and Distilled water diluted
1: 100 Warmto 70C Keep in water - bath at 70C for 30 mn, 15 units protease
activity per nL, pH9 Cool down to 25C12--1. 3% DOBS, 25%eric 164, + + + +
diluted 1:100 15 units protease activity per-nL pH9 25C for 30 mn 2-2. 3%.

~ DOBS, 25%,fgri EhOJV\gAU'lc '1{1[651‘?901]6)(239[9111611% 1-11to G-1 fragments havmg amass greaier than

~ 14.4 KDa were detected as was PrP*¢ . However in experiments 1-2 10 6-2 no fragtﬁenfs
were detec.ted with ass greater than- 14.4 XDa an no PrPSC was detected.
T 1-1 differs from 1-2 by inclusion of an unfoldmg agent (3% DOBS ) ShOWD to be effective
s 'm30rn1nat70°C |
| 2-2and 3-2 differ .f'rom 2-1 and 3-1 respeéti\}ely'by inclusion of sonication. In2-2 an .
'unfolding agent 3% DOBS in combination wifh 25 %_T.erric 164 ( a folding agen_t) was
: S '_effectivé at. 25° C with sonication af 40kHz In3-2a éimi_lar result was obtained with
10%SDS as unfolding agent and a iw_ittex_ignic surfaptant as folding agent at 2.6 mHz
10 4;2 differs from 4-1 .by the combination of borax with SDS at a more elévatéd tempefamre.
5-2 differs from 5-1 by combining .DOBS with Triton X-100 in the absence of boron
6-2 differs from 6-1 by increasing the concentration of DMSO from reversibly unfolding

(0.05%) to irreversibly unfolding (0.5%)

15 As will be apparent to those skilled in the art from the teaching hereof the invention may be

: S performed using other combinations of agents without departing from the inventive

_concept herein taught.

%



15 units protease activity per m. soni cated with 40 kHz ul trasoungly ARCaEPT

30 mn 5-1.15% DOBS, 5% Triton X100

Pt
S

30 min3-.1 10% SDS 10% Enpigen + + + + BS/AU(zwi tterionic surfactant)
diluted 1:100 15 units protease activity per nL pH9 25C for 30 mn 3-2
10% SDS Weue2mabioen - - - - BS/ AU(zwitterionic surfactanthCHALY®E21: 100 15
units protease activity per nL pH 9 25C sonicated 2.6nHz for 30 mn 4-1

10% SDS, 4% borax diluted 1:100 + + + +_ _15 units protease activity per nL
pH 9 25C for 30 mn 02 AUG 2005 WO 027 6%2400_ PCT/ AU02100092. - 18- 4-2 10%

SDS, 4% borax diluted 1:100 15 units protease activity per nL pH 9 55C for
41%%,@&1)( + + + + '

No. | Test procedure/solutions - | SDS- SDS- | SDS- | Prionic
' | PAGE. [ PAGE |PAG |sCheck

Albumin | beta- E -

galacto | myosi

" | sidase | n

1-1. | Distilled water - : T+ S+ + +

| Warm to 70C

Keep in ‘water bath at 70C for 30

min, 15 units protease activity per mL,

pHO .

Cool down to 25C _

1-2. | 3% DOBS and Distilled water dt!uted - - - -
1:100 '

Warm to 70C _

Keep in water bath at 70C for 30

min, 15 units protease act1v1ty per mL,

pH 9

Cool down to 25C

2-1. | 3% DOBS, 25% Teric 164, + + + +

diluted 1:100

15 units protease activity per mL pH 9

25C for 30 min '

2-2 | 3% DOBS, 25% Teric 164 diluted 1:100 - - - -

15 units protease activity per mL

sonicated with 40 kHz ultrasound

~_|25C for 30 min _ .

