2 4 OCT 2005 Thernostabl e proteinases fromthernophilic bacteria.-

TECHNI CAL FIELD This invention relates to inproved procedureg i grmpfiscul ar
bi ol ogy techniques. In particular, it is envisaged the procédure wll
facilitate i nproved nol ecul ar biology 5 diagnostic techniques by providing
means of renoving extraneous contamnation, as well as sinplifying the
overal |l procedures. Preferably the contam nation that is renoved as a
consequence of the present invention includes proteins and nucl eases.

BACKGROUND ART 10 Pol ynergse chajn reactio P has,.r api dl y becone one of
the nost widely used tecﬂﬁ?’&\?@'@l’{lﬁrﬁ&'@éﬁs{}ﬁgmg‘%ﬂ?g@w F{%tﬁr?' a rapid,

i nexpensi ve and sinple neans of producing relatively |arge nunbers of

copi es of DNA mrp@aeices. Kixip enzymatic anplification of a specific nucleic
acid sequence of interest) frommnute quantities of source material, even
when the source nucleic acid is of relatively poor quality. 15 A standard
PCR i nvol ves prejsimtention oflateeo fapoved ptdeeduresfozmotecolafbiclegy eohsiqagsd Int he
ol i gonucl eotide priners, followed by detection and anal ysis of the reaction
products. Al t hqagicudary itpiscneisagedothet propddure willl Fhadlitatesivipio yedapeleatlaohiolagy
acceptable for PCR purposes, it is _often best to use as few steps as

possi bl e i n5t hedipgrosd¢ éechaiggesloy provisingmesns elregoying exiragnouy eprtaiingtign, as
reduction and/ or accidental contam nation with unwanted nucleic acid.

Nucl ei ¢ aci d -B"é%lgﬂsﬂ 88 the QYeElRIOFe eSS commerci al and acadeni ¢

| aboratories often require nucleic acid extractions from natural

substances. Ao LEN0 e BFRHGOTAR 5" BRI SERREAR BP b ren
important that @ovndiihElediblifdhtdttleadsbe free from

BACKGROUND ART

10  Polymerase chain reaction (PCR) has rapidly become one of the most widely used
techniques in molecular biology. It is a rapid, inexpensive and simple means of
producing relatively large numbers of copies of DNA molecules (via enzymatic
amplification of a specific nucleic acid sequence of interest) from minute quantities

of source material, even when the source nucleic acid is of relatively poor quality.

15 A standard PCR involves preparation of the sample, the master mix of reagents and

the oligonucleotide primers, followed by detection and analysis of the reaction

products.

Although any protocol of template nucleic acid preparation is acceptable for PCR
purposes, it is often best to use as few steps as possible in the nucleic acid
20 preparation in order to prevent yield reduction and/or accidental contamination with

unwanted nucleic acid.

Nucleic acid -based diagnostic procedures in commercial and academic laboratories
often require nucleic acid extractions from natural substances. Applications range

from forensic DNA-fingerprinting to medical, agricultural and environmental



contam nation particularly where concentration of nucleic acid in the
initial sanple is very | ow and/or where contam nation can lead to
incorrect outcones. This is particularly the case in forensic.and

evi dential anal yses where quantities of 5 starting materi ’aIUGﬁ&Ugﬁa
measured in picograns or |ess. Contam nation of the sanple may occur sinply
as a result of the sanple tube being opened to the atnosphere or being
touched by a technician. Because of the ease with which a sanple can be
cont am nat ed, i inonftoding.equt riengmportanatthay @py oneldibl &id uexdt@tforadied free from
extraction techniques are free fromcontam nation and 10 require protocols
di rected to m ncotsnnmtisn phrticolarlanwheat cancentSttmndd nucleio @bidiin thxcinitiak xampletis on
techni ques are problematic as the sanple tube may require opening and
shutting at staye’ lowrand{pnoere ¢patamination ¢asresst todeepuieet oufeomesul d  t herefore
be advant ageous to devel op a protocol enabling sinple, closed-tube
reactions mnin.sing the likelihood, of contan nation, 15 PCR technol ogy

of ten necessi tg'trglsg ‘geﬁ‘i’érﬂ‘wﬁ therGage, {1 B}{exby%e&jﬁylggl_u&%ag es SyhsE aanegies of

i nvol ved | ong i ncubat i onsr.ha\ri

h i , _bh | hl form.
extractions,® an8F 1 Halfar rtg%ﬁrﬁgr%’g%‘qg Ieisn Bﬁ8§ﬁq§}st%tnﬁ’8§. Wgéow{ﬁ%s
h b d i.hed, f t | i i f L.oel
resue for ampl P, Ry’ bl Aicliie BE Gudf fabe bAFE HROEEG, the
20 Parks and Luglgys ﬁ&%%)bef QGudHeg By SkEchni@n, 60: 437-442. Typically

met hods for DNA extraction om ani mal tissue sanples (such as neat or
bone) contain the follow ng steps: 1)Resuspension of the tissue sanple in a
buf fer contai ni Becagdiofthaiage Gith-wiich dhahsie caD6Y conddhedHgR M Balikeent that 4
OCT 2005 3) Incubation with the enzyne proteinase K for 1-2 hours.
reproducible nucleic acid extraction techniques are free from contamination and

10  require protocols directed to minimising such contamination.

Standard nucleic acid extraction techniques are problematic as the sample tube may
require opening and shutting at stages throughout the extraction procedure. It would
therefore be advantageous to develop a protocol enabling simple, closed-tube

reactions minimising the likelihood of contamination.

15 PCR technology often necessitates lengthy purification procedures. These
procedures involved long incubations with proteinases, phenol and chloroform

extractions, and finally an ethanolic salt precipitation.

Numerous methods have been described for the preparation of nucleic acid from
animal tissue for amplification by PCR. A typical example is described by Hunt,
20  Parks and Lumley (1997) Food Chemistry Vol 60: 437-442.

Typically methods for DNA extraction from animal tissue samples (such as meat or

bone) contain the following steps:

1)  Resuspension of the tissue sample in a buffer containing sodium dodecyl-
sulphate (SDS).

26 2) Homogenisation.



4) Sol vent extraction of the sanple with phenol. 5) Solvent extraction with
a mxture of phenol/chloroforniisoanylal cohol. 6) Solvent extraction with
chloroform 5 7) Precipitation for a mnimumof 1 hour inp #V0EDd2Ml acet at e
and 3 volunmes of ethanol. 8) Centrifugation of DNA. 9) Washing of the

pellet 2 times in ethanol. 10) Air-drying and resuspension of the pellet in
buffer. 10 Sinpler nethods are available for the rel ease of DNA from bl ood.
Most commonly, the conmercial product Chel exTMis used. These met hods

provi de noderage yirRuBstionOkithti divyht pRitdinde K ford-2 Reursanpl e in the _
presence of this agent. However, to renove inhibition of the PCR, forensic

sci enti sts rou#) nebylveneextastiomofithe sanple wfithgshehdlood cells to |yse the red
cells and renove the haem This necessitates a 15 further step and source
of contam nati 60 t Solvest gutracBomwithamixtes of plenplichdolofes/sdbamylalebltblwi t h
degraded or environnentally conprom sed bl ood sanples (typical of

cri me-scene safpl eSplvemexteasiivn withichlesgfommnduct ed experi nents whi ch show

nucl eic acid extraction using new proteinases renoves this inhibition,
thus elimnditiny tReccipitgopdpr & prsimpmppl hhguoig 3M sodinmmagetate and buelumgs of

potential for cont a%@gi on of sanples and an inproved yield. O her
standard techni que§t I n nol ecul ar biology nay al so benefit from sinple,

cl osed tube regctions,.for.ex the renoval of restriction enzynmes and
phosphat ases tﬁgt gjr%@u%gathoéla‘%%‘gl |l e and require time consum ng

phenol / chl or of gg m : ' | t precipitations and wash
steps to puri f?gthyg{gﬁﬁgtﬂgielﬁpqﬁgéé{rlgﬁ%@sl: I ncl udi ng any patents or

patent appl i Catlb?_r‘%ifjd}ﬁﬁ'ger@ﬁs?eﬁé?@r%ffthégéﬂe@ih bt hereby incorporated by
reference. No adm ssion IS nade that any reference 8 2 4 OCT 2005

10  Simpler methods are available for the release of DNA from blood. Most commonly,
the commercial product Chelex™ is used. These methods provide moderate yields

of DNA by simply boiling the sample in the presence of this agent.

