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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
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chloroform extractions, and finally an ethanolic salt precipitation.
Nuner ous et hadssphasecortveary toeded bpedechoicianhe preparation of nucleic acid
from animal tissue for anplification by PCR A typical exanple is
descri bed by Hunt, 20 Parks and Luml ey (1997) Food Chem stry Vol 60:
437- 442, TypiBeskisg ofhcesde withrwhirlpe samnieean bmcaniaminaied.iils aPQUIraeds St es
(such as neat or bone) caontajin the foll owi ng steps: é%mResu%l%ensi on é)f t he
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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).

25 2) Homogenisation.



25 2) Honogeni sation. 2 WD 02/092844 PCT/ NzZ02/ 00093 3) Incubation with the
enzyne proteinase K for 1-2 hours. 4) Solvent extraction of the sanple with
phenol . 5y0®olymsmt extraction with a m xture of PCT/NZ02/00093

phenol / chl or of or ml i soanyl al cohol. 6) Solvent extraction with chloroform 5
7) Precipitation for a mnimumof 1 hour in 3M sodium acetate and 3 vol unes
of ethanol. 8) Centrifugation of DNA. 9) Washing of the pellet 2 tinmes in
et hanol . 10) 3A r Tefupptien &Xﬁ—htliteewg@éﬁgqt@aa%foq#é-%bwrét in buffer. 10
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sanpl es). The applisgant has conducted experiments whi ch show nucl eic acid
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the need for ghi Tehtiginganmh ofZNAesulting in a reduced potential for
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reactions, for exanple the renoval of restriction enzynes and
10) Air-drying and resuspension of the pellet in buffer.

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 results 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
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components it directly 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 object of the present invention to address the foregoing problems or at least to

15  provide the public with a useful choice.

Further aspects and advantages 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,
including the steps of:

i) adding at least one non-specific thermophilic enzyme to a sample containing

nucleic acid for testing, and

ii) incubating said sample for a preferred period at 65-80°C as required to effect



20 preparation of nucleic acid sanples, including the steps of: i) adding
at | east one non-specific thernophilic enzynme to a sanple containing

nucl ei ¢ awbDd2/0m844 esting, and ii) incubating said sanpl e Por/Nzoppr@d2rred
period at 65-80C as required to effect 4 WD 02/092844 PCT/ NzZ02/ 00093 one
or nore of lysis of cells, digestion of proteins, digestion of cel |l -wall
enzynes, via activity of said thernmophilic enzynes, said

characterised by 8¢ @r e RIPHHP i & zy%e%@pr@f Erﬁ%rtsaﬁlﬂgeé'il?ly gtcﬁ%1"@1]and
active at 65-80C but which 5.is re dh é%?Hé% sed and/ or denat ured when
said sanple is |ﬂ€ﬁﬁ@¥§dwéﬁdﬁ?wﬁﬁé 2] FEALE of reference throughout
the specification, the term"nucleic acid" wll herein be referred to as
DNA. However thlg U|dte? lg)en seen as a limtation for the nethod
coul d al so b&igdhgh ﬁgration of RNA sanples. 10 In preferred
enbodi nents the thernDphlllc enzynme is a proteinase. For ease of reference

throughout t Q%d%ﬂ&ﬁ{o&)hﬁi%tén%e b&R g SR IRRI Slable@nd ME@VCV\AHGS 8CRErtRIt RvHiéh

referred to as a protel nase. However, this” should not been seen as a

limtatiop fog r&idlfl?rau?di H%%dk@tﬂeﬂaﬁi'&pwﬁ@rﬂ@ﬁiﬁvs’&hip% beinéabsled Ther pbeter r ed
i ncubation tenperature required to effect one or nore of lysis of cells,

15 di gestionggbcproteins, digestion of cell-wall enzynmes, via activity of
the proteinase is 75C The preferred incubation tenperature required to
effect autolysis and/or denaturation of the protelnase is 94C.

For ease of reference throughout the specification, the term “nucleic acid” will herein

be referred to as DNA. However, this should not been seen as a limitation for the

method could also be used for the preparation of RNA samples.
10  In preferred embodiments the thermophilic enzyme is a proteinase.

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

limitation for other enzymes could also conceivably be used.

The preferred incubation temperature required to effect one or more of lysis of cells,
15  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.

