1 WD 2005/ 122709 PCT/ NZ2005/ 000133 1 PURI FI CATI ON METHODS AND USES THEREOF
TECHNI CA’ FIELD This invention relates to I mproved nethods for isolation,
puri fi catwomesiagiie@gnosti c, anal yti cal and manuf act uri pgringsiesiedes. | n
particular, the nethods of 5 the invention will facilitate inproved
purification, diagnostic, analytical and manufacturing techniques,
especially those in the field of nolecular biglogy, by providing neans of
renovi ng contam nati on and/ or undesiregd constituents, and/or by sinplifying
t he techni ques. Pr e nt.ani naf | ' d using the

met hods of the 10 'I[:ﬁ%é: TtA'Hﬁgﬁﬁ ‘0 %ﬁgéﬁﬁsﬁ?ﬁbmﬁgs of enzymes, and
proteins, including enzynes, such as for exanple, nucleic acid-nodifying
enzynes. In preferred enbodinents, the purification methods are directed to
reduci ng UTREHENICATWBIELD acid and/or nucleic acid-nodifying enzynes in
solutions and sanples. It is envisaged that such purified solutions and

Sanpl es wil | greatly enhance 15 procedures involving nucleic . acid and the
resul ts obt ai nedThisdnedntiom rekasese tee improvad metheds fomisplationy prrifisaioh out si de
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false posi plagen REHihd o iishtion OiadRor SR BsiredEGhdtRGEHN, ques ar o
capabl e of iﬂ)'ll e éngméﬁgsi%gm |can$lecr91ih tip |%aﬁnon of target 25 nol ecul es, and
are thus hhwbybfgigﬁjﬂfymgm@t&ﬁﬁqpésesence of contam nating

Preferably the contamination tﬁat is removed using the methods of the

10 present invention includes the substrates of enzymes, and proteins, including
enzymes, such as for example, nucleic acid-modifying enzymes. In preferred
embodiments, the purification methods are directed to reducing unwanted nucleic

acid and/or nucleic acid-modifying enzymes in solutions and samples. It is
envisaged that such purified solutions and. samples wﬂl greatly enhance

15 procedures involving nucleic acid and the results obtained therefrom. However,

the invention has application outside this field.
BACKGROUND

Contamination is a significant problem in most isolation, purification,

diagnostic, analytical and manufacturing methods, and particularly so where such

20 methods are sensitive. Such contamination is undesirable, leading to less robust
| methodologies and potentially equivocal results. For example, a number of
molecular biological techniques are highly sensitive to contamination, and this
contamination may lead to a false positive or a false negative result. For example,

PCR techniques are capable of yielding a significant multiplication of target

25 molecules, and are thus highly sensitive to the presence of contaminating



WD 2005/ 122709 PCT/ NzZ2005/ 000133 2 nol ecul es, even where pure test

organi sns and purportedly ultra-pure working solutions are used. |ndeed,
cont am nagj ic acid fromcontam nating organis remai ns _even though
the or gaﬁﬁg%sara%’ge dead and the solutions sterile. 730030900433 (¢

di agnostic or analytic methods reliant on PCR techni ques 5 cannot be

consi dered unequi vocal where contam nation has occurred or is likely to
occur. Contam nation also results wherg conmponents are added to a
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sanple prior to subsequent use of the sanple. 15 Indeed, contam nation of
conposi §i 0anndt beltonsiderdnituidiowhererdonti@ninatidn hao occurfedyords dikelysi npl y as
a result of the reagent tubes being opened to the atnosphere or being

t ouched byt@otemrhni cian. In addition, contam nation nmay arise during
preparation of the working solutions. Contam nants such as nucleic acids
may al so remain attached to gl assware, containers and the |ike, even after
20 strenuous cl e&antaginaicn also pesultywhergromponeniyase addadfoRcompasdinn es. The
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used in thendyke\Crfib® over into subsequent steps of a procedure in which that function is

no longer desirable. For example, a restriction enzyme may be added to a nucleic

acid sample to effect digestion of the nucleic acid, and must be removed from the

nucleic acid sample prior to subsequent use of the sample.

15 Indeed, contamination of compositions, such as samples and/or working
solutions, may occur simply as a result of the reagent tubes being opened to the
atmosphere or being tc;uched by a technician. In addition, contamination may
arise during preparation of the working solﬁtions. Contamiﬁants such as nucleic
acids may also remain attached to glassware, containers and the like, even after

20  strenuous cleaning, sterilization, and stringent washing procedures.

The accuracy and reproducibility of many diagnostic, analytical and
manufacturing techniques, and particularly current moleculﬁr biology techniques
including, for example, genotyping and genomic analyses, pathogen detection
and monitoring, and forensic identification, are frequently dependent at least in

25  part on the purity, quantity, and quality of the sample being analyzed, and the

compositions and materials used in the technique.



WO 2005/ 122709 PCTI NZ2005/ 000133 3 Applications of nucleic acid diagnostic
techni ques range fromforensic and evidential analyses to nedical,

agri cul t upa 20092ReVvi ronmental nmonitoring. It is cri \t,&]é‘l%zioﬁ%ooﬁ?y wor ki ng
solutions are free fromcontam nation, particularly ere the concentration
of the nucleic acid in the initial sanple is very low and 5 where

contam nation can lead to incorrect outcones. This is particularly the case
in forensic and evidential analysis whare quantities of sanple tenplate may

be measured in Wp?ﬂ%ﬁ’dfﬁ (anﬁtﬁéi%-acﬁ%:‘gia SotR! BohilTgids fﬂs&gbe&&n%'t%rsicechni ques

are sensitive to'the carry-over of onents from one procedur step to
the next. Mndicvidential afatyses & fiedivel apAadiurilandhaviroienial aenitdfingall on of
0 conpositions during isolation, purification, diagnostic, analytical and
manuf act ur iingriicelcéeit aag werkingesslusions aner freee frionp cottamiwatio pattivularly

maxi m sing the renoval of contam nants, including undesired conponents

i‘ncl udi ng twitere the conpentratien wf theenunleic aciddu the éxtalcaniple ds very lowi ahd
conposition is or becones undesireable, present_in or on a comnposition

wi t hout Bt hewhyre sprlamirgtianeandeastiongconest putceres. Thistia particuiasly thgcase critical
| mportance., \%i | e, techni ques exist, for the repov of .contam nantg from

conposi t i org, forensiceandsevifenfial Siscwhers quanfitiescof; sample demplatemay i tion to
the conposition of an agent able . of removing. the existipg. contam nation.
Thi's Cacd: dREHOE: i PSRRI arr B Bl TAs: Vs et (oo BBiofE B on
there is nq | i | L 3 s free of
cont am nat SRS 4 BRPLAPRE ontfincils ST HRE B BB FRETS HcHRd % 1 R
attendant risk of introducing yet further contami nation. A nethod to renove
cell walls utili Mﬁﬁnﬁhgg)rmidn%mfhbw _lﬁgﬁﬁ%ﬁhbl tisk e8¢ YotRtdhidaton of

t hermophilic enzyne is described in " WO0Z/00093. However, the nethod is 25
reliantigon contfrssitions| | duréiyy y isvldtion, npueidicatior,y dibfmosticy e ahalytiealovandcel |

wal I's, and the nethods described are for the preparation of nucleic acid
sanpl es f ormamsfactnring procedures is clearly of prime importance. Similarly, maximising

-

the removal of contaminants, including undesired components including those

components whose continued presence in or on said composition is or becomes

undesireable, present in or on a composition without the prospect of introducing
15  further contamination is of critical importance.

While techniques exist for the removal of contaminants from
compositions, these techniques typically require the subsequent addition to the
composition of an agent capable of removing the existing contamination. This

addition can itself introduce further contamination.

20 At present, there is no generally applicﬁble way of ensuring a
composition is free of contamination, nor of effecting a removal of contamination
without the attendant risk of introducing yet further contamination. A method to
remove cell walls utilising a combination of a mesophilic enzyme and a
thermophilic enzyme is described in WO002/00093. However, the method is

25 reliant on a mesophilic enzyme having activity effective to remove cell walls, and
the methods described are for the preparation of nucleic acid samples for testing.

[ISTY



WO 2005/ 122709 PCT/ NZ2005/ 000133 4 In the context of nethods reliant on PCR
for exanple, there is no way of ensuring reagents and working solutions are
free of nucleic acid contam nation before PCR |ndeed, current nethods

di rect ed W8 2hs/183pst i on of contam nation in PCR tech?mﬁg(ﬁ ofgnerally
reliant on the use of ultra-pure water and reagents to prepare sol utions,
and careful handling of sanples and reagents. It would be therefore be
advant ageous to have a nethod of renoving contam nation froma conposition
wi thout the risk of introducing furthery contamination, preferably wherein

Compomens L‘ﬁ”ai‘ < ‘%%52%%‘*‘65&%‘2&#%@% GO, theflisdo WAKGE L 1201 ©
again withq %ﬁav Enﬁ%ﬁoﬁgf&%@?élﬁ%&eﬁw ﬁ@%ﬁﬁh@l@id 86d dohtatinbtibpl so_be

advant ageous to a proce or purifying the materials and sol utions

used for PERfiob PCIRYIndesd, 2iitreat methods direited 36 hdeduntiodrof dbntdntinatice irf

degradi ng enzynes coul d be m ni ni sed and/or renmpoved, without the 15 risk of

i ntroduci ng’dmltédrmi%mrawgemﬂbofehaht ot ukef off ultraspube watbramdagagams t o have
a procedure where the procedure for ensuring purification of the working

sol uti ofs dopsepant selutiang, and carefid handiing ofrsandplescand reagamtsx or tine consuni ng
steps in the overall PCR process. It is an object of the present invention
to at | east address the foregoin 20 problens or at |east to proyide the
public with a uséf Wou%bﬁdbel‘e vaptagepus fovhaye enoibed of W@QV@& first

aspect, the present ention proyj.des the use of_ at t ,one.thermophilic
pr ot ease ar‘F(SI’B\ri'ﬁli’&“"@i‘l ‘émnﬁsﬁ PPSI o%n‘ﬂvﬂ@ Eﬁk‘bpf\dpﬁﬂa UGing ¢ Enoval of
at | east one cont i nant . m anp Slt mnant is
o subst r at CoBRARATYY MorE L oRaRr Be shubhie et Gl ad A0 A

PCT/ N12005/0 Oétﬁtﬁ)osmon of undesirable components or activity added to effect the

10 removal of said contamination, again without risk of introducing further
contamination. '

It would also be advantageous to have a procedure for purifying the
materials and solutions used for PCR whereby contaminating nucleic acid and/or
nucleic acid-degrading enzymes could be minimised and/or removed, without the

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

It is an object of the present invention to at least address the foregoing
20 problems or at least to provide the public with a useful choice.

SUMMARY OF THE INVENTION

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

25 wherein said contaminant is a substrate of one or more mesophilic enzyme, and



5 wherein said conposition is not a nucleic acid sarple conprising nucleic
acid for testing. According to a second aspect, the present invention

provi des Wwh8odtasrpd at | east one thernophilic protea Iﬁ{ﬂ mor e
mesophilic enzyme that does not 5 exhibit activity e?‘féec |%%§ool% enove cell

wal l's in conbination in the renoval of at |east one contam nant froma
conposition, wherein said contamnant is a substrate of said one or nore
mesophilic enzynme. In one enbodi nent, gaid thernmophilic protease is selected

Npri - Cal aRbfin S bRk & aord it iy sBbl cofprisial nloiefRt ate' © |-
preferabl yisaid thernophilic protease is EAL or Akl or a variant thereof.

I'n anot her "aspect, the present invention provides the decontaninated
product of the above use. According to a further aspect, the present

i nvention provi dgscordiiitib@kecdril dspect e preseay aivestiomproviies theouse afapt am nant

froma conposition, wherein said contaninant is a substrate of one or nore
nesophi | i cleastzotethesnophilie ptolease andone st nmre hesaghilic endymentbdt dopstomt t he
conposition said one or nore nmesophilic enzyme and at | east one

t her mophi | exhibitactivise effectivedto ramione atlhivalls incembivatiersin theempval dfiatst
tenperature or tenperature range at which sajd one or nore nesophilic
enzyme haslessty peat contaminapt fjompat cormposiinns HWhgel Spid) santaminant { ied nophi | i ¢

protease has m ninmal ,or no roteolytjc activity; and maintaining said
conposi ti o?\“i?ﬂm? %r%@tfﬂﬂn‘i%‘h‘& FENEROPIPIC SOZHIYEY at ure WO 2005/ 122709

PCT/ NZ2005/ 000133 6 range at which said at |east one thernophilic protease
has proteol ytic y one embodiment, said thermophilic protease is selected from the group

comprising EA1, Ak1, NprS, NprT, BT1, YP-T, aqualysin I, NptM, Caldolysin,
10 Caldolase,Rt41A, RT4A2, and variants thereof, preferably said thermophilic
protease is EA1 or Ak1 or a variant thereof.

In another aspect, the present invention provides the decontaminated

product of the above use.

According to a further aspect, the present invention provides a method
15 for the removal of at least one contaminant from a composition, wherein said

contaminant is a substrate of one or more mesophilic enzyme, said method
comprising the steps of:

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

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

maintaining said composition at a second temperature or temperature



activity; and maintaining said conposition at a tenperature suitable for
use; wherein said one or nore nesotherm c enzyne does not exhibit activity
5 effecti ve cell walls. It will be apprecia .t ai ni ng
sai d corrpl‘%(glz({o?%)%ﬁg? a tenperature or tenperature rangngt%g%‘@@%oth

mai nt ai ni ng said conposition at a single, discrete tenperature and

mai ntai ni ng said conposition generally within the contenplated range of
tenperatures. 10 In one enbodi nent, sad nethod may involve after said

mai nt enance at econdl. e rat e Y] re
repetitions of a%d%%‘ngﬁﬁ agtlgésg cg#e: &gc 5@1%%3??{?2&%@%%@2?@#1@0% or
nore nesophili cagﬂ%;m@dand mai ntai ning said conposition at a tenperature
or tenperature range’a 15 which said one or nore nesophilic enzynme has -
enzymatic activity, but at which said at |east one thernophilic protease has
mniml or no phdhRMiNE ssidaehiposition ot B teriFdratudeé Suitblefr ds€;omposi tion at a
tenperature or tenperatire range at which said at |east one thernophilic
prot ease has proteolytic activity. 20 In another enbodi nent, said method
conpri ses the adslieréiansaid shepr adore messothermicnenzymiedioes mopb skhibitractivitg t hi r d
tenperature or tenperature range sufficient to cause denaturation and/or
autol ydi s of saiefifeative taremaneecelltveallsophi | i ¢ prot ease. WD 2005/ 122709

PCT/ NZ2005/ 000133 7 Preferably, said first tenperature or tenperature range

I s between about. 1 to about 65C, nore, preferably between about .20C and
about 50C, mor e It Pl %@r%!f%ﬁl%@ia@ém%%&% _Qomzﬁ&ﬁﬁﬁmpm@rably,
said secongr h%}?e?ét?&e“ rrgng%r inicTudes Goth "mainfathing 'sai Séxvnwﬁgsﬁtion at a single,

discrete temperature and maintaining said composition generally within the

contemplated range of iemperatures.