However, to remove inhibition of the PCR, forensic scientists routinely pre-wash and
centrifuge blood cells to lyse the red cells and remove the haem. This necessitates a
15 further step and source of contamination to the procedure and resuits in a loss of
yield with degraded or environmentally compromised blood samples (typical of

crime-scene samples).

The applicant has conducted experiments which show nucleic acid extraction using
new proteinases removes this inhibition, thus eliminating the need for this step and

20 resulting in a reduced potential for contamination of samples and an improved yield.

Other standard techniques used in molecular biology may also benefit from simple,
closed tube reactions, for example the removal of restriction enzymes and
phosphatases that are not heat labile and require time consuming phenol/chloroform

extractions, ethanolic salt precipitations and wash steps to purify the sample.

25  All references, including any patents or patent applications cited in this specification

are hereby incorporated by reference. No admission is made that any reference

8



constitutes prior art. The discussion of the references states what their
aut hors assert, and the applicants reserve the right to challenge the
accuracy and pertinency of the <cited docunents. It wll ?Ei‘nﬁ anéﬂﬁ
understood that, although a nunber of prior art publicatfo réWeferred
to herein, this reference does not constitute an adm ssion 5 that any of -
t hese docunents form part of the conmon general know edge in the art, in
New Zeal and ogornstituies\prior hdr Tbo discusgion|of tiesreferdnnes sitaseiowelant theintauthioss assern
“conprise' may,  under_ varying jurisdictions, attributed with ejther an

5 b
excl usi ve or &R8 FSAPRYFARES TrEcivg M et to challepes &wm%ﬁd@c%w pf €%t i on,
and unl ess ot herw,se _note t. term ' c rise' .shall .have an i.nclusive 10
nmeaning - i. ef:&?wg?cumenéﬂ Idlf %E%Fﬁ?ﬁlyt%%tgﬂg%t'i ar@?% LRUBPer B PRGRAL ¢ he
listed conpo i N fere o ; - SReedded
conmponent s orgﬁ‘g#%%gl?\stg? H_garté?lf:%hnalq@gvsﬂe ‘é%ﬁ g%e%f)hé’?tﬁé%é‘“&ﬁgﬁ egtoé_rm
conpri seds Oknq€ QAP bf EeSdocutrntd TBn phrt 'of ikl doRBindrOgenBil RiowlBdR ifilkPat| N 2
met hod or process.” It is an object mp the present Tnvention to address the
f oregoi ng pr ol New Zealaad of ®iadl otier cdiptiyl ovi de t-he public with a useful
choi ce. Further ‘aspects and advantages of the present invention wll becone
apparent -from the ensuing description which is given by way of exanple
only. DI SCLOSURE @knp that S tarli iegMPLsed raya Spdert vasying tiergdictiony tbe
i nvention there js prqvided a nethod for the B 20 r_e-paization of nucl eic
aci d sanpl es i#HHQUEY SABFINGE I AEClISIVG QFAnigeinFike BeaRiBg-oFor thy PUTIRHEE IS | east

- th philic., t ei t | qnt.ai ni . el c id for
Cesting. and iPrfiEBbRg st pfeSiErded 4 Gl aprieaal irgi roBirsoc as
gy | : bl Bl . ns.

i gost §on 10y Tty PRE e R Be Sl B SHeaf Sh iBotpHbRBE uof Boff uf e 1S
proteinase, 4 HivpbkdHd Fldklcily references, but also. other non-specified components or

-

elements. This rationale will also be used when the term ‘comprised’ or 'comprising'

is used in relation to one or more steps in a method or process.

It is an obj ect of the present invention to address the foregoing problems or at least to

15  provide the publ'ié with a useful choice.

Further aspects and édvantégés of the present invention will become apparent from

the ensuing description which is given by way of example only.
DISCLOSURE OF INVENTION

According to one aspect of the present invention there is provided a method for the

20  preparation of nucleic acid samples in a closed system, including the steps of:

i) adding at least one thermophilic proteinase to a sample containing

nucleic acid for testing, and

1)  incubating said sample for a preferred period at 65-80°C as required to
effect one or more of lysis of cells, digestion of proteins, digestion of
25 : cell-wall enzymes, via activity of said theimophilic proteinase, |

4
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2 4 OCT NCS said nethod characterised by the step of said thernophilic

prot ei nase having the features of being selected froma group of

prot ei nase being substantially stable and active at 65-80C bgtq ?@Tcﬂi}ﬂ.’ﬁ
readi |y autol ysed and/or denatured when said sanple is incubated at or
above 5 90C. without requiring the addition of further denaturing agents.
For ease of reference throughout the specification, the term"nucleic acid"
will herein be rei®kpetgdcharagermihby fswtapeaf, this shoul d not been seen as a

limtation for the nmethod could al so be used for the preparation of RNA

samples. Wile in fer . e | s Of - Lnvent

t hermophilic pr otseﬁ?c;]glggnzl;@ghcl@%%gnég; ﬂxllﬁn t@eg%:g{%%gg&se%@%%% ? f)l(l:p
enzynmes other thags prodiRisBanty GbstastidlySQablé ARE ALy 6P80Cs B wiigh iease of
ref erence throughout the specification, the thernophilic enzyme wll

herei n be ref err ecadidy astolysql addornizastureBiovienesaid gamiple islinanbated ot orbabone seen
as a limtation for other enzymes could also conceivably be used. 15 The
pref erred % ncubat P&¢- Ethouty awrag thegddifien of Rrber deapugpE28ASnpre of |ysis of
cells, digestion of proteins, digestion of cell-wall enzynes, via activity
of the protei I ' r i 1,00 « ' ired
Co ef fect aut oryas OLrhitsies finpRe hispRantb 8t 1o hRTRELAL-GR I
However, it sBewfdmb® RPDIA. atdcidecass RN bdtEseealad adinvitatioh Yorvdy of
exanple only and are not neant to be limting in any way. It is .

anti ci pat ed t methodmeulst dsabearzned forhe prepeaationdif RN sargples: of i | es for both
enzynme .activity and stability over a range of tenperatures and that such

i ohpat ed s SOHIR e SR DusSe ot B rrosilt PUBLFR A BBl SesBl Rl
icipated s P t ol ‘
I nventi on,goulyde e G§t GHITPARE Weffopfilt! BRymRs other than proteinases could also

conceivably be used.

For ease of reference throughout the specification, the thermophilic enzyme will
hercin be referred to as a proteinase. However, this should not been seen as a

limitation for other enzymes could also conceivably be used.