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

20  only and are 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

for the proteinases of the present invention could be determined with minimal

5



However, it should be appreciated these tenperatures are given by way of
exanple 20 only and are not neant to be limting in any way. It is

anti ci patwo otgas4t he protei nases will have differing prof iPCesNzioanodsdt h
enzynme activity and stability over a range of tenperatures and that such
enzyme dynamics would be known to a skilled addressee. It is also

antici pated such enzyme profiles for the proteinases of the present

i nventi on coeXr¢ripeengdoar mi ned with minimal 5 WO 02/ 092844 PCT/ Nz02/ 00093
experinmentation. According to another aspect of the present invention there
is provided a nethod for reparation of nucleic acid sa s substanti al
as descri bed®SE¥EIS fé’aﬁ“&‘fh’?gta a“i?flﬁbﬁ%‘?sf’f& IPH%‘%iOHit 515 BEOK c?fr.netgofl?maddi né
at | east one nesophili.c enzyne and at .| e - jfic thernophilic
enzyne to a BQWQP'OBSﬁPﬁﬁﬂFﬁgﬁﬁﬂgPSF8“§§%§5¥§$5?%ggﬁﬁgﬁgg%d ii) incubating
said sanple for a preferred period below 40C as required to effect renova

of any cell g\%h&ée%ﬁn?@in\gtﬁéﬁnmd%byoﬁmlsophiIic enzyme. In preferred

enbodi nment s € MmMeso c enzynme Is a cellulase or other cell wall 10
degradi ng enzyne. The preferred initial incubation tenperature required to

effect repoval ohddRy &€llbast VéHel SnekbphiBet éndying @hd sai tasesephnbi-speifiyne i s
37C. Once again, this should not be seen as a limtation in any way.
Proteol yti c enzygesmdphilivenzyhicmalsatiple@atiiting necleindeidddetesting, ynd
t hermophilic 15 organisns are considered of great econom c inportance,
with mcrobial proteinases taking a |large nmarket share of comerci al
enzynes. Theii) heimabagngisid samgplofor aptefaried peaior pelpv 4Q5fA asHeawsgshiol ffect
organi sns ensures such enzynes have a nunber . .

removal of any cell walls via activity of said mesophilic enzyme.

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.

Proteolytic enzymes derived from both mesophilic and moderately thermophilic
15  organisms 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 number of thermophilic micro-organisms that produce
extracellular proteinases having commercial applications, because of their high

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

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

EA1 being a neutral proteinase, and Bacillus sp. str. Ak1 being a serine proteinase.

The EA1 proteinase is a member of the Bacillus 16S rRNA group 5 (which includes

B. stearothermophilus), isolated from Mount Erebus, Antarctica. EA1’s proteinase

6
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that: 1) it Izﬁer%?mc@ﬂuuﬁbdsy ‘Bligbieaniomow acikbMedvh tAlicklahf @s babgandRm8f, 10
2) it is able to be readily autolysed and/or denatured at or above 90C, and

optionally 3)EAt. has a tenperature-activity profile such that it has | ow
activity below 40C (so acconpanying mesophilic enzymes, for exanple
cellulase, are not degraded). The present invention is also directed to a
sel ecti on netModequrenanior hpraignasesn riningeationes thatt h t hese
characteristics. The Akl proteinase was originally investigated to

determne its usefulness jn the
it is substantially stable and active within the range 65-80°C,

10 2) it is able to be readily autolysed and/or denatured at or above 90°C, and

optionally

3) it has a temperature-activity profile such that it has low activity below 40°C (so

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

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

15  proteinases with these characteristics.

The Akl proteinase was originally investigated to determine its usefulness in the
clean-up of DNA at high temperatures. However, a broad substrate specificity was
deemed required for efficient protein removal, such as was obtained with the
commercially available Rt41A proteinase. As it was found that the Akl proteinase
20  had a limited substrate specificity, its application was not explored further (Toogood

et al. Biochem. J. (2000) 350, 321-328).

The Rt41A proteinase is a thermostable alkaline proteinase that is known
commercially as PreTaq™, being used in the preparation of DNA and mRNA prior
to amplification by PCR. PreTaq™ — Thermus sp. str. Rt41A is a Ca**-dependent



cl ean-up of DNA at high tenperatures. However, a broad substrate
specificity was deened required for efficient protein renoval, such as was
obt ai ned woDtob/093se4 commerci al ly avail abl e Rt 41A pr ot ei nas@CTAZoRD00aSs f ound
that the Akl proteinase 20 had a limted substrate specificity, its
application was not explored further (Toogood et al. Biochem J. (2000)
350, 321-328). The Rt41A proteinase is a thernostable alkali neﬂgr ot ei nase

I

that i s knownSeridg priedass. | yhe Kkl T Reciasdhiggraursgwithin s éamilieph{Aarmiys of