10 In one embodiment, said method may involve after said maintenance at a
second temperature or temperature range one or more repetitions of the additional

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

maintaining said composition at a tempetature or temperature range at

15 which said one or more mesophilic enzyme has enzymatic activity, but at
which said at least one thermophilic protease has minimal or no
proteolytic activity; and

maintaining said composition at a tempetature or temperature range at
which said at least one thermophilic protease has proteolytic activity.

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

protease,



5 about '65C and about 85C, nore preferably between about 65C and about
80C, nore preferably between about 70C and about 80C, nore preferably

about 75C. y, said third tenperature or tenpe i s above
wo2R5/212960) 3@?’*?8@%%%

about 90C, nore preferably between about 909C and ab nor e
preferably 10 between about 90C and about 100C, nore preferably between
about 90C and about 95C, nore preferably about 95C. Preferably, said one or
nmore nmesophilic enzynme is a nucleic acyd- nodifying enzyme, nore preferably

Syt hot ases, 11 SRRt 8 Fik omBetRe o WRbIHD R R EL 1T

thetases. I _ PEFanS ferates™ An
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fror e prefe contal net remafns c ter Ition of said one or

mor e msog@éetérﬁblyww&mumﬁ:amwnome t hermophi l'i ¢ protease and
prior to e. In"a further preferred enbodi nent, said nethod is perfornmed in

a 20 closed tube system In a further preferred enbodi nent, the nethod of
the invention i Prefnibiypeaid, sqeond dempbmtmaiat tepdpesature rdnigeeis betwben nal
cycler, nore preferably wutilises a thermal cycler in conbination with
robot i cb | i apoutl 65860 hnd gbowto B5°C,pmefe praferpblyabetwieen rabduti 657C snd aboubbot i ¢
wor kst ati on. 25 According to another asBect, the present invention provides

a net hod f 89°Caouerp preferablyo betwrenzabout 7000 Bed about RO°Ce mare preferably | east one

cont am nant frg,rrg conposition, wherein said contami nant is a substrate of
one or ror 8b0Ht ép‘gi lic enzyme, said method conprising the steps of. adding
to the conposition said one or nore nesophilic enzyne and at 5 | east one

thermophilic pr Olsr%?cﬁ'sﬁly?%d third temperature or temperature range is above about
90°C, more preferably between about 90°C and about 105°C, more preferably
10 between about 90°C and about 100°C, more preferably between about 90°C and

about 95°C, more preferably about 95°C.

Preferably, said one or more mesophilic enzyme is a nucleic acid-
modifying enzyme, more preferably said enzyme is selected from the group
comprising kinases, polymerases, synthetases, ligases, methylases, transferases

15 and recombinases.

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

20 closed tube system.

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

25 According to another aspect, the present invention provides a method for



mai ntai ning said conposition at a first tenperature or tenperature range of
from40C to about 65C at which said one or nore nesophilic enzyne has
enzymati ¢ activity; and maintaining said conposition at_a _second tenperature
or terrpe?vén?f’ﬂnz range at which said at | east one tﬁg’ﬁlmr"lpq"??’pr ot ease
has proteolytic activity; and maintaining said conposition at a tenperature
suitable for use. In one enbodi nent, said nesophilic enzyne is a nucleic

aci d-nodi fying enzynme, nore preferably said enzyne is selected fromthe

group 15 conprisipg hucl eases, phosphat ases, ki nases,. pol yner.ases
synt het as«-:-'i,e remayak &f W&I%e&n%%? Mé’s °8H@°F’é'@§nﬁ%ﬁ£§'@s$m¢\ccor di ng

to yet another aspect, the esent invention proui des a h QL the
renoval of SoftMiBaRt 1% i8Sy oL S50 s ﬂ%ﬁ,mﬁﬁ’ﬁ’gﬁﬁem@’d”gﬁﬂb&&@?‘ﬁaﬂ he -
steps of 20 addi.ng.to,the conposition one or nore nesophilic nucleic

aci d-degraﬁ? S“égg&?rf@épﬁno "at | east one thernophilic protease; and

mai ntai ning said conposition at a first tenperature or tenperature range - at
whi ch sai d one | b ds | ' i

enzymatic activi d)(/ifﬂﬁ;ﬁot %%"%ﬁ%ﬁ(gggﬁhgﬁl gg?t@régﬁ%%t er ?mphl l'ic praagt ease WO
2005/ 122709 PCT/jbii Qe tihbpRilichrbREsefend mal or no proteolytic activity; and
mai ntai ni ng sai d conposition at "a second tenperature or tenperature range
at which said at least one thernophilic protease has proteolytic activity;
and 5 mai nt ai ni n@asediningEabeohpositian ata fiestjlemperature onitemperatuforangse.
Preferably, said one or nore nesophilic nucleic, acid-degrading enzyme is a
nucl ease. of from 40°C to about 65°C at which said one or more mesophilic

enzyme has enzymatic activity; and

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

maintaining said composition at a temperature suitable for use.

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

ligases, methylases, transferases and recombinases.

According to yet another aspect, the present invention provides a method

for the removal of nucleic acid from a composition, said method comprising the

steps of:

20 adding to the composition one or more mesophilic nucleic acid-degrading
enzyme and at least one thermophilic protease; and

maintaining said composition at a first temperature or temperature range
at which said one or more mesophilic nucleic acid-degrading enzyme has
enzymatic activity, but at which said at least one thermophilic protease



According to a further aspect of the present invention there is provided a
nmet hod for purifying a working solution for nucleic acid diagnostic
techniques in 10 a closed-tube system said nethod conprising the steps of:
addi ng t aydhesMeiéd Ng sol ution one nuclease and at | egab\d950s0bdisy mopPhi lic
prot ease capabl e of degrading, potentially contam nating nuclerc acid

and/ or nucleic acid degrading enzynes in said working 15 solution; and
storing said working solutions at a preferred tenperature until required
for use; and conpleting purification pgior to using the solution by raising
the tenperatureg of ' r Ki tL.on: d 20 cooling the working

sol ution for usgl}as @%&‘ﬁ%ﬁ’é‘ﬁ%@@i"éﬁ@ﬁ@ the use of both a nucl ease and
a thernmophilic protease having differing tenperature activity profiles. WO

2005/ 122709 PCT. /%mgg_gé%@gbo Fﬁ@glo?tdg NBedil @%&M?EQ%p&faFﬁge pr esent

invention there 1's prov _ or purifyi ing”solution for
nucl ei c acid di agResta Gyltiek RBidIHE FoastS Uik tidnophilit FStedss Gbs Mestedlytiye wherein
Sai d techni ques I nclude the pol ynerase chain reaction techniques. 5
Accordi ng to anoidiRityesmect of the present invention there is provided a
met hod for purifying a working solution for nucleic acid diagnostic

techni ques substantially as described above, wherein the thernophilic
prot easd i s sourmaihtaining/said champositibif atarteBpctabyra suitghle &g user ei n def i ned.
According to yet a further aspect of the present invention there is 10
provided a nmethod for the rapid preparatign,of sanples for _nucleic acid

di agnosti ¢ t echnPrpfeablys saigtqne; orampte %SQIE%‘& nyrdetc egrafig snAymEe; d

Baci | | us .

is a nuclease.

According to a further aspect of the present invention there is providéd a
method for purifying a working solution for nucleic acid diagnostic techniques in
10  aclosed-tube system,

said method comprising the steps of:

adding to the working solution one nuclease and at least one
thermophilic protease capable of degrading potentially contaminating
nucleic acid and/or nucleic acid degrading enzymes in said working

15 solution; and

storing said working solutions at a preferred temperature until
required for use; and

completing purification prior to using the solution by raising the
temperature of said working solution; and

20 cooling the working solution for use,

| the method characterised by the use of both a nuclease and a thermophilic
protease having differing temperature activity profiles.



derived proteases include a Bacillus sp. str. EAl, being a neutral protease,
and Bacillus sp. str. Akl, being a serine protease. According to still

anot her the present invention there is nmet hod for
puri fyi ngﬁg&&g}éﬁoﬁg solution for nucleic acid di agnosgpfmz?@g’ﬂﬁpﬂues
substantially as descri bed above, wherein the working solutions may undergo

nore than one heat treatnent step. According to another aspect of the
present invention there is provided a] grethod for purifying working

Zg!sgﬁ: 823 ;ggveu&\l?ﬁg@g? 9#8 e at ure &b%ﬁe@nﬂ%ﬁ@%{)ﬁh&%a?ff I ed
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provi des econ ed co SI tion wor Ki any of

t he met hodgyatuaviat d}(%d%&ﬁﬁ{e&?a%@@ ml?x@i%ﬁ'%&iﬁ%éﬂﬁ@de’s?mcﬂa&e‘iﬁé ﬁol'yﬂié?d?sb' on may

al so be said broadly to consist in the parts, el'ements and feéatures

referred talmreanﬁo@eé@ﬁlquest he specification of the application, .
indi vidually or collectively, and any or all combinations of any two or nore

said parts, elenents or features, and where specific integers are mentioned
herein & which hacwrdingwo mthemkp&ct of ithe presentrinventiontthete isprevided ent i on
rel ates, such known equivalents are deened to_be jncorporated herein as if .

i ndi vi dual methogk for fpairifying T evarking rolwiencion smecleic peid: diagnastie Jothniquesd al so
envi sages cqnstr.u t|o ch t e foIIo g ves exanples only. 10
BRI EF DESCRY iﬁ%%fh‘f% %ﬁ%qopbﬂéc prfeasRtis sopEseti on wi | |

becone apparent ,ft oW n de.sc t,on which is given by way of
exarrpl e onf‘-‘gz‘:ﬁ fBé’rcgh@é" ?‘%h ‘%ﬁﬁhpanyl ng draw ngs in which:
According to yet a further aspect of the present invention there is
10 provided a method for the rapid preparation of samples for nucleic acid
-diagnostic techniques, substantially as described above, wherein said Bacillus

derived proteases include a Bacillus sp. stt. EAl, being a neutral protease, and
Bacillus sp. str. Ak1, being a serine protease.

According to still another aspect of the present invention there is

15 provided a method for purifying a working solution for nucleic acid diagnostic

techniques substantially as described above, wherein the working solutions may
undergo more than one heat treatment step.

According to another aspect of the present invention there is provided a

method for purifying working solutions for nucleic acid diagnostic techniques

20 substantially as described above, wherein the temperature to which the partially
purified working solutions are heated to is > 90°C.,

In another aspect, the invention provides the decontaminated composition
and/or working solution of any of the methods above.



15 Figure 1 is a diagrammatical illustration of the different activities
that occur at different tenperatures in the purification of reagent :
sol ut i onsyj dance with one preferred enbodi nen f ent
inventioﬁwbaqoﬁgsﬁg{oer panel depicts an exenplary pr oc?gﬁ@gﬁ@p@g further
mesophilic enzyne-catal ysed step is conducted follow ng the 20 inactivation
of the initial one or nore nesophilic enzynme by the thernophilic protease.
The | ower panel depicts an exenpl ary ol ocedure where a single nesophilic
enzyne-cat al yse i . e hilic
enzyne is degrm&%@%%&%ggisﬁaﬁrg#@?g%tscgﬁs%&tﬁé ngR #’t%@?ﬂghen

degr aded | t I Se 1 0O: : (%ﬂ- 3 12
Figure 2 iéé%&gégﬁqun%ge 0 ti‘;adri'i gll%éaf%%&ﬁﬁ%ﬁé@gi%dgﬁgggﬁ%e vlg 0

cont ani nat iy iEALY 60881RRLVEYORRE ary 0all ENGbINBHER of AdNEvd or moRPSdilli ve PCR
control (Ilane l2 ar?{j 3), ZOt%ycg}Eey(l ane 4 and 5), 25a' «cycle (lane 6 and

7), 302’ cygihe démemsSorafinies, andawhepcspecificifteddds abe anehtibhed HeBdih cycl e
(lane 12 and i3); see Exanple 1 herein. Figure 3 is a gel imge of various
PCRs i | fusthidh hgve keows requisialenits inréeomiitd iwhieh zliseinventionseelgtbg ssuch kb+ DNA

| adder (lane 1), Positive PCR control (lanes 2 and 3), DNAse 1 only (lane 4 _
and 5), Ekaowhequivshénts erepdesmeeitsto be Dnpsporatadaberein anif indjvidudlyssednpl e 10

1 herein. Figure 4 is a gel imge of various enzymatic reactions

il lustrati -he renoval of heat-resistant nesophilic enzyne. | kb+ DNA

| adder (lane 1), NO no treatnent incubated with plasmd DNA (lane 2 and

3), Pvull heat RV 1i::(lav%n 6n E(Sn%igtg in ithe fcr)‘reng%%gs and'§188 %h%l%aémestc%nstructions

of which the following gives examples only.
10
BRIEF DESCRIPTION OF DRAWINGS

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

to the accompanying drawings in which:

15 Figure 1 is'a diagrammatical itlustration of the different activities that occur
at different temperatures in the purification of reagent solutions in
accordance with one preferred embodiment of the present invention.
The upper panel depicts an exemplary procedure where a further
mesophilic enzyme-catalysed step is conducted following the

20 inactivation of the initial one or more mesophilic enzyme by the
thermophilic protease. The lower panel depicts an exemplary
procedure where a single mesophilic enzyme-catalysed step 1s
conducted whereupon the one or more mesophilic enzyme is
degraded by the thermophilic protease, which is itself then degraded

25 prior to sample use.