3-1 | 10% SDS 10% Empigen + o+ + +

BS/AU(zwitterionic surfactant)

diluted 1:100 : : ‘

15 units protease activity per mL pH 9

25C for 30 min _ -

3-2 |['10% - SDS 10%  Empigen - - - -
BS/At(zwitterionic surfactant) '

diluted 1:100

15 units protease activity per mL pH 9

25C sonicated 2.6mHz for 30 min :

4-1 | 10% SDS, 4% borax diluted 1:100 + + + ¢ F
15 units protease activity per mL pH 9 ' '

25C for 30 min




di uted 1::100 15 unlts protease activity pe_r mL pH 9 25C for 30 giznades 2005
- 15% DOBS, 5% Triton X100 diluted 1:100 15 units protease activity per nL
pH 9 25C for 30 mn 6-1 .05%DVSO + + + + 15 units protease activity per
m. pH 9 JB2O¥2M0 nin 6-2 .5%OMBO - - - - 15 units prot eREEIMBRAWILY per
L pH 9 25C for 30 min DOBS = dodecyl bepgene sulfonic acid (Sigma Product
No. D2525) DMSO di met hyl sul f oxi de (Signa Product No. D5879) Protease =
Subtilisin Carl sberg (Sl grra Product No P5380) 5 Sonication at 40 kHz

erforned e—bat] et—by—UNFSONFESPHyt-e—Senteat i on -
gt 2. 6mHz 3’2’f31r0nzé§b§s é’gb 6%4?‘6‘37#09 Lt d. uI fraspni ¢ néaul izer. ~APRENDI X
1 10 PRI ONI CS E@@SPESWWW@%P&%CCI bel ow{ out | i nes usilng t he
- protease tesi st feod®mis PrP*, froma redonbinant source kngwn to be.
represent atilvg Ids ﬂ@swwurmmxyxmu%mgxi nfeeti ous agent. 4t |[has+begn
- proven experi mafikadd y-1pdhat the protease redistant ¢ore of jthe pgrion is not
~infectious, bUtys units protease activity per mL pH 9 '
o _. | 25C for 30 min _ '
| 5-2 | 15% DOBS, 5% Triton X100 diluted - - - -
1100 '
15 units proteadse actwlty per mL pH Y
, 25C for 30 min .
1 6-1 1.05% DMSO : + + A +
15 units protease activity per mL pH 9 '
25C for 30 min : :
6-2 |.5% DMSO | | S - - G
15 units protease activity per mL pH 9 '
25C for 30 min
DOBS = dodecyl benzene sulfonic actd (Sigma Product No. D2525)
DMSO =dimethylsulfoxide (Sigma Product No. D5879)
~ Protease = Subtilisin Carlsberg (Sigma Product No. P5380) '
5 -Sonication at 40 kHz performed using ultrasonic bath supplied by UNISONICS Pty Ltd.
Sonication at 2.6mHz performed using Disonics Pty Ltd. ultrasonic nebulizer.

APPENDIX 1
10 PRIONICS CHECK TEST METHOD

The protocol below outlines using the protease resistant core of PrP*, from a recombinant

sourqé known to be repre'se'ntative of the naturally occurring infectious agent.- 1t has been
o p;o{f-en experimentally that the protease resistant corei of the prion is not infectious, but
iﬁ.dicates the preséﬁce of infectious agents | |
- 15
1. Weigh 1 microgram of PrP* or BSE infected animal brain homogenate that contains 1
meg or prpse andrecoﬁstitute it in 1 ml of deionised water |
2. Addto 10ml of.test solution and subject to éppropriate deactivation protocdl

3. Take 10 microlitre aliquot of the test solution and add it to 10 microlitres of sample

20 buffer




i ndicates the presence of infectious agents 15 1. Wigh 1 m cr'oglrﬁgmﬁ RigBW
or BSE infected animal brain honbgenate that contains | ntg or PrPs  and
reconsti‘,&@gd)ﬁt2 inl m of deionised water 2. Add to 10m of test solution
~and subj &¢ct ¥¢ g%propriate deactivation protocol 3. Take HEUAIBYHOPL re
aliquot of the test solution and add it to 10 mcrolitres of sanmple 20

buf fer 02 AUG 2005 WD 02/ 062400 PCTI AUp2/[ 00092 -19- 4. Perform SDS- PACE of
untreated PrPs” solution used for spiking (positive control) solution
under stud l..pr J r protein fragnents are separated in an electric
field acc&?d?ﬁ&“gbgﬁﬁgﬁgGgfgé. 5 The small proteins mgrate faster ‘than the
| arge proteins. After a period of tine the smallest fragnents of the
deconposed pri.on prot erHEARAFTRL solytion siedtfpesnyeng (@isiteechpirelesi st ant Pr Ps’
fragments will be present in the lower half of the gel. In the control