DNA and nRNA pri or o.anplificatio CR. PreTagTM - Thernus sp. str.
RI41A is a CatPEcidfe Lot i W%@%&E PCT/ NZ02/ 00093  seri ne
protei nase. The Rt41A is a species that groups within a famly of Thernus

species so  agl oURDOR! oDl Wt SR AN o1 S RANRY X Wi AhRL §,0¢0! S
npl es "W Bro , G d of CarT s at

i nvol ve i ncubattl ng sa I nase ysSi

tenper at ur es Mﬁ@ig}g 1?5% oF %&15@#@te%%@ﬁse5vﬁé£a& er&él? %1%2:'9?3 RIGEsd Frofil fe

active that my grade sanple use of t I C proteinases

al | ows DNA extdiRGld faivaisht aRlyldebiat sadifle PRA Carried out at tenperatures
where these del eterious enzyines are inactive, thus preserving the DNA

PreTagTMis comercially avail able as a thernostable alternative to

Prot ei nasd K The udd of [thexmophilioNArovdindsesu hll abesg DiNMR taxaactidlowad eel]l 1ydieto be
tenl petattire-activity profile of PreTagtMis not ideal as it remains
active acid notrickadt |4 tempaoiwes athetw st aletgpariait wresmes rade tihacsive,t thais f
Wxifes a cbntam naht. 1M ahd Akl ~totei nases have beets identified by
t he daPli|! Atpresryibe thit PR#adti vi v theri ~ost dbl e Cd2+-dej i ehdeht
Proteiriases that tre br siek td WHHM dt high

PreTaq™ is commercially available as a thermostable alternative to Proteinasé K to

10 clean up DNA without degradation.

However, the tetupetature-activity profile of PreTaqTM is tiot idedl ay it remdits
active aiid not teadily removed at high temperatutes, and thus itsell bécoties a
cbntamiﬂahf. EA1 uhd Akl proteiitases Have beerl identified by the applicdits ds
altetnittive thetttiostable Ca2+~deﬁehdeht proteireses that ute edsiet b rettiove dt Hijh

156  temperatures,

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

the temperature shift, protein degradation occurs.

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

degradation of the sample.

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

25  using one of two thermophilic proteinases to extract DNA from a range of substances

8



15 tenperatures. In preferred enbodi nents, thernostable proteinases are
added to the sanple tube. The sanple tube is then incubated and subjected
to a tenpwoakwesmsishift. Follow ng the tenperature shift, POTORZOR/N0093
degradati on occurs. The procedure operates at 65-80C as these enzynes are
hi ghly active between these 20 tenperatures. At this tenperature, the

cel I s are |ysessiaipe §IbRIRLGY RhARReS degrade any contaminating protein. In
particular, they rapidly renove DNA-degradi ng nucl eases at tenperatures
where these nucl eases are inactive, thereby mnimsing DNA degradation of
the sanpl e. The dpvedsmmnt bhy eintplerldsad tibeeysteinmhae tredy advantrgesievesthgppreort  of
an inproved protocol 25 using one of two thernophilic proteinases to
extract DNA grtor@urenaPde oftractibs paensderes greiengiby, sopsueshpeyy sonmwbeod in a
sinpl e cl osed-tube reaction. The devel opnent of a sinple, closed tub

syst em has miawc shemiselagash asephennb 3nd; wrmergyy stepy, highy TaGNILS SPERIRE 30N
procedures are |engthy, require the use of._a nunber of toxic chemcals
such as phen6losingfft Fr%u‘b"ggogtf"@&au\%it%??aﬁ%?ﬁcfl’é opening and 5 closing of

tubes all ow contam nation to readily occur. The cl osed-tube system of the
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purificationggleps cér{%arﬁin%%f Ah@"gea HighliyRINOFhich dafCHNLEME SwithbhE ldiizagedur e

of the present invention relies on the proteinase and/or proteinase/cell-
10 wal | degr ad}ifleatRAZWEE it fhderahgd@ivdifghostid ketimqiekal activities at

different teéenperatureS. By cycling through the variable tenperatures, the

activities of different enzymes can be brought into play w thout the need
for opening tlhbesodeduradf theegwesent 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 ahove, which results in rapid auto-catalysis (self-digestion or
denaturation). Reaction buffers are aiso similar to that most commonly used in the
polymerase chain reaction (PCR). These two factors remove the need for