15 plasm d DNA (lane 4 and 5), Pvull heat treated at 75C in the presence of
EALl thernophilic protease incubated with plasmd DNA (lane 6 and 7); see
Exanpl e 3 herein. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20 The net hods of

t he pres®Q200H1221Pi on all ow the enzymatic catal ysis oPCHNZZUWHEE: ¢ of one
or nore nesophilic enzyne present in or on a conposition, followed by the
removal from said conposition of said one or nore nesophilic enzyme by at

| east one thernophilic protease. The. present |nvent|on recognl zes that the
activity of enzyne and protease can b 2ani ﬁied by v yi ng ta 5

t enper at urigete 2 he isompgel timage of vasions aPRRSg W@'agﬁﬁp tf‘F‘BﬁV t O

tenperature WO 200%&1122709 PCT/ 2005/ Ogﬁq]i?ﬁ;?i% %m&i{&ﬁ%ﬁsop ilic I
enzyne is active ni mal .or
Cat al yood, then. | Vb&iev%ﬁmér?ﬁp@? oBpenit gt Y (R R Dot

catal yse en, e
activity of the ther C thO, ot eol ysi s
of said 5 nesophili Er@%ﬁ'ﬁ&% &H@Zﬁ?@&e@@& @ﬁn% % in (eél’sl n“a'%! ﬁpera ure
act|V|t proflles Etxgﬁl %ﬁk‘l”lc protease

al | ovvs he concurregédtlgﬁgl tligagcgifahgmlg% ?egnzy ﬁé‘?%\ ernmophilic
protease. This minimses handling, allows for ready autonation, and reduces
the Opportmlgh}éfsfor ind gell Sitndde of OVhrddlisN PURRN illudretian i qefilovilods of the

invention are particularly anenable to 10 inplenmentation in closed systens,

for exanple, a closgsbptiitic sateyme from samples) dakt DNA ladder (lanei b),
enbodi nents, nore than ‘one nesophilic enzyne nmay be added to a conposition,

for exanple to effePositive RER abyteol(lames Zmdé)IBNAmbonhre(&medﬂm&h as the
removal of nore than one substrate, including, for exan_})l e, where the
product of one mesoBil. thermpphilie proteasect DNASelflane, and Dnsgerg¥ample i | ar | v,

I n various enbodi nents! nore than one thernophilic protease can be added to
a conpHition. - L herein.

Figure 4 is a gel image of various enzymatic reactions illustrating the
removal of heat-resistant mesophilic enzyme. 1kb+ DNA ladder
(lane 1), Pvull no treatment incubated with plasmid DNA (lane 2
and 3), Pvull heat treated at 75°C for 15 minutes incubated with
15 plasmid DNA (lane 4 and 5), Pvull heat treated at 75°C in the
presence of EAl thermophilic protease incubated with plasmid

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

DETAILED DESCRIPTION OF THE INVENTION

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

25 temperature of the composition: by maintaining the composition at a temperature



Accordingly, in one aspect, the present invention provides the use of a
conbi nation of at |east one thernophilic protease and one or nore nesophilic

enzyne i nyigwgegi@sRyal of at |east one contam nant fromga.eanposhiion,

wherein 20 said contamnant is a substrate of said one or nore nesophilic
enzynme, and wherein said conposition does not conprise nucleic acid for
testing. As used herein, the phrase "nucleic acid for testing" neans nucleic
acid that is or is to be the subject ¢4 a diagnostic or analytical test. In

a further asnagty f ARsiNEDEhAOIOURARS b I it (OMABPLREBHBlen] al 25

| east one contam na roma conposition, wherein sal

substrate QiR RinidBl & ?ﬁf&ﬁﬁ'{ 'ﬂd?acﬁlﬂﬁrlz,nﬂ]e SBbiatBRIOM i¢ BAfnd he steps
VIO 2005/ 122709 PCT/ NZ2005 000133' 14 of: adding to the conpositi'on said one

or nore NesaRbd caalRed;Mhen By dhcrehgag ith® Sembraiure oifith Cobipdkitivag theand

mai ntaining said conposition at a first tenperature or tenperature range 5
at whi ch saictivitpef die themeophilio ptutedse cam by imcreassd ¢ effoetiproteatysisvoftgaid but  at
whi ch said at |east one thernophilic protease has mnimal or no roteol ytic
activityf amesophiliet eizyiney Axdvatitagooysty i the sliffeting: temperatire eofietyaprofdesor
tenperature range at_which said at | east one thernophilic protease has

pr ot eol yt i cof the mesophilicyenzyme agd theathermaphilic preigassoaliows theaconcurignber at ur e

suitable for _use.' It wll_ .be appreciated that,the uses d nmet hods of the
i nvention raddaion, ofamesqphilie snzypie, pn ¢ thgprpophlic, protease FHIRISE

Lol  ded sai d ; . b o L
%ﬁ?ﬁﬁif t Eﬁﬁ@ﬂ@éﬁﬁl@ﬁwﬁﬁﬁtﬁ@ﬂfﬁﬁ}ﬂ?ﬁgﬁa@ teiufbs O b0 ot AR eén'h;clt sel f
e consi der , . . ilic
onzyne. t hr gty A0R HAR: o8 bR Ueife b Bntide R ke lacly il efbTE 2P

10  implementation in closed systems, for example, a closed-tube system.

It is envisaged that in certain embodiments, more than one mesophilic
enzyme may be added to a composition, for example to effect the catalysis of
more than one reaction such as the removal of more than one substrate, including,
for example, where the product of one mesophilic enzyme is the substrate of

15  another. Similarly, in various embodiments more than one thermophilic protease
can be added to a composition.

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

20 said contaminant is a substrate of said one or more mesophilic enzyme, and

wherein said composition does not comprise nucleic acid for testing,

As used herein, the phrase “nucleic acid for testing” means nucleic acid
that is or is to be the subject of a diagnostic or analytical test.

In a further aspect, the invention provides a method for the removal of at

25 least one contaminant from a composition, wherein said contaminant is a

substrate of one or more mesophilic enzyme, said method comprising the steps



protease. The invention further recogni ses that any residual proteolytic
activity present in or on the conposition nay be undersirable, such that
thernDphé*é& Bﬁéﬁ eases suitable for use in the nethods of the invention are
heat den - 0 and/or exhibit autolytic activityPCINF2805003%f er abl y
permanent|ly heat-inactivated at elevated tenperatures, for exanple, at
tenperatures at or above about 90C. It will further be appreciated that the
nmet hods of the invention allows the (possibly repeated) activation and
reversible inactivation of the thernnﬂﬁ lic protease. For exanple, if the
procedure Oﬁquires ot her, subsequent nesophilic 25 enzyne-nedi ated reactions
followng the inactivation of a first nesophilic WO 20051122709

PCT/ NZ2005/ 000133,,.15 _enzyne by.i.he pr.otease. then r [ t he conposition
to a tenper at ur AAGHOG R @Hiy c?rprggqlﬁgq ﬁ%ﬂh‘?‘}e’l & oK @g@gsgiﬁﬁi %@%n%ﬂo&pm ni mal
proteol ytic actiyvity. e e .t.gn of further mesophilic enzyne and
Its catalytic ac?Wiq@%%&@%%P&%égghi lic enzyme can then be effected
by mai ntaining the conposition at a 5 tenperature at which the thernmophilic

protease is act i%ﬁh&%ﬁigggﬁfa\?@e&ﬁﬁ&ﬁﬁ%ﬁ B€a ﬁ&ﬁ%giﬁpl Eh'bg,r%ﬁ &dfifte Al t Sel f be
s

irreversibly deactl required. For ex i n citcunstances where
subsequgnt react j100RicH S8idl QiR dFaRbde thes Hi?lwﬁ&%m% & [

pol ymargse) whi C% for ggitivity r equi ré@i ncubation at tenperatures at which
t he thernmophi | i caiptxilictnssidentidast onecthermdphilic peoteadee ha® mimimalase man be
irreversi bly denatured at tenperatures above about 90C, such as 95C. The
characteristics pfotedigticeactivitysand i | i sed in the present invention, such as
for exanple their activity and stability, can al so be mani pul ated by

mani pul ating the condjtions of the conposition to, for exanple, control the
15 tenperature amaippising saif compRsilion atai tgcopd tRORSTAITS: PO MREHAEIG si s and
the .like occur. For ex | e, nz s are. nore stable in, high
concentrations oFangEaartc‘Wﬂi:%(W g‘g%ﬂ?&o@gr{ﬁm&? B¥otﬁqs|e|bl?%prgﬁ30|1ﬁ:wan in | ow
or no, 1c(f)al ci um (1;it

Hivity; and

maintaining said composition at a temperature suitable for use.’

It will be appreciated that the uses and methods of the invention readily
allow the removal of one or more conteminant from compositions, provided said
contaminant is a substrate of a mesophilic enzyme. The invention recognises that

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

20 and/or exhibit autolytic activity, and are preferably permanently heat-inactivated
at elevated temperatures, for example, at temperatures at or above about 90°C.

It will further be appreciated that the methods of the invention allows the

(possibly repeated) activation and reversible inactivation of the thermophilic
protease. For example, if the procedure requires other, subsequent mesophilic

25 enzyme-mediated reactions following the inactivation of a first mesophilic



exanpl e, sub mcronolar). For exanple, by maintaining the conposition under
| ow cal ci um concentration conditions the enzyne including the thernophilic
20 prote H6&N2P6e dest abi I i sed and can be destroyed 59[*6 and/ or at
a | owner ferrpe!rnla ure than at high cal cium concentratiﬁsﬁgl m gl?s?ly, t he

i nclusion of agents which chelate cal cium (such as EDTA) and thus nake it
unavailable to the enzynme or protease or renove it fromthe enzyne or

protease, will also destabilise the ergynme or protease. It will be
appr eci at e%@hﬁe m&*gfa:' & ahbd feddeinpifie 6OMHbAitioN So AltetiPératurt REwhRIPOSI ti On
I s mai nt ai ned, tﬁg ac |ve|&t§y’ o‘? t he one or re rresophijai c enzynme and/or the

at | east onfge {HapmopiElL préterdcob it £0r Ainintd Prstoblytid activity enatbies he t 0
control the tenperature at which the protease w Il "act WD 2005/122709

PCTI NZ2005 h@@itiba3of Harther shegophilic cheymeldad it datatyticaattivity. rRemeealpdfi | i c
enzynme while remaining intact itself. The term"conprising" as used in this
speci fi cat inesophkiliosenzymescan theg ba effeeted thyi mapmaining the vimspositiomapract i ng
statenments in this specification which include 5 that term the features,
pref aced byemperature amwhick o tharmophidiet proteage as petivg. | Adveandageouslye ther esent

but other features, can al so be present,. As ed herein, the term activity
effective tthermopbilic @@W%F%"l& ﬁ% m&ﬁ“@%&r@&@?‘@"%‘?ﬁ ilgirPﬁu‘E abPle of

he ot hoc<xemplind FirpBRtRs WHraateRtFnerotits wieBrumPuie BoMd ¢ |
t hod 3 _ e Bk ek t
bl ow t nat Gt CRpele T K Bt i TR o dbmlTRE " = v
tivity, f i H : bout
65C. "o e (PEPERERR % WRlCA U Higubphiic BlcRRR S, ARG el oo

i sol at q@ f ;p;memm& irfeversisiy denmufed W Wravdratuds dboveabest 90°Casudtegophi | i c
enzynes), and enzynes isolated fromorgani'sns other than nesophilic

or gani sns tgsaC, have optimal enzymatic activity as descri bed

The characteristics of the enzymes utilised in the present invention, such
as for example their activity and stability, can also be manipulated by
menipulating the conditions of the composition to, for example, control the

16 -temperature at which, for example, activity, denaturation, antolysis and the like
occur. For example, many enzymes are more stable in high concentrations of
calcium (for example, hundreds of millimolar) than m low or no calcium (for
example, sub micromolar). For example, by maintaining the composition under
low calcium concentration conditions the enzyme including the thermophilic

20 protease can be destabilised and can be destroyed more quickly and/or at a lower
temperature than at high calcium concentrations. Similarily, the inclusion of
agents which chelate calcium (such as EDTA) and thus make it unavailable to the
enzyme or protease or remove it from the enzyme or protease, will also
destabilise the enzyme or protease. It will be appreciated that by manipulating

25 the conditions at which the composition is maintained, the activity of the one or
more mesophilic enzyme and/or the at least one thermophilic protease can be
controlled, for example, to contro] the temperature at which the protease will act



above, including any such enzynes that have subsequently been nodified or
engi neered and those of such stability and other properties as to allow
activity in the tenperature range of 0C to about 65C For a discussion of
t he fact WQ20091231®ecting the tenperature range for enP¢RAZROSAWIIity, see

Daniel RM et at., "The tenperature optinma of enzynes; a new perspective on "

an old phenorrenon." Trends Bi ochem Sci., 26: 223-225 (2001), and Peterson

ME, et al., "Anew, intrinsic, thermal paraneter for enzynmes reveals true

terrperature optima." J Biol Chem 2748 20717- 20722 (2004)1) 25 Preferably,
e

sai d mesoptoi degrade theradded and umintaminatingl mesdphificnenzymey while remainipgef er abl ey
said nesophilic enzyne is selected fromthe group conprising WO 2005/ 122709
PCT/ NZ2005me@0#8df. 17 nucl eases, phosphat ases, ki nases, pol ymerases, .
synt het ases, |igases, nethylases, transferases and recorrbi nases. | n anot her
preferred enbodl nent, said rresophl lic,enzyme i s, sel ected fromihe group

gggg; |b§;(ng ,SA\ZPa destmiiglt @ges di oaaélg@dgh Speag'tkfggsagwfgé‘gonﬁ?lg es
f1 avopr o%/ eﬁ%ts"ﬂ’ﬂﬂ 1€ ﬁg ége &‘MCM }'&1@5 P% ’
it aseds  oftpbiEEs e af?%ﬁ’cwlﬁ;l AGRLEY &%iiqerﬁh RSP BRI, Y200
Fequl at or yErop R b otk RRBRRELH A5GBe pFBERTCL 0200 Loche, "oyt het ases.
t el onerases, and transferases In add| tion a thernophilic protease is

preferably addedg f}ﬁ%ﬂ%artlcu ‘ackifily RETELIROR fefdvdl @1l Walli dheans

decont am nati on st ep er nophilic protease nmay be obtai ned

from any paebRiyRat lablieCofQ dlldvaulseﬂat iiekhibited acidprt e for use
W|th this |nvent|on used here| n, the terns "protease" and

“protei naseoncuﬁenmamnadnwmﬂnammsmfm@mnmyne that has proteolytic
activity, for exanple, catalyzes the .

10 As used herein, the term “mesophiﬁc enzyme” includes enzymes having
optimal enzymatic activity at temperatures below that at which the thermophilic
protease has optimal énzymaﬁc activity, for example, below about 65°C,
preferably from about 0°C to about 65°C, more preferably from about 10°C to
about 65°C, and includes enzymes isolated from mesophilic organisms (generally

15 referred to as mesophilic enzymes), and enzymes isolated from organisms other
than mesophilic organisms that have optimal enzymatic activity as described
above, including any such enzymes that have subsequently been modified or
engineered and those of such stability and other properties as to' allow activity in
the temperature range of 0°C to about 65°C. For a discussion of the factors

20 affecting the temperature range for enzymatic activity, see Daniel RM, et al.,

| "The temperature optima of enzymes; a new perspecfive on an old phenomenon.”
Trends Biochem. Sci,, 26; 223-225 (2001), and Peterson ME, et al., "A new,
intrinsic, thermal parameter for enzymes reveals true temperature optima.” J Biol
Chem, 279: 20717-20722 (2004)).