15 The preferred incubation temperature required to effect one or more of lysis of cells,
digestion of proteins, digestion of cell-wall enzymes, via activity of the proteinase is '
75°C.

The preferred incubation temperature required to effect autolysis and/or denaturation

of the proteinase is 94°C.

20  However, it should be appreciated these temperatures are given by way of example

only and arc not meant to be limiting in any way.

It is anticipated that the proteinases will have differing profiles for both enzyme
activity and stability over a range of temperatures and that such enzyme dynamics
would be known to a skilled addressee. It is also anticipated such enzyme profiles

25 for the protejnases of the present jnvention could be detepnined with minimal
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AMVEN ) E!' ? SHEET 2 4 OCT 2UC5 experinentation. According to another aspect
of the present invention there is provided a nethod for prex{!a@@)%gj
nucl eic acid sanpl es substantially as descri bed above, said hod"
including the initial steps of: adding at | east one nesophilic enzyne and
at | east one non-specific thernophilic enzyne to a sanple containing
nucleic acid for testing, and ii) incubating said sanple for a preferred
peri od bel ow étierigrnracignii red to effect renoval of any cell walls via
activity of said nmesophilic enzynme. In preferred enbodi nents the nesophilic
enzyne is a cellulase or other cell wall 10 degrading enzyne. The
preferred i ni Acegrdingda saethemaspeghoé tha present inyentioadhers ivproxided eanghed fosf any
cell walls via act.i vi f said sophili¢ enzyne js 37C. Once again, this
shoul d not beP“”E%"é"Ho‘bg}‘é‘C%‘_ ?‘gﬁ °§£‘b§ﬁ'§n%§5_&f5f’@’é’tﬂ%’9i’?’c enzynes derived
from both nesophilie and noderately thernophilic 15 organisns are

consi dered of _; C 1 C .l r €. Wth mcrobial proteinases taking
a large narke?gé§§¥g%6ﬁa§%h§g#b g?fgﬁ%vﬁbs.. The thermal stability of
enzynes derived from thernophilic organi sms ensures such enzynes have a

nunber  of s pogent hadin@PR! icast io‘ﬁes_me@esﬂﬂﬂ‘.b%z)%e L@ SORKYst | e Mhér-Speifidani sns
t hat produce ‘extraccllular proteinases having commercial' applications,

because of their kicghopli¢ &izyines a sahpleiconthinivgmuelsicraeidfoerstingoanknt s, have
been the focus for this invention. In preferred enbodi nents however, the -
protei nase sources include Bacillus sp. strain_ EA | being a neutral

prot ei nase, add Bircubating ssid sample foxia proferrad pericddielave 491G eedris tophlctEAL

protei nase is a nenber of the Bacil|us 16S rqup 5 (which includes B.
st ear ot her nophi | u§‘§‘f‘°‘fa%8£ QY&H%VW&HF@%%%%&@? ERYEE: EAI'S

prot ei nase 6

In preferred embodiments the mesophilic enzyme is a cellulase or other cell wall

10 degrading enzyme.

The preferred initial incubation temperature required to effect removal of any cell
" walls via activity of said mesophilic enzyme is 37°C. Once again, this should not be

seen as a limitation in any way.

P.roteolytic' cnz.yrr;c;s dcﬁved fréni both m¢sbphi1ic and moderately thermophilic =~ =~
16  organismns are considered of great economic importance, with microbial proteinases

taking a large market share of commercial enzymes. The thermal stability' of

enzymes derived from thermophilic organisms ensures such enzymes have a number

of potential applications. A humbcf of th'ermbphilic micro-organisms that produce

extracellular proteinases having commercial applications, because of their high

20  intmnsic stability to extreme environments, have been the focus for this invention.

In preferred embodiments however, the proteinase sources include Bacillus sp. strain

EAl being a neutral proteinase, and Bacillus sp. str. Ak1 being a serine proteinase.

The EA1 proteinase is a member of the Bacillus 16S tRNA group 5 (which includes
" B. stearothermophilus), isolated from Mount Ercbus, Antarctica. BAI’s proteinase

6
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AMENDED SHE ET 2 4 OCT 2005 thernostability lends itself to use in the
present procedure. . The Bacillus Ak.| is a thernophilic bacteriumthat

produces an extracellular serine proteinase. Ak.1 protei nagq i a?ﬂ
t hermostabl e subtilisin. Ak.1 proteinase was purified to h r#oggr-[e Q; from

t he Escherichia coli clone PB5517. Bacillus strain Akl is related to 5
Bacillus strain EAl but mopre closely resenbles B. rhernogl ucosidasicus.
was isol at ed iUrprmptabilEn iendsitsglf sase ithhReegentgroedure. . Thi s or gani-sm The
purification, characterisation and genetic sequences of Aki and EAl have
previously begg paahisSREE. is aD thebdiphiiROBiRterilnd &l fioduees b ekibRellublc! @¥hd19
references: Toogood HS et al. Purification and characterization of Akl
prot ease, a t rerepstatikel pro®ingsehis ial thesinpstablle subtilisi. s &k p Ipratinase ras purified e

substrate bindin | eft.. Bl m.cal Jour nal 0Q0,.350 .. 321 Saul
DJ et al. Squ'é’ﬂqgé&g v Fﬁ@qag?gg'éﬁ@%ﬁ#‘gagn% %“‘Pflli‘ %&%ﬁlf‘r‘o“’gﬁaé‘b‘%%l ﬁer?z}%tf‘glm
protei nases frEuilkastdih EAl P mosd E16sely reddinbled B HREAIgHBosidasibnsC MY 6ridarasnt Ol |
and characterisation. ~Biochimca et Biophysica Acta. 1996. 1308(J): 74-80.
15 The requi r e¥asntolateddp Aycldandtas b peptaaninast ofifAd. i nvention is that: 1) it is
substantially stable and active within the range 65-80C, 2) it is able to
be readily autgl.y / i : rcﬁxgﬁb\éﬁ : L ORI 3) it
has a terrperatplfjﬂrf5 eﬁggfﬁéﬁt?%ﬁglﬁu@?l}c%% ast' It 3@%03’&@;%?%%3%8}’%% 40C
(so acconpanyteaypyhdishediand the readerysmefered withedioowitigrefoedntas] ase, are not
degraded). 20 The present invention is also directed to a selection nethod

for identifying IR S, 1\ e ,hgggﬁm I St - pr.ob,el nase
was originally i %g%oﬁ?gﬁ%ﬁwrg‘&kﬁnﬁlﬁgﬁl S use uci%r'#ekgix?%gghgﬁ%?@gt%g of
DNA at hi gto t enpeutailisinesith Haleslptdde bandinakdsubststbiading d¢fe CBibtlemicdl Jvamadleemed
required for effici Snt protein renmoval , such as was obtained with the

commerci al |y avarP¥hpPdFE B A21-8.

»  Saul DT et al. Sequence of the gene encoding a highly thermostable neutral proteinase -
from Bacillus sp. strain EAL: expression in Escherichia coli and characterisation.

‘Biochimica et Biophysica Acta. 1996, 1308(}): 74-80.
15 The requirémems for a proteinase in this invention is that:
1) itis substgntially stable and active within the range 65-80°C,
2) it is able to be readily autolysed and/or denatured at or above 90°C, and optionally

3) it bas a temperature-activity profile such that it has Jow activity below 40°C (s0

accompanying mesophilic enzymes, for example cellulase, are not degraded).