25  phenol/chloroform extraction ang}gg_%ethanolic salt precipitation steps of current



reagents. The new procedures are directed to purifying nucleic acid by
requiring the tube only 15 be opened to add the sanple initially and then
subsequernwbDy2omsmi ng it for testing. Accordingly, the precedneodnsfaster
and not prone to the introduction of contam nants as are previously used
protocols. The present nethod is thus directed to inproving the standard of
nol ecul ar bi ol ogy diagnostic techniques, such as PCR,_and mnimsin

cont ami nat i oprqs@coé%uﬂmr%y rgsuleng mosigniBeant tpproyprapth i Weld of RN AjaRe adBveh e
tubes. For PCR-based applications, the ProteLn es. can be renoved
subsequent | yTasiicebish pfofoniapunationqr £Xpqsy @8(‘,078?%';‘%\9 S which results in

rapi d auto-catalysis (self-digestion or denaturation). Reaction buffers
are also simJar tp that st _co nly. us i.n.the. p i
reaction (P ?E?Hggﬁ“?ﬁdﬂaagﬁgggqggngygmgﬁgkn@ég§¥%r&%gﬁgéggéi%%%”@beorm

extraction a - nol | . Hid Aha
51 0o56aa POIHERRIdEke %346%%“3{:?’8?’"%2*? 9@1@5% %F%%Hf E@géiné%‘i%%i o they

| nprovemeat s phik X/'eléj P facRWY anad78CTUBRCoIRBUE Uels hildes GherBOfeaNTdrabihen or
exposure to toxic chem cals.” For applications that require | ow tenperature
di gestion of gfNAoifcore@nafips esuchr estihé cpﬂegmam yore ptliggefdri puisef fiElA)el t he
prot ei nases need not be renoved as they have very low activity at 37C
Accor di ngly tehicgopidsess,t waerei clalwifcorxtehdies whshipgost rendvec Rritcjuae Kudh as
the preparation of plugs for pulse field gel electrophoresis, where

ot herwi se extrensiede washing to renove Proteinase Kis required. The

protei nases also allow restriction digested DNA to be used for DNA |igation

10 without |ength urification protocols to renpve . the restriction.
enzymes. Aft él",h% pr%te‘i)nases also allow rgstriction digested DNA o be used for DNA ligation

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.

15  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 be 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
25 formulations for DNA extraction to overcome problems experienced with currently

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

10



i ncubation at 37C, the sanple tubes may be heated to 65-80C to allow the
proteinases to renove the restriction enzynes. These tenperatures do not
denat ur e wole/ o8/ Fol | owi ng this incubation the sanpl es &ce/Noob@d3for the
| ow tenperature ligation reactions, which are carried out at room
tenperature or below 15 As the thernophilic proteinases have very | ow
activity at |low tenperatures, they need not be renoved. Wiere nultistep or
mul ti - enzymePF%4P CORSEIEORequi red, the proteinases can be used in an
enzynme m xture. As there is such low activity below 40 C, other enzyne

ti bl e t . 1nth a [ f
he. 20" msophry Prle abtas By Gy B SUERSER AT SPoPheb IR Rroalet |l 55 Ve
i d [ - -t | f
orant and 1 oRGS e e 0o Rl DIOERARDAR Kol FETHEAE Hpdahs, TrOm

conti nui ng ‘_?“ﬁﬂélaﬁ% a%&ﬁ@ Gl Lube %&l ?5{5 rd@ﬁéﬁéantopﬁl‘afe%g HIFda eftfapt 1he MRt

i nventi on. I's 1avention also | tself"to the devel opnent of a set of

pr ot ocol ssandcii tn f&@endio bppllcatioNBTADEarBiNre @xdst B6ihin0hlyliBed TR tikOCRIcptioh| ens
experienced with currently enployed DNA extraction strategies, which are

ti me- consuni g, refereicé isam@lts sacd as HbodD TRE DAPA44 (RCTADEIS HifkBO®3theFbAE t 0
contam nation. An exanple of this is the range of Watman FTA(r) products.
These producksbsarae whitbtattherahaterivdim the shmpler(itfhabics swchilAhaempisysmeyed by
containing protein denaturants, chelating agents and a free radical trap
desi gned to prsetiecel wardlingstepsp the nucleic 5 acid. In forensic
applications, FTA(r) cards are nost comonly used for the collection of

ref erence sanpl es such as bl .o 1N .an the . sanple binds to.the ETA(r
substrate whift EEIH@{}h@%VﬁH‘&E%P?EfAi Wr&g}ﬁ%{mgn ity PRigmatay, @R agép‘mé‘h) (i)s

renoved b . . . . :
1}4 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 EA1 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
EA1 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



a series of washing steps. A primary advantage of FTA(r) cards is their
anenability to automation, as all steps in 10 the process can be carried
out in a wpnglg2stube using robotics. However, although th@CToeaod800as e
effective in their intended use, recomended washing steps are tine
consum ng and involve nultiple tube openings, increasing the risk of