25 Preferably, said mesophilic enzyme is a nucleic acid-modifying enzyme,
more preferabley said mesophilic enzyme is selected from the group comprising



cl eavage of peptide bonds, for exanple, in proteins, polypeptides,

ol i gopepti des, and peptides (collectively "peptides"). As used herein, the
terms "t he{)noop)ﬁi |ic protease” and "thernophilic proteinase" are synonynous,
and ref er"P Y IER ease 20 having optimal proteol yticPEINZIN0SP00I33 o) evat ed
tenperatures, for exanple, at or above about 65C, or from about 65C to
about 90C, and includes proteases isolated fromthernophilic organisnms and
prot eases isolated fromorganisns other than thernophilic organisns that

have optimal proteglytic actjvity as escri beqd above, including any
variants ofucleases, phatesess nseésp@lwm%aﬂynﬂxwes,zfsg@ﬁ%s@am % been

nodi fi ed or engi neered. Thernophilic proteases particularly suitable for use
kn the pre %‘F’?Egrﬁﬁ?é‘?ﬁirﬁﬁ’f)m e those that are heat denaturable WO

2005/ 122709 PCT/ Nz2005/ 000133 18 and/or exhibit autolytic activity at or
above about 90C, _and are prefe . t-] I t

el evat ed terrperalpu et Bﬁfﬁﬁﬁwe%tpﬁﬁ%%m 8@‘% é%gé}g&g@out 90C.
Q her char ISt [ Yorrt S f RN ses are
S act i vi 1y opanehbs oSpfihe RTPAk oyl el QehiilaBRs HehydroBfsss
condi tigns a'ﬂftﬁﬁﬁs ar tdesmndisky S FdalakRases Ot elaiases AN é@iﬂa‘é@éh nost
bufferss)angecso W ep’funceftél on Fyﬁ buff&Ps particularly sui tgg or the
mesophi | i Cﬂﬁﬂ?ﬁtﬂﬁinsEXﬂiﬁh%s fydeogenRdds| | ydpsladeeapRirewylades U iflebbased)i t abl e
for use in thé methods of %/he presentJ ihr?vention i'ncl ude EAl p?gfgei nase, a
neutral pr gogiefes. kind€s| $ighsdse tiphges;Tlipaxygehasess hases; amotases, roxkdises, and
variants thereof, and Akl proteinase, a serine protease isolated from

Baci | | us sprivrauctaseszi peptidasesaand prateohtics endyeeasp fpermhases.s perxidasesand
sequence of the gene encoding EAl and the reconbinant expression of the
pr ot ei nasephespbariasese respmbinases stedpefases; megHatoretenzymes,| ribonwdepsesace of t he

gene encoding a highly thernpstabl e neutral proteiinase fromBacillus sp.
st rai n1€A F“lg'?%ieée‘g % Syaibefasesciolomerases, W%g‘?r&?ﬁseri sation."

In addition a thermophilic protease is preferably added concurrently with
the nuclease in this initial decontamination step. The particular thermophilic
protease may be obtained from any preferred thermophilic organism and used
with or adapted for use with this invention.

15 | As used herein, the terms “protease” and “proteinase” are synonymous
and refer to an enzyme that has proteolytic activity, for example, catalyzes the
cleavage of peptide bonds, for example, in proteins, polypeptides, oligopeptides,
and peptides (collectively "peptides"). As used herein, the terms “thermophilic
protease” and “thermophilic proteinase™ are synonymous, and refer to a protease

20 having optimal proteolytic activity at elevated temperatures, for example, at or
above about 65°C, or from about 65°C to about 90°C, and includes proteases
isolated from thermophilic organisms and proteases isolated from organisms
other than thermophilic organisms that have optimal proteolytic activity as
described above, including any variants of such proteases such as those that have

25  subsequently been modified or engineered. Thermophilic proteases particularly

suitable for use in the present invention include those that are heat densturable

3
b
3



Bi ochem ca. et Biophysica Acts, 1308; 74-80 (1996). The sequence encodi ng
nati ve EAl is avail abl e under Genbank Accession No. U25630, and the am no

aC|- d seqﬁ@g@éggzﬁiﬁre native protein is avail abl e under. Genbank Accession

he isolation and sequence of the gdifdEHINHS Akl

the reconbi nant expression of the proteinase encoded thereby is described
in Mciver B, et al., "Coning and sequencing of a serine proteinase gene

and

from a t her nophi lic BaC| | 1 us speC| es %(; its expression in Escherichia

??lsl éntl rgﬂfﬁ gh‘h g?’l@g‘lﬁg at,—

£ L b il

| abl d b MO .20 27 P /\|ZZO 000133 19 A No.
Sy a50a. crbetimRaenty ﬁeaﬁapacfgvggiﬁenﬁte vt ot ot PramfiES o3t ;EFe .

under GCenb %}%ﬂ Further exarrpl es of thernophili
pr ot eases @%@@i@%ﬁp 13 |W I'nvention include Thermus spp. prot eases,

c

I ncl udi ng for exanpl e Thernus sp. 5 Rt41A prot ease (see Munro G et at,

gtepgi ﬁncl'i’?gilggaﬁdé&t S expressi ggnk’?r#aﬂm rrcnia Wﬁﬁﬁ cﬁ%&gﬁ gysl41

SP.

A

1731- 178 43) overnd v@ﬁB?Hkr afigé,Cafl aftivi i|§|01n £/888 Sricty 00 'RAdR0AS. 1 N their

entirety herein by refere aquaIyS|n

(see Terada’, et al., "Unique

precursor Hbﬁwtpaftfmﬂﬁrl}ﬁﬁmwbﬂé protbdses ain be abehadth ﬁestalmfféryand sb withi t h N142-
and COOHt er m nal pro- sequences and its processing in Escherichia coll.

Bi ol Chem fififsti6h fibbeias paitdaiiripsuitedefobthelmesophilici emaymsio. BAA14135,

I ncorporated in their ent| rety herein by reference), Caldolysin (see D. A

Cowan and R M Daniel, "Purification and sone ropertles of an

extracel | ul ar pritesaplary Gasrmsphilion prateases binsuitehde nfgp Hiseein thej ochencca

et 15 Bi ophysi ca Acta, 705: ,293-305, dol ase (see Sargvani
at, " Cal Biethods CQ\'&)G@IPMIIPHW%E(“}“@%&E Pofh BEURL PrRIGINASS,

B OChefbcalsolated from Bacillus species strain EAI, and variants thereof, and Akl

proteinase, a serine protease isolated from Bacillus species strain Akl, and

variants thereof.

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

20 AABI18653.

The isolation and sequence of the gene encoding Akl and the
recombinant expression of the proteinase encoded thereby is described in
Maciver B, et al., "Cloning and sequencing of a serine proteinase gene from a
thermophilic Bacillus species and its expression in Escherichia coli.” Appl

26 Environ Microbiol. 60(11): 3981-3988 (1994), incorporated in its entirety herein
by reference, The sequence encoding native Akl is available under Genbank

Aet



Journal 262: 409-416 (1989)), Thernps sp. strain R 4A2 protease (see Freenman

SA, et al.

Thernmus strain Rt4A2" Bi ochem cal Journal. 295: 463-469 (1993) and Genbank
20 AccesSVBAMA227¥AB28684), and the al kal i ne serine pP&HE

Munro G

i ncl ude ne
for exanpl
al., "A hi

, "Characterisation of a chelator-resistant proteinase from

50813t ussed i n

et al., above. Yet further exanples of thernophilic proteases

nbers of the thernolysin famly of neutral proteinases,
e, Bacillus caldolyticus YP-T protease (see van den Burg

hl'y thernostabl e 25 neutral*protease from Baci |l us cal dol yti cus:

cl oni ng andcesspionsNpoR28808,nandythecamino apid;sequence o the natiygyprotem is

char act eri
and Genban

PCT/ NZ2005/ 000133 20 B and Kyslik P,
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| mmanaka T,

neutral proteas

st ear ot her

zat | of the gene_ product." J. eriol. 173: 4107-4115 (1991),
RV d@hﬁ%ga&%mw?,&q%ﬁ%gg@&/ecerek WD 2005/ 122709

"Cl oni ng and sequenci ng of the neutral

6. (1088168 conpraleh i FORRRRLp ofrolgabe, ReabiBofor W i e

such as

B, et
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R 0B 80303, ahEGRel PRI 8 cllple PR,
P it Senac o B AR, o8 AThehogod P Berp B Ml oocc! o

sérﬂeogﬂraai:?ag i eﬂiéﬁﬂxggsaﬂue@ﬁﬁ RA1Ahandi 78 ¥xgrigicipshabl e

gene Trom Bacl

st ear ot her mophi | us. " Gen M crobi ol
134: 1883- HSRr{chREdli 2Micfobidlagk 14D, HGLATIB(N9NS), ariBeaBEM AcesssioBaci | | us

nmophi l us NprS protease (see N shiya Y and Imanaka T, "d oning and

nucl eot i de Nee UEAS288(0 fintdrpofited i their entivety dieheinrbypraference)e aqualysipdot ease

gene and its transcriptional activator gene." J. Bacteriol. 172: 4861-4869
(1990), andseacTieradk 1Act absUnique. prepuxsarestayciurgref am extraeslinlas: protesses

identified

gener al
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I n Cool bear T, et al_., "Screenjng of straing.identifjed 15 as

ext remdfy epesyaipd; vith WH2: pnd GOPH PIOOTCAPCRASS ¢ | 1{8 PTOCEEMBARt v and

Escherichia coli.” J Biol Chem 265:6576-6581 (1990) and Genbank Accession
No. BAA14135, incorporated in their entirety herein by reference), Caldolysin
(see D.A. Cowan and RM. Daniel, “Purification and some properties of an
extracellular protease (Caldolysin) from an exireme thermophile.” Biochimica et
Biophysica Acta, 705: 293-305 (1982)), Caldolase (see Saravani A, et al,
“Caldolase: an extracellular serine protease from a Thermus spp.” Biochemical
Journal 262: 409-416 (1989)), Thermus sp. strain Rt4A2 protease (see Freeman
SA, et al., “Characterisation of a chelator-resistant proteinase from Thermus
strain Rt4A2.” Biochemical Journal. 295: 463-469 (1993) and Genbank

Accession No. AAB28684), and the alkaline serine proteases discussed in Munro
G, et al., above. '

Yet further examples of thermophilic proteases include members of the
thermolysin family of neutral proteinases, such as for example, Bacillus
caldolyticus YP-T protease (see van den Burg B, et al., "A highly thermostable
neutral protease from Bacillus caldolyticus: cloning and expression of the Qene in
Bacillus subtilis and characterization of the géne product.” J. Bacteriol. 173:
4107-4115 (1991), and Genbank Accession No. AAA22623), BT1 (see Vecerek



properties of the proteinases fromtw of the isolates.” J. Applied

Bacteriology 71. 252-264 (1991). It will be appreciated that the use and/or

i nactivati

on (whether reversible or irreversible) of proteases exhi
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Nishiya Y and Imanaka T, "Clohing and nucleotide sequences of the Bacillus
stearothermophilus neutral protease gene and its transcriptional activator gene." J.
Bacteriol. 172: 4861-4869 (1990), and Genbank Accession No. AAA22625), and
suitable proteases identified in Coolbear T, et al., “Screening of sirains identified
as extremely thermophilic bacilli for extracellular proteolytic activity and general
properties of the proteinases from two of the isolates.” J. Applied Bacteriology
71: 252-264 (1991). '

It will be appreciated that the use and/or inactivation (whether reversible
or irreversible) of proteases exhibiting high stability at high temperatures, for
example the Thermus proteases such as Caldolysin, Caldolase, and RT4A2 and
the like, can require different conditions than those used for proteases exhibiting

less stability at high temperature, such as for example EAl. For example, -

irreversible inactivation of such proteases exhibiting high stability at high
temperatures may require very low calcium concenfrations, the addition of
chelators, and the like as desoribed herein in combination with incubation at high
temperature.

Methods for the modification of a thermophilic protease so as to alter the

|



15 pol ypepti de sequences preferably exhibit at |east 50% nore preferably at
| east 70% nore preferably at | east 80% nore preferably at | east 90% nore

pr ef er abl t 95% nore preferably at |east 989 m referably
at | east %839?%‘11%’2@"?. ty to the specified sequences. IdfﬁT Oqgg'ﬁ'il&ﬁnd over a
conpari son w ndow .of at |least 20 am no acid positions, preferably at |east

50 am no acid positions, 20 nore preferably at | east 100 am no acid
positions, and nost preferably over t%z entire length of a pol ypeptide of

Fol | ow ng CtiERICT iR SEVCIEEN §p oRe R LA B P o s ap et
candi dat e | ypepti.de sequenge usi ng BLASTR.. he  BLAST. | of

* B ARG 0 057 B0 T 5% “Bisoyaafty Bl Vet "SR
vt 351 e JUGRAGRL oA PP BBBRRYL %%ggya;es' Tt b aretor
of bl 2seq are uti 1T 26 excep ?ﬂa I1"tering o?é ow conplexity regi gns
houl d b . f Q&%Sl : A% 29?/ 0 [
zegﬂenceei%g%??ﬁ?og?/g%so e%ﬁ?&%‘?eﬁg over hgﬂeﬁgﬁg%zlagﬁg?ﬁwg Itﬁe

over | apy bejypsgfution C and/cfatRsengariliftions] ROUIMVAGLROMEP HeddieeRd t¥si ng
gl obal sequence alignment "prograns. EMBOSS- needl e (avail abl e at

htt p: / waw. plotlifRation /ofrhe Tanetionah/charap@riSid 6f tienprotetse, i ekantple, Ghobal 5
Sequence Alignnent. Conputer Applications in the Biosciences 10, 227-235.)
as di scusthermadtabilityar pratealytis uactivitye ghd/onl autelytien @etivity gaivemt givengr ans f or
cal cul ati ng pol ypepti de sequence identity. Use of BLASTP as_descri bed above
i s pref er ristpesatuneses temperaturedangs; the subsbateospepifiojiyethei dependancampenaccor di ng

to the present invention. 1Q Pql ypeptjde varian so encqnpass,those which
exhibit a SRGPY BIOTS 901f60t0@n€1e&°H gl w,r?@ds@eﬁ@fﬁaq ?ng%rﬁ Vatiang

sequentBe tieaRts bEdevs el bf s more utable B0Re s P HICERGCLRR  od by
random ¢ ha‘ﬂféenaﬁ%@ (iﬂotse%géj & QSw&liﬁ% of rrhigﬂlgv\ﬂaﬁ Qemperature at which it becomes
susceptible to autolysis.

The term “variant” with reference to polypeptides encompasses;aturally

occurring, recombinantly and synthetically produced polypeptides. Variant

15  polypeptide sequences preferably exhibit at least 50%, more preferably at least
70%, more preferably at least 80%, more preferably at least 90%, more preferably

at least 95%, more preferably at least 98%, and most preferably at least 99%
identity to the specified sequences. Identity is found over a comparison window

of at least 20 amino acid positions, preferably at least 50 amino acid positions,

20 more preferably at least 100 amino acid positions, _and most preferably over the

entire length of a polypeptide of the invention.