20  The present invention is also directed to a selection method for identifying proteinases with

these characteristics.

The Akl proteinase was originally investigated to determine its usefulness in the clean-up of
DNA at igh temperatures. However, a broad substrate specificity was deemed required for
efficient protein removal, such as was obtained with the commercially available Rt41A
25 proteiﬁasc. As it was found that the Ak1 proteinase had a limited substrate specificity, its

application was not explored further (Toogood et al, Biochem. J. (2000) 350, 321-328).

AMENDED SHEET
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25 proteinase. As it was found that the Akl proteinase had a l[imted
substrate specificity, its application was not explored furthdr QCT 2005
(Toogood.et al. Biochem J. (2000) 350, 321-328). 7 2 4 OCT 2005 The Rt 41A
proteinase is a thernostabl e al kaline proteinase that is known comrercially
as PreTaq'"M being used in the preparation off DNA and nRNA prior to
anplification by 1'CR  PreTagm - Thernus sp. str. Rt41A is a Can-dependent

serine prot eiMaIa41A pteiiadelid al tBerostANEAKATe pRAinalH @RS kb tofmarefaliyrad y  of
Thernus species sg far found only in New Zeal and. 5 Standard DNA extraction

protocol s i NS¢ |7ﬁ€‘ﬂ§8§°ﬁh’gm§awpmfmﬁ:’w@t'@%8@f@ arpplificatiog by PGB s of

cell's "at temgLpl ™ eguIhsk I :e[?ﬁm@ gells.
are active thaﬂqn&y degrade tga%ﬁ“s[ﬁ% e ugte o pt?ﬂ&ﬁnophl‘frkam{s

pr ot ei nases adpbaivsshaDigrdupscyittics faoiily af thesreldd spbojes iss fat fowinkontyain NewZealanid. at

t enper at ur es V\/nere these del eterious enzymes are inacti ve t hus preserving

t he DNA. T ol ' 2bl : b| pr t
toePr ot ei Hase tf%d?gj bﬁ%‘ 5&&‘%}“& Hglaftve%'gg aga%ﬁngh:ser Sk asee{(% gLpative

t enper at ur e- agkik ¥f talis RE @fﬂp&em&fs whe R e ENbisSendfiiies rdladd fsin tht-, cEIBNEd Agivelct i ve
and not readily renpved at high tenperatures, and thus itself becones a

cont ani nant . - {Eamaydg gradgsempleBNA-nases have been identified by the
applicants as alternative thernostable Caz +- 15 dependent proteinases that
are easi er t OrkARDYEm ook RIHRE HidsINA Hinldif ol @AM, 1 BVGRGR L 15
envi saged that the Ca2+ oncentratlon I's optimsed. In preferred

enbodi ment s, tlpemuss abere tpsodebitnpeeszame asddstive thuspresesramﬁhfeDN&be The
sanpl e tube |s t hen i ncubated and subjected to a tenperature shift.

FOl l OW ng ‘r llLllill‘l‘ Lhﬁl L F%I".

pr ocedure oper a@-?fp? ““65- 80 yauﬂtahggggglﬁ%mgrr%ﬂggre il gﬂ?& ac%'l\?e %“9&3

t hese terrperBNlAr\eLmouAtcgtabatﬁnI enperature, the cells are lysed and the

prot ei nases degrade any contam nating.protein. In particular, they rapidly

renmove DNA-degradi ng nucl eases , ) , . .
%owcver, Yne temperamrc-actallvxty profile of PreTag™ is not ideal as it remains active and

not readily removed at high temperatures, and thus itself becomes a contaminant. EAl and
AX] proteinases have been identified by the applicants as alternative thermostable Ca™-

15  dependent proteinases that are easier to remove at high temperatures.
In the present invention it is envisaged that the Ca™ concentration is optimised.

in preferred embodiments, thermostable proteinases are added to the sample tbe. The
sample tube is then incubated and subjected to a temperature shift. Following the

temperature shift, protein degradation occurs.

20  The procedure opcrates at 65-80°C as these enzymes are highly active between thesc
temperatures. At this temperature, the cells are lysed and the proteinases degrade any
contaminating protein. In particular, they rapidly remove DNA—degradiﬁg nucleases at
temperatures where these nucleases are inactive, thereby minimising DNA. degradation of

the sample.

25  The present invention has been directed to the development of an improved protocol

using one of two thermophilic proteinases to extract DNA from a range of substances
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t enperatures where these nucl eases are inactive, thereby m nimsing DNA
degradation of the sanple. 25 The present invention has been directed to
t he devel opnent of an inproved protocol using one of two theprip@all 2815
protei nases to extract DNA from a range of substances 8 AMENDED SHEET 1PF
i~-.v 2 4 OCT 2005 in a sinple closed-tube reaction. The devel opnent of a
sinple, closed tube system has nmany advantages over the prior art. Current

DNA extracti on.pt cequrﬁ)s (ﬁh@ | engt hy, require the use of a nunber of
toxi ¢ cheni cal &" §3tHP'§§ [3?1' e e Mumer ous st eps which require opening
and 5 closing of tubes allow contam nation to readily occur. The

cl osed-tube sy S J | 1%@, ﬁfgmq i :
substantial l'y S[1Eh‘réeragggé)lfo blglglrllt%fﬁ&l sﬁglttpllé(’)rr‘%ycgﬁ h%? Sgétﬁ?\gas yreld, vﬁg%h%%hebpen 0lﬂsed
wi t hout | engt hyst, PORAEAtTRVA X REGES ptdtedunds SR IERIIL rQfuird HRORRSIf Lnumber of

techni ques. The procedure of the present invention relies on the proteinase
and/ or pr ot ei nasgikCeilemical® swel las deeheldi and LA SeFKivlich feguird)@pening and
differential activities at different tenperatures. By cycling through the
vari abl e t efperchdsimgst tubésealbet cotitaimpatiof talichfigy eetr. enzynes can be brought
into play without the need for opening tubes to add new reagents. The new
procedures are directed to purifying nucleic acid by requiring the tube
only 15 be opeHEcrclpspdanbe systens aﬁﬁe@mﬁnﬁ inyentjorpailpwis HENA exisadipnesybstentially

opening it for testing. Accordingly, the procedure is faster, and not prone
DT he i nt r odudfoRt GRTEERER ARME Sdna] st oUREh.Ry e bt Pavgtofesifhe
present nethod is.Athus directed.to inproving the . standard of nol ecul ar
bi ol ogy di agn&‘ﬁflbcaﬁ%ﬁ‘ﬁPsq\?eas‘?ldtfdéﬁﬁgr%%’O‘ﬁ@S%‘&°Wﬂﬁeﬁi si ng contam nation
of sanples as a

The procedure of the present invention relies on the proteinase and/or proteinase/cell-

10 wall degrading enzyme cocktail having differential activities at different
temperatures. By cycling through the variable temperatures, the activities of different
enzymes can be brought into play without the need for opening tubes to add new

reagents.

The new procedures are directed to purifying nucleic acid by requiring the tube only
-15  be opened to add the sample initially and then subsequently opening it for testing. -
Accordingly, the procedure is faster and not prone to the introduction of

contaminants as are previously used protocols.

The present method is thus directed to improving the standard of molecular biology
diagnostic techniques, such as PCR, and minimising contamination of samples as a

20  result of opening and shutting sample tubes.