contam nation. By using EAl protease, the aforenentioned protoco]s require
no wash st eperiaivg. sds araaileplzthireeligt megtconsistent FFRjpsfdlps metqbtqyxg&{ and
extraction from FTA(r) card sanples. 15 ExtractiqQn using EAl protease was
found to beﬁ%ﬂ?é%?@@%m@ﬁ@e??ﬁﬂP%V”P%%H““WEEﬁ%&@H%@d procedures. In
addition, it appears to nornmalise the anount of DNA bound to the card and
hence provi . re caontrolled source.of te t PCR
a1 1 cat | S AIPEPRaE P iiofrr SRBREAT e fRRorhe pheteudf e AR RAMRT
profiles is Lot £ |y ih QaRicabal ieSougi mO t he
manuf acturertﬁegl%gﬁg@ggh%g{slé.s @ﬁgg%‘ééﬁ%g\é@?gg@%ﬁaﬁ‘%é %21 Ce>§1t’r1actoi on process

appear 19 I QIRNELRNCRESIRNRe0A iR tha OhihBeuppRE dlions Y riigeas! pNUDe
oun ol ecul es

tightly- . is conclusion”is supported by neasurenents of
the yield ofy ot eEEQks Whetd @eanbibloSYNIE refnbde SxitiBidhnto s @iri@dady | ower
average yield than that obtained using the 25 manufacturer's nethod, but
mor e si gni f ibeaetidial, oPfor didp@estit etidsques twhese theduresedt inkéntid H2Y DO 28apted

PCT/ NzZ02/ 00093 wvariation. As a result of this effect, nore consistent STR
profil es ar eo edtieveresddmaladberfefivial oydeafie.| es are rejected due to inconsistent
peak height. Wilst the present invention is directed to the use of the
preferred nesophilic and thernpphilic enzymes for use in inproved PCR

t echni ques iAecpetingly.ihis inventiopnis irgeipd to sheadgyelapment gf tlﬁgtovgﬂ%m&l’é%%t

invention may have applicatjions for a range of. DNA . . :
10 a%d n reseePrBh f%r the use ofr such enz%rmes 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 [ 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.

12



di agnostic techni ques where clean-up of DNA to renpbve contam nants is
particularly beneficial, or for diagnostic techniques where the present

i nvent i orwoag/oims4adapted to achieve a simlar beneficial PONINZONB0093
Accordingly, this invention is directed to the devel opnent of inproved
proteinases 10 and in research for the use of such enzynes in nol ecul ar
bi ol ogy di agnostic techni ques. BRI EF DESCRI PTI ON OF DRAW NGS Furt her
aspects of the present invention will beconme apparent fromthe follow ng
descri pti on, BESEd ARRYINGOUT FHE JNVENTIGN [ r ef er ence to t he
acconpanying 15 drawings in which: Figure 1 is a conparison of the steps

i | ved | i Si _ .
ol Ve | U SIEESE LR 45108 ' SRERPERL BERL B HEE: B >
o eoent, |1Vl e U8 oL Ry AR TR ke SRR e

extraction pr i Ry i
oresent | nvereran o6l e R RO e s v o

OQUT THE I@VE@Ihghkgﬁﬁgd&ggerence to the figures by way of exanple only,
there is provided met hod for the preparation of DNA sanples for

pol ymerase chain reaction which renmpves contani nating proteins and

i nhi bi tors f rmgarsanpilesmatesnte plitfstenes inatheahtmebaradfi steps, dimé taken snidnigkely
procedures. Figure 1 illustrates the difference in the nunber of steps,
ti me taken arntrdducebyy of contaminants between standard protocols and the improved protocol

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 proteinase 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



i ntroduction of contam nants between standard protocols and the inproved
protocol of the present invention. The nethod of the present invention

al so prefwpablog2sicl udes the addition of at |east 10 onePaESIPROIN0®E enzyne
and at | east one non-specific thernophilic enzyne to a sanple containing
DNA for testing and anplification via PCR The sanple is then incubated for
a preferred period at 37C to effect renpval of any cell walls via activity
of the mesophvifiayt hengadEor oppeing dise FarddmeWwi i§ageiéin i ncreased to 75C as
required to effect one or nore of lysis 15 of cells, digestion of

proteins, digestign of cell-wall enzynmes, via activity of th t her mophilic
enzynes, \/\her‘%cicﬁr‘g%glﬁ’ dhe yprecedire 15y gpek n%f@leél.c’?Apﬁ"B?t%/?ert{‘? n@ﬁ@g%célopnop
tenperature to 94C effects self-digestion and/or denaturation of the

t her nophi | i ¢ C]BP‘&S’FBP%%%S&W&V&’I“?“R@‘%ﬁ‘ipﬁé’g"éf’gd tubes from 37-75-94C wil |