- sanpl e where the pri osolpiict wider stedwmi ns resi stant to protease, non-cleaved

- = Prps’ mol ecules will remain higher up in the gel. 10 1. Transfer proteins

o fr om t he gell ptdeifit bif el ﬂi@ﬁ&t%@@%ﬁ?&e@fﬁ Mesdcaidndl Qt:édrﬁ'iﬂg to theirAfd.
~nmonocl onal antibodies (Prionics Product No. 01-020). 3. Allowto bind to
- the pr o} el fig A ﬁrgéﬂls%gﬁteaﬂgtxr 13 ﬂpeq%g -p%éi}xg%ﬁe@%‘pedod of time the smallest
B fragments of the deéomposéd prion protéins migrate out of the gel while the resistant PJ:PSé
ﬁ-agr_nents will be p_reseﬁt n thé_ lower Half of the gel. In thc  control sample lwhere the
prion pfo_tein remains resistaﬁt fo préteasé, non-cleaved PrP* molecules will remain higher
up in fhe gel. | |
10 |
1. Transfer proteins from the gel to nitrocellulose membrane by Westem blotting .
. 2. Add monoclonal antibodies (Prioni_cs Product No. 01-020). |
3. Allow to bind to the proteins and then wash away non<bound antibodies.
4. The horseradish—peroﬁidase_ conjugated to primary antibodies is allowed to réact with a
15 chemoluminescence substrate (ECL product No. RPN 2209 supﬁlied by AMERSHAM
Life Science) | -
) | 5 Expose the membrane t§ X-Rﬁy film, de;zelop the film
6. 10. Assess whether pri_on protein are pr'e:sént. Report resﬁits as posttive when the

antibodies are retained at the position corresponding to molecular mass of prion

20 protein.



. 4.. The horseradi sh-peroxi dase conjugated to primary antibodies .i sg@al Awyests
tto react wwth a 15 chenol um nescence substrate (ECL product No. RPN 2209
supplied by AVMERSHAM Life Science) 5. Expose the nmenbrane to X-Ray film
develop the film 6. 10. Assess whether prion protein are present. Report
results as positive when the antibodies are retained at the position
correspondi ng to nol ecul ar mass of pri-gx0- 20 protein 02 AUG 2005 -20 THE
CLAI M5 OF THE | NVENTI ON ARE AS FOLLOWS 1 A net hod of disinfection :
conpri si ngyikie AMRPOFOFHETRENG (A AWH ASFOIFUSRANSI on or  sol ution

contam nated with a PrPs prion protein or a surrogate thereof
sinmultaneously with 5 a conbination of (1) one or nore enzynes effective
to cleave, a prion protej.n ég.fragnents havi ng a non-infective nol ecul ar
wei ght, ah ’%"ﬁgo‘g?i ‘hﬂn“ CHER RYTEPRLERS HestErs @ f1igoidng 2 swdrtoTaptristmalr
unfolding of the PrPsprion protein while not denaturing the one or nore
enzymes. Sti:ipogopnhodedwitbaditRy (tvngram dr adueroghte théveot sipaltamdlsl Svith
selected so as to result "after cleavage in a predetern ned percentage of
the pr ot ei corfibiagimdiy1)aw sidnéecroakffel dfecet Biéleafa bESPploldtPragmens |
predeterm ned nol ecul ar weight. 3 A nethod according to claim] 3¥nc aim 2

sher o MakGabho Pt 8 B8RP 40 O BATERY AL SL <l sayae have @

claim2 wher.ein,.at 0%.of the protein fragments after cleavage have
A lier bhEET:

!

colnfo a 1I e?ﬁ@ 2 n protel le fiot denat th
a nol ecul & Wél greel gpiqldog SEBHEN protemn whule fot denatuning the one or more
o enzymes.
-
10 2 A method acéording to claim 1 wherein the treatment is selected so as to result after

cleavageina pfedctermined percentage of the protein frﬁgments having a molecular weight

“of less than a predetérmined molecular weight.

