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PURI FI CATI ON METHODS AND USES THERECF TECHNI CAL FI ELD
This invention relates to i nproved nethods for

woO2oelsak2n, purification, diagnostic, analyticaCTazdoos000133

manuf acturi ng techni ques. In particular, the nmethods
of the invention will facilitate inproved
purification, diagnostic, analytical and manufacturing
techni ques, especially those iln the field of nolecul ar

bi ol ogy, el [ * i on
and/ or uﬁégﬁﬂﬁmng%mrﬁgyggﬂ [ Qitan
the techni ques. Preferably the contami nation that is
renoved using the nethods of the present invention
TECGRNESALEIRLDSt r at es of enzymes, and proteins,

i ncl udi ng enzynes, such as for exanple, nucleic

aci d-nodi fying enzynes. In preferred epbodi ne

ts, the ;
pur : f i Thisi brventiondglates o dmpeeteddmeghodsqing ﬁ@{]a@ismawg@caﬂon,
nucl ei ¢ acid and/or nucl eic. acjd:npdifyi [
disignosten anakydicabarsl Wﬂf@tur@%W&h%%%ayﬁinﬁ%ﬁ?Q‘ﬁgﬁﬁe mthods of

Lt M R PR oS S i o
R I —
GRS PTG, T g 5 IR SR e somsiust
%@/&gg%ﬂ{ljoﬁg]iﬂ%}ﬁpgéhm Qes.particularly so where such
net hods are sen

Itive. Such contam nation is
undesirable, |eading to |ess robust methodol ogi es and
pot ent padfeyabiv Why @eataniinstibn shatFerremovey| wsing theimiethods of the
of nol ecul ar bi ol ogi cal techni ques are highly

it iifveeritionc ordwddsnttel substmtet ofiienzymes,anih groemsyapcluding
ead to a false positive or a false negative result.
Enzymesnpich, aPdhr texempleuescleiceadidpnpdidyive ¢nzmeisndnapreferred
significant nultiplication of target ) .
embodiments, the purification methods are directed to reducing unwanted nucleic

acid and/or nucleic acid-modifying enzymes in solutions and samples. It is
envisaged that such purified solutions and samples will greatly enhance
procedures involving nucleic acid and the results obtained therefrom. However,

the invention has application outside this field.

BACKGROUND

Contamination is a significant problem in most isolation, purification,
diagnostic, analytical and manufacturing methods, and particularly so where such
methods are sensitive. Such contamination is undesirable, leading to less robust
methodologies and potentially equivocal results. For example, a number of
molecular biological techniques are highly sensitive to contamination, and this
contamination may lead to a false positive or a false negative result. For example,
PCR techniques are capable of yielding a significant multiplication of target

molecules, and are thus highly sensitive to the presence of contaminating
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nol ecul es, and are thus highly sensitive to the
presence of contam natingnol ecul es, even where pure

woesids/1ezmani sms and purportedly ultra-pure wor RCILNZ2005/000133

solutions are used. Indeed, contam nating nucleic acid
from contam nating organi sns remai ns even though the
organi sns nmay be dead and the solutions sterile. The
results of diagnostic or anal $tic nmethods reliant on
PR Jtshtiveeshaannat tbst crpasisdey snd pogspriadby altravpare working
contam nation has occurred or is likely to occur. o
sslutiand na¢ i wedal dadeak utdrsamirertinge anplereacil dram achigaminating
to a conposition during a procedure, but cannot be )
oepaidnys remeine cevienothough thongrganismsnmey ks dead and the solutions
subsequent use, for exanple, the next step, of the .
stetibe dhe resdts efkdisghestiaar apantic meh igatond @R techniques
sanpl e conposition to performa desired fynction, but. ..
ﬁmnqsé)%%nnsi@aefb%?qmw%als%{a%récﬁ%FﬁmléltaEB% Oécum‘? or is likely
rocedure in which that function is no | onger
Q¢¢Hibl e. For exanple, a restriction enzyne may be
added to a nucleic acid sanple to effect digestion of

Lo o Elorl o R0 MRy SRS T A RS Bhposiion
gﬁﬂﬁg% B@?E«?tﬁg‘, ggllt {:Jaﬁll?lo@%e COIRRStEM AR, fr%%e%nﬁ%iﬁiclﬁfprmr to

ons, may oOocCcur sIinply as a resu

gﬁ&égﬁeﬁ@ﬁﬁg gﬁfog tekRRHIDeiHROnSREAGS! dfahk roatdmeper example, an

el ng touc y a technician. I'n addition,
a8 el Altledry @Eimpledtsrhpesitioe papetfonmn oiesinal function, but
wor ki ng” sol utions. Contam nants such as nucleic acids
iy 16d sarriedrovien ird tsabieichbstgpmef apresedumninawhishghatnfynction is
the like, even after strenuous cleaning, i
sibdonpérzddsirahle. Xiod examply erestristion egzpne saaube ¢ddeathto a nucleic
accuracy and reproduci bility of .many diggnos

: i c,
antd saniplalto gh@chaigestien of thegnucheir el @8 %ﬁitbe removed from the
particularly current | ecul ar bi al.ogy techni ques
inyelaigp ,Sa%ﬁe BRGRHA %%SSQW%?H t%%l fomi ¢

anal yses, pathogen detection and nonitoring, and

T g;g? S :Iﬁdée ; %'n a'ﬁ(f’l%ﬁ&? of %E)ﬁlpforsﬁﬂ)lﬁgp Lloh 2 Qﬁﬂﬁ%@ Gndfor working
solutions, may occur simply as a result of the reagent tubes being opened to the
atmosphere or being téuched by a technician. In addition, contamination may
arise during preparation of the working solutions. Contaminants such as nucleic

acids may also remain attached to glassware, containers and the like, even after

strenuous cleaning, sterilization, and stringent washing procedures.

The accuracy and reproducibility of many diagnostic, analytical and
manufacturing techniques, and particularly current molecular biology techniques
including, for example, genotyping and genomic analyses, pathogen detection
and monitoring, and forensic identification, are frequently dependent at least in ’
part on the purity, quantity, and quality of the sample being analyzed, and the

compositions and materials used in the technique.
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part on the purity, quantity, and quality of the
sanpl e being anal yzed, and the conpositions and

worb@srizziog used in the techni que. Applicati ons 8ET/NZ2005/000133

nucl ei ¢ acid diagnostic techni ques range fromforensic

and evidential analyses to nedical, agricultural and
environnental nonitoring. It is critical that any

wor ki ng solutions are free fr8m contani nati on,

parti calpplicatiofieoe nubkeic avidediagabdstinteshniques mageiftom forensic
acid in'the initial sanple is very |ow and where o

and taidentin] amlyses tb eatlical, agiarturel ansendragnental mongoring. It
particularly the case in forensic and evidentjal, .
anatitisalsthahany odhng tsobsiops argnfsee foamsioatamingliopeparticularly
measured in picaograns or |ess. Furthernpre, ma{wy,

minsrethe eenceniratinniod fbe nyekeic asid injthe ipigial f@mpLe is very low and

carry-over ,of conponents from one procedyral st {
T eRU Ao ST gadia ATt Bip RS gatling RaraCyiady the case
of contam nati i

J f it dur.i. | i )
crimne A R Ay I
RS b ReFBe S R R Tt

hued ce in or ‘on said conpaosition is or

beconmes undesireabl e, present in or on a composition

Wi t hout i haidheS RESt piferaBly Qfbgaiing e " of contamination of
contamnation is of critical inportance. Wile

OaIPYsHIDS edinshg f abolatien) epavidicatibn,c odiagabstio)t sadalpmeal and
conpositions, these techniques typically require the
suhadastaring qadedduves isockehdy ofppise importadceadimgery, maximising
capabl e of renoving the existing contam nation. This
ablelireinovak afl dontamninanist iecludiagt undestred csmponcals insduding those
At present, there is no generally applicable W&X of
©OEINANERISaVheHH6ANtinuSY PESENcsanr ol SEidnFHEPOHHON dt,pr becomes
of effectin

3 e, rI?grg%D(rSfelrrlr? %?%g &gﬁﬁggﬁﬁn\?ﬁbgﬂetyetp%yﬁe& I?)? introducing
cont am nation.. A .nethod to. | | tilisi
RRER e Shigh AOSSs e e anda -

While techniques exist for the removal of contaminants from

-

compositions, these techniques typically require the subsequent addition to the
composition of an agent capable of removing the existing contamination. This

addition can itself introduce further contamination.

At present, there is no generally applicable way of ensuring a
composition is free of contamination, nor of effecting a removal of contamination
without the attendant risk of introducing yet further contamination. A method to
remove cell walls utilising a combination of a mesophilic enzyme and a
thermophilic enzyme is described in W002/00093. However, the method is
reliant on a mesophilic enzyme having activity effective to remove cell walls, and

the methods described are for the preparation of nucleic acid samples for testing.
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t hernmophilic enzyne is described in W02/ 00093.
However, the nmethod is reliant on a nesophilic enzyne

woavisng2aeti vity effective to renove cell wal | 8CTAZA005/000133

t he met hods described are for the preparation of

nucl eic acid sanples for testing.ln the context of

net hods reliant on PCR for exanple, there is no way of
ensuring reagents and worki ng4sol utions are free of

nucl ei gn figd oot éMinetidde reh@itarmeP CRRor eraimpit, thareiend way of
met hods directed to a reduction of contam nation in

ReRutige hedgpuesand evakingr soligione hieafree af mivéeiaseidontamination
ultra-pure water and reagents to prepare solutions, . |
maomdPCéRuIndead;jtumgltdhetgadw dirsctad doractedustien of commligation in
be therefore be advantageous to have a nethod of

RER techyiguest aveigeactadly teliant an daniiess Pt PEF-RRteHWater @Rd reagents
ri sk of introducing further contam nation referably

Wh @repase sektivas g qageih BandingoksanpRlcs s iAeRSom t he
conposition of undesirabl e conponents or activity

Zggieﬁ otx%g{ﬁ %q ﬁ}%?#?%?@%{%bﬁﬁ :f{)) ! %em a %tleitl%]d of removing
j ti 0t I .

SSRLBRLPEN Pl 50430 TN HEPSE A AE o

4G S ARRATETLAY TR SUpGs gl hom

and/ ﬁémﬁ@ﬁﬂ&? Aot WnldBQi¥ib1E heorhpSker® drnhé@duciadded to effect the
further”contamnation. It would further be

AdMARNLAOSOUSId OcdrwRirditibho Cain ewihene riske it detestiucng  further
for ensuring purification of the working solutions
depsafifatient ai | the i ntroduction of nore conpl ex or

time consumng steps in the overall PCR process. It is

an object of the present invention to at |east address.

the forleguould plsobbepdvantageousetshaye appengedere fr purifying the
public with a useful choice. SUMVARYOF THE lI\I\/EI\%rl.O\I .
Avsterisimegnd eolutiony ysed i RER Wigreby geniamingiing pyclgic acid and/or

prilgc\iclii%easci&-gggr% ?ngoénz%ltmes could be minimised and/or removed, without the

risk of introducing further contamination. It would further be advantageous to
have a procedure where the procedure for ensuring purification of the working
solutions does not entail the introduction of more complex or time consuming

steps in the overall PCR process.

It is an object of the present invention to at least address the foregoing

problems or at least to provide the public with a useful choice.

SUMMARY OF THE INVENTION

According to a first aspect, the present invention provides the use of at
least one thermophilic protease and one or more mesophilic enzyme in
combination in the removal of at least one contaminant from a composition,

wherein said contaminant is a substrate of one or more mesophilic enzyme, and
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| east one thernophilic protease and one or nore
nmesophilic enzyne in conbination in the renoval of at

woOeeasst12z0e cont anmi nant from a conposi tion, whePeTmz2ei5m00133

contam nant is a substrate of one or nore nesophilic
enzynme, andwherein said conposition is not a nucleic

acid sanple conprising nucleic acid for testing.

According to a second aspect, 5the present invention

Rhemid 8idt dnptseid isalotlagafrleionsid agiptoRbprising mickeis acid for
and one or nore nesophilic enzyme that does not

fxhhpit activity effective to remove cell walls in
conbination in the renoval of at |east one contam nant
froma conposition, wherein said contamnant is a

subst r Ateowing ti al sesomdarspedty therprsspiiiinvantionzyawides the use of at
one enbodi nent, said thernophilic protease is selected
feastonchthegmophiliscprptease agd Enfs or mare mgsophiligenzymsrinat ¢ does not

YP-T, aqualysin |, NprM CaI si.n, . do| ase, ﬁt

it ACHNEY \EAFSCEHE 40 FOBPED FC] dp &Brcr@l%aém {7 the Tamoval of at
therrmphlllc protease i s var.i.ant t
oAbt %, CPRAENBRN1oda o cEOmGRLL g SERFIP Gt Ppfaminant is 2

g\row es th decont ani nat eg Fcré)du t of the above use.
ngfﬂgsall O OF MhefEmERopail Sresent invention
provi des a nethod for the renoval of at |east one

cont amng % RL ofioQ@Re O 8%&&4&0% Ef(ﬁéfﬁﬁ? h@lected from the group

conta I'S a Su nore nesophilic

fRin BiAd, RN qq’plso @r'xsmq e TS tagpalyefn 1, Nﬁi‘MQCﬁMolysm

osition daid 0 nor e neso i'ic enzynme and

@aldcﬁﬁs%t RNt RAUMONhahd ovapiaatse dxgeoR npkefaabltya saidnthermophilic
said conposition at a first temperature or teénperature

padtegsedis B oh Addi at ovariant thereef. mesophi | i c enzyme has
enzymatic activity, but at which said at |east one

t hernophilic protease has mininmal or no
In another aspect, the present invention provides the decontaminated

product of the above use.

According to a further aspect, the present invention provides a method
for the removal of at least one contaminant from a composition, wherein said
contaminant is a substrate of one or more mesophilic enzyme, said method

comprising the steps of:

adding to the composition said one or more mesophilic enzyme and at

least one thermophilic protease; and

maintaining said composition at a first temperature or temperature range
at which said one or more mesophilic enzyme has enzymatic activity, but
at which said at least one thermophilic protease has minimal or no

proteolytic activity; and

maintaining said composition at a second temperature or temperature
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proteolytic activity; and nmai ntaining said conposition
at a second tenperature or tenperaturerange at which

weabw/1a270h east one thernophilic protease has PCT/NZ2005/000133

proteolytic activity; and mai ntaining said conposition
at a tenperature suitable for use; wherein said one or
nore nmesotherm c enzyne does not exhibit activity
effective to renove cell wall8. It will be appreciated
that nRingkaitivhichssaid solRSSOié Cierafophilie ppeteateuhas proteolytic
tenperature range includes both maintaining said
conposadtivity;ahda single, discrete tenperature and

mai nt ai ni ng said conposition generally within the
contenpl ated range of tenperatures. In one enbodi nent,
sai d nekintdinimy saidwempositfanet astgmperaivye sitahtecfosuse;
second tenperature or tenperature range one or nore

repetitions of the additional steps of: addin othe ..
conposwhietsin said ene gpMOIFILSIHRSIHC &R ;cﬁl)gﬁ 310% exltntl]nt activity
mai ntai pi ng said conposition at a tenperature or

SR

t enper SHEFEVG tofgmoxe %ai d one or nore mesophilic
enzyme has enzymatic activity, but at which said at

| east gne..t her nmophi i ) i ni .
or ot eofyill BEePpBiyE dhl ARRAuAE Sl ChifRosibn R a tomperature
a t . i . i .

P BRSPS MR A0 o Ml e singl,
a&fcké%étbémﬂé?a@’@td?ﬂr nATRESHIAR Ndaid S@irdp SRt 60 docherallyi Seithin the
the additi'onal step of mmintaining said conposition at
dohithiglate@ TREE S EHetnpRtatusEper at ure range sufficient to
cause ‘denaturation and/or autolysis of said at | east

one thernophilic protease.Preferably, said first
t enper &h one enrbddémpet, atidrmethadgeay iviebreeler wibdnraintenance at a

second temperature or temperature range one or more repetitions of the additional

steps of:
adding to the composition one or more mesophilic enzyme; and

maintaining said composition at a temperature or temperature range at
which said one or more mesophilic enzyme has enzymatic activity, but at
which said at least one thermophilic protease has minimal or no

proteolytic activity; and

maintaining said composition at a temperature or temperature range at

which said at least one thermophilic protease has proteolytic activity.

In another embodiment, said method comprises the additional step of
maintaining said composition at a third temperature or temperature range
sufficient to cause denaturation and/or autolysis of said at least one thermophilic

protease.
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100C to about 65C, nore preferably between about 200C
and about 500C, nore preferably between about 300C and

wahost12200C. Preferably, said second tenperat uPETMIZ2005/000133

tenperature range i s between about 65C and about 85C,
nore preferably between about 65C and about 800C, nore
preferably between about 700C and about 8Q0C, nore
preferably about 75C. PreferaBly, said third

t enper BafeRbdy, shikhbestatiperatager iesnpripatuee edngetis PeOLeen about
nore preferably between about 900C and about 1050C,

107@ tpabder 635G, hetegefierablydtct@eaCabouk 20561 and 8ba@, 50°C, more
nore preferably between about 900C and about 950C,
preferaphebemath pbabo3° O oie] abowfdrabl y, said one or

nore mesophilic enzynme is a nucleic acidnodifying

enzyne, nore preferably said enzyne is selected from

t he” gr Buafetabiipr saif nipernd dsmperaipicy gk iggipsrature range 1s between

o Es oSy bR MR Sy TS 3BER 289 and abour
PoF sk PretitabsoheiaieRaraulalths ofdArgulpae téte proferably

agddi t4 of said one or nore nesophilic enzynme and
3P 10

east one thernophilic protease and prior to
use. In a further preferred enbodi nent, said nethod is

per f or g et% dﬁi@stﬁﬁldtt%%eﬁa)f&ﬁee&‘ térﬁ%&aﬁh‘é trthfge is above about

preferre Iment, the nmethod of the invention is

ng@ﬁﬁ{cﬁ‘g’prEfe@ﬁlﬂ?ralS%tWeéﬁidﬂmﬁ’@E)b@@ atid hbsesl G5°enoml preferably
cycler, nore preferably utilises a thermal cycler in

beriécheaban 90°Chardhisdutcl G0°PGy intbra anefferatdy bebween about 90°C and

preferably said nethod utilises a robotic workstation.