first degrade any cell walls or 20 protective |ayers, next degrades the

mesophi |1 c enﬁtﬁgﬁéfeﬁ@g Jﬁétﬂt?d lsychQ?EQ{e?igﬁ]Qx}' theqﬁ@%tflfﬁémtoiiﬁilitc;[{?{)ﬂgﬁlﬁggsl\Mﬁc

pr ot ei nases. procedure relies on € proteinase or protelnase/cell-wall

degr adi ng senzyR, L&A1} stab@Yhddctliel dreTR0t bl wineh iavd tda88y alitolljskd @nemk
tenperatures. By cycling through the variable tenperatures, different

enzyme acti Videhg@rddanhddtsalty Quel isiindudatel ayo4°t3 WO 02/ 092844 PCT/ NZ02/ 00093
wi t hout 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 previ ouslTheasephific giroeilases Fdectpd dbre nsee avithe theo gdreisentc hnaentome frickwld dy t he
use of thernophilic proteinases which 5 are substanti al IX stabl e and
active at 75Q@rbiginaghlerivedrfeomdbudiling spuinelngivedPagibisssp- str. EAL being a neutral

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



denatured when said sanple is incubated at 94C. Thernophilic proteinases
selected for use with the present invention include a proteinase derived
from Baciwbwsg/0%3844 i ncl udi ng Bacillus sp. str. EALl, being &CmaUie/ad093
protei nase, and Bacillus sp. str. Akl, being a serine proteinase. 10 In a
standard procedure for use with aninmal tissue, reagents would first be
added on ice to ensure mninmal DNA degradation.. The sanp| e t ybe ul d
then be shi f Asgordinglyzsle presert Bwihod isyditecisd do JPPreying t‘af‘eﬁféf‘@ﬁfg raﬁag@ Te

di gested by the thernmophjlic, .proteinases ]'é[herg i S.mninm ation
r

[ [ I DNAaqieﬁr
occurring at Digiesy diaggestisy techigbFe iy AuRFRaLRE  MRIBLING, CQUARINAUOR; P o 1 o
94C where the thernophilic. 15.prot.einase sel.f-digests and/or denatures. A
modi fi ed procdBRFSS hresuL 8T RER %dtshutgi%saenﬁgégﬁjﬁght of the present
invention is presented in Figure 2 where alternative enzynes are required

to degrade cca[lhlg ggggérﬁcedﬁ%%é %%&éd # ﬁ‘ﬁﬁ%ﬁ% nﬁ&éic%'cﬁﬁﬁer ﬁﬁqirfdgrtlg@{ube only

extractions), OWS: es are s ted to 37C and cell walls are
removed wth b@%?&ma' th d %%Xﬂi?fe initdfly AREtHeR Bl!iusle%@enﬂz@paﬁﬁ sigfer BCR. i nactive
at this tenperature and therefore do not degrade the cell-wall enzynes. b)
The sanple tubes are then transferred to 75C where the cells lyre and
proteins andheelb pr&kinaeRzigseibed(BAdiage Stkddl ateybotth destdbelised dtyi dhplators and

prot ei nases. c) The tubes are then transferred to 94C where the proteinases
sel f - di gest s.are itrit¥AIR/ IR et POIE ED 2hFel0O3 casigrcior EMeyEat thheng b dmt
method is directed to inproving the standard nol ecul ar biol ogy diagnostic
t echni ques, dStweetnens cEapared upraviorsty $padghadIPPRMCIPREY B of sanpl es as a
result of opening and shutting sanple tubes. The new procedures are

directed to purifying nucleic acid by requiring the tube only .
Fll“he prgsentginvention a(fso prevent. unwa%ted cieggadagon of! 15)16 nAclet acid sample
10 by cellular enzymes upon cell lysis, as the lysis step is carried out at 75°C where
these enzymes are inactive. This is a significant improvement over current methods

using Proteinase K at lower temperatures, where nucleic acid degradation cannot be

avoided.

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

15 Kkilled at the end of the procedure with the enzymes being removed with greater
assurance. It is essential to remove these enzymes or they can potentially attack the
enzyme carrying out the PCR reaction. Preferred proteinases are derived from

Bacillus as previously mentioned being Akl and EA1.

This invention demonstrates the possibility for use of a range of thermophilic
20  proteinases in nucleic acid-based applications, particularly 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.