Polypeptide sequence identity can be determined in the following
mannet. The subject polypeptide sequence is compared to a candidate
polypeptide sequence using BLASTP (from the BLAST suite of programs,

25  wversion 2.2.10 [Oct 2004]) in bl2seq, which is publicly available from NCBI
(fp://fip.ncbi.nih.gov/blast/). The default paramet;:-rs of bl2seq are utilized
except that filtering of low complexity regions should be turned off.



respect to pol ypeptides nmay be determ ned using the publicly available

bl 2seq 15 program

ool ypept 12430

fromthe BLAST suite of prograns (version 2.2.10 [Cct
ftp://ftp.nchbi.nih.gov/blast/). The sinmlarity of
ces may be exanmined using the fol | RATNEAYROBSmMand |ine

paraneters: bl 2seq-i peptidesegi -] peptideseq2 -F F -p blastp Vari ant
pol ypepti de sequences preferably exhibit an E value of less than 20 1 x 10
-, nore preferably less than 1 x 10 ' nDre preferably | ess than | x 10 -9,

nore preferably_less than i x 10 12, referahly | ess than x 10 -15,
mor e preferabl ?o Ypeptidn srquence rigentity m&m &ﬁmtbepsa P@a@m 9V¢re§15 EMIE 1 x 10
-21 mhen one of caII ntL i ed se uences
The par amé efgepb'pﬁgp §¥qup|a( &#‘}dﬂ@ﬂ 5 J&B‘hb E‘W‘l‘f ‘L"c?‘?%‘ﬁ’%c 5The 26

?ﬁf?“mbeédegqs%%swn%t WEngh BlaRisRl bt “twﬁﬁﬁﬁgﬁ?e@ VR e e

siml arl t el W? e
val ue" tﬁj rqfei e‘gg%c

"S’g n%@?da:{d)“ nes one boul E%%pgﬁoqéﬁsgg ;ucn a

mat ch random
sequences r sma gmﬂ va?%g?lﬁ &Rﬂ:less t%ﬁfcﬁﬁh‘%@cﬁfﬁ@éﬁ %WQQ&@QB&%XI mat el y
the pr Obabdlkdﬂsé'e&)fabéwihré 5130 dQMaBR GllobaloRgAENGR! RHSnMERS prd

several am no acid
si gni f i cangalenl#tid:

%g,mgnforof one or
a described pol ypeptide sequence W thout
olygepﬁd& sewenegidentitpct i vity are also included in the

I nvention. A skilled artisan will be aware of nethods for maki ng

phenotypically sil

ent am no acid substitutions (see, e.g., Bowe et al.

1990, 10 Sci end#se24f BLARIP ass desgréredhaebeve 1stpmf@m¢dnibcomeannnﬁm

i ncl udes any undesired matter, including, components i.n or _on a conposition
whose cont deteratingiaseipalypeptise vapiants aceos $he prasentdngentioc ones
undesirabl e, and any undesired activity including, for exanple, enzymatic

act i V|]t_6/ t hat IPSol

eptids Vaniants slso ehéotniss Wose Which exhibit a similarity to
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one or more of the specifically identified sequences that is likely to preserve the
functional equivalence of those sequences and which could not reasonably be
expected to have ococurred by random chance. Such sequence similarity with
respect to polypeptides may be determined using the publicly availal.ale bl2seq
program from the BLAST suite of programs (version 2.2.10 [Oct 2004]) from
NCBI (fip://fip.ncbi.nih.gov/blast/). The similarity of polypeptide sequences may
be examined using the following UNIX command line parameters:

bl2seq —i peptideseql —j peptideseq2 -F F —p blasip

Variant polypeptide sequences preferably exhibit an E value of less than
1x 10 5, more preferably less than 1 x 10 *, more preferably less than 1x 10 2,
more preferably less than 1 x 10 "%, more preferably less than 1 x 10 ™', more
preferably less than 1 x 10 '® and most preferably less than 1 x 10 ! when
compared with any one of the specifically identified sequences.

The parameter -F F turns off filtering of low complexity sections. The
parameter —p selects the appropriate algorithm for the pair of sequences. This



15 an exenplary nethod of the invention, in a first step an undesired enzyne
substrate present in a conposition may be considered a contam nant, while in
a subseqwsgt ste@gthe continued activity of said enzyme, being no |onger
desi rabl O “EI2HY considered a contaminant. It will fREWNEOHBOPSpreci at ed
that renoval |'of contam nation can be 20 effected in or on any conposition
I n or on which conditions anenable to the enzymatic activity of one or nore
mesophilic enzynme and a thernophilic protease can be maintained. Such

conpositions include sappl es_such as &Y ogi.cal sanples, solutions, solid
surfaces, Pgtam finds regians: ofesimilasity etaean, the sequeacesoptd:for sach; i

Bt ocedar esTeEiom FRATAGH 16 BHUnAWHIERCH 1P SXpaHEH SLTOEr <31 PO AGe PORcLae | n
D B oc PR B sSa B AR AR E Spal R 803 878 o st b o,
et i mont af ALRPLR Taspors, SGHRACS" For Bt BCryidt LR watf Spl AR, |

thei 1 ni urirosBiaRag te pRBeL Ry L o B ™ 2l Tng and anal ysi 5.
They are often present in very snmall concentrations, and are often found in

the presence of O@Rénailtive substitulons 6 onéliop sevetsldamifldsacias of a dederitsédi tion to

t hese contam nants, extraneous contam nants are frequently present in

sol uti ons polypeptideceghemmeswitisadt signifitentlyralteeing iitshialogicabaciivity arealsosai d
sanples. 10 Contam nation is a significant problemin nost isolation,
prepar at i vincludeddn ghe inventiondi ped utismmﬁio,e agvegie pfimeathadsfor yakimgnher e
such nethods are, sensjtivge, For, exanple, a nunber of nplecul ar._bi ol ogi cal
t echni ques Phgnotynieplyy silent naminoy acidosubsttutions {5¢% re-gwHBewlengt, af.e 48900

I naccugate_resul exanple, a false positive or a fal se negative
resul t .18Fo§°’§§ e,lg%si t echni ques are capabl e

As used herein, the term “contaminant™ includes any undesired matter, \
including components in or on a composition whose coﬁtinued presence in or on
said composition is or becomes undesirable, and any undesired activity including,
for example, enzymatic activity, that is or becomes undesirable. For example, in
156 an exemplary method of the invention, in a first step an unciesired enzyme
subsirate present in a composition may be considered a contamiﬁant, while in a
subsequent step the continued activity of sgid’ enzyme, being no longer desirable,

may be considered a contaminant. R
i

| It will further be appreciated that removal Jlfof contamination can be
20 effected in or on any composition in or on which' cbnditions amenable to the
enzymatic activity of one or more mesophilic enzyme and a thermophilic protease
can be inaintained. Such compositions includé' samples such as biological

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

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

samples or solutions for use in such procedures, the removal of contaminants



15 of yielding a significant nmultiplication of target nolecules, and are
thus highly sensitive to the presence of contam nating nol ecul es, even
wher e pur ani sms and purportedly ultra pure working solutions are
used. Conﬁgpﬁﬁgpzﬁgg nucl ei ¢ acid from contani nating orftfaNZREA0MIRI ns even
t hough the organisns may be dead and the solutions sterile. 20
Cont am nati on of the sanple and/or working solutions may occur sinply as a
result of the reagent tubes being open to the atnosphere or being touched

by a technicjan. | n additiop, contan]n&ti on . arise during preparation of
the worki nfgffﬁrémﬁiBmpec&mﬁ@omemsmvmmgﬁéb@m@MMF% Sent

gl asswar e nd the |ike used in th reparation or, st .pof sanples and
Sorking sol GAEuHES, peevided SEhirora hREEnat detmbhial eBEAL B oy -
attached to gl assware even after acid wash treatnments. WD 2005/ 122709

PCT/ NZ2005/ 00013 . ) [ r e re..nro t e

itjsol ati QP" handl i'ng, biﬁggﬁf{%l%’ ?ﬂ’gﬁﬁg‘gn%f:elg}e gﬁi?jf gléegg?oéﬁeg;%npl e, in
i ospecific : : [ ihdnnfed r
specific a_n% yl?@%riggﬂgﬂa?es. @xﬁgﬁrglﬂéésiﬁo itgé‘%glcf‘?fag&éssays araéﬂﬁ:ﬁei?

hybri di spt i gibsafiraY ShandBhEUAAd 2 tdys. ‘i‘hé’gﬂdaré%ﬁeﬁo?résbﬁam ¥l
Hybri di sation assays use The specific base-pairing Tor the nolecul ar

det ection oforitentrftichspahd seaifienefoudddin B presditte DY \mangnstBer solid and
ol i gonucl eotide probes with a Iength of 18 to 20 nucl eoti des may enabl e the

speci fic redisgpived substahces. e ladditied to dngst eontatrinants, exiraneeusccogiaminattse human
genonme. Anot her assay which entails the selective binding of two

ol i gonucl eoatiedfeequently ipresest irssaltionsoandeorapesitionsi wseddndhe proqessimg agdscri bed
in US Pat. No, 4, 6&33, 195. PCR is a standard diagnostic procedure. This
procedur e atadygs efsaid sapRles.i ve anplification of a specific nucleic acid
region to detectable levels by a thernostable polynerase in the presence of

desoxy | eotide triphosphates in .oultiple cycles.,Th resent invention is
in oneniét?r‘oodi men (t}m tat 3'81358“'[18 a 51 cantc p?olﬁem ih fiost isola on, preparaﬁve,

analytic/ and diagnostic methods, and particularly so where such methods are

sensitive. For example, a number of molecular biological techniques are highly
sensitive to containination, which may lead to inaccurate results, for example, a
false positive or a false negative result. For example, PCR techniques are capable
16 of yielding a significant mulliplication of target molecules, and are thus highly
sensitive to the preseﬁce of contaminating molecules, even where pure test
organisms and purportedly ulira-pure working solutions are used. Contaminating
nucleic acid from cbntaminating organisms remains 'égven though the organisﬁxs
\ .

may be dead and the solutions sterile. )

20 Contamination of the sample and/or working ‘éolutions may occur simply
as a result of the reagent tubes being opened to ﬂ:g‘e‘ atmosphére or being touched
by a technician. In addition, contamination may arise during preparation of the
working solutions, or may remain attached to containers, equipment, glassware
and the like used in the preparation or storage of samples and working solutions.

25 For example, traces of nucleic acid may remain attached to glassware even after
acid wash treatments. '



15 inprovenents on an existing procedure to mnimse contam nation of
conposi tions, including working solutions, fromnucleic acid or nucleic

aci d- degwmasyagri2neynes, including those fromcontann ,SNs and
from treatment practices. Wilst this discussion is p?{:)?/ﬁcgi‘ze@g!\i\nlﬁ{yﬁ reference

to PCR techniques, it 20 should be appreciated the discussion is not to be
seen as limting the scope of the invention. The invention has application
with a range of procedures, including ggliagnostic and other nucleic acid

techni ques “hefes@fbam&ﬂaﬁrénaeﬂs%bwpmem%@ SsdlMfdit | HanBlihgl and/ or

nucl ei ¢ acid-nodityling enzymes in conpositions, such as for exanpie worki ng
sol utions, aARMnAKsE JTARER IshinpledP@fch 4N féresiakiple, RDid§ecifdadsBay ®@hichm or on
the conplexity of the procedures. For ease of reference throughout the

speci fi cat igllow thé detectioh ofepetificcanal 9 aGpo&fit AT PoPpeMiEa00S/ 000133 26
aci d" should be taken to include DNA (e.g., cDNA or genom c DNA), RNA

(e.g., an nRNA) and anal ogs of the DNA or RNA. A DNA or RNA anal og can be
synt hesi zed f ronﬁmmpbetdfgéomaiﬁ@gﬁsaysme hybridisatiot: Assays rimipaing 35saysl e-
stranded or doubl e-stranded nol ecul e, and may be a heterodupl ex or otherw se
5 conpr Pse andreceptasrligand assays cHybridipationrassaysayse the\specific base-paisiag & ¢ he

present invention may copprige a podified backbo nd/ or, difi ed bases,
and i ncl ude Mmaleculy deiaetion Hginé‘f’leé"s agid FNAlYTEY -8 ﬁ'MIQﬁRn GHEel eosi des,

S0t SRR R R BETE 20 Bkl BB Lo 1
eﬂgglnglt Fcélgp ?’&gg"rer’rﬁﬁ%%%ti ?’53?‘51%."?.8@3&@%’?@ g@%ﬁﬂ%’gk%%q@# wel | as
it udi no. SRR Radther bRl SRSCH DI R S6leBteSihBing of tido gBnaIEot | <
10 primers is the polymerase chain reaction (PCR) described in U.S, Pat. No.
4,683,195. PCR is a standard diagnostic procedure. This procedure allows the

selective ampliﬁcation of a specific nucleic acid region to detectable levels by a

thermostable polymerase in the presence of desoxynucleotide triphosphates in
multiple cycles. The present invention is in one embodiment directed to

15 improvements on an existing procedure to minimise contamination of
compositions, including working Solutions, from nucleic acid or nucleic acid-
degrading enzymes, including those from contaminating organisms and from
treatment practices. '

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

25  derived therefrom or on the complexity of the procedures.

For ease of reference throughout the specification, the term “nucleic



PCR is a highly sensitive technique, and can be used to anplify the 15
nunber of copies of is specific region of nucleic acid, often frommnute
gquanti ti (r)‘éﬂlstarti ng material, in order to produce sufficient nucleic acid
for anaﬁ?}g' SAR M unber of general |y applicabl e steps BHTANT0M0083 | n PCR
procedures, involving preparation of the sanple, the master m x of reagents
and the oligonucleotide priners. Therefore, there are a nunber of stages
where 20 contam nation of the PCR can _gccur. PCR techni ques have for many

years been  hindered by contanm nati.on28Such cont am nati on n&y o] r not only
from cont sasidiashowdd hectaker tadnelude DNA(q:-c SENA | angenonisr RN, EWat i ons,

cubs equent (e AL BNAR BberelpgbeEhiIaNAC RN & DA oF BV olrpiafe 'L
C anaar o' AR YBBERR, SorhfuicRoRdE ldeln, The' tuplfieCaiocher Bl i BRI T O

cont am na TRgORAr (ot RERY hagiéctie, okt g Y BRlttdduplel of BhRRRRD % o
di agnodt | cORREmpR] AL nleft dHL FRERE e ddebio 48K pf MBI ™ ot ons
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a reduction in PCR cycle nunbers. Typically, mcrobial geneticists worKking
with 16S rifdifsdesnte eatpokesty meibtiey cife nuvldher scidelinvluding (nuckiosidey) y 25)
and forensic scientists below 30-35. The cost is a loss of sensitivity. For
many di agnmsdleatides cndi phusphates and rsugans dheareof.s A ecprietye of meadificaficnisito 10
equi prent, gl assware and reagents w th undesirable chenmicals prior to use to
remove connudticacidare knowndndhear formultiple usefobpwrppsaso| Thertgromnueleigl ysi s
requires all ui nt, glassware ang reagents be treated wt he toxic
Chgm-'c acid’(?qas lees emp?oyed erein embraces “Such° chemicall \ enzymat{t]:a{ly or
metabolically modified forms of nucleic acid, as well as the chemical forms of
DNA and RNA characteristic of viruses and cells, including simple and complex

cells.