3 ~ A method according to claim 1 or claim 2 wherein at least 90% of the protein
15 fragrneﬁts after cleavage have a molecular weight of less than 27kDa
4 A method acéordi_ng to claim 1 or claim 2 wherein at least 90% of the protein

. fragments after cleavage have a molecular weight of less fhan 25kDa.

20 5 A method accbr_ding to claim 1 or claim 2 wherein at least 90% of the protein

fragments after cleavage have a molecular weight of less than 23kDa.

6 A method according claim 1, further including in the combination (3) one or more
agents selected to promote or protect folding_of the one or more enzymes, without |

25  preventing cleavage of the prion protein.

b




©.ooener getl Cc VI

20 5 A nethod according to claim1 or claim2 wherein at |east 9qg@qguggm5
protein fragments after cleavage have a nol ecul ar wei ght of less than
23kDa. 6 A nethod according claim1, further including in the conbination
~(3) one or nore agents selected t0'pronbte or protect folding of the one
or nore enzynes, w thout 25 preventing cl eavage of the prion protein. 02

AUG 2005 -21 7 A nethod according to.€thim 6 wherein the conditions are

. selected to.favour unfolding over refolding. 8 A method according to any

one of the pregepbhied scaidhy WL B virkdh A8 OiIRE Sre s%le%?e%% Tafpected Lo
- favour conformati onal unfoldlng i ncl udes one or nore agen cted from

_the grougnﬁggﬁg§5kpgﬁ8f&trrad|at|on electric field, magnetic fleld

_ Ion &ombi nati ons thereof. 9 A met hod according to
~.claim 8 wherein the energetic vibration is one or nore of 10 ul trasound,
el ectronmagnetic or mechanical vibration. 10 A nethod according to any one
of the preceding clains wherein the one or nore enzynes are selected from

pr ot ei nas®s and eethyhesopbag esaiynmepf tierbydding dﬁirnS/WhMetnleﬁlcﬂdneA)rrfﬁ&IaOd
according to any one of the preceding clains wherein the one or nore. - agent -

sel ect ed ig&nﬁrselﬁﬁte& te! ﬂsfv@hﬂtdiﬁoﬂr@atﬁﬁhﬁﬁff@l‘dﬁgr 1981‘11393901%" &gg nrgﬁgéﬂé gele(tqe(?

heat, pH, ~organic solvents of the kind mhlch tend to re pro

~ chaot di i It
'%?Ehrgféﬁ%‘??%ﬁ%% %ﬁt%%t% il s N BB el ety B B fior

sci ssion, ubs % ggg a strong afflnlty for hydrophilic residues 20
- of am no RYWET e haV|ng a strong affinity for hydrophobic
- _.residues ot_anlno

9 A method according to claim 8 wherein the energetic vibration is one or more of

- 10 ultrasound, electromagnetic or mechanical vibration.

10 A method according to any one of the preceding claims wherein the one or more

enzymes are selected from proteinases and enzymes possessing proteolytic activity.

15 11 A method according to a:ty one of the preceding claims wherein the one or more
agent selected to premote unfolding is selected from the group coﬁsisting 0} heat, pH
: srgantc solvents of the kmd whmh tend to denature proteins, chaotropic agents, surfactants
B tendmg to bind proteins, inorganic salts which ate -strong denaturants of protems agents -
wtllch cause S-S bond scission, s.ubstances having a strong-_afﬁmty fer hydrophilic residues
20 o.f. amino scids, substances having a strong affinity for hydrephobftc residues of amino
acid_s,. substances promoting adsorption on sux_'faces, anionic surfactants and eombinattons .

of the foregoing..