Aboulr 95944 maregefecnahly abpett?3°G.he present invention

provi des a nethod forthe renoval of at |east one

contam nant froma conposition, V\,her,ff,i n said . ) )
Preferably, said one or more mesophilic enzyme is a nucleic acid-

modifying enzyme, more preferably said enzyme is selected from the group

comprising kinases, polymerases, synthetases, ligases, methylases, transferases

and recombinases.

In a preferred embodiment, said composition is or is in a closable
container, more preferably said container remains closed after addition of said
one or more mesophilic enzyme and said at least one thermophilic protease and
prior to use. In a further preferred embodiment, said method is performed in a

closed tube system.

In a further preferred embodiment, the method of the invention is
automated, preferably said method utilises a thermal cycler, more preferably
utilises a thermal cycler in combination with robotic liquid handling, more

preferably said method utilises a robotic workstation.

According to another aspect, the present invention provides a method for
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contam nant is a substrate of one or nore nmesophilic
enzyne, said nethod conprising the steps of: adding to

woheosgeposi ti on said one or nore nesophilic ereymMZ26053m00133

at | east one thernophilic protease; and naintaining

said conposition at a first tenperature or tenperature
range of from 400C to about 650C at which said one or

nore nesophilic enzyne has en8ymatic activity; and

R FeRoRhN®fsal leaso MmaRs contamisdntafieac @ndoinpopitioal urkerein said
or tenperature range at which said at |east one

chananminit i apsulistase dfasneront mote/ mesophiliovenzymenshid method
mai ntai ni ng said conposition at a tenperature suitable
fcompusing the steps admbodi ment, sai d nesophilic enzyne is

a nucl ei ¢ aci d-nodi fying enzynme, nore preferably said
enzynme i s selected fromthe group conprising._ ...

nuci eagddingpiothsheempesitionisait e8¢ o§dnyreemgserhilic enzyme and at
synt het ases, |.igases, . nethylases, transferases and

r econbil¢ast @ae ﬁ)ﬁé’@@PgllHigprto a38t23%hot her aspect, the

present invention provides a nethod for the renoval of
nucleic acjid.froma conpasition, '

conpr i SFHEAHEESE gorgp@@ﬁgﬂ@ﬁ& @%ﬁ%’éﬁéﬁgo&r fetpperghire range
or ”Dr%tfnﬁ'&%oqwbctonﬁﬁ{)ﬁﬂ 65361 4- dpgiA %iﬂgoﬁé‘zdfnﬁlo?@qnesophilic
at |eas ne thernophi'ic protease; and nal ntaining

sai d C%ch.aggg?%ﬁﬁéhéﬂi -gAgerature or tenperature

range a one or re mesophilic nucleic
aci d-degradi ng enzyne has enzymatic activity, but at
whi ch spaidtatinkeasd @itpdsiesnaphi secondr tinepeetuas or temperature
mnimal or no proteolytic activity; and naintaini ng
sai d compgsiat ivdiichtsaid aedeast dnenihermophidicoprotease has proteolytic
t enperature

activity; and

maintaining said composition at a temperature suitable for use.

In one embodiment, said mesophilic enzyme is a nucleic acid-modifying
enzyme, more preferably said enzyme is selected from the group
comprising nucleases, phosphatases, kinases, polymerases, synthetases,

ligases, methylases, transferases and recombinases.

According to yet another aspect, the present invention provides a method
for the removal of nucleic acid from a composition, said method comprising the

steps of:

adding to the composition one or more mesophilic nucleic acid-degrading

enzyme and at least one thermophilic protease; and

maintaining said composition at a first temperature or temperature range
at which said one or more mesophilic nucleic acid-degrading enzyme has

enzymatic activity, but at which said at least one thermophilic protease
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range at which said at | east one thernophilic protease
has proteolytic activity; and nmaintaining said

woanpasepon at a tenperature suitable for usePCT/NZ2005/000133

Preferably, said one or nore nesophilic nucleic

aci d-degradi ng enzyne is a nucl ease. According to a
further aspect of the present invention there is

provi ded a nethod for purifyigg a working solution for

nucl ei ﬁagﬁﬁ%ngilq,g%%ﬁbfédﬁm i§Sand a cl osed-tube
system said nethod conprising the steps of: adding to
t he worki ng solution one nucl ease and at | east one

t her mophiihfafming Gakhsenpapatineadh skegnddiengpepatuienior demperature
contam nating nucleic acid and/or nucleic acid i
degr adiaigzeeniz witch isaidsati teasboke rijeswophilioprotease has proteolytic
storing said working solutions at a preferred

t enper attaviey;lamdi | required for use; and conpleting
purification prior to using the solution by raising

the tenperature of said working sol ution; %r;l):f g(?ol ing
t he woma@inginiag seidsenpasitiebat & KRREMNESUHRY G Fsed

by the use of both a nucl ease and a thernophilic

prot ease havi.ng diiffering tenperat.ure aet.iVvi :

profil Z@.egiéé?}%d?aﬁ@ R (gn]gpﬁ%%ﬁgﬁl@ﬁf Ibl%‘f?lﬁ eac%df/'(elg%rﬁflmg enzyme
i nventi.on there is provided a nethod for purifying a
morkinésggpﬁﬁ?%% for nucleic acid di agnostic

techni ques substantially as descri bed above wherein

can . . DOV ! .
Sal %&U&'r&‘iﬁgsto'agﬁﬁgﬁt? géﬁ(’;bﬁz(t) {ég ite}}/é"'gfe@&ﬁ ahaitiod 8red isoprovided a

t echni ques. cor spect of the present
| HYEBHIFBP phfiBfifig aSworkavd Seidtian for nucleic acid diagnostic techniques in

a closed-tube system,
said method comprising the steps of:

adding to the working solution one nuclease and at least one
thermophilic protease capable of degrading potentially contaminating

nucleic acid and/or nucleic acid degrading enzymes in said working

solution; and

storing said working solutions at a preferred temperature until

required for use; and

completing purification prior to using the solution by raising the

temperature of said working solution; and
cooling the working solution for use,

the method characterised by the use of both a nuclease and a thermophilic

protease having differing temperature activity profiles.
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nmet hod for purifying a working solution for nucleic
aci d diagnostic techniques substantially as descri bed

wahesa22iber ei n the thernmophilic protease is searo@doos/000133

and/ or derived fromBacillus sp. as herein defined.
According to yet a further aspect of the present

invention there is provided a nethod for the rapid
preparation of sanples for nutleic acid diagnostic i

t echni duesrdinglie taantlicalasyed ofdbe predeat inseniion thersrisiprovided a
sai d Bacillus derived proteases include a Bacillus sp.
smathodAbr posifyigga weukingl sobutbere seenuelaiy Bididipgroség techniques
str. AKl, being a serine protease, According tq stil
snbtatiallys g descambed boye Mehgiein $aj¢ HohaHAYeR én@uﬁg the polymerase
provi ded,a nefhod for purifying a working solution for
OBINICACHRN tCaNKASSt i ¢ t echni ques substantially as

dezcribed above, wherein the working solutions may

t heat .t . ep. .. i .
o anofHeprdiapdBngie ARt TRaR Fhn ERARER, §rovided a
B 26 LA SR LINAOR (R 205 L chmiques
gﬁﬁ&ﬁh‘{?ﬁ}r ﬁp%ﬁcriﬂﬁ? ﬁﬁt%,t\k}ﬁeféﬁmﬁ% A RPhAIMBERBadelB sourced

partia puritied working solutions are heated to is

%nﬁ@‘éeri'v@d%llﬁ[cilﬁ%&??hs hédeen defigant.i on provides the
1 T1

decont am nat ed conpos on and/ or working solution of

any of the nethods above. This invention may al so be

sai d brAaadrdingotc orsiss tfuithet sperar 05 the| prasemnt sinyaotion there is
features referred to or indicated in the specification, )
girovided apphiettand dior thadiragpid uptepprasionc of | samaplee| for aneleic acid
any or all conbinations of any two_or nore said parts, )
slizgnostie teehmigues:rwbstagtiallyipsr desepbed raboven pdigesia st Bacillus

nti gned herejn i ch. have known ivalents in.the

SeEiveg TuRicaRes, ICens et St oA s HEEidh el protease, and
ui,yal ent I ge.emed to be %ncor porated herein as if

i ety Ald, bRigg serthe protcdse

According to still another aspect of the present invention there is

provided a method for purifying a working solution for nucleic acid diagnostic
techniques substantially as described above, wherein the working solutions may

undergo more than one heat treatment step.

According to another aspect of the present invention there is provided a
method for purifying working solutions for nucleic acid diagnostic techniques
substantially as described above, wherein the temperature to which the partially

purified working solutions are heated to is = 90°C.

In another aspect, the invention provides the decontaminated composition

and/or working solution of any of the methods above.
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The invention consists in the foregoing and al so
envi sages constructions of which the foll ow ng gives

wexenspkzm onl y. BRI EF DESCRI PTI ON OF DRAW NGS PATMNZ2605/000133

aspects of the present invention will beconme apparent
fromthe foll ow ng description which is given by way

of exanple only and with reference to the acconpanyi ng
drawi ngs in which: Figure 1 ikl a di agranmati cal

i || ust Thisi idRetiord Reydiléd be epid B@adlyi o emsishan thoe pants,alements
different tenperatures in the purification of reagent

a6l Uehioiss iréfearedotod @nciadidatdd dmethpr sfeeificationnbd dhersypplication,
of the present invention. The upper panel depicts an .
mdevidually opcotledhinedy,vinel anyaorf all chmbinainsg ifl any two or more said
enzyme- cat al ysed step is conducted follow ng the | )
pards;t éleateintsn ovffeatiees, rindi whersn spesifiedntegsiss dfhmansioned herein
enzynme by the ther,m)iohi | i c protease

. The .| |
It hevaknexenpauivgloptsote e artyiRe 1?11 ﬁ% S%Ht%%n%lateS» such

hi | i -cat al tep i ducted ... .. .
ﬁé@@@h@%ﬁé’% %q%n‘?ﬁgﬁl g)eggilggﬁqpbfggg £l ez}sslf individually set
&le raded by the thernophilic protease, which is itself

degraded prior to sanple use.Figure 2 is a gel
I mge of various PCRs illustrating the renoval of

e ST SRR T a9 uR g rncons

Bl el St (2 £ 7 S0

40t h cycle (lane 12 and 13); see Exanple 1 herein.
Figure 3 is a gel image of various PCRs illustrating
the renoval of nesophilic enzynme from sanples. 1 kb+
DNA | adder (lane 1), Positive PCR control (lanes 2 and
BRIENDES CRIPTTON OFhBRAVWINGS) |

Further aspects of the present invention will become apparent from the
following description which is given by way of example only and with reference

to the accompanying drawings in which:

Figure 1 is a diagrammatical illustration of the different activities that occur
at different temperatures in the purification of reagent solutions in
accordance with one preferred embodiment of the present invention.
The upper panel depicts an exemplary procedure where a further
mesophilic enzyme-catalysed step is conducted following the
inactivation of the initial one or more mesophilic enzyme by the
thermophilic protease. The lower panel depicts an exemplary
procedure where a single mesophilic enzyme-catalysed step is
conducted whereupon the one or more mesophilic enzyme is
degraded by the thermophilic protease, which is itself then degraded

prior to sample use.
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EAl thernophilic protease + DNAsel (lane 6 and 7); see
Exanple 1 herein. Figure 4 is a gel imge of various

wenaosnmariog reactions illustrating the renoval ®8E€T/NZ2005/000133

heat -resi stant nmesophilic enzyne. | kb+ DNA | adder
(lane 1), Pvull no treatnment incubated with plasmd
DNA (lane 2 and 3), Pvull heat treated at 75C for 15
m nutes incubated with plasmiR DNA (Il ane 4 and 5),

rk 2heatist peakpdindige’ o€ varibiie MCRseilhstrafingAthe removal of
t her mophi l i c protease incubated with plasm d DNA (| ane
6 and 7); cagatmiatipeD3 A dr@nnsolifidy. IERbDESSR Radden (lane 1),
OF THE | NVENTI ON The net hods of the present invention t
al | ow t he positivePICR cantadlydarse dfand IBEt reycke danodeansy 5), 25
nmore nesophilic enzyne presegnt in or on a composition,
fol | owed bgycldélanerfoend 7y 300 suele Ganepdsind Yy 36?‘ eyl (lane 10
one or nore nesophjlic enzyme by at |ea

Chor mophi | and bheABhsEcletHepl eaith] 3% Ao BkAGALC | hercin

recogni zes that the activity of enzynme and protease

%%pgg gi {T? E%P%L?gfeﬁgirgg%v ?9&“% iggﬂﬂ\tésh g%{},g.gg ﬁ%ﬁ&iﬁgoghet hr%moval of

e ok I LB Tk S Y e 1
pr ef er abl ypgﬁti% ?g}%éégtrbfgﬁ%lﬁééb%%ﬁcﬁlgz ﬁNA?segietéﬁgmléﬂe% and 5),

enzyne can be ca ncreasi n
t enper at ur g Aqf bida®&+- tilxid § affl HhSee Example
t her nophi I?éqpﬁhtg%}gggﬁeilﬁggﬁb%gggnclr)&%g Qt%ﬂefa?f ectpﬂ) P
prot eol ysi $ efeigai d mesophilic enzyne. Advantageously,

the differing tenperature activity profiles of the
mesophilic enzynme and the thernophilic protease allows
Fhgureaincur isent gatidintagen obf varissp kinkymatén zpasticnsd illustrating  the
thernophilic protease. This m nimses handling, allows

for ready wamovaltoDheataredistandumesonhikic gmspmeurlikby POYA ladder
and risk of contam nation, wherein the_ nmethods aof ]_I)ﬂﬁ\

i nventi on Heae dar Prelll ng ipatentapeabated with plasmid (lane 2

and 3), Pvull heat treated at 75°C for 15 minutes incubated with

plasmid DNA (lane 4 and 5), Pvull heat treated at 75°C in the
presence of EAl thermophilic protease incubated with plasmid

DNA (lane 6 and 7); see Example 3 herein.

DETAILED DESCRIPTION OF THE INVENTION

The methods of the present invention allow the enzymatic catalysis of a
substrate of one or more mesophilic enzyme present in or on a composition,
followed by the removal from said composition of said one or more mesophilic
enzyme by at least one thermophilic protease. The present invention recognizes
that the activity of enzyme and protease can be manipulated by varying the

temperature of the composition: by maintaining the composition at a temperature
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i npl enentation in closed systens, for exanple, a
cl osed-tube system It is envisaged that in certain

wenhsdezent S, nore than one nesophilic enzyne RAy/NZ2005/000133

added to a conposition, for exanple to effect the

catalysis of nore than one reaction such as the

renmoval of nore than one substrate, including, for

exanpl e, where the product ofld&ne nesophilic enzyne is
bhevisit st hibeplatic asoiher is Sitivd, dnlt yat whichaa ithermophilic protease
enbodi nents nore than one thernophilic protease can be
adbibitstindmabop pséfeiably ndcetivityntheysubistraene aspesophilic enzyme
the present invention provides the use of a

canthenastalyseds then, Ibyabtcreasing the teppemiuge piotheagempegition, the
one or nore nesophilic enzynme in the renoval of at . .
lactivity of éhacthermaphilistprotesss aan beprsrasedio affvst protealypig of said
contam nant is a, substrate, of sgé& Qne or

waesophilic fen@’mfyné, \_/egﬁ@gw@}y@ithe B ﬁﬁlgg%-rugtﬁ %%zéty profiles
N
aiatlicy i plaeOPulR SRife; B FUPHEGONEE BrdlbAR VBN minimises
%éﬁ%{gﬁg,ﬁaéﬁ)ﬁ%efo? Q&inutbﬁlﬁtig)ﬁ,%\ﬁaﬂve\:ﬁﬂéesﬁhe 'ogﬁghuﬁﬁf for and risk of

roma-“conposi on, erern s

ORtATNAAE, ddvﬁ%ﬁrgg&ggéﬁbas of 1 BventisR bR pRSeRNIy dmenable to

enzyme, sal nprising the stepsof: adding to

tihp | SASRAEHA iPBloséd Syeéfis dor BRAMpIE & elivelitabesyytem. and
at "l east one thernophilic protease; and nai ntaining

said conposition at a first tenperature or tenperature

range dt isveheisagal thabria @rtaimembodgnpits) inore thgmenhagesophilic
enzymatic activity, but at which said at | east one
temeymepmay i te @ddﬁdgmse deapasitiomeior example teedlscy the catalysis of
activity; and nmaintajning said conpositjon at second . ..
trapiscthak one reactionrfyeh &6 fagremoval of more than one substrate, including,

for example, where the product of one mesophilic enzyme is the substrate of
another. Similarly, in various embodiments more than one thermophilic protease

can be added to a composition.