PCR is a highly sensitive technique, and can be used to amplify the

16 number of copies of a specific region of nucleic acid, often from minute

quantities of starting material, in order to produce sufficient nucleic acid for

analysis. A number of generally applicable steps are involved in PCR procedures,

involving preparation of the sample, the master mix of reagents and the

~ oligonucleotide primers. Therefore, there are a number of stages where

20 contamination of the PCR can occur. PCR techniques have for many yeats been
hindered by contamination.

Such contamination may occur not only from contaminating nucleic acid
in the preparation of working solutions, but also simply via handling or exposure
of the solutions to the air during subsequent steps of the PCR procedure. Bven

25  with purportedly pure reagents, contaminating nucleic acid can still be a problem.
Results from standard PCR teohmques must take account of such contamination
in the reporting of results,



di et hyl pyrocarbonate (DEPC) prior to use to renove ribonucl eases.

Frequently, equipnent and reagents nust be set aside and dedicated for this
use al on 15 use of large quantities of diquﬁgg% ' nt is
requiredéw?%gmﬁg?ﬂ%ds of the present invention have nuner %@ﬁﬂﬂgggfages over
current techni ques, shortening the anount of tine required for the
preparation of conpositions including reagents and working sol utions, and
ensuring they are free fromcontani.ngkion, for exanple, by nucleic acid

and/ or nucleic .dx. e | . S: t he
pr esent inventigﬁ?dﬁxgﬁ%%t%t&gng&bﬁggﬁg e onlst %ﬁ%‘ﬁ%%?ﬁ?‘gea %ﬁ?@% a
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equi prent well know in the art. For exanple, thermal cyclers comonly used
i'n PCR t ecéuhicatestions Sinp@agénts!| Pédpiteusing ditfaspure seagents, htherpbvbleds stlD
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5070 workstatjon, the Q agen Bi orobot M6, and the like, can easily be
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remove contamination. For example, most protocols involving RNA analysis

requires all equipment, glassware and reagents be treated with the toxic chemical
diethylpyrocarbonate (DEPC) prior to use to remove ribonucleases. Frequently,
equipment and reagents must be set aside and dedicated for this use alone, or the

15  use of large quantities of disposable equipment is required.

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

20  degrading enzymes.

Moreover, the methods of the preéent invention, reliant as they are on the
temperature at which a composition is maintained for the initiation and
termination of enzymatic or iJroteolyﬁc activity, rather than the sequential
addition and removal of different activities to the composition, are readily

25  automatable, using equipment well know in the art. For example, thermal cyclers
commonly used in PCR techniques are particularly suited for use in the methods



The procedure of one enbodi nent of the present invention requires that
contai ners, reagents and working solutions be taken before use and treated

with at one nucl ei ¢ aci d-degradi ng enzynme tQ i nim.se
cont am nﬁ%@g@%}g?gei c acid, and at |east one ther rmphi%FiTﬂqzﬁ%ﬁ’glgg%. Ei t her
or both nesophilic and thernophilic nucleic acid-degrading enzynes are

suitable for use. Typically, nucleases are used to degrade contam nati ng
nucl eic acid. The contai ners, reagentgé;:nd wor ki ng sol utions may be stored
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degraded or irreversibly denatured at “about 65C to about 90

Al ternati V?Moﬁbméowmm thresQingen BicroblotMD6] argl thellikel carseasily behen be 5
apportioned and frozen until needed, to ensure stability of the nucleic

aci d- degr eatinbined withrethen automatable equipment, dncluding plefcrsealensandirobwtic
tenperature at which the one or nore nucleic acid-degradi ng enzyne has

enzymati c &@us (sueh as shoser pwndlablection: Begkman Gaulten) and:theabpuemertianed) be
dependent gn the particul ar one .or nore nycl.ei ci d-degradi ng enzyne
used, . for%ﬂ%&,ﬁn&ﬁgwmﬁt%%ﬁel %meﬁwdépgmwﬁq-i ¢ nucleic

aci d-degradi ng enzyne or both is used. The one or nore nucleic

degradany sanpirad BER ik BRBentnybllton VG BHRHC"E K sebilirdfor * °°

purification for critical applications, such as forensic and evidential applications,

where contamination-free reagents are critical.

The procedure of one embodiment of the present invention requires that
containers, reagents and working solutions be taken before use and treated with at
15 least one nucleic acid-degrading enzyme to minimise contaminating nucleic acid, |
and at least one thermophilic protease. Either or both mesophilic and
thermophilic nucleic acid-degrading enzymes are suitable for use. Typically,
nucleases are used to degrade contaminating nucleic acid.

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

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



brought into contact with, so therefore it too is a contamnant and it's
nucl eic acid-degradative activity nust be renoved before subsequent use,

for examiy 200sh23fae PCR Wii I e many nucl ei c aci d-degradil;}g[.r{ﬁ Ro33" € capable
of being inactivated by denaturation, frequently they are al'so Capabl e of
subsequently refolding into an active form Clearly this is undesirable as
It can result in degradation of sanple and/or inaccurate or inefficient
anal ysis, for exanple, degradation ofgganple tenplate and reduced
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Vihi ch tenperature pr ot eaSe exhibits pr olytic activity,

t her eby deghai 68°CaGbont €0P€r.si bly inactivating the one or nore nucleic

aci d-degradi ng enzyne. Thus, the one or 25 nore nucl eic aci d-degrading
énzyme cannot then refold to becone active again. Preferably a thernophilic
prot ease i s al soAlzeshtivelyt the domtdiners, MapatOsidwaiing pelulibZoMAE iEmdE33 30
decontam nation step' to ensure degradation of the nuclease and any ot her
cont ani Mat iappodionpdeand frozerk amtil agededs tenensureo stabilily ofotheaucleie adids
invention are that it has sufficient stability tqQ be active sonewhere in
the t enper dlegrasing: sgzymae and dprotegsomixture, una@éﬁel,lei@t an tmpesatiec at
stability that

30¢. and t ikich dhe, 8o g mgrs Bislets - 3pitEting” SRy Rie S SAatn 268 Ros no or
I tivity.ebel bout ..40 f Io]| 4 bout 50C,
bel ow aboutSTESEae B ifE, TR jpErAlin paffpe MeBitRidhy off v oot RELI .,
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protease Its

The one or more nucleic acid-degrading enzyme used in the initial

decontamination step will also degrade any sample nucleic acid template it is

~ brought into contact with, so therefore it too is a contaminant and it’s nucleic

acid-degradative activity must be removed before subsequent use, for example, in

16 PCR. While many nucleic acid-degrading enzymes are capable of being

inactivated by denaturation, frequently they are also capable of subsequently

refolding into an active form. Clearly this is undesirable as it can result in

degradation of sample and/or inaccurate or inefficient analysis, for example,
degradation of sample template and reduced efficiency of a PCR procedure.

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

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

Preferably a thermophilic protease is also used in the initial



interfere wwth the subsequent use, particularly those steps reliant on a

pr ot ei naceous conponent such as an enzyne, for exanple a polynerase in a 15
PCR, and _the accuracy of the results obtained therefrom the protease nust

al so be WRAIATI® For suitabl e proteases, heating thé’cg'é‘lzéi’qs’@ﬂ‘h‘:‘:’t o about
90C or above w |l cause rapid self-degradation such as autol ysis and/or
denaturation of the protease, resulting in irreversible inactivation of the
prot ease. Accordingly, the containersﬁoreagents and working solutions are
thereby 2Q substantially.purified for use, for exanple for use in ensuing
PCR pr ocedgpeoptaminaion #en i cpusuis dogradation, fothe puclepses and oat OMSIni nat i ng
nucl eic acid and/or nucleic acid degrading enzynes is mnimsed. Having a
cl osed- t ub&® F@ﬁp #%i cation prevents exposure of the reagents to the
air, and reduces the nunber of steps where opening and closing 25 the
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any contamnation fromnucleic acid a 6 nucleic acid degradi ng
enzynes. ThgtoRyse s Hr dbave iboln 90TC, hfPthatl@Shiy heemperatireictivity geofile ei t her
or both mesophilic and thernmophilic nucleic acid degradi ng enzynes,

mesophi | i csudnihabdtshasnnd drhlewaptivity belpwostoas e9°CHoreferbly beloshabdut be
appreciated that variations to the present invention are possible and w ||l
fall withi 45 Cchbelowmbout 50°C) tebow pbawti5CCi moen piaferably belowiabotit6@iC,bed. Wt h
reference to Figure 1 and discussion herein, in a preferred aspect there is
provi ded amase peefembly belowmbpwid3i6s ki ng sol utions for Pol ynerase Chain
Reacti on (PCR) techni ques.

10 By using a suitable thermophilic protease, the containers, reagents and

solutions may be maintained at from about 65°C to about 90°C to rapidly degrade

~ the one or more nucleic acid-degrading enzymes. As the protease itself may

interfere with the subsequent use, particularly those steps reliant on a

proteinaceous component such as an enzyme, for example a polymerase in a

15 PCR, and the accuracy of the results obtained therefrom, the protease must also

be degraded. For suitable proteases, heating the solutions to about 90°C or above

will cause rapid self-degradation such as autolysis and/or denaturation of the
protease, resulting in irreversible inactivation of the protease.

Accordingly, ‘the containers, reagents and working solutions are thereby

20  substantially purified for use, for example for use in ensuing PCR procedures,

and the likelihood of erroneous results from contaminating nucleic acid and/or
nucleic acid degrading enzymes is minimised.

Having a closed-tube system of purification prevents exposure of the
reagents to the air, and reduces the number of steps where opening and closing
26  the reagent tubes is required, thus minimising any possible contamination.

t
S



The met hod invol ves taking one or nore PCR working solution and 16 adding
to the solution, before any PCR is undertaken, one or nore mesophilic

nucl ease. ylﬁ agéhfase is added to degrade nucl ei ¢ aci d_contani nati on
present iW° R uti on, such as contanination from ZSTAGESAMIEoyr ce.
Preferably at |east one therrmphl lic protease is added, preferably
concurrently with the nuclease. 20 In order to effect decont am nation of
said one or nore solution, the solutignis msu ntal ned at a desired
tenperature for nucleqlytic, activit 9@2 sai or .nore, nucl ease at or

bel ow about 65C, t%@‘fiﬁ@@r"hﬁ] "}ma@ mGBE P Plieé?ﬁiéﬁ‘é?w ‘PBY SEluRl eol ytic
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procedure to usin ut1on e one or nore
nucl easg, ﬁﬁlﬁﬁictalaﬁiﬂé? _be rem)ved The solution is subjected to
at | east one heat tr tep, wherein the solutionis 5 maintained at a
t enperature of between about 65C and about 90C. This heat treatnent step

substantial |y defigd pregént tiftventionhagbeer despribal with reféegicedateither @fbathhe sanpl e
nucl ei ¢ aci d. In enbodi ments in which at |east one thermophilic protease is

enpl oyed, ambopltilier amb hthefmophilic emwdeic sacidt dogradingt tensymesnpmesephilie, and
degrades the nucl ease_and any other contam natjng proteins, 10 including

enzynes. I\/amzymaﬂSmang thermaphdico prateases. sﬁﬂ)’m\@h #tshanld,be gppregiatedhthaé i | |

then result rap| d sel f-degradation sy a a d/ or denaturation
of the prsm%rs@s ﬂhemﬁsamﬂgvgr&mﬂsrpﬁﬁﬁ@ wﬂgﬁﬂﬁ ecﬁfapeé? d may be

t hen uisd

{he present invention as herein described.

With reference to Figure 1 and discussion herein, in a preferred aspect
there is provided a method for purifying working solutions for Polymerase Chain
Reaction (PCR) techniques.

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

the solution, such as contamination from an external source.

Preferably at least one thermophilic protease is added, preferably

concurrently with the nuclease,

20 In order to effect decontamination of said one or more solution, the
solution is maintained at a desired temperature for nucleolytic activity of said one

* or more muclease at or below about 65°C, and preferably at the optimum
temperature for nucleolytic activity, until required for use. There is no maximum

tirne limit for this maintenance other than ensuring the activity of the one or more

26 nuclease and the at least one protease is maintained. The minimum time is
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degradation of the sample nucleic acid. In embodiments in which at least one
thermophilic protease is employed, said thermophilic protease is active at this
temﬁeraturc, and degrades the nuclease and any other contaminating proteins,
including enzymes.

Maintaining the one or more solution at about 90°C or above will then
result in rapid self-degradation such as autolysis and/or denaturation of the
protease.

The working solutions are then allowed to cool and may be then used in
standard PCR and/or other molecular biology diagnostic procedures. '

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

Another aspect of the method involves using a thermophilic protease to

degrade the nuclease and any other contaminating proteins including enzymes,
followed by a heat treatment step to degrade and/or denature said thermophilic
protease.

The invention consists in the foregoing and also envisages constructions



The conbi nation of wesophilic nucl ease and thernophilic protease was highly
successful in renoving DNA contam nation from PCR reagents and 20 sol uti ons.

The gel i epicted in Figure 2 denonstrates the effic of _renoval of
DNA fromﬁ?q%ﬁ’ipg‘igel y contam nated PCR reagents. EvenLéTlpgfo\{'ﬂEPm%ycl es of
PCR, no evidence of product fromthe contam nating DNA is visible (see

Figure 2, lanes 12 and 13). To verify that the | ack of product was not the
result of residual DNAsel 25 activit\;i(3ﬁ the cl eaned reagents were used in a

subsequent see Figure 3. Here, n DNAsel alone is used and taken

t hr ough th@Fgg\l"h %gﬁﬂq gevesexamples Q0%+ activity remains which appears to
be degrading the priners. Cearly, addition of the thernophilic protease is
effective to renmove DNAsel activity, allowi ng the production of PCR product
(see Figure 3, lanes 6 and 7). WD 2005/122709 PCT/ NZ2005/ 000133 34

Concl usi on]“m hod can be used to renove undesirable enzyne activities
tn soluti E a sinple heat treatnent is ineffective. The technique
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target DNA (5 ng). The reagents and solutionhs viere treated with a DNAsel/
EA1 t her ropiNAifronpsalutien® conbi nation at 37C for 15 nmin, followed by 75C

for 15 mn.
Methods

PCR reagents and solutions were deliberately contaminated with a high
10 molar quantity of target DNA (5 ng). The reagents and solutions were treated
with a DNAsel/ EA1 thermophilic protease cocktail as follows: 37°C for 15 min,
75°C for 15 min, and 95°C for 15 min.
To test for residual DNasel activity, the template and oligonucleotides
were incubated at 37°C for an additional hour. Reagents and solutions with
16 DNAsel added but lacking EA1 thermophilic protease were used as controls for
the removal of DNAsel activity.