12 A method according to any one of claims 6 to 11 when dependant on claim 6

25  wherein the folding agent is selected from the group consisting of nucleophilic solvents,




_ 7 acids,  substances prdnbtfng adsorption on surfaces, anionic surfag ?qnhgzggd

conbi nations of the foregoi ng. 12 A nethod accordl ng to any one ‘of clalnms
6 to 11 when dependant on claim6 25 wherein the folding agent is selected
fromthe group consisting of nucleophilic solvents, 02 AUG 2005 -22 weakly

~protic stabilizing solvents, non ionic surfactants, ionic surfactants,

zwitterionic and anphoteric surfactantgp _buffers, surface active . honp-co

- -or block copolyners, ~sul phat ed conpounds, deoxychol ate, .gl ycosam no -

priron

Lyeans andsontogt ool 80 eR0L T ol 88 GATRGNY LD far trsalino

_surface conta nate

. conprisi ngm&@ﬁone r _nore enzymes sel ected effectively to cleave a priors

protein t FHE AP aghanys: ﬁﬁfférsnﬁiﬁfﬁcﬁﬁé‘é‘fq Rpgngren-et blogk copdlyiers, arphat@) one

or nore agents selected to favour conformational unfolding of the PrPs’
priors pr&e@pawsi deoxpdtoldergiyensimgo Hivensomd combimtieneo? fresregdBg14 A

conposition according to claim 13 wherein the one or nore agents is

. sel ect ed so as to result after cleavage in a predeterm ned percentage of
~.the protein fragnents having a nolecular weight of |ess than a

by edet gf iped Mbarb Aol Blingl bt RoboGRIRARILOR, BpER AP L E L2 M 13

wherein the one" o ents 1% se PEe P{Oéerm(?F%avage :
in at Ieast 90°o gtwprot ei n fragnents after cleavage having a nolecul ar
wei ght. of ° PREs1Rg (14 006 Oh BYTE Prsmse sgeeips giecsivelyatorelerse wipsipai n

the one or rmre agents is selected so 20 as to result after cl eavage in at
| east 90%35ft°19ﬁ‘é frsgr@?@tis havmagrmnﬂsfehaw mglegulaniveight, and (2) one or more agents

selected to favour conformational unfoldmg of the Prp*° prion protem while not denaturmg

the one or more enzymes.

10
14 A composition according to claim 13 wherein the one or more agents is selected so
as to result after cleavage in a predetermined percentage of the protein fragments having a
molecular weight of less than a predetermined molecular weight.

15 15 A composition according to claim 13 wherein the one or more agents is selected so

as to result after cleavage in at least 90% of the protein fragments after cleavage havihg a

' molécula_r welight of less than 27kDa. -,

16 A composition according to claim 13 wherein the one or more agents is selected so

20 as to result after cleavage in at least 90% of the protein fragments having a molecular

weight of less than 25kDa.

17 A composition according to claim 13 wherein the one or more agents is selected so . -
-~ as to result after cleavage in at least 90% of the protein fragm'ents'.havmg a molecular

25 weight of less than 23kDa.

4



wei ght- of ‘I'ess than 25kDa. -17 A conp05|t|on according to-claim 13 ghgugqmﬁ |
t-he one or nore agents is selected so as to result after cleavage inat - -
| east 90% of the protein fragments having a nol ecul ar 25 wei ght of |ess
than 23kDa. 02 AUG 21]105 -23 18 A conposition according claim13 further
including one or nmore agents selected to pronmote or protect folding of the
one or nore enzymes, W thout preventing @l eavage of the prion protein.. 5
19 A nmethod of treating a surface contanlnated with a PrPs prion proteln or

a -surrogaie t ated with a conposition’
accordlngqFo aEﬁEong %@&{%Fﬂnﬁ %E&EB Hbd“ﬁﬁ%d?@ﬁﬁémﬁéS@P%F%ﬂﬂg

wherein the sugface i ge surface of .a nedical or 10 surgical instrunent.
21 A et h6FBESF BF%@Ctthl S litha enqgiareiefnenaes wvifhostpieseatnfodehvppepthat | on
or hospital work surface. 15 22 A nmethod substantially as herein descrlbed'
with refePéﬁé@“ﬁ@nany of the exanples .

5 19 ‘A method of treating a surface contaminated with a PrpSc prion protem ora

surrogate thereof wherein the surface 15 treated with a comp051t10n accordlng to a.ny one of

claims 13-18.

20 A method according to claim 19 wherein the surface is the surface of a medical or

10 surgical instrument.

21 A method according to claim 19 wherein the surface is a food preparation or

“hospital Work surface.

15 22 A method substantially s herein described with reference to any of the examples.