Accordingly, in one aspect, the present invention provides the use of a
combination of at least one thermophilic protease and one or more mesophilic
enzyme in the removal of at least one contaminant from a composition, wherein
said contaminant is a substrate of said one or more mesophilic enzyme, and

wherein said composition does not comprise nucleic acid for testing.

As used herein, the phrase “nucleic acid for testing” means nucleic acid

that is or is to be the subject of a diagnostic or analytical test.

In a further aspect, the invention provides a method for the removal of at
least one contaminant from a composition, wherein said contaminant is a

substrate of one or more mesophilic enzyme, said method comprising the steps
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range at which said at | east one thernophilic protease
has proteolytic activity; and nmaintaining said

woanpasepon at a tenperature suitable for usePCriNZa0d5000133

be appreciated that the uses and net hods of the

invention readily allow the renoval of one or nore

contam nant from conpositions, provided said

contam nant is a substrate ofl4a mesophilic enzyne. The
bpvention recogni ses that such a nmesophilic enzyne can
Itself be considered a contam nant, and enabl es the

removal of such a nesophilic enzyne through the

activi hydiof te theecompduiion spidobea e mdivemiesomilic enzyme and at
further recognises that any residual proteolytic

act i vi leaspomsthermbphibic proteakes andnpositi on may be
undersirabl e, such that thernophilic proteases

suitable for use in the nethods of the invention

heat derduiaining caidnenaposition Bt & fHst EyRGratuEe o \fﬁf{lgefamfe range

and are pref era |y permanent| eat -i naci i vat ed
el evat @t WheGhHEHAOHE &8 Mg M GENZiMG Bas, activity, but

o 3AeE SRS L L SRR o

r epeat ed iva reversi bl e inactivation of
t he thé’F%ﬁ?Bﬁ’&%a hﬁﬁg’t%gisje For exanple, if the
procedure requires other, subsequent mesophilic

enzyme 'n%ﬁ{a%iﬁg %a??fé(%%b;ﬁ&{ |20 BEcdrldietdnighiuy@tdroRmperature

of afirs me by the protease, then

reduci @gn$é7§t CRITBIRShid an 1éat anketipahaphitie Imwse dfast freteolytic
thernophiTic protease exhibits no or m ninal

pr ot eolagtivitygid vity enables the addition of further
mesophilic enzyme and its catalytic activity. Renoval

of mesophilic enzynme can then be effected by

mei nt aimaintpining seshpaspedion at a @pmp@rp@msw@gfowee h

the thernophilic protease is active. Advant ageousl y,

t he thernmophilic protease can itsel irr rsi
deact i \,Iét\’@ﬁ ber apmg@w‘?éid afhe E@Fﬁr?ﬁ!deme&‘ﬁ’déiq%éﬁ ‘éﬁ%’é’g readily

re subse a‘?‘ %&ég{lﬁi‘%u gtgir{‘q%ﬁ h:cb,'rnc g%?ﬁ?eémvlded said

"&o %lfeltr;n%aln? %sua? gﬁbs Dbt a mesophilic enzyme. The invention recognises that

such a mesophilic enzyme can itself be considered a contaminant, and enables the
removal of such a mesophilic enzyme through the activity of a thermophilic
protease. The invention further recognises that any residual proteolytic activity
present in or on the composition may be undersirable, such that thermophilic
proteases suitable for use in the methods of the invention are heat denaturable
and/or exhibit autolytic activity, and are preferably permanently heat-inactivated

at elevated temperatures, for example, at temperatures at or above about 90°C.

It will further be appreciated that the methods of the invention allows the
(possibly repeated) activation and reversible inactivation of the thermophilic
protease. For example, if the procedure requires other, subsequent mesophilic

enzyme-mediated reactions following the inactivation of a first mesophilic
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tenperatures at which the thernophilic protease
exhibits activity, then the protease can be

wonrosver®d bl y denat ured at tenperatures above BODNZ2005/000133

900C, such as 95C. The characteristics of the enzynes
utilised in the present invention, such as for exanple
their activity and stability, can al so be mani pul at ed

by mani pul ating the conditionk¥ of the conposition to,

tnzym yphe prateaster thent feduciagpibe abmpesistonvibi actempfesature at which
exanple, activity, denaturation, autolysis and the
thektheomophilicHaoteaseaephibitsmnor exinimalsprateslytis actitifiberables the
in_high concentrations of calcium(for exanple, .

ndditioadef derthen mesepbilic enamne mndotis gretalptie Activih Regpoval of

B S B A TR o 8L T bion at o

R0 LTt AR 8 RET A e o
i . | i .
Do g, UG, TR 7, SRR S hquirea. vor

%%gbfef ‘M‘u hgguﬁsgbﬁése@@%ﬁédﬁ%éﬁéfﬁ he@RidnS U tBdthdphiife enzymes

al € enzyne or protease or

ot hilef : o :
estég% ple! TRNTSRA ?wa%) Wh%l?%@»acﬂwlt* rggﬁﬁ’e incubation at

I se the enz protease. It w

aRp&atdbs thtt Hadictdtheethiennbplilieg ptdieaseoedhibitonactidity, then the
whi'ch the conposition is malntained, the activity of

iphsteaseccadr berirtevepsibhypiérared mt yermpanatifres abdie aiout ®ASC, such as
one thernophilic protease can be controlled, for

8%3@pl e, to control the tenperature at which the

protease will actto degrade the added and _

Csel £ ThpIRAAERSHPSUSE e PAGAMES Ui el P {hEHTescht iveition, such
SRCTb ST, TEE S a0t Dy AL ol A, ffted by
R T Mg IS N ——
REEBER R Y WARA! SRR, AN, SRnBRrRE &S SRolysis and the like
occur. For example, many enzymes are more stable in high concentrations of
calcium (for example, hundreds of millimolar) than in low or no calcium (for
example, sub micromolar). For example, by maintaining the composition under
low calcium concentration conditions the enzyme including the thermophilic
protease can be destabilised and can be destroyed more quickly and/or at a lower
temperature than at high calcium concentrations. Similarily, the inclusion of
agents which chelate calcium (such as EDTA) and thus make it unavailable to the
enzyme or protease or remove it from the enzyme or protease, will also
destabilise the enzyme or protease. It will be appreciated that by manipulating
the conditions at which the composition is maintained, the activity of the one or

more mesophilic enzyme and/or the at least one thermophilic protease can be

controlled, for example, to control the temperature at which the protease will act



As used herein, the term"activity effective to renove

cell walls" nmeans an enzynmatic activity capable of
wdegrsadeng cell walls that is exhibited under PO®NZ2005/000133

conditions maintained in the nethods of the invention.

As used herein, the term "nesophilic enzyne" includes

enzynes having optinmal enzymatic activity at

tenperatures below that at whi@h the thernophilic

B depriie RS a0ddd AR emattiafatiagagieboptilic doymexampleeremaining
bel ow about 65C, preferably from about OOC to about

6ho&titseti e preferably from about 100C to about 65C,

and i ncludes enzynmes isolated from nmesophilic

organi sms (generally referred to as nesophilic o
enzyne¥he temd “eomprising’ sslustd dn this spoeifisatiensnesnn ceonsisting at
t han mesophilic organisns that have optimal, _enzymati.c

beost i part o€’ dBHeni ibteaprsbing statementgdn i Sa‘»ﬁ?m@&éﬂon which include

enzymes that have subseguently been difie
5 Ghigltriser g npdreh peeiaged BY, dhatdemBiin i S{aleTaR e claim, all need

properties as to ow activi in the tenperature
F%\gﬁér%?nbb‘é qthené%gh{re%g@ al,&g&))égrgqeg&u%l on of the
factors affecting the tenperature range for enzymatic

activit ; s?gﬁ%ﬁ%? ?lg M ‘eefctf%tgc frebliSe 6 '}Qﬁfo@ Wefl walls” means

opti ma new persp Ive on an

BPTHAN gpBO ry u bc
Q%ﬁéﬁﬁh@ hlaﬁﬁfalﬁ‘é&lszfﬁé mMENER Sf the YevéimRer at ur e
opt 1 ma. Bi ol Chem 279: 20717-20722 (2004))

Pr ef er abl y, said nmesophilic enzynme is a nucleic

10 aci d- mgd fsddnigereins Yive ternt @eguphike ahiaye’s idudes enzymes having
mesophilic enzyme is selected fromthe group
@ptiptdl Sinzgmatt eativly aphcmphaﬂus@beldw tlaatent, which the thermophilic
pol ymer ases, synthetases, ases,  met hyl ases, o
{praiease rkase optitnl r é%’mﬂth‘ag@ vity.n fan o@’f?@iiplﬁf dielpweabout 65°C,

SRRl i BB ok ek AL Lot e 1
RS E e ST 2B AT HRRELAERRe orsanims (generally
15 referred to as mesophilic enzymes), and enzymes isolated from organisms other
than mesophilic organisms that have optimal enzymatic activity as described
above, including any such enzymes that have subsequently been modified or
engineered and those of such stability and other properties as to allow activity in
the temperature range of 0°C to about 65°C. For a discussion of the factors
20 affecting the temperature range for enzymatic activity, see Daniel RM, et al.,
| "The temperature optima of enzymes; a new perspective on an old phenomenon.”
Trends Biochem. Sci., 26: 223-225 (2001), and Peterson ME, et al., "A new,
intrinsic, thermal parameter for enzymes reveals true temperature optima.” J Biol

Chem, 279: 20717-20722 (2004)).

25 Preferably, said mesophilic enzyme is a nucleic acid-modifying enzyme,

more preferabley said mesophilic enzyme is selected from the group comprising
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flavoproteins, fiippases, hydrogenases, hydrol ases,
hydr oxyl ases, integrases, isonerases, kinases,

woOioEse%7091 | pases, |ipoxygenases, |yases, mnutaBes/NZ2005/000133

oxi dases, oxioreductases, peptidases and proteolytic
enzymes, perneases, peroxidases, phosphoryl ases,
reconbi nases, reductases, regulatory enzynes,
ri bonucl eases, sulfatases, syIithases, synthetases,
hed] e4seE aplessphatided, rldnades) peBmerhsesadyinthetasesy ligases, methylases,
thernophilic protease is preferably added concurrently
thtidfetases mutteeagminases.hi s i nitial decontam nation
step. The particular thernophilic protease may be
obtai ned fromany preferred thernophilic organi smand
used win knothenqupfesceds embadianents saidnmespphidigt erzymends selected
used herein, the terns "protease" and "protei nase' are

d(?fgg y?riogenases,

proimBesPANMPATiag A EPases.¢i¥3QhiomTa dspmIngsss Jsh
aé%{rﬁ\)/é)t@%%%g ; ﬁéﬁuprég%ﬁ,rg?téﬁé Z%%p%ﬁg:i (r:1 lgfa%ﬁaggépggqqd@ggl’)tidases,

BB T S P MBS oS o

TR L0l SpRPBOMER B LSS, iduc,
b .

BT A S o oA, Sgzfocl EANEaDpulonidass,

Eﬁ@éﬁ@%ﬁﬁsés? qlle%ﬁﬁirfa%@sm 1JAQcRE])| tdgalRogarhaymeaNtibonucleases,

roteases isolated from organi sns other than
bHestaRRD by rithages gamitlsetases helorherasesy phd meins ferasesol yt i c
activity as descri bed above, including any variants of
such proteases such as those that have subsequently .
been nimadditionar thenmoplidicquoteTise isnprshirably addsdepnesrrently with
particularly suitable for use in the present invention -
ihec nuclease o dhishimitial deqansaminstignuvielp e bl peFtialps frermophilic
autolytic activyity at or above_.abo 900C, ..and are
Breseescamay o oPHESH P&y Pivhatsd Srspophilly gpdrigm and sed

t enperat ure for exappl e, al. tenperatures at or above
JabLer @i%’&:’f&rﬁlép V@ﬁhﬁﬁ%{ﬂé’lﬁpéﬂl'cs of particularly
sui tabl e thernophilic proteases are

As used herein, the terms “protease” and “proteinase” are synonymous

and refer to an enzyme that has proteolytic activity, for example, catalyzes the
cleavage of peptide bonds, for example, in proteins, polypeptides, oligopeptides,
and peptides (collectively "peptides"). As used herein, the terms “thermophilic
protease” and “thermophilic proteinase” are synonymous, and refer to a protease
having optimal proteolytic activity at elevated temperatures, for example, at or
above about 65°C, or from about 65°C to about 90°C, and includes proteases
isolated from thermophilic organisms and proteases isolated from organisms
other than thermophilic organisms that have optimal proteolytic activity as
described above, including any variants of such proteases such as those that have
subsequently been modified or engineered. Thermophilic proteases particularly

suitable for use in the present invention include those that are heat denaturable
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activity over a wide pHrange, and activity in a broad
variety of conditions. Hence, particularly suitable

wonreisaaz®s can be used with nost buffers and s®8CWiNZR2005/000133

function in buffers particularly suited for the

mesophilic enzynme. Exenplary thernophilic proteases
particularly suitable for use in the nethods of the

present invention include EA1%roteinase, a neutral
Midbeixaist iancdlgtie adtivityn Baor | dbovespemiteS80YE,r andh #E\l preferably
and variants thereof, and Akl proteinase, a serine
petiaratly Swatimdtivated Baci ¢levated pseinperasanesi nfoskgxample, at
and variants thereof. The isolation and sequence of
temepayatuecsertcwdbnye BOUEHT G- he reconbi nant expr essi on

of the proteinase encoded thereby is described in Saul

et al., "Sequence of the gepe_encod] a, hi ghl.y..
t her noOthks| &E\ﬁw@flﬁﬂcsp?f)?éﬁm& ﬁ%’r‘i’iﬁgﬁéhf’qr&p}ﬁb? proteases are
strain EAl : expr ion in cher.i chi a

e oli, and -
et C8FY SaridnPil Bl otEyitn gh PEged Vdety g ggnditions.
4-80 (1996) .. T ' i i :

B bt oE R B pe e R s YU Bt byl pad so il
e R R S S e

and sequence of the gene encodi ng Akl and the

r econbi bpRilfef Lio@afy enaewbes for use in the
{her by B ey e o
andhSRIUL M Peeseht anvitioneinehrleeEAdSprajeinasd, raomeatral proteinase.
thernmophilic Bacillus species and its expression in

Estaedi o Badillul syeplesEstrainolAM,c andi variamd9 (thetgof, and Akl
3981-3988 (1994), incorporated in its entirety herein
lpyoteiiase, e acserinkh prateanse ieodated clydinn Pasdfusy spemigs isgain Akl, and
avai | abl e under GenbankAccession No. L29506, and the
aatiaptsdbérgoEequence of the native protein is avail able

under Genbank Accession No. AAA63688. Further exanpl es

of 1 he[[rlrlgp Igécllét?o re?rtl asse%l%ersigé t(?tb ltﬁe]c gcreneuseenc'or&iﬁgh °EA1 and the

recombinant expression of the proteinase encoded thereby is desctibed in Saul et

al., "Sequence of the gene encoding a highly thermostable neutral proteinase from
Bacillus sp. strain EA1: expression in Escherichia coli and characterisation.”
Biochemica et Biophysica Acta 1308; 74-80 (1996). The sequence encoding
native EA1 is available under Genbank Accession No. U25630, and the amino
acid sequence of the native protein is available under Genbank Accession No.

AAB18653.

The isolation and sequence of the gene encoding Akl and the
recombinant expression of the proteinase encoded thereby is described in
Maciver B, et al., "Cloning and sequencing of a serine proteinase gene from a
thermophilic Bacillus species and its expression in Escherichia coli.” Appl
Environ Microbiol. 60(11): 3981-3988 (1994), incorporated in its entirety herein

by reference. The sequence encoding native Akl is available under Genbank
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i nvention include Thernus spp. proteases, including
for exanple, Thernus sp. Rt41A protease (see Minro G

weno@l122709 A gene encodi ng a thernophilic al kal PA®NZ2005/000133

serine proteinase from Thernus sp. strain RL41A and
its expression in Escherichia coli." Mcrobiol ogy 141;
1731-1738 (1995), and Genbank Accession No. AAA82980,
incorporated in their entireth herein by reference),

AQUAYSH Wd. (3BT emddehel améio atid sédurhgeefpthecuutier protein is
structure of an extracellul ar protease, aqualysin I,

Wir4ibN-Bnd @ GerBaakt A eressioa N A A®3688ces and its
processing in Escherichia coli."” J Biol Chem

265: 6576- 6581 (1990) and Genbank Accessi on No.
BAA141B6rthemeanmpiest of thermhphiliceproteatey beitakiley foy use in the
reference), Caldolysin (see D.A. Cowanh and R M
areinton ihPlwdeet TTeextiusrspin dretsasesp iaglidinge forogxagpple, Thermus sp.