For PCR-based applications, the proteinases can be removed subsequently by heating
the samples to 90°C or above, which results in rapid auto-catalysis (self-digestion or
denaturation). Reaction buffcrs. are aiso similar to that most commonly used in the
polymerase chain reaction (PCR). These two factors remove the need for

26  phenol/chloroform extraction and ethanolic salt precipitation steps of current



20 result of opening and shutting sanple tubes. For PCR-based applications,
the proteinases can be renoved subsequently by heating the xq‘pbﬁ Ztﬁﬁﬁ 90C
or ;eve, which results in rapid auto-catal ysis (self-digesti 0 -

denaturation). Reaction buffers are also simlar to that nost comonly used
in the polymerise chain reaction (PCR). These two factors renove the need
for 25 phenol/chl orof ormextraction and ethanolic salt precipitation steps
of current 9 2 4 OCT 2005 protocols, thereby resulting in significant

i nprovenents i Nptdols, BerdByresilfn@in3ighificii? GeRAembRt iP{ieclQTINA Rad b RudH
exposure to toxic chem cals. For applications that require | ow tenperature
di gestion of DNadaéear riskxefnoheyminitisi oriexposune ginpyicehetngelst i on of DNA), the
prot ei nases need not be renoved as they 5 have very low activity at 37C.
Accordingly this nmakes themideal for other diagnostic techniques such as
t he preparati onForf appliggsiohs rthty reguirg j lomd teaperatureedigegiiphope INA (lpre prample,

ot herw se extensive washing to renove_Proteinase Kis required. The

prot ei nases al stsHigtion enayingidigasben af LA therpateinssescncgd @gt pe rempygd|asghey on

10 wit hout | h ificati, f s, to r . th tricti
enzymos. At or HRERAD] b eCge  (HECon s b s s Bet Bk Brostgbc
Lamper at ur 65, o RELCREn ARGt nEcNA 51 PIERYoE no s Hi o RARE: figld o
sanpl es are coolad [ LNE LAY G0 ei?% Lgx%fgivgs%ﬁgg{g[ %&?&hbﬁe{‘ﬁrc&t@{ﬂh&h hi§

. Or'
carried out at roomtenperature or W. er nop

pr ot ei nases havgecﬁ\ﬁ%g. | ow activity at |low tenperatures, they need not be
renoved. Where nultistep or nmulti-enzynme reactions are required, the
prot ei nases can be used in an enzynme mxture. As there is such | ow

activity bel ow 4BeGroritiges aRa Wlibw fes@ictibn Msgesked DAttt wedUor DNA higation
presence of the proteinases. M xtures of the

10  without lengthy purification protocols to remove the restriction enzymes. After

incubation at 37°C, the sample tubes may be heated to 65-80°C to allow the

proteinases to remove the restriction enzymes. These temperatures do not denature

the DNA. Following this incubation the samples are cooled for the low temperature

ligation reactions, which are carried out at room temperature or below.

16  As the thermophilic proteinases have very low activity at low temperatures, they need

not be removed.

Where multistep or multi-enzyme reactions are required, the proteinases can be used
in an enzyme mixture. As there is such low activity below 40° C, other enzyme
reactions are able to occur in the presence of the proteinases. Mixtures of the
20 mesophilic enzymes active at lower temperatures and one of the above mentioned
proteinases can bc used to weaken and/or remove cell walls from plant and fungal
tissue and bacteria, spores and biofilms before continuing with the closed-tube DNA

extraction procedure of the present invention.

This invention also lends itself to the development of a set of protocols and kit
26 formulations for DNA extraction to overcome problems experienced with currently

employed DNA extraction strategies, which are time-consuming, inefficient and

10



20 nesophilic enzynes active at |ower tenperatures and one of t?&ga[?@ve?p
menti oned proteinases can be used to weaken and/or renove cell I f Qﬁn

pl ant and fungal tissue and bacteria, spores and biofilnms before
continuing with the cl osed-tube DNA extraction procedure of the present
invention. This invention also lends itself to the devel opnent of a set of
protocols and kit 25 fornulations for DNA extraction to overcone probl ens
experienced with currently enployed DNA extraction strategies, which are
time-consum ng..d fhid d 10 2 4 -OCT 2005 prone to contam nation. An
exanpl e of thigﬂﬁgﬂﬁﬁgﬁ?gﬁggﬁﬁf What man FTA(r) products. These products are
relatively new tools in forensic DNA anal ysis, containing protein

denaturants, ghebrdmple GO B @B Gadzef SEWHabEME FTAEdEES | Thed préduydiPhRCt
and entrap the nucleic 5 acid. In forensic applications, FTA(r) cards are

most commonl y wsleativélpr ndvnetooBl e dbicasic DNA eielysise eomtainfge praa¢i hdamntrhmed.
The DNA in the sanple binds to the FTA(r) substrate whilst other materi al
in the sanpl e chelatibg tagemsts smdha frse hadicd] trap designeddo lpyotect adrangrap ahe wasleiong
steps. A primary advantage of FTA(r) cgrds is their amenability to )

aut omat i on, 5as agid- Istfereasicrapplications Firfp wards are moskcasemenly yseshfor the cellsetinn e

t ube using robotics. However, althou%h éhe car%are effective in their 4
i nt ended use, CEIEIREGIRMAHIYY %t Riped-arkhe PR it Hiestamnle b tothe

mul ti pl e tube openings, .increasing the risk of. contam nation. By using EAl
prot ease, the éﬁﬁ?t@ﬁ% Nhilshete iegélo‘lnéh‘? éﬁﬂ?@é‘"ﬁg"%ﬁﬁ’cﬁl%&m@% reIgov
enzynme was tested for.effl cactéﬁvm' th DNA extraction fromFTA(r) card

sanpl es. 15 Ext¥ 5CtT S%WU lPPi%S Vi prot ease was found to be effective and
sinpler than recomended procedures. In addition, it appears to normalise

the amount of rint?y Advdiade 6 FI*Latiids BRACAN GBIty R aioRidh, ORI @b &f

source of tenplate to the subsequent PCR anplification.
10 the process can be carried out in a single tube using robotics. However, although the

cards are effective in their intended use, recommended washing steps are time

consuming and involve multiple tube openings, increasing the risk of contamination.

By using EA1 protease, the aforementioned protocols require no wash steps and so

the enzyme was tested for efficacy with DNA extraction from FTA® card samples.

15  Extraction using EA1 protease was found to be effective and simpler than
recommended procedures. In addition, it appears to normalise the amount of DNA
bound to the card and hence provides a more controlled source of template to the

subsequent PCR amplification.

As a result of this normalisation, variation between profiles is reduced significantly
20 when compared to profiles using the manufacturer’s procedures. The heating steps in
the EAIl extraction process appear to remove excess DNA not adhered to the card,

leaving only the tightly-bound molecules.