Results
The combination of mesophilic nuclease and thermophilic protease was
highly successful in removing DNA contamination from PCR reagents and
20 solutions. The gel image depicted in Figure 2 demonstrates the efficacy of
removal of DNA from deliberately contaminated PCR reagents. Even after 40
cycles of PCR, no evidence of product from the contaminating DNA 1is visible
(see Figure 2, lanes 12 and 13).
To verify that the lack of product was not the result of residual DNAsel
25 activity, the cleaned reagents were used in a subsequent PCR, see Figure 3, Here,
when DNAsel alone is used and taken through the full heat treatment, residual
activity remains which appears to be degrading the primers. Clearly, addition of
the thermophilic protease is effective to remove DNAsel activity, allowing the
production of PCR product (see Figure 3, lanes 6 and 7).

e b i



15 To test for residual DNasel activity, the tenplate and ol igonucl eotides
were incubated at 37C for an additional hour. Reagents and solutions with
DNAsel added but | acki ng EAt thernophilic protease were used as controls for
the renoV¥Q 2@ 133/ ®ee 1 activity. Results 20 The combPRINZMSEMRSsophilic
nucl ease and thernophilic protease was highly successful in renoving
contam nation, both nucleic acid and added nesophilic enzyne, fromreagents
and sol utions. Conclusions This meth can be used to renove undesirable
enzynme activities in .25 solutions whére a sinple heat treatnment is

i neffective. Th&QMWsipB%e ef fectivel y makes'thernostabl e enzynes

heat-labile. By omtting the jncubation at 95C (a perfornmed jn Exanple 1
above to irreverkiiymethd qan bg used o TPy I ?ﬁi@?’lep BEERE SFUVINGE Moty

of the ther hill r.of. ' Ve : At
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enzynes. ThiReEhefhbRalle saryh@shdabtubitee of thernophilic protease to renmove
contam nat1 ng heat resistant nmesophilic enzymes from solutions. 5 Methods
Sanpl es= of Pvull were treated as follows: control sanples were subjected to
no further treatnent; heat treated Pvul was incubated at 75C for 15 m n;

EAl -treated Pvul thﬁzmgﬁgﬁ*of?&gﬁtg{%‘lﬁs ffoth §élutibRs,Pr esence of EA
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el ectrophoresis nation. Results
such as DNAsel, in conjunction with thermophilic protease to remove

w

contamination from solutions.

10 Methods
Reagents and solutions were deliberately contaminated with a high molar
quantity of target DNA. (5 ng). The reagents and solutions were treated with a
DNAsel/ EAl thermophilic protease combination at 37°C for 15 min, followed
by 75°C for 15 min.

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

Results
20 The combination of mesophilic nuclease and thermophilic protease was
highly successful in removing contamination, both nucleic acid and added
mesophilic enzyme, from reagents and solutions.

Conclusions |

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

use.



The restriction endonuclease NOis resistant to heat inactivation. This 1is
clearly shown in Figure 5 where viable enzymatic activity is observed even

15 after ‘Qg%oshgﬁ@ ment at 75C for 15 min (Figure 4, Ipéqmsmf_f)s. 0 the

| ncubati on at in the presence of thernophilic protease resu

conpl ete renoval of enzymatic activity (Figure 4, lanes 6 and 7).
Conclusions This nethod can be used to renove undesirable enzyne activities
in 20 solutions where a sinple heat tggeatnment is ineffective. The technique
effectively nakes thernostable enzynes heat-1abile. Follow ng renoval of
restriction enzymatic activity, digested DNA is i mediately avail able for

subsequent use, N LOOY % I n place. At normal

I'i gation tenper a@mﬁ%&gﬁl‘w‘g‘eﬂf\yﬁpfﬁg&bﬁﬁg@%as no measur abl e
activity. 25 E . b f gSt f (gjhﬁ b descri bes
t he use of them}%%@ﬂgc@éﬁgﬁt%&rgﬁ%\% ﬂ‘]arrltézﬂs p ?:{‘;pgatg%s;eyrﬁri(e%f@@gfne solid

substrate, céﬁtﬁlﬁ]ﬂaﬁﬁgﬁéaﬂ:@sisﬁﬁﬂﬂﬁsqmm izpfiick Gonysol@iG05/ 122709
PCT/ NZ2005/ 000133 6 fromthe solid substrate. Methods Starched cloth is

de-si zegl using avBERsdahi i c anylase in conbination wth a thernophilic
protease. The cloth is maintained at approximately 45C 5 (al though any

tenperature in vidmples BEPHM vage trested as followss vattral sahplesve@EstliectédC, i s
suitable) for 2 hours, then the tenmperature is increased to aigroxi mat el y

75C (f r om &5@otivrthecireatment;cheatitreatsidolvull weas dnentbateds ads (e 40hde 1L ¢ hi s
e A B iotreated Piiar WA Tnbublrda HPHHE %14 Tuif 4R e bl o AL FOr 1
thermophilic protease. These samples of Pvull was then added to aliquots of
.10  plasmid DNA and incubated. Samples were then visualised by gel electrophoresis
and UV transillumination.
Results

The restriction endonuclease Pvull is resistant to heat inactivation. This
is clearly shown in Figure 5, where viable enzymatic activity is observed even
15  after heat treatment at 75°C for 15 min (Figure 4, lanes 4 and 5). Incubation at
75°C in the presence of thermophilic protease results in the complete removal of
enzymatic activity (Figure 4, lanes 6 and 7).
Conclusions

This method can be used to remove undesirable enzyme activities in

20 solutions where a simple heat treatment is ineffective. The technique effectively

makes thermostable enzymes heat-labile. Following removal of restriction

enzymatic activity, digested DNA is immediately available for subsequent use,

such as ligation, with the protease in place. At normal ligation temperatures
(20°C and below) the protease has no measurable activity.

2b
EXAMPLE 4: Removal of starch from cloth.

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



10 The incubation at 45C is sufficient to renove starch fromthe cloth,

t hrough the action of the anylase. Incubation at 75C activates the protease,
degr adi nqv(g}ﬁ ?{ﬁ‘* ase. Finally, incubation at 95C initiates aut Oi%;i s of the
pr ot ease. U H%ns 15 This method all ows the renoP&T/NZROSNUF ant ed
contamnant, in this case starch, froma solid substrate. Advantageously,
the nmethod also allows the renoval of both the enzyne used to effect starch
renoval, and the protease effecting such renoval, resulting in de-sized
cloth with very | ow residual protein 38ontent. 20 EXAMPLE 5: Renoval of

et hanol flﬁnmﬁﬁ/ﬁmlidcmbsﬂ'atbs exanpl e describes the use of thernophilic
protease to renove nesophilic enzyne, itself used to renove contam nation
fromsolution. Methods 25 Unwanted et hanol is renpved froma solution using
et hanol dehydrogenase and/or al cohol oxidase in conbination with a

t her mophi | i ¢ piStareheak cloflhds sletsizedousing anmiesopliilie dnylasepinr cotbinatidty 37C

(al t hough a%\@ tenperature in which the nmesophilic enzyne, is such. as

Lr om ZOE Wi theomophidizoprotegse Ko etnth gy onaitained gbepproximyle ;%%éé’-)?’ for 1

, | S, | ' 65C
90C | s on Salpas AR ERpFbatcin, PFIGR 1R HyfasP IF RER L B, b wOREARS 3 e or 4
hour,  t herggele i{ GBI bﬂ;h][z.?hbﬁrsaﬁfénrthé% fufe ASfciefiedlto ipproximRRy! ts 6 The

i ncubation at ' 37C is icienf to renove ethanol fromthé sol ution,
t hrough t HE°Gt (from 65°C He 20%h i lalste yititbbg)e Theeclathd io maihtatted| atottiisiase.

| ncubation at 75C activates, th rot ease, . degrading th sophilic enzyme.
. \ﬁour, then e%emperatme is agdin raised to 95°C for lpﬂour. Y

temperature for 1 (v
Results
10 The incubation at 45°C is sufficient to remove starch from the cloth,

through the action of the amylase. Incubation at 75°C activates the protease,
degrading the amylase. Finally, incubation at 95°C initiates autolysis of the
protease.
Conclusions
15 This method allows the removal of an unwanted contaminant, in this case
starch, from a solid substrate. Advantageously, the method also allows the
removal of both the enzyme used to effect starch removal, and the protease
effecting such removal, resulting in de-sized cloth with very low residual protein
content.
20
EXAMPLE 5: Removal of ethanol from solution.

This example describes the use of thermophilic protease to remove
mesophilic enzyme, itself used to remove contamination from solution.

Methods

25 Unwanted ethanol is removed from a solution using ethanol
dehydrogenase and/or alcohol oxidase in combination with a thermophilic
protease. The solution is maintained at approximately 37°C (although any
temperature in which the mesophilic enzyme is active, such as from 20°C to



Finally, incubation at 95C initiates autolysis of the protease. Concl usions
10 This nmethod all ows the renoval of an unwanted contam nant, in this case
et hanol , | ution. Advantageously, the nethod t he renova
of both '%gﬁ§%93%e(s) used to effect ethanol rennval?&iﬁaakh@wiPotease
effecting such renoval, resulting in a solution with no contam nating
ethanol, and with very low residual protein content. 15 EXAMPLE 6:
Decont am nati on of sanple container. éﬁis exanpl e descri bes the use of

t her mophi | j ¢ _pt ot g t nove ophilic enzyne itself used to,renove
cont am natJEFs 15 BHEDIRY 100 L BPE, fheh e mnsrature s h¢reases) tp SPRAMBH ai ner . 20
Met hods A o | 8he | NG e i ' . Bﬁﬁﬂ? fatube fitted
with a vaﬁ\??g&g%@égvé gf:a%i PPGG q%](g)ﬂgeﬁﬁutsagl b yrié t§ ﬂ%ﬁégllgggﬁﬁon 0 £tsttglltléljd sanpl e
is decontigfipertad fas] hohd, tén thé tanpethiufeisagaipraised o PN fir 1dmra

t hernmophilic™ protease is added to the eppendorf tube, and vortexed to

tonpl etely covempdsiRg25 i nner surface of the tube. The tube is maintained at
approxi mately 40C (al though any tenperature in which the DNAsel is active,

such ag; from 20GHeGnb¥atiohat 37 ififEkichPto rénddve cthandl &and theGERHony OF t €xi ng
to distribute the solution over the inner surface. The tenperature is then

i ncreased throughpthei actipe| pf 7€ ethanod deBBirogerBSC wsl/er sdcobol tetiflase. The tube

is nmaintained af thi erature for 1 WO 2005/ 122709 PCT/.NZ2005/ 000133 38
hour - t harineRestios B iy AHvales dhs ioteases Seerasing, i dResRRilE, oz, .
Finally, FB@# qﬂ&ﬂaﬁoﬁ'&%?‘ﬁ ﬁﬂtiQtEs %&gﬁs{s% ofeas&lesul ts  The incubation
at 40C i s ‘suff41’ci cont am ‘

ent to renove any at1on
Conclusions
10 This method allows the removal of an unwanted contaminant, in this case

ethanol, from a solution. Advantageously, the method also allows the removal of
both the enzyme(s) used to effect ethanol removal, and the protease effecting
such removal, resulting in a solution with no contaminating ethanol, and with

. very low residual protein content.

15

EXAMPLE 6: Decontamination of sample container.,

This example describes the use of thermophilic protease to remove
mesophilic enzyme itself used to remove contamination from the solid substrate
of a sample collection contaiﬁer.

20 Methods

A sample collection container, in this case an eppendorf tube fitted with a
valved screw cap lid, to be used for the collection of solid sample is
decontaminated as follows. A solution comprising DNAsel and a thermophilic

. protease is added to the eppendorf tube, and voriexed to completely cover the
25  inner surface of the tube. The tube is maintained at approximately 40°C (although

any temperature in which the DNAsel is active, such as from 20°C to 60°C, is

suitable) for 2 hours, with frequent vortexing to distribute the solution over the

inner surface. The temperature is then increased to approximately 75°C (from

65°C to 90°C is also suitable). The tube is maintained at this temperature for 1



5 fromthe tube, through the action of the exonuclease. |Incubation at 75C
activates the protease |eading to the degradation of the nucl ease, whereupon
I ncubat i Qg abpsn9@ge i Nitiates autolysis of the prot easePC.lF'ﬁg,lelmmf he

i ncubation at 100C allow the solution to boil off through the valved lid,
resulting in a dry tube free of DNA contam nation. 10 Conclusions This

met hod all ows the renoval of an unwanted contaminant, in this case DNA,
fromthe solid surface of a sanple col318ection t ube. Advant ageously, the

met hod al s | | [ l. Qf: gt

renoval , g‘ﬁ%’ ﬁ%%%@&%f%ﬁ?%ﬁ@ﬂ%&?@ﬂﬁ X1y ‘gyu@eﬁﬁﬁg}@l% with a
val ved t opihkRubt sGhcutiad&l ste10ve!foP30thindui d by boiling, resulting in a dry
tube free of DNA contamnation and with very |ow residual protein content,
sui table for theReaflﬂ{s' ection and storage of solid sanples, for exanple, for
| ater forensic analysis. EXAVPLE 7: Renoval of lipid from sanple solution.
20 This exampl e £ fduBRfod BR4STE iluBRATRPRldve RICDRAS Borthni3fiBHC
mesophilic enzynme, i1tse used to renove contam natron from sol ution.

Met hodsg Ussanthedube, thibugh theamiond{fthe sxenusiaps. dncubativh an75FC agiveiesase in

conbi nation with a thernophilic protease. The solutjon is maintained at 25
appr oxi mat die/preiease knadméﬁhardpgmdm af theenuoleagp, wherenpon ingubationsatact i ve,
such as f 20C to 5 .1 Sesuitable ig.hour . t.he t erature i s

i ncreased ng&z?b‘ ?%&PH@?@W%@EP(W g%'%hY’oth%@“ibg&% é!tof@ﬁpt%e € The

sol ut | on i SoluffBh 1 Hofcsit #hrobigh thé YERGAHA! rbdic &1 By aiBeBEe bRENTPE! At ure
Is again raised to 95C for hour. WO 2005/ 122709 PCTI NZ20051000133 39

Resul t s Theontamimionon at 37C is sufficient to renove lipid fromthe sanple,

10 Conclusions

This method allows the removal of an unwanted contaminant, in this case

DNA, from the solid surface of a sample collection tube. Advantageously, the

method also allows the removal of both the enzyme used to effect DNA. removal,

_ and the protease effecting such removal. The use of a tube with a valved top

15 allows the removal of liquid by boiling, resulting in a dry tube free of DNA

contamination and with very low residual protein content, suitable for the
collection and storage of solid samples, for example, for later forensic analysis.