%%{%l;fé :ﬁ?{ql:é.llgi gsegir]}%%g\?;%? gpct:g{l? %:Ag Egl:pg% plgé)ocg:@g? g t%)étgrg_egﬁlic alkaline
20 O OB (325, A8 i
Frehafjohis $ha; pEROTET Lo 1AL 8¢ ot Ggnbank Accession
AR08 neBporie B AERCEAREH R 17 eference). aqualysin 1
@eedé’&‘%eiad I pcheq Oé[k%iﬁﬁ%burs&gﬁm&@?e 49%1( &R@RelRiMst protease,

nbank Acéessi 6n 8684), and the al kaline

%gﬁél?@inpﬁ Qi8R DE$2 -O41RE CEROH-tefniab F);Qo-@eq@éncab and dsopecessing in
Yet further exanples of thernophilic proteases include
IFRehEr chi®fcolilte ] thiel @Heys 265636165 8df (19900 ramld Genbank Accession
prot ei nases, such as for exanple, Bacillus

o, dBA 14d3S, RoTpamatdde irs ¢heis entiteiy heeeinBy gefrense), Caldolysin
al., "A highly thernostable neutral protease from )

Beesi D.As Cowanlapd RM. 19awiel, nPurificasion aad jsomoprepsaties of an
gene in Bacillus subtilis and characterjzation. of, .3.he . .
géitr@c?ihdammqteasg.(caﬁqlﬁsmb .OHNB:CX%fW- filflilﬁotﬂ}lé‘*gg ,loghlmlca et

aohes R0 0 M5 AR gl (RESSUBFRGFAS ot o
md)atlc‘fcﬁ%ge_: &% ire{]c%llgiearlleserine protease from a Thermus spp.” Biochemical
Journal 262: 409-416 (1989)), Thermus sp. strain Rt4A2 protease (see Freeman
SA, et al., “Characterisation of a chelator-resistant proteinase from Thermus
strain Rt4A2.” Biochemical Journal. 295: 463-469 (1993) and Genbank

Accession No. AAB28684), and the alkaline serine proteases discussed in Munro

G, et al., above.

Yet further examples of thermophilic proteases include members of the
thermolysin family of neutral proteinases, such as for example, Bacillus
caldolyticus YP-T protease (see van den Burg B, et al., "A highly thermostable
neutral protease from Bacillus caldolyticus: cloning and expression of the géne in
Bacillus subtilis and characterization of the géne product." J. Bacteriol. 173:

4107-4115 (1991), and Genbank Accession No. AAA22623), BT1 (see Vecerek
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froma thernophilic strain of Bacillus sp." CGene 158:
147-148 (1995), and CGenbank Accession No. AAC43402),

waaaaislkem9 st ear ot her nophi | us Npr T protease (sSeeCTagadis/000133

M et al., "Nucleotide sequence and pronoter region

for the neutral protease gene from Bacillus

st earot hernophilus." J Bacteriol. 163: 824-831 (1985)

and Genbank Accession No. AARIP621), Bacillus _

Bt aaf Kiykkk ®philonisg MpdMegneneng ef (the @ekrbbpidteasd-encoding gene
| manaka T, "C oning and nucl eotide sequence of the

frioghlay thermopbdicisiraimefit Batillps cipeadeense 88t rldrr148 (1995), and

Baci | | us stearothernophilus.” J_Gen M crobiol, 341:*)1
©gaBanigdzcessugBNOafd: kBagities StegroErmaplib pyT protease
o8 ¥ agaloy Mt 4l e AGHELCOHOC RSBy LA BT HDEIEGE BB 1or the neutral
f. the_Bagcj| | t ' t
BraFeds Gone o nBoptlys: iR anndar agt PodeBproify, s24-831
t er j-0l 72;  4861- 9 . .

I, oo esiaBli "SR AR F oL BRbrothermophitus
i\ﬂ)‘f‘ﬂ/f hfdtg%se' (?em et aﬂ_(% Iipandka T ""éf(fn‘ﬁg laid cleoqde sequence
strarhs rdentrfied as extrene ht |

mel'y thernophrlic bacilli
bPr Xt agsil Ul flerRbShBR! Y ideut@st Iyﬂotéasandigﬁ;g@erﬁbm Bacillus

properties  of the protelnases fromtwo of

seatgth@snophilus APP| Gel BHEiodIs0I189y 1883-P8R2- 2698§)198d ) Genbank
It will bé appreciated that the use and/or

iARReisiore N0 A ABDRT ), and\Ricsllin eearothermeopdnibis NS prfotease (see
prot eases exhibiting high stability at high )
Nistyiga & ndsImérmmkae¥afiblaning endheuctectidn seqenees solidhe Bacillus
as Cal dol ysin, Cal dol ase, and RT4A2 and the |ike, can "
stequithernatihilus aenirebproteass gene l9ad itsrensciipéenal getivator gene." J.

Basiseion (1 16048 RE 10505 cmabigrapanks Aoemssibn,anpaA22625), and
b Lt e SR P Bt BB YGR8ETne S Sl Wentified

b il R AR ol R o st ot R i RN FHPRAd general

erernn
lppc‘fﬁgfﬁéé 8f i pmtﬁ‘lases from two of the isolates.” J. Applied Bacteriology

71:252-264 (1991).

It will be appreciated that the use and/or inactivation (whether reversible
or irreversible) of proteases exhibiting high stability at high temperatures, for
example the Thermus proteases such as Caldolysin, Caldolase, and RT4A2 and
the like, can require different conditions than those used for proteases exhibiting
less stability at high temperature, such as for example EAl. For example,
irreversible inactivation of such proteases exhibiting high stability at high
temperatures may require very low calcium concentrations, the addition of
chelators, and the like as described herein in combination with incubation at high

temperature.

Methods for the modification of a thermophilic protease so as to alter the
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tenperature. Methods for the nodification of a
t hernmophilic protease so as to alter

wohewshazaet eri stics i ncluding structural or fuRCTiINGR@IS/000133

characteristics of the protease are well known in the

art. See, for exanple, Eijsink VG et al., "Structural
determ nants of the stability of thernolysin-Iike
proteinases.” Nat Struct Biol2l 2(5):374-9 (1995). Such
etk GaidsQReludnE stelioharal 6f figicidRhEClThdteristidstof the protease are
substitution and/or post translational nodification,

Wwel Rkeowhr actid ha. Budi f featkanplel EljsinkuMG, ebadl., "Structural
characteristics of the protease, for exanple, the
ddermmahibof ithe stapilityeof thdrmolystinlikeyproeidases.” Nat Struct Biol.
autolytic activity at a given tenperature or

2@)PEAA ufl®95ungaicht meodifibstiont énelpdinigr ifer t gxample amino acid
dependence upon one or nore co-factors, the pH

sidstindionc eancipd s | translationel emadifieation, y appanbe directed to

ther pophi li ¢ praotease be rend d itable t
wodiReAtONCof Hiee RITionah ShareRIeTiRHES 0E (b gratsase,{pr cxample, the

LSRR BB e p RS e VP el gt o v

e R R O R STRRSHES G e won
L e
E/:)%o fli?fece%l%@c%a\ée "ﬁrtxﬁ)J FARdn R midpE Suikdlilé €6 abé ¥n e Meastion than

9 referabl’y at |least 95% nore preferably at

1RAR4IRBPotédre lgP%w&ﬁ@é oF 3histhgathd ®asferfRe iatlevitich yt becomes
to the specified sequences. ldentity is found over a

SERPibRaAbd antdlgsiv of at |east 20 anino acid positions,
preferably at |east 50 am no acid positions, nore
preferably at |east 100 am no acid positions, and nost

pr ef er Abk ey Evariarg” avith refereasg o POlyREpHEEy prermpRsses naturally

the invention, Polypeptide sequence identity can.be .
Qeewringn agcombinpatly opne mﬁ}ﬁ‘ﬁh%ﬁé{r prqfﬂ@eé u B%]é(g{:phges. Variant

i g . )
%3{%%53& sgqgéen es To%gfelrefbl}g Xhibit gt Eeoas€l 56% dr'ngf”let Sreferably at least

70%, more preferably at least 80%, more preferably at least 90%, more preferably
at least 95%, more preferably at least 98%, and most preferably at least 99%
identity to the specified sequences. Identity is found over a comparison window
of at least 20 amino acid positions, preferably at least 50 amino acid positions,
more preferably at least 100 amino acid positions, and most preferably over the

entire length of a polypeptide of the invention.

Polypeptide sequence identity can be determined in the following
manner. The subject polypeptide sequence is compared to a candidate
polypeptide sequence using BLASTP (from the BLAST suite of programs,
version 2.2.10 [Oct 2004]) in bl2seq, which is publicly available from NCBI
(fip://ftp.ncbinih.gov/blast/). The default parameters of bl2seq are utilized
except that filtering of low complexity regions should be turned off.
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pol ypepti de sequence using BLASTP (fromthe BLAST
suite of progranms, version 2.2.10 [Qct 2004]) in

wohkesag27omhi ch is publicly avail abl e from NCBI PCT/NZ2005/000133

(ftp://ftp.ncbi.nih.gov/blast/). The default
paranmeters of bl 2seq are utilized except that
filtering of | ow conplexity regions should be turned
of f. Pol ypepti de sequence ide@2ity may al so be

cal culpy ﬂecpﬁ&r sédqiRneatidestityenaiyhaled beheatvudatbdpover the entire
bet ween a candi date and subject pol ynucl eoti de

RRGHEHERR oNdrhp Btokeh sesdidate aaldi wbjettpohymglentsie sequences

EMBOSS- needl e (avail abl e at .

ﬁﬁiﬁ%: %mwx ebiuameukligniest abgmnis) aBVBASSmasdiy, (ayeilable at
(1994) On G obal Sequence Alignnent. Conputer

oyl v ovat. el il embesdhlig) eamigﬁAB, (Hpamg3X.) (1994) On Global
di scussed above are al so sujtabl e gl obal sequen

Sequmee il lignoeniakemmoteoAPRGHITTR R 68 Piessisises 10, 227-235) as
sequence jdentity. Use,o% BLASTP as descrilbed ahove is for
pisetssed eabasr e calpd FUiblfeEd? lné‘?q%ﬂcﬁfaMﬁgpr%amS 0

variants accordi.ng to the,present invention.
F@P‘}lﬁgﬁg P@Mﬁ&gﬂﬁg?@%"g 6d%ﬂ§%'npass t hose which
exhibit a simlarity to one or nore of the

o eser U5t R BIARTILE GSGHEAS ShotBlls etk ol Muse in the
ggt%ﬂﬁﬁﬂeagﬁgwggyoﬁ%id%%ﬁ%ﬂt%bidéoﬁﬁ‘ng el sdsdi ivtRion.

chance. Such seguence simlarity
W th respect to pol ypeptides nay be determ ned using

the pupbiypeptiay ¥atiahisealtd 2aesmpassothose fwiich ekhibil ASimilarity to
suite of "prograns (version 2.2.10 [ Cct 2004]?1_ka rom
YEBlor (hére: ¢f thepspecifically idgdifidd ssuehcesTtet & likelurtppyeserve the
of pol ypepti de sequences may be exam ned using the
ffohdtmaiahgquivalence nofatibsk | sequereges nastde patichy (coylhy not reasonably be

pepti deseql -j peptideseq2 -F F - p blastp Variant .. . .
osboed b duvceosrintads by HaRIETES h e Srangg Silgrity with
less than 1 x 1Q "5, re, preferably |l gss than 1 _X. 14

gespest &0 POBMEPHEEY maé,rsrge tde n Pé%)@ ﬁ1f pulﬂbq']% vAildble bl2seq
%g&%@ago{%ltﬁg ﬁ?&:&g‘% sluiéa c:)LP pfogr}glrn“g (ererfigﬁ %%.YO'[%)Q& 2004]) from
NCBI (ftp://ftp.ncbi.nih.gov/blast/). The similarity of polypeptide sequences may

be examined using the following UNIX command line parameters:
bl2seq —i peptideseql —j peptideseq2 -F F —p blastp

Variant polypeptide sequences preferably exhibit an E value of less than
1 x 10 ~°, more preferably less than 1 x 10 8 more preferably less than 1 x 10 2
more preferably less than 1 x 10 12 more preferably less than 1 x 10 15 more
preferably less than 1 x 10 18 and most preferably less than 1 x 10 2! when

compared with any one of the specifically identified sequences.

The parameter -F F turns off filtering of low complexity sections. The

parameter —p selects the appropriate algorithm for the pair of sequences. This
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preferably less than 1 x 10 "18 and nost preferably
less than 1 x 10 2 1 when conpared with any one of the

woepeawsitzoal |y i dentified sequences. The par amePer/NZ2005/600133

turns off filtering of |ow conplexity sections. The
paranmeter - p selects the appropriate algorithmfor
the pair of sequences. Thisprogramfinds regions of
simlarity between the seque®8s and for each such
gﬁ%’g&ﬁ fifRO ko of Bitdlakity betwedn tife séuemspeahddfor each such
urmber of tines one could expect to see such a match
Rsichagssts in &Edadlabasehich is the eapectef emember of times one could
cont ai ni ng random sequences. For small E val ues, nuch )
benst tthaee oneh 4 mach dyappmnoki inas alajatake qfr »disd) fefgrence size
of such a random match. Conservative substitutiogns of ..
ometaiming esetomh sequencescFas sofallaEdealbes, yauch desspthsn; ere, this is
sequence without significantly altering its biol ogical

approwimgtelyr the prebatilie elowghiarapdenm Myeht i on. A skill ed

artisan will be aware of nethods for making
phenotypically silent am no.acid substitutions.{se .
C o BB pbsTiaBeneRt e o yeral siiinS BRidsECy described

Repad By AR SBTAOI s BURAERANY e o

SRR ISR SR AU e OB G AERAS s 8 making

sirabl'e, and any undesired acti vi

' ' f Yarza{m aci NGB Clse¥l kY., Batici & 8L, 1990,
ggg%drtggﬁg}rll% esg{eglgb e. bF%(ilaex an‘pfdé[fbn?nesan’ eg(gen'pl ar1§

Riefned 2af Ij{%)j nvention, in a first step an undesired
enzyne substrate present in a conposition nmay be

consi dered a contam nant, while in a subsequent step

t he copsi meddherein, \the el “sentnenatitanchiden gnyoidssiged matter,
desirable, may be considered a _contamnant. It wll )
fincltdiag doenpmentscinaeedn arpmpasitiomivhese eopfiaadpesese n or on
can be effected in or on any conposjtion ien. or, on . . .
whidcgonepasition srer baeemssuadesirable, ankympendesifed jaghyify gicluding,
one or npre nesophilic enﬁa/me and a ther hi,l.i c .
dpbexample, enzymatic activity, that is or becomes unde irable.'For example, in
an exemplary method of the invention, in a first step an undesired enzyme
substrate present in a composition may be considered a contaminant, while in a
subsequent step the continued activity of said enzyme, being no longer desirable,

may be considered a contaminant.

It will further be appreciated that removal of contamination can be
effected in or on any composition in or on Which~ conditions amenable to the
enzymatic activity of one or more mesophilic enzyme and a thermophilic protease
can be maintained. Such compositions include samples such as biological

samples, solutions, solid surfaces, containers, and the like.

Clearly, in the context of the preparation of compositions for use in
subsequent analytic or diagnostic procedures, including the preparation of

samples or solutions for use in such procedures, the removal of contaminants
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can be maintai ned. Such conpositions include sanpl es

such as biol ogi cal sanples, solutions, solid surfaces,
woanisaerey s, and the like. Cearly, in the conPexmNze605/000133

the preparation of conpositions for use in subsequent

anal ytic or diagnostic procedures, including the

preparation of sanples or solutions for use in such

procedures, the renoval of c@dtam nantsoffers the

cﬁ‘f&? Paft pRispRBY RFSRIbEE tderiSitivee REp@dacidle, anddrobabiuahalyses or

anal yses”or "di agnoses, provided such renoval has

diia%ﬁds@%b, stevideaanth rembbgidiasahinitnal demimdvalyeffiadof iis cayn.

subst ances, especially nucleic acids, present special

challenges in terns of isolating themfromtheir )

nat ur a\iaepvbiotogiealt substarides; espasiallyuwetein aeids, ngreaent special

analysis. They are often present in very small .

durileages at itens, ofiedlating diare fromthein patiral gvioament gnd their

many ot her solid and dissol ved substances. ddi ti on

I n
subsehesrd bondling rinst SMABRET anB6ls SBorR G IR L very small
frequently present i.n splutiong and conpositions ed .
COROCREAHPRY ) AEF AHED AHINGSITS st PLSRCE Dinaty othet Solid and

ontam nation is.a si.gnificant proh in :

o ied SHpstERessarpdEon h i Drfit by cBiffcous contaminants
net hods nd_ part. cul;ar < ;
SEnaran POl Ko R BOFPBSFER (EY 2 Re Bicuessing and

' [ - At igues are highly sensitive to
%@%&%ﬁpggéﬁéhﬁﬂﬁﬁgch may | ead to inaccurate results,
for exanple, a false positive or a fal se negative
resul t cofRnig%asR!is. a BERifieanbobian anemospadulatiaf, preparative,
yielding a significant mnultiplication of target
ERAIGEY! B8 dRpdostie rdthedd)i gl pastemdardy e wherensuch methods are
presence of contam nating nol ecul es, even where pure )
semitive. géoni sesnplnda pungertafinplegular biplagicaldedimigues are highly
solutions are used. Contam nating nucleic acid f

rom

semiting bacongningion. Siichanay fepdeipemaceyatireshiss, for example, a
organi sns may be dead .and the _sol utions ile,

Galee ansibiaeios BlscaEal BT aRar SRMBRKP RO LETIqUShare capable
%?yyiglﬁfrijé assligﬁh%ant multiplication of target molecules, and are thus highly

sensitive to the presence of contaminating molecules, even where pure test
organisms and purportedly ultra-pure working solutions are used. Contaminating
nucleic acid from contaminating organisms remains even though the organisms

may be dead and the solutions sterile.