This conclusion is supported by measurements of the yield of DNA produced by the
EAl system. EA1 extraction gives a lower average yield than that obtained using the

25 manufacturer’s method, but more significantly, produces yields with a reduced

11



As a result of this normalisation, variation between profil i ed
significantly 20 when conpared to profiles using the nanuf?i%d?g¢3@¥§
procedures. The heating steps in the EAl extraction process appear to
renove excess DNA not adhered to the card, |eaving only the tightly-bound
nol ecul es. 25 This conclusion is supported by neasurenents of the yield of
DNA produced by the EAl system EAlI extraction gives a | ower average yield
than that obtained using the nanufacturer's nethod, but nore

significantly,yph@tICaS ¥ r&uflSofWhisietfict SEHE Sonsisterd 00z ﬁﬁfai;jp%ginagﬂ- As

aresult of this effect, nore consistent STR profiles are obtaine

fewer profil eseaeeprotiledcire ejebicd 8 tonifcdnsiseheptak Beakt. hei ght . Wil st the
present invention is directed to the use of the preferred nesophilic and

t hernophilic enzynes for use in inproved PCR techniques in particular, it
shoul d be 5 apWhdst titquesdnatintdndopriedipetted tovthntuse rof by prederecdamnpdophiici armis
for a range of DNA diagnostic techni qgues where clean-up of DNA to renove
cont am nant s i tbegeanhilicennymes fpewssfin dinptoved PCRdechiiiques ds particeles krshquidsbe
where the present invention nmay be adapted to achieve a simlar beneficial
out cone. Adcor ¥Prsiafed tipatthe present Hiveniongmay haxe appliatiens éared snge mf DNA

i roved proteji.nases 10 and in research far. the use of such enzynes.in

non}jecul ar IObi ol %g@noapgéeﬁ:gg{ques whe md@sqflﬁ&ﬁéﬁrmm@ﬂwmm

Furt her aspects of the esent invention w.l |l becone arent _fromth

Fol o ng. " doserfieiah prigt SBmbesit Bkt et BE GRAEnERNEITR mpLPE R |

t he acconpanyi&ghch%%iq%ﬂ.ml n%ﬂci‘éf%tﬁgbﬁfi gure 1 is a conparison of the
Xtrac

steps involved in e Ion using a standard protocol and the new
protocol using proteinases in

Accordingly, this invention is directed to the development of improved proteinases
10 and in research for the use of such enzymes in molecular biology diagnostic

techniques.

BRIEF DESCRIPTION OF DRAWINGS

Further aspects of the present invention will become apparent from the following

description, given by way of example only and with reference to the accompanying

15  drawings in which:

Figure 1 is a comparison of the steps involved in DNA extraction using a
standard protocol and the new protocol using proteinases in
accordance with one preferred embodiment of the present invention;

and

20 Figure 2 is a diagrammatic representation of the activities occurring at different
temperatures using the new DNA extraction protocol in accordance

with one preferred embodiment of the present invention.



accordance with one preferred enbodi nent of the present invention; and 20
Figure 2 is a diagrammatic representation of the activities OCgk @gr@ Rt
different tenperatures using the new DNA extraction protocol* in“&ccordance
with one preferred enbodi nrent of the present invention. 12 7 4 OCT 22045
BEST MODES FOR CARRYI NG QUT THE | NVENTI ON Wth reference to the figures by
way of exanple only, there is provided a nethod for the preparation of DNA
sanpl es for polynerase chain reaction which renoves contani nating proteins
and inhibitors fromsanples, and provides an alternative to 5 existing

procedures. Fi @#q MobEsYoR ARy otr i IRVERTION t he nunber of steps,
tinme taken and bet ween st andard
protocols and the inproved protocol of the present invention. The nethod

of the present Witk estkicpte & §e fuedsadieRhy of S@hipitesnly Ber8 stpiovaiedQf méthod eaiSt
10 one nesophilic enzyme and at | east one non-specific thernophilic enzyne

to a sanple cond girépangidaNef MINAt eghplag fan golymetdse i chaini eoactio Wiith rdmeves
sanple is then incubated for a preferred period at 37C to effect renoval of
any cell wal | soutaminatirigyptoteind and énhitsitowp fiioki saneples; mpd pravides amplicrattivecta s
then increased to 75C as required to effect one or nore of 'lysis 15 of

cel I's, dige$ti enistihgpregediies., di gestion of cell-wall enzynes, via activity
of the thernophilic enzynes, wherein said enzynes are proteinases. A
further increase in tenperature tq 94C effects sel f-digestion and/or .
denat ur ati on 1g‘E‘ﬁe{ ttHBstFAShibe; ‘é‘?fﬁF@P"eilﬁégeeQ‘ % Pf ﬁﬁ’%ﬁ’h{é“@e &Y apd dikely

from37-75-94C.wi |l first. degrade . a cel | | s qr .20 otective |ayers,
next degrades t'fi °$H+B=§‘85rﬂfﬁ°ﬁgé‘n9%%5¥‘§’ﬁ8nf i V@’ﬁl yf‘ﬁa“gql%a‘écpﬁ'ﬁ ifiproved protoco
of the present invention. *
The method of the present invention also preferably includes the addition of at least

10 one mesophilic enzyme and at least one non-specific thermophilic enzyme to a

sample containing DNA for testing and amplification via PCR.

The sample is then incubated for a preferred period at 37°C to effect removal of any

cell walls via activity of the mesophilic enzymes.

The temperature is then increased to 75°C as required to effect one or more of lysis
15  of cells, digestion of proteins, digestion of cell-wall enzymes, via activity of the

thermophilic enzymes, wherein said enzymes are proteinases.

A further increase in temperature to 94°C effects self-digestion and/or denaturation

of the thermophilic proteinases.

Cycling the sealed tubes from 37-75-94°C will first degrade any cell walls or
20 protective layers, next degrades the mesophilic enzymes and finally degrade or

denature the thermophilic proteinases.

The procedure relies on the proteinasc or proteinase/cell-wall degrading enzyme
cocktail having differential activities at different temperatures. By cycling through
the variable temperatures, different enzyme activities can be brought into play

13



denature the thernophilic proteinases. The procedure relies %? tBE 005
protei nase or proteinase/cell-wall degrading enzyne cocktail ﬁa Egz
differential activities at different tenperatures. By cycling through the
vari abl e tenperatures, different enzyne activities can be brought into play
13 2 4 OCT 2005 without the need for opening tubes to add new reagents.
Accordingly, the procedure is quick and not prone to the introduction of
contam nants as are previously used protocols. The preferred nethod is

characterised by;jthb@ tHe feddf fof B éﬂiﬁgmﬂckﬁ‘oﬁﬂeﬁﬁﬂéﬁﬁﬁs.mi ch 5 are
substantially stable and active at” 75C but which are readily autol ysed

and/ or denatured when said sanple is incubated at 94C. Thernophilic

protei nases sel actedidgly, Use pwbédduidieispgaenind moenpiond toctheld@trdduction of
protei nase derived fromBacillus sp. including Bacillus sp. str. EAl, being
a neutral prot eomtam&antsred aBapieviauslyspsed ptotocolkkl , bei ng a serine
proteinase. 10 In a standard procedure for use with aninal tissue, reagents
woul d first be added on ice to ensure mininml DNA degradation. The sanple
t ubes woul d t hedbpdrefnired apthag isTabaragtesised b thesuseyod dhermeppilist rpieinasesnuhigh e
and are digested by the thernpphilic _proteinases. There is_nm ninal

. DNA
degr adati on 8ccafer PyR§tantiallystably aprd aghive anfioGebiyudhish @reseaddly antplussd and/or
then shifted to 94 ere the thernophili ot ei nase sel f-digests
and/ or denat ur eéi?nagu'\i,’}r,gdYt}ePéaldpﬁaB@é?ﬁr‘BC‘W&géig‘rg{ance with one embodi ment of
the present invention is presented in Figure 2 where alternative enzynes
are required to . ' S td rJ,: 0 -&lrhﬂd
fungal extracti gﬂg%@@ghfﬁr{)tgﬁés gﬁlg#%efgpg%ég délﬁll ?[?éeehl‘%sgl_fltisfi‘g@gﬁ% derye @
walls are r emv?%twnm: 85 5RA T dh BANENSS incldth g TRESIRAY. SirCERR ObéihagesA" ©
inactive at this tenperature and therefore do not degrade the cell-wall
ENnzymnes. proteinase, and Bacillus sp. str. Akl, being a serine proteinase.