25
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5 be opened to add the sanple initially and then subsequently opening it
for PCR The two proteinases described (EA1 and Akl) are both destabilised
by chel atwo2/@ams44 are intrinsically both | ess stable and Phemnfor@Izasi er
to renmove at the end of the treatnent conpared to previously used

t hermophilic enzynes. The present invention also prevents unwanted
degradation of the nucleic acid sanple 10 by cellular enzynes upon cell
lysis, as the lysis step is carried out at 75C where - these enzynes are

i nacti ve. TNX%&Zﬂﬁﬂﬂﬁﬁiﬁﬂhkﬁht i nprovenent over current nethods using
Protei nase K at |ower tenperatures, where nucleic acid degradati on cannot

be avoided. Both en s are carefull el ected tp be active at high
tenperature blut c%meéﬁffpr%gprqurqgioppggucj?lclaﬂg S@WB%BT the procedure with

t he enzynes being renoved with greater assurance. It is essential to
renove these enzynes,or .th can potentially attack the enzyne carrying
out the PCR reactlﬂ‘gﬁc.hn%%efsg‘%’prseog' protei nases are derived from Bacillus as
previ ously nmentioned being Akl and EAl. This invention denonstrates the

possibility for yse ofgfg 8N%asPlonk NESIRRBICI ﬁleﬁﬁ@pfﬁﬁ@?@iz?ﬁé?ﬁ) laNsdhbile €i C
aci d- based applications, “"particularly for faster and sinplified nethods

for the preparation QhnlhidinganatieacidIpeeitigdind he present invention have
been described by way of exanple only and it should be appreciated that

modi fications and additions may be nade thereto without departing fromthe
scope t hereof as itjef iinabating s4id samplenibed weieims pedsd 2660002 /29 9epuitd to

PCT/ Nz02/ 00093 WHAT WE CLAIMIS: 1. A nethod for the Prepa_r ation of

nucl ei ¢ aci d sanpl es,effect one or more of lysis of cells, digestion of proteins, digestion of

cell-wall enzymes, via activity of said thermophilic enzyme,
said method characterised by

10 said thermophilic enzyme being substantially stable and active at 65-80°C but
which is readily autolysed and/or denatured when said sample is incubated at or

above 90°C.

2. A method as claimed in claim 1 wherein said thermophilic enzyme is a

proteinase.

15 3. A method as claimed in claim 1 or claim 2 wherein said thermophilic enzyme

is derived from Bacillus sp. str. EAl,

4. A method as claimed in claim 1 or claim 2 wherein said thermophilic enzyme

is derived from Bacillus sp. str. Akl,

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

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

16



including the steps of: i) adding at | east one non-specific thernophilic
enzyne to a sanple 5 containing nucleic acid for testing, and ii)

i ncubat i r/yoYajogkssanpl e for a preferred period at 65-80C agCrague/m@d3t o
effect one or nore of lysis of cells, digestion of proteins, digestion of
cell-wall enzymes, via activity of said thernophilic enzyne, said nethod
characterised by 10 said thernophilic enzyne being substantially stable and
active at 65480CAurethachias tlaimed dadatyyorpubiclpiad laftpoWherelathsr @aRlhdh sai d
sanple is incubated at or above 90C. 2. A hod as cl ai i.n clai.m1
wherei n sai d t hermaipaelid Bk retiest QJtOlb’Fléta@rT&}ﬁégér}ati@“Q@ Og%ﬂfefl}%‘aoggm
claimed in claiml or claim2 wherein said thernophilic enzyne 1is derived
fromBacillus sp®Pé¥F® EA1l, 4. A nethod as claimed in claim1l or claim?2
wherein said thernophilic enzyme is derived fromBacillus sp. str. Akl, 5.

A et hod as c) al et b Q01808 B of) TR clirh1 fh gher ein the incubation 20
e O efrec

tenperature reéquir onhe-“or nore o ysis of cells, digestion of
proteins, digestion of cell-wall enzymes is 75C. 16 WO 02/ 092844

PCT/ NZ02/ @0093 6., AuiRE BRMnARL Sbpd 6f¢d in any one of claims 1 to 5 wherein
the sanple is incubated at 94C to effect autolysis and/or denaturation of
the thernophilic enzynme. 7. A nmethod as clainmed in any one of clains 1 to
6 i)  adding at least one mesophilic enzyme and at least one non-specific

thermophilic enzyme to a sample containing nucleic acid for testing, and

ii)  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.
10 8. A method as claimed in claim 7 wherein said mesophilic enzyme is a cellulase.

9. A method as claimed in any one of claim 7 wherein the initial incubation

temperature required to effect removal of any cell walls is 37°C
10. A method as claimed in any one of claims 1 to 9
characterised by
15 conducting said method in a closed-tube system.