Contamination of the sample and/or working solutions may occur simply
as a result of the reagent tubes being opened to the atmosphere or being touched
by a technician. In addition, contamination may arise during preparation of the
working solutions, or may remain attached to containers, equipment, glassware
and the like used in the preparation or storage of samples and working solutions.
For example, traces of nucleic acid may remain attacﬁed to glassware even after

acid wash treatments.
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as a result of the reagent tubes being opened to the

at mosphere or being touched by a technician. In
wadaistizzng cont anmi nati on nay ari se during prepRCaNZees/000133

of the working solutions, or may remain attached to

cont ai ners, equi pnent, glassware and the |like used in

the preparation or storage of sanples and worKking

solutions. For exanple, trac@® of nucleic acid may

remai rsht acliemitiion agrisey en@eeprobldreatiadhel iselstion, handling,
treatments. Such contanination renders nore problematic
drideanagwiaiof such kamgldsnguctaasi fonaixysipte,df biospecifagrpssays which
such as, for exanple, in biospecific assays which

Aldvowhe detectaineat speniftf anabplies b specifie ppalyteopropsrisst i ¢

anal yte properties. Exanples of biospecific assays are
hybri di sati on assays, .| mmuno ass

r eceptioramplgand tiespegi{ic pysays é¥%§%§ré‘%g]%§‘§h9§sa&i§;eiqlﬂlém assays
ai{)gﬁfeigglgt%gg{agsggg %g{;{;{s gglyg_%r&ista o %g%?gz% lé'ﬁ%_rth%gﬁ%cg{’iic r21lse§)—]i)airing for
e FoBchaohae i SHBbt L FARA, Bl N0 B P ence
SeEeToRTR! PoBL ST % MR LECLE 18 20 BuLlipUlf iRy enable the
BRSSO S3ELent o m e s, it s

gﬁ}mﬂe%%otg@ﬁassﬁﬁvﬁi&l aniatlaAsnsdedivetsiadingcofivarceligummcleotide

s procedure allows the selective anplification of a
?ﬁﬁféksf ii§ the Chslmepadedclizigi maction APCGR) dbsaiiedv & IJI0y Rat. No.
her nost abl e pol ynerase in the presence of
4530 095u GRS de staniaidodiagrostic proaedie. fltds ayetestre phlows the
present invention is in one enbodiment directed t
setpetineeamptificatioranf exspseifiegnipleiccgit segion 49 ﬁﬁepﬁc&@?e levels by a
contam nation of conpositions, includin

theirosiohle, pplyserae izitee RPEPNGP ﬁué?%g‘é%@éﬁ@% triphogphates in
BPIcoRelPat e PpRaEt imegicmi op opr <P R Gffected 1o
%ﬁc’lp rovided with refsnence R HEClAHSS tdntamination of
compositions, including working solutions, from nucleic acid or nucleic acid-
degrading enzymes, including those from contaminating organisms and from

treatment practices.

Whilst this discussion is provided with reference to PCR techniques, it
should be appreciated the discussion is not to be seen as limiting the scope of the
invention. The invention has application with a range of procedures, including
diagnostic and other nucleic acid techniques where contamination, including for
example nucleic acid and/or nucleic acid-modifying enzymes in compositions,
such as for example working solutions, may detrimentally impact on results

derived therefrom or on the complexity of the procedures.

For ease of reference throughout the specification, the term “nucleic
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shoul d be appreciated the discussion is not to be seen
as limting the scope of the invention. The invention
woasosappilobcation with a range of procedures, i RCTNG2613/000133
di agnostic and ot her nucleic acid techni qgues where
contam nation, including for exanple nucleic acid
and/ or nucl eic acid-nodi fying enzynes in conpositions,
such as for exanple working 26l uti ons, may
&88° 'sﬁslmiabé MalkdP &S tin€lidé EINAL fe.gerdNA bheleabmienDINA), RNA
on the conpl eX|ty of the procedures. For ease of
qeeg Al dgst dethedBNIA bc RINAN A DAt @ RNA analog can
nucl ei caci d" shoul d be taken to include DNA (e.g
sONnthesigedofrom BYSeotiRNAnNGngs. , The nRNejc actl @aalbfggl single-
of the DNA or RNA. A DNA or RNA anal og can be
styanided sirzéahtfle-strander swileatde.aand oyY. beriaeha’cgmdéptexw gtherwise
can be a singl estranded or doubl e-strande eg
mhmpmg/ nyre thae tomecatigleisxacad. diusthor the BUsHIG 3 rfbfre the present
than one nucleic acid. F r her, the nucl |c ac
nwcnbm@smv CORBHS? oh pn:;ga 'éOf%f rﬂslé ‘hgéﬁ pBgs, and
an nDdlfled bases, .an d | S the 0
f qse§ Of COIPPRSFTE  JQigHes ﬁ °nitd ogr?%%cﬁ% nucleosides,

9%9 SR g %ﬁgg‘ﬁﬁt@?@? oA HEEY' of Mhodifications to
fe}gﬁr eﬁcéég gﬁ%\% R ?né@ﬁ ffb‘tl %@éful ylgpds% MThe term ‘nucleic

as 1t 1s enp here| mbraces such

?&r Al gsa f ucﬁqg? BB 1 1RbInY eﬁfbrﬁ@%‘s abedli eBbmYcdIBdi driz§ehatically or

rrBo c'acid, as well as the chem cal forns
afetdd¥icang ROUi Rl AfoReis & ﬁldléic adcid]i asusel @nthecelehnsical forms of
I'ncl uding” si npl e and conpl ex cells. PCRis a hi ghly
PR0A| dnidVIRNIe chath cpesisti@ndl viraseshendiselis, tincladinigi siipltand complex
nunber of copies of a specific region of nucleic acid,

oéllen from m nute quantities of starting material, in
order to produce sufficient nucleic acid for anal ysis.
A nunber of generally a plicabl.e st i nvol ved i

PCR pr BQ&!U@ o highiy GR0siH ems {106 B AN B ISR P AmPlify the

t he mast mx of re ts_and
number o coples OI" a gc&lc region &e nucleic acid, often from minute

quantities of starting material, in order to produce sufficient nucleic acid for
analysis. A number of generally applicable steps are involved in PCR procedures,
involving preparation of the sample, the master mix of reagents and the
oligonucleotide primers. Therefore, there are a number of stages where
contamination of the PCR can occur. PCR techniques have for many years been

hindered by contamination.

Such contamination may occur not only from contaminating nucleic acid
in the preparation of working solutions, but also simply via handling or exposure
of the solutions to the air during subsequent steps of the PCR procedure. Even
with purportedly pure reagents, contaminating nucleic acid can still be a problem.
Results from standard PCR techniques must take account of such contamination

in the reporting of results.
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ol i gonucl eotide priners. Therefore, there are a nunber
of stages where contam nation of the PCR can occur.
weehstiezioni ques have for nmany years been hi ndePed/Nzg005/000133
contam nation. Such contam nation may occur not only
fromcontam nating nucleic acid in the preparation of
wor ki ng sol utions, but also sinply via handling or
exposure of the solutions to2ffhe air during subsequent
st eps Wjr éi‘eﬁn;?l@ﬁ cohoesdutity TRMAN isvat pagticofaer predlem pur forensic
reagents, contamnating nucleic acid can still be a
RidekewheRehuinha DNATattamdeatbnRER tesuhrin quisgledonviction, and
take account of such contamination in the reporting of,
inebaticsaFaliagnoatips ewherentrand riactaripl DRNA sisa epelr tpresengrin low
problemin forensic science, where human DNA .
auceairatiens b reagenise dgspite ising aliraues Keagentsorthe prgblem still
in bacterial diagnostics where trac

roqaitep e SRFHCHIOR bW (D nessie TBImRSHE: iefbﬂgfc egiﬁ%@!‘% ‘Rneticists

vesre et 88BN HhRpoRR et nbliBe RYBR SRl Jpetow 30
' i al i gi st - i it 165 R :

O 25 Rett e B, B OB e i hss o

feorgr{,si c scientists below 30-35. The cost is a | oss of
R }tniy\'/i ty. For many diagnostic techniques, current

protocols require treating all equi pment, gl assware

and 1 eage My WildgnHRHe 3R RsC kAR ipSotBEbIR! rdqRireSEeating all
to renove contannation. For exanple, nobst protocols

é@ﬁﬁin\éhﬂggl&%vaaeadmdste?agemuwmsmds_irauw pinenicals prior to use to
gl assware and reagents be treated with the toxic )
EdpeoN e ebn@indhydmyF oc axhopid, empBEPR)topols omvolving RNA. analysis
renove ribonucl eases. Frequently, equi pnent and . .
rezpirentll euimbet, ghisswsiedandreagdeldibsdresded writh thiegoxigechemical
al one, or the use of large quantities of disppsable
digthydpwiecaibonateqPERE) Prige teise dademove H@’%‘P@gﬁ‘éﬁ?s- Frequently,

I nvention have nunerous advantages , oyer .
equipment and reagents must ge set asu{e hd dedicated for this use alone, or the

use of large quantities of disposable equipment is required.

The methods of the present invention have numerous advantages over
current techniques, shortening the amount of time required for the preparation of
compositions including reagents and working solutions, and ensuring they are
free from contamination, for example, by nucleic acid and/or nucleic acid-

degrading enzymes.

Moreover, the methods of the present invention, reliant as they are on the
temperature at which a composition is maintained for the initiation and
termination of enzymatic or proteolytic activity, rather than the sequential
addition and removal of different activities to the composition, are readily
automatable, using equipment well know in the art. For example, thermal cyclers

commonly used in PCR techniques are particularly suited for use in the methods
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current techni ques, shortening the anount of tine
required for the preparation of conpositions including

woeeagant®9 and wor ki ng sol uti ons, and ensuri ng PO®WNZa608/000133

free fromcontam nation, for exanple, by nucleic acid

and/ or nucl ei c aci ddegradi ng enzynes. Moreover, the

nmet hods of the present invention, reliant as they are

on the tenperature at which &8onposition is

fRittiavaRtbd. ®obokie dgnigrmeiti ommoalytwediinahdé tiboedtory is also well
enzymatic or proteolytic activity, rather than the

sEitsdens gk @addid nothedyd of ehrevakesaft divehitomnFor example, robotic
activities to the conposition, are readily .
wotkstatiats| imcluding goledid bawidt handlinglkwonkstationh sughtas the Biomek
exanpl e, thermal cyclers conmmonly used in PCR .

2000 W otkstationefrgar Bedunan Cpulier,ttbe Tesan (agnepis ligid handler, the

G"%Qﬁg; :ﬁé&%&?iﬁ[‘ﬁéﬁyﬂs’ 4380 coyinat dabchangiagednd Fopendort
FEMSPE JDRSTHEIAGIAG. TR ipaPR L PisbeE MO anch BE Rikesm gpsily be
PRI NS ER LR i -
T SRR TSR R oy ppniond
Aagar cgél%{gtoﬁﬁﬁo?xﬁgﬁb thEquoﬁlQ&bt}’lé kSeth6d o PR iihVedifon.

conpl ne er autonmat abl e equi pnent, i ncluding

pl ate sealers and robotic arnms (such as those

avai | ayl g EngBaRACKiEprdsent iBfchtiondwilherevideearaein stagdard for
thermal cycling equipnent to automate the nethods of
phficanen foroctitidal applieatiorsagedh ahforpnsic ant evideatial epplications,
will provide a new standard for purification for

whieré cahtanpmitionafree neagestsaive ssitical ensi ¢ and evi dent i al

appl i cations, where contam nation-free reagents are
critical. The procedure of gne enhodi nent of the .

pr esentlhemyreerduse of cmgi qralodiment ob Hieprrseut inventiem requires that

and wor ki ng sol utions, be taken hefore usg and treated .
FPRIRIALS. Tedaqnts,Aed HREkBESoliqs dekch Refosn oy and fedted with at

Teast ond %ugloe?ct gcq]dpcﬁ:tg'rzp né‘ %ﬁlzﬁhg tc?‘f‘ﬂiﬂimise contaminating nucleic acid,

and at least one thermophilic protease. Fither or both mesophilic and
thermophilic nucleic acid-degrading enzymes are suitable for use. Typically,

nucleases are used to degrade contaminating nucleic acid.

The containers, reagents and working solutions may be stored at room
temperature or a desired optimum temperature until required. The incubation
period is dictated only by the period required to effect degradation of the
contamination, for example the contaminating nucleic acid, and the time until the
containers, reagents and working solutions are required for use. Accordingly, the
containers, reagents and working solutions may be incubated at room temperature

for any variable time.

The at least one nucleic acid-degrading enzyme must be active and stable



and at | east one thernophilic protease. Either or both

nmesophilic and thernophilic nucleic acid-degrading
wenaosnesoar e suitable for use. Typically, nucl easeg2e500133

used to degrade contam nating nucleic acid. The

contai ners, reagents and working sol utions may be

stored at roomtenperature or a desired optinum

tenperature until required. T2 i ncubation period is

di oF ehslv byt B%°Ch&hpedti leastr@guihnadict acidfdegeading enzyme must

degradation of the contam nation, for exanple the

aBot baricapablagohbeingi praeolgticallyd degraded ray irrgviersiblyedenatured at

cont ai ners, reagents and working solutions are

nbouti 62 tfocabous 80°Accor di ngly, the contai ners,

reagents and worki ng sol utions nmay be incubated at

room-t t f i abl i _
one. nuBTEAG (he gPRGH IS SRAYFHS MK OBBINg OISR ey then be
5 abpertisngd Ancharm, Wb nceiesh 46 wues SISt BiF fficteic acid-

%g{@?@éﬁ%%ﬁ %gc&g%% %{i{s{a&éfg %bzwm?%gﬁaétuﬁe@n@%raMe at
SRR RSB ok TAOR A TIBE PR AL OB, BBy o
Sy héé&ﬁtﬁﬁ% BB "lﬂ-li?’térirnﬂll?é%hﬁx?@ &R e WbpRAdNPRIAME particular one
pr otease m xture, then ntai ned at a terrper ature at

Wi bl R 1B RcRI-dERABINPUG AR asidd felegtatblogwhstiera mesophilic

has enzymatic activity to éffect decontam nation. This

10 teARandphike whtikidwidepgrdang emrynidier pathtis asécar one or
nore nucl ei ¢ aci d-degradi ng enzynme used, for exanpl e,
whet her a nesophilic or thernpphilic nucleic
aci d- d&readnagor myweneelelsonpid-degrading Tnemamaised ipihe initial
nucl ei ¢ aci d-degradi ng enzynme used in the injtial . .
diecontaminatéon srepswelp alsq [degrads aragpamBleapycleienpgid template it is
nucleic acid tenplate it is_brought.into contac i t. .
dougialr e contact vuE; 0 thargiora i & @nfAmsan, g s mucleic
;%@-@gé%ﬁ%ggé I@(\:/t%fi C}I@g‘[}%f“%g{' etro?e%%gqllfe% s, for example, in
15 PCR. While many nucleic acid-degrading enzymes are capable of being
inactivated by denaturation, frequently they are also capable of subsequently
refolding into an active form. Clearly this is undesirable as it can result in
degradation of sample and/or inaccurate or inefficient analysis, for example,

degradation of sample template and reduced efficiency of a PCR procedure.

20 It is therefore preferred that the nucleic acid-degrading enzyme be
degraded. Accordingly, the containers, reagents and working solutions may be
heated to from about 65°C to about 90°C, at which temperature the thermophilic
protease exhibits proteolytic activity, thereby degrading and irreversibly
inactivating the one or more nucleic acid-degrading enzyme. Thus, the one or

25  more nucleic acid-degrading enzyme cannot then refold to become active again.

Preferably a thermophilic protease is also used in the initial
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PCR  VWhil e many nucl ei c aci d-degradi ng enzynes are
capabl e of being inactivated by denaturation,

wobnreguermby t hey are al so capabl e of subsequenPCy¥/NZ2005/000133

refolding into an active form Clearly this is

undesirable as it can result in degradation of sanple

and/ or inaccurate or inefficient analysis, for

exanpl e, degradati on of sanpl#)tenplate and reduced
dédomarannyionl sepPER gusoredigpeadationi ef tthermidease and any other
preferred that the nucl eic aci d-degrading enzyne be
degmadeatingarcayntisngl y, the contai ners, reagents and

wor ki ng sol utions may be heated to from about 65C to

about 900C, at which tenperature the thernpophilic .

pr ot eadbe dseyi tsquirepentse Ky thecprateasenythis Hueatgn are that it has

degrading_and irreversibly inactiyating the one or o
RO GFAT L1 . adtye aamievhess Ybe tymperatyicdagag obpbout 65°C

08 TR TR PG L8 s
BBt aPerE alpRiad o i et Mot FE RRAPIRR Oltviy profile
gﬁ@e %hactol? bR rﬂ?to% 8w & belbiF aﬁ&%(th g?“t:}‘,'t ﬁlﬁ:g?%ﬁf below about

fotease in thr's rnvention are

FEACLBAER B0 gl ol OEMERLETALG oyt 0

Sorapere bbigw abdateser.is difficult to denature
and/ or autol yse at or above about 900C, and that it

has a tenperature-activity profile such that it has no

or | owBychsing tay shiedbdev throndpiO Groteass, dhalvontaiedreyweagents and
about 45C, bel ow about 500C, bel ow about 550C, nore
sokitienaniay bremeintainedtat GROTAbeEGS Fr tefaboubP)°G &0 sapidly degrade
about 650C. By using a suitable thernophilic protease,

the opereramese fuckeie feil-degiadingo Pugiteess sy thee protease itself may

mai nt ai ned_ at, from about 65C t o abaqut, 900C t o, r api di.
GEgFiste THE Ohe SIPRBREI dBFe AR Bt giosg: AgFe relidnt on a

enzynes. As the protease itself may interfe W .

DhatTavents colBoRamt FRIY at 19° PRl ofd pBIIE dipblidfse in a
PCR, and the accuracy of the results obtained therefrom, the protease must also
be degraded. For suitable proteases, heating the solutions to about 90°C or above
will cause rapid self-degradation such as autolysis and/or denaturation of the

protease, resulting in irreversible inactivation of the protease.