10 In a standard procedure for use with animal tissue, reagents would first be added on
ice to ensure minimal DNA degradation. The sample tubes would then be shifted to
75°C where cells lyse and proteins denature and are digested by the thermophilic
proteinases. There is minimal DNA degradation occurring at this stage by
endogenous nucleases. Tubes are then shifted to 94°C where the thermophilic

15  proteinase self-digests and/or denatures.

A modified procedure in accordance with one embodiment of the present invention is
presented in Figure 2 where alternative enzymes are required to degrade cell walls

(particularly useful for plant and fungal extractions), as follows:

a)  Tubes are shifted to 37°C and cell walls are removed with mesophilic enzymes.
20 Thermophilic proteinases are inactive at this temperature and therefore do not

degrade the cell-wall enzymes.

b) The sample tubes are then transferred to 75°C where the cells lyse and proteins

and cell wall enzymes are digested by the thermophilic proteinases.

c) The tubes are then transferred to 94°C where the proteinases self-digests.

14



b) The sanple tubes are then transferred to 75C where the cells lyse and
proteins and cell wall enzynes are digested by the thernnp@ igET 2005
protei nasés. c) The tubes are then transferred to 94C where t he protei nases
self-digests. 14 2 4 OC T 2005 Accordingly, the present nethod is directed
to inproving the standard nol ecul ar bi ol ogy diagnostic techni ques, such as
PCR, and m nim sing contam nati on of sanples as a result of opening and
shutting sanple tu ﬁagy The new procedures are directed to purifying nucleic:
{

aci d by requi rd$gr thsePrspn m%h%‘elso‘ﬁ@ﬁ@é todmpeying,t °§<§‘1¥ﬁ¥r€ aeleglan |y

(P and e 0P8 iRk (Bhlonctmel e X%, S BB IEN T

both less sta Gy tyl rgfﬁaé h em’r\%g tites t NE end of the
t r eat nent corrgéar égéto |E§sre1€t|fd§u b dt ?rmp I's enzymes. The present
I nvention al so prevents unmanted degradatlon of the nucleic acid sanple 10

by cellul ar enpydhénr pRBAGSS hreldit®bted t g nMEIETe aBideHY requitidy the @fbe@aly at
75C where these enzynes are inactive. This I's a significant inprovenent

over currerg neddpeted tdmidthe Rmyfleinitilly aid tien|subsequenttypponing\it fos PCRher e -

nucl ei ¢ aci d degradati on cannot be avoided. Both enzyrres are careful ly

sel ected to be active at high terrperaturerAB(S can still I 11 ed at
the end of the%ﬁ’t‘,‘emnm gqe,hpﬂ}g,es@g ‘?M g@!sﬂﬂh

greater assurapnce. to | gyvate.thes z can
potonti a Ty abpapienicalty PR bt ey Bblch skt bty 4B ol L R

pr ot ei nases ar v, RAgdy léﬁ% nti oned being Akl
and ‘EA1. This ﬁn%&%%ﬁ%ﬂmgydqg?trat é@ﬁ%@tﬁpos@ﬁ%ﬁ éfggr use of a range of
t hermophilic 20 proteinases in nucleic acid- based appllcatlons

particularly fUhe ?ﬁ@érﬁﬁmwﬁdoﬁﬂﬁ@btefvmdmwﬂm&dﬁeﬁﬁdﬁﬁmdfhﬁcwm saaplof DNA
sanpl es Aspects of the present invention have been descri bed by way of
exanpl e onlly abyl cellular enzymes upon cell lysis, as the lysis step is carried out at 75°C where

these enzymes are jnactive. This is a significant improvement over current methods
using Proteinase K at lower temnperatures, where nuclejc acid degradation cannot be

" avoided.

Both enzymes are carefully selected to be active at high tamperanlfe but can still be

15 killcd"at ihe end of the procedure with the enzymatic activity being stopped with -
greater assurance. It is essential to inactivate these enzymes or they can potentially
attack the enzyme carrying out the PCR reaction. Preforred proteinases are derived
from Bacillus as previously mentioned being Akl and EAIL.

This invention demonstrates the possibility for use of a range of thermophilic

20 protemascs in nucleic acid-based applications, paIUcularly for faster and simplified
methods for the preparation of DNA samples

Aspects of the present invention have been described by way of example only and it
should be appreciated that modifications and additions may be made thereto without

departing from the scope thereof as defined in the appended claims.

15
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shoul d be appreciated that nodifications and additions may be nade thereto

wi thout departing fromthe scope thereof as defi nﬁ%ﬂ'i mﬁhm@@p@@@@l@?ﬁ? SHEET
claims. 15 AMENDED SHEET |IF 2 4 OCT 2005 $ t° LA&E E SHEET WHAT WE

CLAIMIS: 1. A nethod for the preparation of nucleic acid sanples in a

cl osed system including the steps of: i) adding at |east one thernophilic
proteinase to a sanple containing nucleic acid for testing, and ii)

i ncubating said sanple for a preferred period at 65-80C as required to
effegt one or nore of lysis of cells, digestion of " proteins, digestion of
cel:li>wal | enzynes, via activity of said thernophilic proteinase, said

nmet hod characterised by the step of iii) incubating the sanple at or above
90C to effect autolysis and/or denaturation of the thernophilic proteinase,

wherein the incubatjon takes place in a closed systemwi thout the addition
of furﬂﬂﬂﬁﬂﬁﬂﬁéihghﬁgiagents. 2. Anethod as clainmed in claim1 wherein
said thernophilic proteinase is derived fromBacillus sp. str. EAl, 3. A
method as clained.in ¢claiml erein sai d ther il ei nase is
derived f r%n”é%g?‘ljlfﬁéﬂéeppreﬁarr%ﬂk% “Elag‘}i ?%&hsgan%% #(?I %iér?r%%%i n any one of

claims 1 tqg i Lncubation tenperature required to effect one or
Tihlnd I8 bl

nore of | ysslygteo ion of proteins, digestion of cell-wall

enzymes is 75C.
i) adding at least one thermophilic proteinase to a sample

containing nucleic acid for testing, and

i) incubating said sample for a preferred period at 65-80°C as
required to effect one or more of lysis of cells, digestion of
proteins, digestion of cell-wall enzymes, via activity of said

thermophilic proteinase,
said method characterised by the step of

iii)  incubating the sample at or above 90°C to effect ahtolysis and/or
denaturation of the thermophilic proteinase, wherein the incubation
takes place in a closed system without the addition of further

denaturing agents.

2. A method as claimed in claim 1 wherein said thermophilic proteinase

is derived from Bacillus sp. str. EA1,

3. A method as claimed in claim 1 wherein said thermophilic proteinase

is derived from Bacillus sp. str. Ak1,

4. A method as claimed in any one of claims 1 to 3 wherein the
incubation temperature required to effect one or more of lysis of cells,

digestion of proteins, digestion of cell-wall enzymes is 75°C.