11. A selection method to identify a thermophilic enzyme for use in the preparation

of nucleic acid samples
characterised by the steps of

i) isolating a thermophilic enzyme which substantially stable and active at
20 65-80°C as required to effect one or more of lysis of cells, digestion of

proteins, digestion of cell-wall enzymes, and

i1) ensuring said thermophilic enzyme can be readily autolysed and/or

17



5 including the initial steps of: i) adding at |east one nesophilic enzyne
and at | east one non-specific thernophilic enzynme to a sanpl e contai ning
nucl ei c awoDd2PM844 esting, and i) incubating said sanpl ePComNZaz2/pooes erred
period bel ow 40C as required to effect renoval of any cell walls via
activity of said nesophilic enzyne. 10 8. A nethod as clainmed in claim?7
wherein said nmesophilic enzyme is a cellulase. 9. A nethod as clained in
any one of clai m7 whdeeitwred vden inqubated phenabays YNC-t enperature required to
effect renoval of any cell walls is 37C 10. A nethod as clained in any one

of claims 1 to 9 characterjsed hy 15 .conducti sai,d nethod in a _ ...

cl osed-t ube dyst eArﬁel‘?LCPPaneéécPde%St ‘aéﬂl‘aﬁéf‘ ﬁgﬂ'ﬂﬁg "i’r}%é‘ﬂ? itl?esfelélp{a’ﬁlg’rrﬁﬂbﬂarrf Pas

enzynme for use i_r)7§t, e preparation of nucleic acid sanples characterised by
[

the steps of i) ofating a thernophilic enzynme which substantially stable
and active at 20 65-80C as required to effect one or nore of lysis of

cel s, di gesti:on Qleiedoflrilifis asUIAGRUPBlaRh 18 Gloratflie GRPYARS inet h)id
ensuring said thernmophilic enzyme can be readily autol ysed and/ or 7 WO

02/ 092844 ;PCT/ NZ@24,@0093 denatured when incubated at or above 90C. 12. A
selection nethod as clainmed in claim 11l wherein the tenperature in part i)
is 75C 13. A selection nethod as clainmed in claim11l wherein the

t enper at ure 13, pax elédtioninsethdd &dTaimed in any one of claims 11 to 13

including the initial step of:
i)  isolating a thermophilic enzyme which also has low activity below 40°C.

15. A selection method as claimed in claim 14 wherein the temperature of the

10 initial step is 37°C.
16. A thermophilic enzyme for use in the preparation of nucleic acid samples
characterised by the features of
1) having low activity below 40°C, and

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

enzymes

iii)  being readily autolysed and/or denatured when incubated at or above

90°C.

17. A thermophilic enzyme as claimed in any claim 16 wherein the temperature-
20 activity profile of said enzyme allows it to be used in multistep or multi-

enzyme reactions.

18



14. A selection nethod as clainmed in any one of clainms 11 to 13 including
the initial step of: 1) isolating a thernophilic enzyne which al so has | ow
activity weloemw28@C. 15. A selection nethod as clai med i nPciraizoe/aehsher ei n
the tenperature of the 10 initial step is 37C. 16. A thernophilic enzyne
for use in the preparation of nucleic acid sanples characterised by the
features of i) having low activity bel ow 40C, and ii) bei na@;ubstanti ally

stabl e and adBi ve\ awlEEnaoE mixtdrens @pimetifia clamolewhich igelugesy @ mesophyli s of
cells, digestion of proteins, digestion of cell-wall .enz nESaLii) geing
readi |y aut ol yse@NaABY GFtivie AhtemRrafifrsnbslow (i Ceds deayredafvakapend/ey ~ A

thernmophilic enzyne as clainmed_in any claiml erein the tenperature- 20
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prepared accordi riﬁeth&i@scli@kﬁ@ﬂa@oﬁ@c@ﬁsﬂﬂo@@w one of claims 1 to 10.
20. A kitset for use in a nethod as clained in any one of clains 1 to 10

i ncl udi ng
20. A Kkitset for use in a method as claimed in any one of claims 1 to 10 including

a unit volume of a thermophilic enzyme, and
optionally a unit volume of a mesophilic enzyme,
10 instructions and means for the preparation of nucleic acid samples.

21. A Kkitset for use in the preparation of nucleic acid samples containing a

thermophilic enzyme as identified in any one of claims 11 to 17.
22. AKkitset for use in the preparation of nucleic acid samples containing
a multi-enzyme mixture as claimed in claim 18, and
15 instructions and means for use of said mixture.

23. A method for the preparation of nucleic acid samples substantially as described
herein with reference to and as illustrated by the accompanying examples and

figures.

24. A selection method to identify a thermophilic enzyme for use in the preparation
20 of nucleic acid samples substantially as described herein with reference to and

as illustrated by the accompanying examples and figures.
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