Accordingly, the containers, reagents and working solutions are thereby
substantially purified for use, for example for use in ensuing PCR procedures,
and the likelihood of etroneous results from contaminating nucleic acid and/or

nucleic acid degrading enzymes is minimised.

Having a closed-tube system of purification prevents exposure of the
reagents to the air, and reduces the number of steps where opening and closing

the reagent tubes is required, thus minimising any possible contamination.
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pr ot ei naceous conponent such as an enzynme, for exanple

a polynerase in a PCR and the accuracy of the results
wohv@inzadt herefrom the protease nust al so bePCT/NZ2005/000133

degraded. For suitable proteases, heating the

sol utions to about 900C or above will cause rapid

sel f-degradati on such as autol ysis and/or denaturation

of the protease, resulting i1irreversible

i nact iyyat i-gPisabed B8t IRt &ABSIin%E OTdhe Prasent idvention may set a

contai ners, reagents and working solutions are thereby

SP Sttt B kbe/ralidbilfty @8r beidentsl afdothex aniical hpplicasiens of PCR
ensui ng PCR procedures, and the |ikelihood of

£id ofReUnoleesldr tiolore ndiagmistici teehnigges thbagle theipdovision of an
and/ or nucleic acid degrading enzynmes is mnimnmsed.
kil renodvasfrdnt edmpeyitionsany cpnbaifinatian enpredeistacid and/or
exposure of the reagents to the air, and reduces the
muctbieracod degregmguwineymespeni ng and cl osi ng the reagent

tubes is required, thus m nimsing any possible

Che. pr EBeRICSEAEERA Hay DGt IesRDRA ST PG 0 either or both
PRl ' B SRE ShGE B e lgnes, mesopit
SRS 40 RMAE o GRAE 0SsREEY, ey S
fg%@éﬁfg@cﬁo%g Iﬁ‘gée‘iilt rﬁfonnéfélc}ﬁds igg& Ad 9RA" AU Rethin th , Seope of

present 1 nventi een described w

iRl goéplﬁ?ﬁéhtﬁint QferGh etfbeESOPhi | i ¢ and

Ic nuclelc acid degradi ng enzynes,
mesophi li ¢ enzynmes, and thernophilic proteases.
Howev ewyith fefh@idedtobRigapp i emidatiizdusshart heseim,aini opseferred aspect
the present invention are possible and will fall .
Wierbigptdvedat o peethdd forepyrifysemworlringsolwions JonBplingerase Chain
described. Wth reference to Figure 1 and di scussion
Reaction (PORxtgsheigiesed aspect there is provided a
met hod for purifying working solutions for Polynerase

Chai n React i i _ . )
an T%gcmle?hr})d( 51%% vése%arllcri]rllgq ‘e’ or more PCR working solution and

adding to the solution, before any PCR is undertaken, one or more mesophilic
nuclease. The nuclease is added to degrade nucleic acid contamination present in

the solution, such as contamination from an external source.

Preferably at least one thermophilic protease is added, preferably

concurrently with the nuclease.

In order to effect decontamination of said one or more solution, the
solution is maintained at a desired temperature for nucleolytic activity of said one
or more nuclease at or below about 65°C, and preferably at the optimum
temperature for nucleolytic activity, until required for use. There is no maximum
time limit for this maintenance other than ensuring the activity of the one or more

nuclease and the at least one protease is maintained. The minimum time is



10

15

20

The nmet hod invol ves taking one or nore PCR working
sol ution and adding to the solution, before any PCR is

wanasriezioen, one or nore nesophilic nucl ease. PO®/NZ2005/000133

nucl ease i s added to degrade nucleic acid

contam nation present in the solution, such as
contam nation froman external source. Preferably at
| east one thernophilic protedke is added, preferably

SROAL bARL by thd ddeditbensiel thasentahiingtirdenudleiceicieEitdegraded.
decontam ™ nati on of said one or nore solution, the

solution is maintained at a desired tenperature for

nucl eoTytdampletd thet purificatiom poovedore prioe tnhusingathe ene or more
or bel ow about 65C, and preferably at the optinum

selotien afirst ¢hd one nuolae inycleasadhew theyproiguse musé heiremgved. The
for use. There is no maximumtinme limt for this ..
selitionrissobjestateto ahleastepraiheaigresiment siop; whepintthe solution is

R AAEIAGH  (TRDCTAMC A HELHEn FReH! Goar iyt B e

need to ensure the contam nat! ng nupl eic acid is .

oSt s e SFbpR bl Subabi i be S PRENHBal I prectude
I t . T

dErfantitn 8 o e UEISRE FURET PhiRbaRBed TR (Bfich Hideast one

Floptlf, BRI EhHIARE, EyABRE] s i s o i

%ﬁ]lger%ﬁﬁé‘,t AR et RRs StBShiiidsel dnd dep dhkireorith@inating proteins,

cl ease to precClude degradation of the sanple nucleic

afdlédinkeneyiesli ments in which at |east one

thernophilic protease is enployed, said thernophilic
protease is active at this tenperature, and degrades

t he nudlaiaméniagdharmneottherore solutivnraitaboyt POV eirnahove will then
i ncl uding enzynes. Maintaining the one or nore .

sestuli imrrapid abbdegoabdonr setdows autplysishand/pesdgnatyration of the
rapi d sel f-degradati on such as autolysis and/or
PEi683%: at i on of the protease.

The working solutions are then allowed to cool and may be then used in

standard PCR and/or other molecular biology diagnostic procedures.

The method is characterised by the use of a nuclease to remove existing
nucleic acid contamination, followed by a heat treatment step to denature said
nuclease thereby to reduce nuclease-dependent degradation of the sample nucleic

acid in the PCR.

Another aspect of the method involves using a thermophilic protease to
degrade the nuclease and any other contaminating proteins including enzymes,
followed by a heat treatment step to degrade and/or denature said thermophilic

protease.

The invention consists in the foregoing and also envisages constructions
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The working solutions are then allowed to cool and may
be then used in standard PCR and/ or other nol ecul ar

woi2zalsagy7odi agnosti c procedures. The nethod i s PCT/NZ2005/000133

characterised by the use of a nuclease to renove

exi sting nucleic acid contam nation, followed by a

heat treatnent step to denature said nucl ease thereby

to reduce nucl ease-dependent 3Bgradation of the sanple
BEGRiE R Hoiving BRveRCRamPRAtdey. aspect of the met hod

i nvol ves using a thernophilic protease to degrade the

nucl ease and any ot her contam nating proteins

i ncludi ng enzynes, followed by a heat treatnment step

to degrade and/ or denature said thernophilic protease.
BXAMPERSI on consists in the foregoing and al so

envi sages constructi onsof which the follow ng gives

exanpl EXAMBLER{REbGa FofYNAEfbm Beludioals. of DNA from
solutions. This exanpl e describes the use of cocktails

of hrres dhiy txampleadesadbes thaaise af coblawis ofimesophijlienaidlease, such
wi th thernophilic protease to repove contam natin ..
£p SN ASELit WJum%t%%thﬁéﬁm%%lgggﬁm&ﬁ%P Tébrq!il@?‘@ngm%maﬂng

I eliberately contam nated with a hi gh nol ar
Eﬁgﬁtg?’?%??uq(msget DNA (5 ng). The reagents and
solutlﬁs re treated with a DNAsel/ EAl thernophilic
pr ot ea eth9dlt ai | as fol lows: 37C for 15 mn, 75C for

15 mn d 95C . for,15 mn, .To t r esi.dual . .
DNasel P&ct TS50t il Sglé‘ﬁlﬁpgtv‘ée%gr%ﬁ%fj{ag%%c@go Taicd with a high
i 3 . A0 tdagpits dHAUEClUREHD VS t
\gfﬁ@ﬁg&w&%gﬁh&gﬁ E(i;‘IDI\IAsAeS g%)ded bfutagl ag Ki nggGERI WS treated
tohieh aOPNAke / IPA b tthaseophilie priteaseawckmnl asofodlofwst 37°C for 15 min,

75°C for 15 min, and 95°C for 15 min.

To test for residual DNasel activity, the template and oligonucleotides

were incubated at 37°C for an additional hour. Reagents and solutions with
DNAsel added but lacking EA1 thermophilic protease were used as controls for
the removal of DNAsel activity.

Results

The combination of mesophilic nuclease and thermophilic protease was
highly successful in removing DNA contamination from PCR reagents and
solutions. The gel image depicted in Figure 2 demonstrates the efficacy of
removal of DNA from deliberately contaminated PCR reagents. Even after 40
cycles of PCR, no evidence of product from the contaminating DNA is visible
(see Figure 2, lanes 12 and 13).

To verify that the lack of product was not the result of residual DNAsel
activity, the cleaned reagents were used in a subsequent PCR, see Figure 3. Here,
when DNAsel alone is used and taken through the full heat treatment, residual
activity remains which appears to be degrading the primers. Clearly, addition of
the thermophilic protease is effective to remove DNAsel activity, allowing the

production of PCR product (see Figure 3, lanes 6 and 7).
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the renoval of DNAsel activity. Results The
conbi nation of nesophilic nuclease and thernophilic

wonraisgaz®Iwas hi ghly successful in renmovi ng DNACT/NZ2005/000133

contam nation from PCR reagents and sol utions. The gel

I mage depicted in Figure 2 denonstrates the efficacy

of renoval of DNA from deliberately contam nated PCR
reagents. Even after 40 cycl e¥ of PCR no evidence of

pr oducCohchusiddse contaminating DNA is visible (see

Figure 2, lanes 12 and 13). To verify that the |ack of

pr oducThisemettasd iche beastd tofrempsidualesibhbleeénzyme activities in
activity, the cleaned reagents vvere used in a

selbtiens mr@@mnnp&ehcatgmagmsnt iscineffegiivg, Tiheasehnigpe séfectively

|s us d and ken t hr full heat treatnent,
F‘é‘??aﬁ%glaa%fch appears to be

degradl ng the prl ners. Clearly, addition of the

thernophilic protease is effective to renmve DNAsel

activit aI | ow n the production of PCR prodyct (see

EI gur ed % Removal dgontamingutsfrom 'l'ﬂ?)'éﬁ ‘can

e use to rempve undeS| abI e enz act|V| '

Sol ut 8hY SHBFRISAeSFRY hédie of Aeafgtion of nesopfilic nuclease,

ffect he, te ef t
o cRPiselnchee R RSV RIS rofgsss g remove
@Bnﬁﬁﬁhﬁtﬁ@ﬂ‘%h?sélﬁﬁ&héw' utions. This exanpl e describes
the use of a conbination of mesophilic nuclease, such

as DNAjglthold@ conjunction with thernophilic protease
to renove contam nation from sol uti ons. Mt hods

ReagenRgaadtts 2l Wbhiivhs Wesre détibeResificohtandaated vitkah édigh molar
with a high nmolar quantity of target DNA (5 ng). The
qaagityt of imgetsblNAl(G nsg)wdihe teagente dindi solutions were treated with a
DNAsel/ EA1 thermophilic protease combination at 37°C for 15 min, followed
by 75°C for 15 min.

To test for residual DNasel activity, the template and oligonucleotides
were incubated at 37°C for an additional hour. Reagents and solutions with
DNAsel added but lacking EA1 thermophilic protease were used as controls for

the removal of DNAsel activity.

Results
The combination of mesophilic nuclease and thermophilic protease was
highly successful in removing contamination, both nucleic acid and added

mesophilic enzyme, from reagents and solutions.
Conclusions

This method can be used to remove undesirable enzyme activities in
solutions where a simple heat treatment is ineffective. The technique effectively
makes thermostable enzymes heat-labile. By omitting the incubation at 95C (as
performed in Example 1 above to irreversibly inactivate the thermophilic
protease), the activity of the thermophilic protease is preserved for subsequent

use.
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DNAsel / EAl thernophilic protease conbination at 37C
for 15 mn, followed by 750C for | 5 mn. To test for

woesisdazioo DNasel activity, the tenplate and PCT/NZ2005/000133

ol i gonucl eoti des were incubated at 37C for an
addi ti onal hour. Reagents and sol utions with DNAsel
added but | acking EAl thernophilic protease were used
as controls for the renoval &5 DNAsel activity.

Resul ts The conbi nati on of nesophilic nucl ease and

t hermophi li ¢ protease was highly successful in

r enovi RY ANIPIE 30 Renpévaledhieat veditant anrymend added
nmesophilic enzynme, fromreagents and sol utions.

Concl ushignexaitiple desdribdsciie hse ugethetmopkibiovprotease to remove
undesirabl e enzynme activities in solutions where a
sontminéndtingt heat eesistanitmespphiled ensymssdromselutionrini que

ef fectively makes thernostable enzynes heat-Ilabile. By

om ttiNkthbds i ncubati on at 95C (as perforned in

Exanpl e 1 above to irreversibly inactivate the

t her noPinples ofRudbwels tredted as follows: contrphgamples were subjected

{5080 0P EHeslmeaiibval VBRI oDt St PIEHBEGRAEL C fpf 45 min:
PAATRLSAPHIT RER. IRBHRA A 73R TOPRY! hldf P X PRERNES of EAL

nati ng Fesi stant nmesop Ic enzynes

fHePRop R bRAGaseMIHReE SaBpiey 68 FhlPvial then eaddedatoealiquots of
as follows? control sanples were subjected to no

plastriié DN Aeaidnimnubatbd sSamples wete thenlyiskadised bitgsl elpchpphoresis
75C for 15 mn; EA -treated PvuU was incubated at 75C
g UDS transllopip@donhy esence of EAl t her nophil i ¢

prot ease. These sanples of PvuU was then added to
al i quoResults

The restriction endonuclease Pvull is resistant to heat inactivation. This
is clearly shown in Figure 5, where viable enzymatic activity is observed even
after heat treatment at 75°C for 15 min (Figure 4, lanes 4 and 5). Incubation at
75°C in the presence of thermophilic protease results in the complete removal of

enzymatic activity (Figure 4, lanes 6 and 7).

Conclusions

This method can be used to remove undesirable enzyme activities in
solutions where a simple heat treatment is ineffective. The technique effectively
makes thermostable enzymes heat-labile. Following removal of restriction
enzymatic activity, digested DNA is immediately available for subsequent use,
such as ligation, with the protease in place. At normal ligation temperatures

(20°C and below) the protease has no measurable activity.

EXAMPLE 4: Removal of starch from cloth.

This example describes the use of thermophilic protease to remove

mesophilic enzyme from solid substrate, itself used to remove contamination
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plasmi d DNA and incubated. Sanples were then
vi sual i sed by gel el ectrophoresis and U/

wonrasseioom nati on. Results The restriction PCT/NZ2005/000133

endonucl ease Pvwil is resistant to heat inactivation.
This is clearly shown in Figure 5, where viable
enzymatic activity is observed even after heat
treatnment at 750C for 15 mnggFigure 4, |anes 4 and

%b%}ﬁl@%ﬂﬁatshgﬁﬁé 750C in the presence of thernophilic

ease results'in the conplete renoval of enzymatic
actlvaN% ﬁﬁ%gure 4, lanes 6 and 7). Conclusions This
net ho 5 used to renmove undesirable enzyne

activigjes i,n | utiQn p

o' 1 nepebaid ettt @il §Beds RERpGulY Hpy L€ W Ehbination
HAE! TOREARGShiRE sbeqhe | AbiH & nﬁ@ﬁthﬁi@kinﬂt agfexahately 45°C

restriction enzymatic activity, digested DNA'is

(anedizhtelyytempeaidtalel i Whichsthosaylese isuawives sieth as from 20°C to

[ atlon with the protease in place. At no

60 gé,tm(smtgb]@, &o1a? hpuss, (12@0 cARMPEEATER)is tlﬁgeé{%t toapproximately

2% QR opt T dp o0 i it RO Tl (TG KE maiged at this

{Segﬁégggﬁ’% lFdiC1 REG ﬁ?e?ﬁth% Perhy g@i‘h‘k‘tﬁefﬂﬁﬁg’ﬁﬁ'rhﬂséd N2y fé1' Phbur.

substrate, itsel d to renbve
cont ankgg{q g)nfromthe soI id substrate. Methods
Starch oth is de-sized using a nesophilic anylase

in co mﬂ'n@ ai‘hb o B 85808 "g?ﬂ?ﬁb fhP t® rr@fn%@é estar-EH efr6mOtHe cloth,

IS maintai ne apprOX| mat 5C (al though any

11801REh ahb ' fetioh &\flltlde ahij@as@rrﬂhaﬂmtﬂoa acT 5@ activates athe protease
from200C to 600C, is suitable) for 2 hours, then

tegding dhe ansylayes rBiaslyl inoubphenatndl &l ylmﬁlz@s( ﬁP@JHSlS of the
6?()0@%%39000 is also suitable). The cloth is maintained

Conclusions

This method allows the removal of an unwanted contaminant, in this case
starch, from a solid substrate. Advantageously, the method also allows the
removal of both the enzyme used to effect starch removal, and the protease
effecting such removal, resulting in de-sized cloth with very low residual protein

content.

EXAMPLE 5: Removal of ethanol from solution.

This example describes the use of thermophilic protease to remove

mesophilic enzyme, itself used to remove contamination from solution.

Methods

Unwanted ethanol is removed from a solution using ethanol
dehydrogenase and/or alcohol oxidase in combination with a thermophilic
protease. The solution is maintained at approximately 37°C (although any

temperature in which the mesophilic enzyme is active, such as from 20°C to



10

15

20

25

tenperature for 1 hour, then the tenperature is again
raised to 950C for 1 hour. Results The incubation at

waswsit2mafficient to remove starch fromthe cPOTNZ2005/000133

t hrough the action of the amylase. Incubation at 75C
activates the protease, degrading the anyl ase.