16



16 24 OCl 1% PL CEL: ENT SHEET 5. A nethod as cl ai ned Iﬁﬁg%é@ Q,4ﬁ S -
1 to 4 wherein the sanple is incubated at 94(:t? KefCec EV’Y%“%ﬁd SBET
denaturation of the thernophilic proteinase. A nmethod as clainmed in any
one of clainms 1 to 5 including the initial steps of : i) adding at |east one
mesophilic enzynme and at | east one thernophilic proteinase to a sanple
containing nucleic acid for testing, and ii) incubating said sanple for a
preferred period below 40C as required to effect renoval of any cell walls
via activity of said mesophilic enzyne. 7. A nmethod as clained in claimé6
wheriein said nesophilic enzyne is a cellulase. 8. A nmethod as clained in
claim6 or claim7 wherein the initial incubation tenperature required to
effect renmoval of any cell walls is 37C. 9. A selection nmethod to identify

a t her fophif F‘@”‘pﬂdoﬁ‘%?'ﬁ‘él‘:?é’ ipGny 988 o Rlajpe fﬂéﬁﬁ"&?@dfﬂ Be S@f“%l?l ei ¢ acid
sanples in.a closed, s aracterised isolating a

t her nophi | i'&° %a%%%? c?fpeschb%{t%{)ﬁ'? =il sgﬁ'ﬂﬂt%’at'g?\o‘% | ve at 65-80C as
required tQt effe nore of lysis 17 2 4 fiCT 2(06 PLACEMENT SH ET
ii) of celld mﬂﬁﬁéggﬁ”% lr‘S‘fse‘protelns, di gestion of cell-wall enzynes,

6. A method as claimed in any one of claims 110 5
including the initial steps of:

i) adding at least one mesophilic enzyme and at least one
thermophilic proteinase to a sample containing nucleic acid for

testing, and

i) incubating said sample for a preferred period below 40°C as
required to effect removal of any cell walls via activity of said

mesophilic enzyme.

7. A method as claimed in claim 6 wherein said mesophilic enzyme is a

cellulase.

8. A method as claimed in claim 6 or claim 7 wherein the initial
incubation temperature required to effect removal of any cell walls is

37°C.

9. A selection method to identify a thermophilic proteinase for use in the

preparation of nucleic acid samples in a closed system
characterised by the steps of

i) isolating a thermophilic proteinase which substantially stable

and active at 65-80°C as required to effect one or more of lysis

17



and ascertaining whether said thernophilic proteinase can be readily

aut ol ysed and/or denatured when incubated at or%eg‘bp‘ 2 C mEEIQUCEMENT SHEET

requirting the addition of further denaturing ents. 10. A selection
method as clained in claim9 wherein the tenperature in step i) is 75C 11
A selection nethod as clainmed in claim9 or claim10 wherein the
tenperature in step ii) is 94C. 12. A selection nethod as clained in any
one of claims 9 to 11 including the initial step of: i) isolating a

t hernophi li c protei nase which also has |ow activity bel ow 40C. 13. A

t hernophi lic proteinase, characterised by the features of i) having | ow
activity below 40C, and ii) being substantially stable and active at
65-80C, and which eff ects one or nore of lysis of cells, digestion of
proteins, di gesfficeiis,ofigesion- ataprotedrs \igestiag op cdll-@aT epp08ePLACEMENT 5 El
bei ng readlly aut ol ysed and/ or denatured when incubated at or above 90C
Wi t hout requiriyd he addition of further denaturing agents, when used for
the preparation of nucleic acid sanples in a, closed system 14. A

thernnphlllc proteinase as clained . in claim13 wherein the
i) ascertaining whether said thermophlhc proteinase can be

readily autolysed and/or denatured when incubated at or above
90°C without requiring the addition of further denaturing

agents.

10. A selection method as claimed in claim 9 wherein the temperature in

step i) is 75°C.

11. A selection method as claimed in claim 9 or claim 10 wherein the

temperature in step ii) is 94°C.
12. A selection method as claimed in any one of claims 9 to 11
including the initial step of:

i) isolating a thermophilic proteinase which also has low activity

below 40°C.
13. A thermophilic proteinase,
characterised by the features of
i) having low activity below 40°C, and

i) being substantially stable and active at 65-80°C, and which
effects one or more of lysis of cells, digestion of proteins,

digestion of cell-wall enzymes
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tenperature-activity profile of said proteinase al|l hinrt d . in
nultistep or nulti-enzyme reactions. 15. A mul ti?el*nmezmﬁx%%LWNT SHEET

includes a thernophilic proteinase as clainmed in claim14 and a nesophilic
enzynme active at tenperatures below 40C as required to weaken and/ or
remove cell walls fromplant and fungal tissue and bacteria, spores and

bi ofil ms before nucleic acid extraction. 16. Polynerase chain reaction
usi ng nucl ei c acid sanpl es prepared according to a nethod as clainmed in any
oneof clainmns 1 to 8 17. A kitset including a unit volunme of a

t herdophi i c proteinase, and instructions and nmeans for the preparation of
nucleic acid sanples in a closed system when used in a nethod as clai ned

f h | -8.19.,2 005 REPLA SHEET 18. Ak
e amyi i, L %@%%&W‘%ﬁ&aﬂ@& I e afhE S i ¢ enryme,
19. A ki USet T or g ol HE RRREAH 008k WSl Fifecal gl e 10 acl osed

systen1conta|n|ng ernn nase as i i"n any one of
claims 9 to 14. nt kltset containing a nmulti-enzyne m xture as cl ai ned
in claim15, an Instructions and neans for use of said m xture, when used
in the preparation of nucleic acid sanples in a closed system 21. A nethod

for the preparatjih afed s BeCorBphdieRND! AIéid RiCEADEMs in a

closed system

14. A thermophilic proteinase as claimed in claim 13 wherein the
temperature-activity profile of said proteinése allows it to be used in

multistep or multi-enzyme reactions.

15. A multi-enzyme mixture which includes a thermophilic proteinase as
claimed in claim 14 and a mesophilic enzyme active at temperatures
below 40°C as required to weaken and/or remove cell walls from plant
and fungal tissue and bacteria, spores and biofilims before nucleic acid

extraction.

16. Polymerase chain reaction using nucleic acid samples prepared

according to a method as claimed in any one of claims 1 to 8.
17. A Kitset including
a unit volume of a thermophilic proteinase, and

instructions and means for the preparation of nucleic acid samples in

a closed system,

when used in a method as claimed in any one of the claims 1-8

19



system substantially as described herein with rgi r e o e ,
Illustrated by the acconpanyi ng exanples and fi ﬁeﬁE?ZmQA@%@?ﬁyﬁENT SHEET

nmet hod to identify a thernmophilic proteinase for use in the preparation of
nucleic acid sanples in a closed system substantially as described herein

with reference to and as illustrated by the acconpanyi ng exanpl es and
figures. 23. A kitset substantially as described herein with reference to
and as illustrated by the acconpanyi ng exanpl es and figures. 20

A
)

18. A Kkitset as claimed in claim 17 which includes a unit volume of a

mesophilic enzyme.

19. A kitset for use in the preparation of nucleic acid samples in a closed
system containing a thermophilic proteinase as identified in any one of

claims 9 to 14.

20. A kitset containing
a multi-enzyme mixture as claimed in claim 15, and
instructions and means for use of said mixture,

when used in the preparation of nucleic acid samples in a closed

system

21. A method for the preparation of nucleic acid samples in a closed
system substantially as described herein with reference to and as

illustrated by the accompanying examples and figures.

22. A selection method to identify a thermophilic proteinase for use in the
preparation of nucleic acid samples in a closed system substantially
as described herein with reference to and as illustrated by the

accompanying examples and figures.

23. A kitset substantially as described herein with reference to and as

ilustrated by the accompanying examples and figures.
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