Finally, incubation at 950C initiates autolysis of the

prot ease. Concl usions This nggthod all ows the renoval

Sbe@nis ﬁﬁ%@fe? o P Mol fhRAtthe tembBlatureds encbadedhto dppedRimately
a soli1d substrate. Advantageously, the nmethod al so

2590 ol 6 5PEntov A0° O fis laddtch stiteblen Zbie selstidn tis méinéained at this
starch renoval, and the protease effecting,su ?o

tesmnsvature farsheu gﬂthéée@pir@&lré|l%ﬂ&alwf%1ﬁe@&§ [ fpr 1 hour.
resi dual protein content. EXAVMPLE 5. Renoval of

et hanoResulésn sol uti on. This exanpl e describes the use

of thernophilic protease to renove nmesophilic enzyne,

i t sel f The encubatioamb3d°C dnsafficientitonempyenethanal figm the solution,

Met hods Unwant ed et hanol, is. r ved froma sol utign .
ﬂgpﬁgh eﬁ?a@@?‘oﬂ efil dibgg ethangl Jdehvgroggnast ozfndZS%ri c@ig@lqlnomdase.
onhi i QN~ x4 raaphi il G.pr o § .0
FRERAIRD LG el RO R ARt neRpHAlc Bzyme.
PR aldbtion ats whiditigtesaanMis bf theprytaasé.s acti ve,
such™as from 200C to5Q0C, is suitabl e)rlﬁfor 1 hour,

then tpgnlchigigaat ure i s increased to approximately

750C (from65C to 900C is al so suitable). The solution

is mai fHa fethodtalldWsSthcGERRNVAL &f £h hidwadted @adhtantiRe, ihhis case
tenperature 1s again raised to 950C for 1 hour.

Bamubl, frdihen solotibmt Advamagnsly, she ofetliad aso allowséhevemoval of

et hanol fromthe solutign, .
both the enzyme(s) used to effect ethanol removal, and the protease effecting

such removal, resulting in a solution with no contaminating ethanol, and with

very low residual protein content.

EXAMPLE 6: Decontamination of sample container.

This example describes the use of thermophilic protease to remove
mesophilic enzyme itself used to remove contamination from the solid substrate

of a sample collection container.
Methods

A sample collection container, in this case an eppendorf tube fitted with a
valved screw cap lid, to be used for the collection of solid sample is
decontaminated as follows. A solution comprising DNAsel and a thermophilic
protease is added to the eppendorf tube, and vortexed to completely cover the
inner surface of the tube. The tube is maintained at approximately 40°C (although
any temperature in which the DNAsel is active, such as from 20°C to 60°C, is
suitable) for 2 hours, with frequent vortexing to distribute the solution over the
inner surface. The temperature is then increased to approximately 75°C (from

65°C to 90°C is also suitable). The tube is maintained at this temperature for 1
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through the action of the ethanol dehydrogenase and/ or
al cohol oxidase. Incubation at 750C activates the

wonreisaaz®9 degradi ng the nesophilic enzynme. Fi rairiNg2005/000133

i ncubation at 95C initiates autolysis of the protease.
Concl usions This nethod allows the renoval of an
unwanted contam nant, in this case ethanol, froma

sol uti on. Advantageously, thegmethod also allows the

B@ﬁ'io‘fﬁén e BN rﬁﬁl@e N EXER( B 99SCdof appiox@ahtett mgrrﬁin Finally,

rendval , and t pr ot ease effecting such r enmoval
tlﬁmlbe|mglcuhamd$0I100?(blﬁon/\3(1ﬂnmo cont am nati ng et hanol ,
and with very |ow residual protein content. EXAVPLE 6:
Decont RekilR§ | on of sanple container. This exanple
descri bes the use of thernophilic protease to renove

mesophiThe Gnaubayis dtt4el isusgticleat (@ maueve any DINAatontamination
fromthe solid substrate of a sanple collection

trom thenmbe, Moltglﬁﬁle/acganmf ¢he oxomtsigase. nenbationedt 75°F activates

e Droteroe IR o B AR RGO B LRI YGroH oS tion at

Bﬁm@ ﬁﬂ{egrﬂu@?iﬁg d o‘”ﬁ]%é ?Ht@é(& easgl #el 1ﬂgud]9agi&rdtsl'0090 allow the

pro I's a

§@lﬂﬁ6ﬁ%fbdlp et ttﬁﬁdgh/ thid exledd tiid, Cr@ml’uﬁg &hxa d@vﬁlibetff& of DNA
i nner surface of the tube. The tube is mai ntai ned at

apptandhateerel y 400C (al t hough any tenperature in which

the DNAsel is active, such as from2QC to 6Q0C, is

sui t abiGonclurios hours, with frequent vortexing to
distribute the solution over the inner surface. The

t e nper dhis metlod dkbws therremowdl oDamppwentedwostayninadCin this case

rom65C to 900C is also suit bIe The ube js
Ae aﬁrqmot gtsom %lrf@ﬁp@? asanele 6?1)1% hévivaRigeously, the

gt it f?ﬁl%lv%cuﬁ"?@é&ﬁafﬁ%ﬁﬁgé5§%¥°e st DA Femoval,

and the protease effecting such removal. The use of a tube with a valved top
allows the removal of liquid by boiling, resulting in a dry tube free of DNA
contamination and with very low residual protein content, suitable for the

collection and storage of solid samples, for example, for later forensic analysis.

EXAMPLE 7: Removal of lipid from sample solution.

This example describes the use of thermophilic protease to remove

mesophilic enzyme, itself used to remove contamination from solution.
Methods

Unwanted lipid is removed from a sample solution using lipase in
combination with a thermophilic protease. The solution is maintained at
approximately 37°C (although any temperature in which the lipase is active, such
as from 20°C to 50°C, is suitable) for 1 hour, then the temperature is increased to
approximately 75°C (from 65°C to 90°C is also suitable). The solution is
maintained at this temperature for 1 hour, then the temperature is again raised to

95°C for 1 hour.



10

15

20

25

Resul ts The incubation at 400C is sufficient to renove
any DNA contam nation fromthe tube, through the

wacbisan2wd t he exonucl ease. | ncubati on at 75C RCTiNZa603800133

the protease |eading to the degradation of the

nucl ease, whereupon incubation at 950C initiates

autol ysis of the protease. Finally, the incubation at

1000C al l ow the solution to 91 off through the

val vedRlekglits resul ting in a dry tube free of DNA

contani nation. Conclusions This nmethod allows the

r ermvaghefin HIHeBE 89°C a8isaffi¢iant to rdmbi SipidSeorMAe sample,
fromthe solid surface of a sanple collection tube.

Eﬁ\bﬁgﬁ ﬂgeowtiqn. of hihentipised Iabslatin et/ X ke acévateslthefprotease,
oth the enzynme used to effect DNA r val.,. and the .
degtading the f kpasend Bakdn ﬂ@‘r\@@apf} aﬁh&%%e mjfiates ¢ %‘HQFYSIS of the
with a valved top allows the renoval of liquid by

BB‘?tF’?Si’?g, resulting in a dry tube free of DNA

cont am_nat b?n and with very | ow residual protein

cont enfOEIMNYYYY ¢ for the collection and storage of

solid sanples, f example, for.later forensic . s
anal ysiTis mejtiod allows Dapipxpl 6 aif ppyanieH SeplaTigpnt, in this case
Lyt | Thi e |
TR ooy SR AR A, Bttt o allos e
irbBYAl HF Bt thé ARy Nisadi toatfifest Hipidnrenodwal,i amd the protease
Met hods Unwanted lipid is renoved froma Sa"P' e . .
sfecting rsuck iramovah arssulting donb sampleowithi 1o, centaminating lipid, and
t hermophi lic of ease. Th olution is maintained at
é’ﬂﬂ?ﬁ?ﬂy Weﬁ_%%‘?g)@i%\mtq‘i’g " any tenperature in which
the lipase is active, such as from 200C to 500C, is
suitable) for 1 hour, then the tenperature is

i ncreased to approxi mate 750C (from.650C t i
al so smhea%h(é’)e%)mﬂ@@cﬁf@weow(?ﬁe reactions to ogcu%qg% IcISosed tube

thermocycler controlled format. This creates the opportunity to combine a variety

of sample and/or DNA modification steps, which ends with a cleaned DNA
composition, free of undesired enzymatic activity ready for the next step of
analysis. The approach removes the need for solvent extractions and ethanol
precipitations. Furthermore, the fact that contamination, such as undesired
enzymatic activity, can be removed without the necessity of addition or removal
of further components to the composition with the attendant exposure of the
composition to potential contamination from exogenous sources, renders the
methods of the invention highly attractive as a means to develop robust analytic
and diagnostic procedures, particularly those that are sensitive to contamination.
For example, microbial identification and monitoring, plant tissue analysis,
forensic DNA analysis and any other technique dealing with either trace DNA
and/or many samples that need automated handling are particularly suited to use

with methods of the invention.

It is not the intention to limit the scope of the invention to the

abovementioned examples only. As would be appreciated by a skilled person in



mai ntai ned at this tenperature for 1 hour, then the
tenperature is again raised to 950C for 1 hour.Results
woheosinzobati on at 37C is sufficient to renovePCTpizdoos/000133
fromthe sanple, through the action of the |ipase.
I ncubation at 75C activates the protease, degrading
the lipase. Finally, incubation at 950C initiates
autol ysis of the protease. CoHtl usions This nethod
tel amsnidng vaimions ot possivieanitieshtcdepraimg drom the schps of the
case lipid, froma sanple solutiaon. Advantageously,
trventien KesdselogbinihedReompanyisgwlaimsdf both t he
enzyme(s) used to effect |ipid renoval, and the
prot ease effecting such renoval, resulting in a sanple
with no contam nating lipid, and with very |ow
residual protein content. The above nethods enabl e
two-step reactions to occur in a closed tube
t hermocycl er controlled format. This creates the
opportunity to conbine a variety of sanple and/ or DNA
nodi fi cation steps, which ends with a cl eaned DNA
conmposition, free of undesired enzymatic activity
ready for the next step of analysis. The approach
renoves the need for solvent extractions and ethano
precipitations. Furthernore, the fact that
cont ami nation, such as undesired enzymatic activity,
can be renoved w thout the necessity of addition or
removal of further conponents to the conposition with
the attendant exposure of the conposition to potentia
contami nation from exogenous sources, renders the
nmet hods of the invention highly attractive as a neans
to devel op robust anal ytic and di agnostic procedures,
particularly those that are sensitive to
contami nation. For exanple, mcrobial identification
and nonitoring, plant tissue analysis,
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forensic DNA anal ysis and any other techni que dealing
wWth either trace DNA and/or many sanples that need

waubwnat®gd handling are particularly suited toPAsSezZa005000133

met hods of the invention. It is not the intention to
limt the scope of the invention to the abovenenti oned
exanpl es only. As would be appreciated by a skilled
person inthe art, nmany vari ati4gns are possi bl e w thout

depart i WHATOWELOEASMOSe of the invention (as set out
in the acconpanying clainms). WHATWE CLAIMIS: 1. The

use of at | east one thernophilic protease and one or

gt nffz §?é 8#1 ét Eeggti/&ﬁq naﬁl?lgpk aj%x’o@c%{s{% %nﬁ Qﬁef&fm?é mesophilic

Wher ei gh7§fedinCshBiManan in e PerBNRf toTalt et oﬁe %oﬁfarmﬁ"aﬁt from a
nmesophili'c enzyne, and wherein said conposition is not

a nucl @impasifich,s wietren cxang rdomitanginant ligiac sabstehaté ovf one or more
testing. 2. The use of @t | east QHe t her npphi.lic
pr ot eaBesaidlie FaZYRC AR 6161h§41 CC%&%%OQ A0} geucleic acid

not exhibi,t activity eff.ect ve cell walls in
conbi nsﬁ’p}c}ﬁ CPHP trﬁglg%%%}g ac%c#lfogttgﬁt{n St one cont am nant
froma conposition, wherein said contamnant is a
substrate of said one or nore nesophilic enzyne. 3.

The2.uskEhofise bfiatriehsoone thermophilivepretease and aie dremstre mesophilic
one t her nophi | | C. protease Ls sel ected fromthe group
1

conpr i GzgieEat des nepexdi mp%crlw%w egpperto aaaavweﬂ walls in

l/:ar IN g:ﬁ ﬁﬁgﬁ&ay%{ nthe?ﬁsxqﬁggls ;ﬁérﬁsgr v\ﬁ%r %@{r:tg%%naélt from a

pr ot eagginpSsifidh, WHEYeR sﬁh'cdﬁiarﬁﬁfahﬂi‘i 8 stbQFROOSL sdid JAE or more
use of any one of clains 1 to 4 wherein said one or

mor e nmssqtiilic engmagne i s a nucl ei ¢ aci d- nodi fyi ng
enzyme.

3. The use of claim 1 or claim 2 wherein said at least one thermophilic
protease is selected from the group comprising EA1, Akl, NprS, NprT,
BT1, YP-T, aqualysin I, NprM, Caldolysin, Caldolase,Rt41A, RT4A2, and

variants thereof.

4. The use of claim 3 wherein said protease is EA1 and/or Akl or variants

thereof.

5. The use of any one of claims 1 to 4 wherein said one or more mesophilic

enzyme is a nucleic acid-modifying enzyme.
6. The use of claim 5 wherein said enzyme is selected from the group
comprising nucleases, phosphatases, kinases, polymerases, synthetases,

ligases, methylases, transferases and recombinases.

7. The use of any one of claims 1 to 4 wherein said one or more mesophilic



6. The use of claim5 wherein said enzyne is sel ected

fromthe group conprising nucl eases, phosphat ases,
wainEses709 pol yner ases, synt hetases, |igases, PCT/NZ2005/000133

met hyl ases, transferases and reconbi nases. 7. The use

of any one of clains 1 to 4 wherein said one or nore

nmesophili cenzyne is selected fromthe group conprising

ATPases, cytochrones, deam nags, dehydrogenases,

decar hpXha3e Selcd i oA IAS | gfdug xygepasiag , A¥Pasdsasgsochromes,

endopepti dases, flavoproteins, tlippases ]

hydr odeamaimases, hiety dtagsnaseshyldearkbpkplasss, desatwmpsas.edioxygenases,

i somer ases, kinases, .li

|.igases, |ipases, |jipoxygenases,
| yaseslastasgsas esndopeptidases, HPOPEAGESas eﬂﬁap,aé%pi d¥drogenases,

and p | yii o i 1 .
oo s SPRUSFRRITES, iMELTRA T opBSh WARES s, lpass

5 €NnzyNRE3exydcRAsuic IeaseSmusises abRidases, Dxidredgaases, peptidases and
synt het ases, teflonmerases, and transferases. 8. The use

of anpratedytié cleizgmet, t opErmesesi n petodidasesyosiphasphorylases,
is to be uysed in a polynerase chain reaction. 9. The
deconteaemiinasesp Feieascy ragtatoye CREY R rél?fgl%?eaéf’%i fplfatases,
1to 8. 10 A f | east one
cont a WWé?ﬁesf %&’ﬁgﬂe'a{%geg n»%%%‘%‘?ﬁ%gés? q\% lerag?%r%gf d
contamnant is a substrate of one or nore nesophilic
enzynme, said nethod conprising the steps of: adding to

10 t hé&. cAhpase bf any vak o fokensr1 to7 svheesiopaid compositioe istadbe used
at | east one thernpphilic, protease; and naintaining
sai d HdAPELIMease ghall reaqtion. t enperat ure or tenperat ure
range at which said one or nore nmesophilic enzynme has
enzymatic activity, but at which said at | east one

t her mMypRidelc6ntafih 88 Prodsct B Midde ¢F anyCor¥y (L doinyd 1 ¢o 8.
activity; and maintaining said conposition at a second

tenperature or tenperature
15 10. A method for the removal of at least one contaminant from a composition,
wherein said contaminant is a substrate of one or more mesophilic enzyme,
said method comprising the steps of:
adding to the composition said one or more mesophilic enzyme and at
least one thermophilic protease; and
20 maintaining said composition at a first temperature or temperature
range at which said one or more mesophilic enzyme has enzymatic
activity, but at which said at least one thermophilic protease has
minimal or no proteolytic activity; and
maintaining said composition at a second temperature or temperature
25 range at which said at least one thermophilic protease has proteolytic
activity; and

maintaining said composition at a temperature suitable for use;

wherein said one or more mesothermic enzyme does not exhibit activity

effective to remove cell walls.
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range at which said at | east one thernophilic protease
has proteolytic activity; and nmaintaining said

woanpasepon at a tenperature suitable for usepChNgz@isM00133

said one or nore nesotherm c enzyne does not exhibit
activity effective to renove cell walls.11. The net hod

of claim 10 wherein said nethod may involve after said

mai nt enance at a second tenpetdature or tenperature

range one or nore repetitions of the additional steps

of: adding to the conposition one or nore nmesophilic )
ent¥ynghe andthedi of @laiind Oswharein rmsisk imetbad snay nvolve after said
tenperature or tenperature range at which . said one or

nor e FRESYERGISC At fﬁﬂ‘g‘(ﬁgﬁn%?? {Of LIRS, Tangg, ong or more

whi ch k- S : hilic protease has
M ni me %gﬁoﬁ%ogrﬁ%t&edﬁﬁ%g%mi ty; and maintaining

sai d conp@dinkit® ﬂl@éo@]?ésﬁﬁ@@ bat f a2t nicsophiliatenzgmeaagd
at which said at | east one thernophilic protease has

pr ot eol yiaintaining saig.conmositinn atea fapaatuse oF tempereture range at
claim 11l wherei.n said net hod cg\rnni ses the additionalt. v but
step of MR 3AAORE o& ATeaBFROBRIIG FHYRe o ¢jzyatic actuvity, bu

t enper at %{{IV SHiéh g%foﬁfgt; getag{ Bné Elﬁ%?no;g{ig& gi.trgfétasé fa$ Mintmal or no

denat urati on an ySI S east one

t her rmph'gfdtgo i0eAviky; abd. The method of any one of
claims 10 to 12 wherein said first tenperature or

t enper at uraintainige said despesiiorn oy tempaatuan @r dgpperature range at

650C. 14. e thod of any one of clains 10 t 3. . .
wher ei n %1& ?qr{‘iiﬁ ?etaétn‘b‘éer HPaPRyICHRE §§ea{1%§r]%ro?e£b§téc advity.
bet ween about 200C and about 500C. 15. The met hod of

any one of clainms 10 to 14 wherein said first

t eg’Q? g%‘ébkhgt(})%g dfesipkh aluse clagngel whebsihvwaih nadtiood cSMPLses the
and about :
additional step of maintaining said composition at a third temperature or
temperature range sufficient to cause denaturation and/or autolysis of said

at least one thermophilic protease.

13. The method of any one of claims 10 to 12 wherein said first temperature or

temperature range is between about 10°C and about 65°C.

14. The method of any one of claims 10 to 13 wherein said first temperature or

temperature range is between about 20°C and about 50°C.

15. The method of any one of claims 10 to 14 wherein said first temperature or

temperature range is between about 30°C and about 40°C.

16. The method of any one of claims 10 to 14 wherein said first temperature or

temperature range is between about 40°C and about 65°C.

17. The method of any one of claims 10 to 16 wherein said second
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16. The nmethod of any one of clains 10 to 14 wherein
said first tenperature or tenperature range i s between

wahost122709C and about 65C. 17. The nethod of aRgTMIZR005/000133

clainms 10 to 16 wherein said secondtenperature or
tenperature range i s between about 65C and about 85C.
18. The nmethod of any one of clains 10 to 17 wherein
said second tenperature or tedgperature range is

bet veg&mpbatire@? Crapeaaie tin@R Getiifen dhutestEamdatbout 85°C.
any one of clainms 10 to 18 erein said second

tenperature or tenperature range i s between about 700C

and abgut 800C. 20Q. The net hod of a on f clains 1

to 1P m‘?emtg%apg aAe SRG Pgng]@l“ﬁ§ up(i ‘ioselggé’mer%’c.sa“{) second
21, T f ' ' ' i o
tenpe:%grﬂg?}eala%? O?é%%é&&ﬁf%éar n{g:del%g %Hefgb\/\(}ede)(rg‘)r 5‘; oal?td 391)6)8&80 <
and about 1050C. 22. The nethod of claim2 1 wherein

said third tenperature or tenperature range is between
abdt THe0@nethdd abbuanyl GaRCof 28laimsel dretohdd® ovherewn sad second

1 wherein said third tenperature or tenperature r €. ono
s Do lIPBBRTANIG IODETAIE TABELIS R ADOH" htkAbLbt 80°C-
claim 23 wherein said third tenperature is about 95C.

25. The nethod of any one of clainms 10 to 24 wherein

saigh, ore: GhetBHC ofE&BPMel GfebkwiiE 16 f Mclwherein said second
aci d-nodi fyi ng enzyne. 26. The nmethod of claim25

wher eitamperatueriz pheut 25°6el ect ed from t he group
conpri sing ki nases, polynerases, synthetases, |igases,
net hyl ases, transferases and reconbi nases. 27. The

X : AN . r .
e o AT, BARRUS R (5 TG PRGER s
met hodafke & Bétiedd abb ®°C &#l sban2PseC] s sel ected

fromthe group conprising nucl eases, phosphat ases,
ki nases, pol ynerases, synthetases,

22. The method of claim 21 wherein said third temperature or temperature

range is between about 90°C and about 100°C.

23. The method of claim 21 wherein said third temperature or temperature

range is between about 90°C and about 95°C.
24. The method of claim 23 wherein said third temperature is about 95°C.

25. The method of any one of claims 10 to 24 wherein said one or more

mesophilic enzyme is a nucleic acid-modifying enzyme.
26. The method of claim 25 wherein said enzyme is selected from the group
comprising kinases, polymerases, synthetases, ligases, methylases,

transferases and recombinases.

27. The method of claim 16 wherein said one or more mesophilic enzyme is a
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| i gases, nethyl ases, transferases and reconbi nases.
29. The nethod of any one of clains 10 to 24 wherein

weabw/1ezm9 or nore nmesophilic enzynme is sel ect edCTMNaR005/000133

t he group conprising ATPases, cytochrones, deam nases,
dehydr ogenases, decarboxyl ases, desaturases,

di oxygenases, el astases, endopepti dases,
flavoproteins, flippases, hydtdgenases, hydrol ases,
hydr oxytlarescidinmedifiring eszymeoner ases, ki nases,

| i gases, |ipases, |ipoxygenases, |yases, mnutases,

oxi dases, oxi oreductases, peptidases and proteolytic

TS TR R BRI LS fom e o

atory “enzymes,

ri bongehPRsRE nbblchdsaSstosphyaidiasdaasesy poghassss, synthetases,
tel onera es,ﬁ%ar?d ter ansfler alsDeS. 30. The >r/ret hod of an;?, :

one ofigatesi methylages, 2onsfbrmses mdaicdmbamgsesi tion is or
isin a closable container. 31. The method of claim 30
wherein said container remains cl osed after addition

of ,gaid one .or re nmesophilil.c engy [ ]

o 28° s Rk, DRy RSB TR PRI B g or more
The 1R8€j0kelebRMErok? the 3rdupMeehfirikisRi ATPases,
nmet hggﬁé%gﬂgg{cf g{ri?ryed ilr? aecl osed tube s;glgtem ggj Trﬁgél

met hodyticheomesyndeanfinatesi ndehydragend@sywdecaiboxghises, desaturases,
net hod i s automated. 34. The t hod. of clagjm 33 whereip.

sai d SiHEEnaes | sdlastaseshergdopentidases, 331avoREOtRRSH o flipPases,

of claim 34 wherei ' Ll t .
eyl eRYRIEsBitn o BB, TSRRRNAES: REaths, 15 MBlases. kinases,
36. Thgagal 'P{]?ﬂsééf, 1oy O&fased, 16hsdsMnutihes0oRfdlaydisioRidteductases,
said at” | east oné thernophiliC protease Is sel ected )
from tpeptidasesp @ndpr ifEdteglEA , @kdymes, permeases, peroxidases,
phosphorylases, recombinases, reductases, regulatory enzymes,
ribonucleases, sulfatases, synthases, synthetases, telomerases, and

transferases.

30. The method of any one of claims 10 to 29 wherein said composition is. ot

is in a closable container.

31. The method of claim 30 wherein said container remains closed after
addition of said one or more mesophilic enzyme and said at least one

thermophilic protease and prior to use.

32. The method of any one of claims 10 to 31 wherein said method is

performed in a closed tube system.

33. The method of any one of claims 10 to 32 wherein said method is

automated.
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NprS, NprT, BTI, YP-T, aqualysin I5NprM Cal dolysin,
Cal dol ase, Rt 41A, RT4A2, and variants thereof. 37. The

worbisad2opd cl ai m 36 wherein said protease i s EACTANZAIGE000133

Akl or variants thereof. 38. The decont am nat ed
conposition of the nethod of any one of clains 10 to
37. 39. A nethod for the renoval of at |east one
contam nant froma conpositi ot wherein said

coBf amhoamthbé of ckiI¥ whered ssidenethodntidisees teminal cycler.
enzynme, said nmethod conprising the steps of: adding to
the conposition said one or nore nesophilic enzyne and

o o505 5 RBR Bt S50kt T8l e
range gl b1 AT A0 ROl BbaRihg N ch sai d one or

nore Nesop c enzynmne enzyrmtfi;'c activity; and

mai ntai ni ng said conposition at a second tenperature

or tenperature range at which said at | east qgne

t h86ndjki iethosr of easeomaoipelates| P ta 33cwheraly : saigh@t least one

e T e L
met ho Y Ler (Walchs]
S Y R, TPLF GRS Sl dn s Rid 14,

repet RTINS £id vdRnadfieidognal steps of: adding to the
conposition one or nore nesophilic enzyme; and

mai nt ai ni ng said conposition at a tenperature or

tenperature r t. whji ch.sai.d one or nore phidic

ey heaiediial A TG WHEGEILTNG AFOUAFGAS don b Ao Akl or
| east V%ﬁgn{s%&%gﬁhi lic protease has mnimal or no

38. The decontaminated composition of the method of any one of claims 10 to

37.

39. A method for the removal of at least one contaminant from a composition,
wherein said contaminant is a substrate of one or more mesophilic enzyme,
said method comprising the steps of:

adding to the composition said one or more mesophilic enzyme and at
least one thermophilic protease; and

maintaining said composition at a first temperature or temperature
range of from 40°C to about 65°C at which said one or more
mesophilic enzyme has enzymatic activity; and

maintaining said composition at a second temperature or temperature
range at which said at least one thermophilic protease has proteolytic
activity; and

maintaining said composition at a temperature suitable for use.

40. The method of claim 39 wherein said method may involve after said
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proteolytic activity; and nmai ntaining said conposition
at a tenperature or tenperature range at which said at

woOeeasst12zme t her mophi | i ¢ prot ease has prot eol yt PCT/NZ2005/000133

activity. 41. The nethod of claim 39 or claim40

wherein said nethod conprises the additional step of

mai nt ai ning said conposition at a third tenperature or
tenperature range sufficient #8& cause denaturation

and/ omaintenbyes at afsesand tempbrtste antenpantwehahge one or more
pr ot ease.  42. hod of any one of clains 39 to 4

1 whedepsiit W@fé]ﬁ%galtlﬁﬁ?]étmm lic enzyne is a

32 wher o no0i g thr S RRoSRON T ¢t dnof BN eites
conpri si @Qalﬁtaﬁhﬁgsseﬁi cdfipsihieh as ﬁ%embbme&)r temperature range at
pol ynerases, synthetases, |igases, nethylases,

t r ansf er agedsh anid ommmbormmesoplﬁlflc eitemerhbd eﬂzyrﬁam gctivity, but
one of clains 39 to 4 1 wherein said one or nore

nmesophi | iag Wéhi@b fgld gt deast nedthersaphilie BfiodrAse has minimal or no
conpri si ng es tochrones, dean nases,

dehydr ogé? %@8 1c E‘X} g&f{]ases desat ur ases, _
di Oxygen"i‘l%ﬁﬁtanﬁhg%%tﬁﬁ@&n pSHER &Pkt %ﬁdture or te erature range at

fl avopr ot el ns, i ppases, hydrogenas hydr ol a es
hydr oxy| asisish saidtat eass eae thmmphﬂmeprotease hae proteoly‘uc activity.
| i gases, |ipases, |ipoxygenases, |yases, mutases,

oxi dases, oxi oreductases, peptidases and proteolytic

r eéﬁlma@xg@"%f‘gﬁgr@pﬁ% Iﬂ%ﬁﬁéﬁf%{) a;yl]gpr& oLt 33&hod comprises the

enzy megditigpan QFe:p @Fﬁ?amt%ﬁhﬁ@fséﬁle&1 ?dﬂﬁbﬁl%@% third temperature or
synt het ases, onmer ases, and transterases

met hodempemu;&e(mng@ﬁuﬁicaerrtﬁto Quso ddahtutationi amdséw ai1talys1s of said
| east one thernophiljgc protease is selected fromthe

gr oup 3 st Prg thermaphiligqrotagse.s, NprT, BTI, YP-T,
aqualysin I, NprM Caldolysin, Caldolase, Rt 41A,

42. The method of any one of claims 39 to 41 wherein said one or more

mesophilic enzyme is a nucleic acid-modifying enzyme.

43. The method of claim 42 wherein said enzyme is selected from the group
comprising nucleases, phosphatases, kinases, polymerases, synthetases,

ligases, methylases, transferases and recombinases.

44. The method of any one of claims 39 to 41 wherein said one or more
mesophilic enzyme is selected from the group comprising ATPases,
cytochromes, deaminases, dehydrogenases, decarboxylases, desaturases,
dioxygenases, elastases, . endopeptidases, flavoproteins, flippases,
hydrogenases, hydrolases, hydroxylases, integrases, isomerases, kinases,
ligases, lipases, lipoxygenases, lyases, mutases, oxidases, oxioreductases,
peptidases and  proteolytic = enzymes, permeases, peroxidases,

phosphorylases, recombinases, reductases, regulatory enzymes,
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RT4A2, and variants thereof. 46. The nethod of claim
45 wherein said protease is EAl and/or Akl or variants

wohersaet70947. The decont ami nat ed conpositi on oPCTNg2005/000133

nmet hod of any one of clainms 39 to 46. 48. A nethod for

the renoval of nucleic acid froma conposition, said

nmet hod conprising the steps of: adding to the

conmposition one or nore nmesop#Blic nucleic

aci ddeihoadclegsesnz ynHatases, at synémstes, onsyntletasesphit¢lomerases, and
prot ease; and mai ntai ning said conposition at a first

t enpettN§HEases. t enper ature range at which said one or

nore nesophilic nucleic acid-degradi ng enzynme has

enzymatic activity, but at which said at |east one

thersmoapli ficthdd %Tﬁcﬁgﬁ of@SofMERIARI 3P ko N RHE&A! il Cat least one

activity; and nai ining sald conposition at a second
t enperthémicphilic peneaseaisseectad feomt thwhgmhpsmrﬂpmﬂmg EAl, Akl,
| east one ther m)pThl lic protease_has praoteolyt

act i viNgrS, RpaTnBilds XiPnil naquadydn doNped, Qa{qplmmaCaldolase Rt41A,
t enper, tabl ar 49. The nethod of claim

48 V\hﬁ#&f’s@ft&d"a&?@ S(){h Fﬁﬂtfg nmesophi lic nucleic

aci ddegradi ng enzyne is a nucl ease.50. The net hod of

any one of clainms 48 or 49 wherein said conposition is

f ordousithe methddCRf pelamedifr evhebdin Jié pletoase dsilbAt exhd/or Akl or
conposition of the nmethod of any one of clains 48 to

50. 5xariantsghers@ff or purifying one or nore worKki ng

solution for nucleic acid diagnostic techniques in a
cl osed-tube system said nethod conprising the

47. The decontaminated composition of the method of any one of claims 39 to
46.

48. A method for the removal of nucleic acid from a composition, said method
comprising the steps of:

adding to the composition one or more mesophilic nucleic acid-
degrading enzyme and at least one thermophilic protease; and
maintaining said composition at a first temperature or temperature
range at which said one or more mesophilic nucleic acid-degrading
enzyme has 'enzymatic activity, but at which said at least one
thermophilic protease has minimal or no proteolytic activity; and
maintaining said composition at a second temperature or temperature
range at which said at least one thermophilic protease has proteolytic
activity; and

maintaining said composition at a temperature suitable for use.

49. The method of claim 48 wherein said one or more mesophilic nucleic acid-

degrading enzyme is a nuclease.
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steps of: adding to said one or nore working solution
one or nore nucl ease and at | east one thernophilic

wonreisaazm9 capabl e of degradi ng potentially PCT/NZ2005/000133

contam nating nucleic acid and/or nucleic acid

degradi ng enzynes in said working solution; and

storing said one or nore working solution at a

preferred tenperature until r4&uired for use; and

copp) The Meethod of aagionenfridinr 4801149 mteseindaitheomposition is for
nore working solution by raising the tenperature of

sai d vseeingg PERrprogedieng sol uti on; and cool i ng said

one or nore working solution for use, the nethod
characteri sed by the use of both a nucl ease and a

th PR i ' i r ;

act vty dsbopRihAEg SoRLBnf ey BTRAY ek claims 48 to
sai d sg@chni ques i nclude pol ynmerase chain reaction

techni ques. 54. The nethod of claim5 1 or 52 wherein

the tenmperature to which the partially purified one or

T Ay 300 Sl S 8 ok 03 o S e acd
| I t . .
o TIPS PR 100 (9 PRLS AE N Omprising e

cl ai MBtepd of0 54 wherein said one or nore thernophilic

protease exhibits autolytic activity or is denaturable
at t enperddingds salsbore abmore sookingsplutitneorpehB@repuclease and

glr gi ren agg awga{gi: o%?a{eglgggﬁgﬁgpgﬁé%gf Ic? D g?eg g)igleciﬁec%%qmgh]%otentially
wor ki ng g%ﬁéﬂiﬁ&iﬂg RHHeRIOY diforRidIER Rid WYrddse %ﬁzymes in

clainms 1
said working solution; and

storing said one or more working solution at a preferred temperature
until required for use; and
completing purification prior to using said one or more working
solution by raising the temperature of said one or more working
solution; and
cooling said one or more working solution for use,

the method characterised by the use of both a nuclease and a thermophilic

protease having differing temperature activity profiles.

53. The method of claim 51 wherein said techniques include polymerase chain

reaction techniques.

54. The method of claim 51 or 52 wherein the temperature to which the

partially purified one or more working solution is heated to is > 90°C.

55. The method of any one of claims 51 to 53 wherein said one or more

working solution may undergo more than one heat treatment step.
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56. The method of any one of claims 10 to 54 wherein said one or more
thermophilic protease exhibits autolytic activity or is denaturable at

temperatures above about 90°C.

57. The method of claim 55 wherein said one or more thermophilic protease is

EA1 protease and/or Ak1 protease.

58. The working solution produced by the method of any one of claims 10 to
10 37.