EXAMPLE 7: Removal of lipid from sample solution.

20 This example describes the use of thermophilic protease to remove
mesophilic enzyme, itself used to remove contamination from solution.

Methods

Unwanted lipid is removed from a sample solution using lipase in

combination with a thermophilic protease. The solution is maintained at

25  approximately 37°C (although any temperature in which the lipase is active, such
as from 20°C to 50°C, is suitable) for 1 hour, then the temperature is increased to
approximately 75°C (from 65°C to 90°C is also suitable). The solution is

maintained at this temperature for 1 hour, then the temperature is again raised to
95°C for 1 hour.



through the action of the |lipase. Incubation at 75C activates the protease,
degrading the lipase. Finally, incubation at 95C initiates autolysis of the

5 protea % sions This nethod allows the renov % Eﬁ@ nt ed
cont am nan ?ﬁﬁﬁﬁ is case lipid, froma sanple solut? ﬂ& Qgﬁgégeously,
the nethod also allows the renoval of both the enzyne(s) used to effect
lipid renoval, and the protease 10 effecting such renoval, resulting in a
sanple with no contam nating |ipid, agg with very | ow residual protein
content. The ab%ﬁg t hods enable two-Step reactions to occur in a closed
tube thernocycl'®W8ntrolled format. This creates the opportunity to

conbi ne a vari et 15 of . sa nd/ of. DNA nodi ficati st eps, j ch ends
with a cl eaned @&Hﬁ%{l’t %ﬁ?"‘?ﬂ%éﬂﬁk@ﬁ&%gﬁﬁﬁefw&@mgﬁ%é‘é‘}‘mﬂety r eady
for the ne ep. of . Y &iaSts © 160D I E4PpV 654 sol vent
extraction@&(eﬁ"%1 Q% %ﬁ%‘?d]%gr@& lﬁ?@étions?ﬁﬁlﬁr herrro?’gt,l%}ﬁse%%{&teﬁsgi

cont ani nat §eadiap Clheasipattdemingkyl irRoBationt iat ¥5€Ci \itixtes catolysisr efnthed wi t hout
t he necessity of "addition or renoval 20 of further conponents to the
conposifi oprotéasé t he attendant exposure of the conposition to potenti al
contam nation from exogenous sources, renders the nethods of the invention
hi ghly attracti Womdusiomeans to devel op robust analytic and diagnostic

procedures, particularly those that are sensitive to contam nation. For
exanpl e, m cr obi Hhis nsbtinid dliews the removil rof an momianted qonteminentsinutbissoase ysi s, 25

forensic DNA anal ysis and any otheyr techni que deal i ith elther, trace DNA
and/ or mnypglam@satwqﬁe@ﬁ‘% G&ﬁ‘f"@g"gﬁﬁ e ﬂ{j’ &e&?ﬁﬂi@cgh‘é‘w W& ited to
use with S i ' i s e | OB it the
scope of t@%eoﬁ%twlﬁ% e@%iﬂ%(ggo%&%dng%te?%eﬁggpfgxge% es‘n%)ﬂrﬁ)gl.e %g%l d be
apprecigt egffestiniy Sikch! feptbvareailting if a 4RO Withl 28 tofital(idthig?HRYd, afd133

with vety low residual protein content.

The above methods enable two-step reactions to occur in a closed tube
thermocycler controlled format. This creates the opportunity to combine a variety
156 of sample and/or DNA modification steps, which ends with a cleaned DNA
composition, free of undesired enzymatic activity ready for the next step of
analysis. The approach removes the need for solvent extractions and ethanol
precipitations. Furthermore, the fact that contamination, such as undesired
enzymatic activity, can be removed without the necessity of addition or removal
20 of further components to the composition with the attendant exposure of the
composition to potential contamination from exogenous sources, renders the
methods of the invention highly atiractive as a means to develop robust analytic
and diagnostic procedures, particularly those that are sensitive to contamination.
For example, microbial identification and monitoring, plant tissme analysis,
26 forensic DNA. analysis and any other technique dealing with either trace DNA
and/or many samples that need automated handling are particularly suited to use

Wi’rh methods of the invention.

K is not the intention to limit the scope of the invention to the
abovementioned examples only. As would be appreciated by a skilled person in



40 the art, many variations are possible w thout departing fromthe scope
of the invention (as set out in the acconpanying clains). 41 WHAT WE CLAIM
IS 1. A the renoval of at |east one contar r a
conpositiQ$§%aﬁaﬁ%&£in said contamnant is a substrateq%ﬁﬁgh@kgﬁﬁ#bre
mesophilic enzyme, 5 said nethod conprising the steps of: adding to the

conposition said one or nore nesophilic enzyne and at | east one

t hernophi lic protease; and mai ntainin aid conposition at a first
tenperaturg or . te raai:ig. raneahg ch.s i%ﬁgne r S ilic
enzynme has n%nﬁ’gﬁf v ﬁé%st i ﬁ?ﬁs‘ ?JthﬁP“\m%B Bi %‘S@t {ﬁ%eicgggooﬁ’gtlﬁe

t her nophi | § 1 §H aﬂﬁnﬁ Al S, eolytic activity;, and

mai nt ai ni ngﬁggtliﬂi %%%to‘gl?fﬁﬁlﬁleﬁw?pseco gltenf)erat ure or tenperature range
at which said at | east one thernophilic protease has proteolytic activity;
and 15 mai ntai ning said conposition; wherein said one or nore nmesophilic
enzynme does not exhibit activity effective to renove cell walls. 2. The -
met hod of claim|l wherein said nethod may involve after said 20 mai ntenance
at a second tenperature or tenperature range one or nore repetitions of the
additional steps of: adding to the conposition one or nore nesophilic
enzyne; and nmintaining said conposition at a tenperature or tenperature
range at which said one or nore nesophilic enzynme has enzymatic activity,
but 25 at which said at | east one thernophilic protease has m ninmal or no
proteolytic activity; and



mai ntai ning said conposition at a tenperature or tenperature range at which
said at | east one thernophilic protease has proteolytic activity. 30 3. The
nmet hod of claiml or claim2 wherein said nethod conprises the 42

addi tional step of maintaining said conposition at a third tenperature or
tenperature range sufficient to cause,denaturation and/or autolysis of said
at | east one thernophilic protease. 5'4. The nethod of any one of clains Ito
3 wherein said first tenperature or tenperature range is between about 10C
and about 65C. 5. The nmethod of any one of clains | to 4 wherein said first
tenperature or tenperature range i s between about 20C and about 50C. 10 6.
The et hod of any WHATONVECIAMIS: to 5 wherein said first tenperature or
tenperature range is between about 30C and about 40C. 7. The nethod of any
one of clainms | to 5 wherein said first tenperature or 15 tenperature range

i s between about gAerRA%GoPRRY¥EmMEPE of 8t ledit@neBémadimht Bom Oewnmbitohai ms 1 to

7 wherein said second tenperature or tenperature range is between about 65C
and about 85C. 20wlereibaid wontamihanf isarspbstrate of onelogimare mesepBliGRRZYEEN sai d
second tenperature or tenperature range.i s between about 65C and about 80C.
10. The nthod ofseii)ctBprCRRrPRNNgG Stfprf'g wherein said second tenperature

o temperature ranggsige REMUSAARAHA s£iQ Gre8nARCHesiic diryhd andle et hod

of any one of clains el n sald seco tenperature” is about 75C
12. The method of cleitand thérelophiticpaoteaseiimid t enperature or tenperature 30
range i s between about 90C and about 105C. 4?
maintaining said composition at a first temperature or temperature
range at which said one or more mesophilic enzyme has enzymatic
10 activity, but at which said at least one thermophilic protease has
minimal or no proteolytic activity; and
maintaining said composition at a second temperature or temperature
range at which said at least one thermophilic protease has proteolytic
activity; and
15 maintaining said composition;
wherein said one or more mesophilic enzyme does not exhibit activity

effective to remove cell walls.

2. The method of claim 1 wherein said method may involve after said
20 maintenance at a second temperature or temperature range one or more
repetitions of the additional steps of:
adding to the composition one or more mesophilic enzyme; and
maintaining said composition at a temperature or temperature range at
which said one or more mesophilic enzyme has enzymatic activity, but
25 at which said at least one thermophilic protease has minimal or no
proteolytic activity; and
maintaining said composition at a temperature or temperature range at

which said at least one thermophilic protease has proteolytic activity.

30 3. The method of claim 1 or claim 2 wherein said method comprises the



13. The method of claim 12 wherein said third tenperature or tenperature
range i s between about 90C and about 100C. 5 14. The nethod of claim 12
wherein said third tenperature or tenperature range is between about 90C
and about 95C. 15. The nethod of claim 14 wherein said third tenperature is
about 95C. 10 16. The nethod of any one of clains 1 to 15 wherein said one
or nore nesophilic enzyne is a nucl ei%d aci d-nodi fying enzyne. 17. The

nmet hod of claim 16 wherein, said enzyne is selected fromthe group

conpri sing ki nases, polynerases, synthetases, |igases, nethylases; 15
transferases and reconbi nases. 18. The nmethod of any one of clains 1 to 15
wherein said one or nore nesophilic enzyne is selected fromthe group

conpri si ng ATPases,,...cyt.ochranes, .deam nases, .dehydrqgenases -

Gocar boxy ! ases. — qRUiTAL S8R i BB FeEEEpos BPR S A JEE0 MR IE ¥ dases,

fl avoproteins, flBhRABe radp¢ ALIRRAREEGUsYARRIADA IndY diK Yk JFSSd

i ntegrases, isonerases, kinases, |igases, |ipases, |ipoxygenases, |yases,
nut ases, oxi dasesat lesst erctiermapsidis proteaspt i dases and proteol ytic enzynes,

per neases, peroxi dases, phosphoryl ases, reconbi nases, reductases,

regul atory enzymes, 25 ribonucl eases, sulfatases, synthases, synthetases,
telonerases, amd Thé aRtlodrod3a% ond 8f clding MdtNodeein any figsd eengferathraiors | to 18
wherein said conpositionis or is in_a closable contoai ner. 30 44 20. The
met hod of cl ai m 1BMASEAEE FrRngaishetwernaborl 0reard shoutpoéed after addition of
said one or nore nesophilic enzyne and said at |east one thernophilic
protease and prior to use. 5 21. The nethod of any one of clains 1 to 20
wher ei n sai d net hPbe imgthod of any one of claims | to 4 wherein said first temperature or

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

10
6. The method of any one of claims 1 to 5 wherein said first temperature or
temperature range is between about 30°C and about 40°C.
7. The method of any one of claims 1 to 5 wherein said first temperature or
16 temperature range is between about 40°C and about 65°C. -
8. The method of any one of claims 1 to 7 wherein said second temperature
or temperature range is between about 65°C and about 85°C.
20 9. The method of any one of claims 1 to 8 wherein said second temperature
or temperature range is between about 65°C and about 80°C.,
10. ,The method of any one of claims 1 to 9 wherein said second temperature
, - or temperature range is between about 70°C and about 80°C.,
25

11. The method of any one of claims 1 to 10 wherein said second temperature
is about 75°C.

12. The method of claim 3 wherein said third temperature or temperature
30 range is between about 90°C and about 105°C. -



performed in a closed tube system 22. The nethod of any one of clains 1 to
21 wherein said nethod is automated. 10 23. The nethod of claim 22 wherein
said nethod utilises a thernmal cycler. 24. The nethod of claim 23 wherein
said nethod utilises a thermal cycler in conbination with robotic liquid
handl'i ng. 15 25. The nethod of any ong,of clainms | to 24 wherein said at

| east one thernophilic protease is se?ected fromthe group conprising EAL,
Akl ,  NprS, NprT, BTlI, YP-T, aqualysin I, NprM Caldolysin, Caldolase,

Rt 41A, RT4A2, and variants thereof. 20 26. The nethod of claim 25 wherein
said protease is EAl1 and/or Akl or wvariants thereof. 27. The decontam nated
conposition produced by the nethod of any one of 25 clains 1 to 26. 28. A
met hod for the renoval of at |east one contam nant froma conposition
wherein said contaminant is a substrate of one or nore nesophilic enzyne,

sai d method conprising the steps of: 30 adding to the conposition said one
or nore nesophilBi ¢he QAneladt ' se; an
hilBi Ehemethed einelaim 12 5vherain seid Jhisd tHBRSIHPIG PT ETHFEETES d
mai nt ai ni ng said conpositj £ RREAtUre or tenperature range of
from 40C to about ragg%sz}emvﬁ%ﬁgﬁslg%& %)Jfléeabtgrﬁ rmrcg' mesophilic enzyne has
enzymatic activity; and 5 nmaintaining said conposition at a second

tenperature or tenperature range_at which, sgicc]i‘at | east one thernophilic
prot ease Has pridt &b¢ yethod of claim 12 wherein said third temperature or temperafure

range is between about 90°C and about 95°C.
15. The method of claim 14 wherein said third temperature is about 95°C,

10 16. The method of any one of claims 1 to 15 wherein said one or more

mesophilic enzyme is a nucleic acid-modifying enzyme.

17. The method of claim 16 wherein said enzyme is selected from the group
comprising kinases, polymerases, synthetases, ligases, methylases,

15 transferases and recombinases.

18. The method of any one of claims | to 15 wherein said one or more
mesophilic enzyme is selected from the group comprising ATPases,
cytochromes, deaminases, dehydrogenases, decarboxylases, desaturases,

20 dioxygenases, e¢lastases, endopeptidases, flavoproteins, flippases,
hydrogenases, hydrolases, hydroxylases, integrases, isomerases, kinases,
ligases, lipases, lipoxygenases, lyases, mutases, oxidases, oxioreductases,
peptidases and  proteolytic enzymes, permeases, peroxidases,
phosphorylases, recombiriases, reductases, regulatory  enzymes,

25 ribonucleases, sulfatases, synthases, synthetases, telomerases, and

transferases.

19. The method of any one of claims 1 to 18 wherein said composition is or is
in a closable container.
30



activity; and maintaining said conposition. 10 29. The nethod of claim 28
wherein said nmethod may involve after said maintenance -at a second
tenperature or tenperature range one or nore repetitions of the additional
steps of: adding to the conpositi-on one or nore nesophilic enzynme; and

mai ntai ning said conposition at a tenP rature or tenperature range at 15
whi ch said one or nore nesophilic enzy has enzymatic activity, but at

whi ch said at | east one thernophilic protease has mnimal or no proteolytic
activity; and nmaintaining said conposition at a tenperature or tenperature
range at which said at | east one thernophilic protease has proteol ytic
activity. 20 30. The nmethod of claim28 or claim?29 wherein said nethod
conprises the sqdgiet kel &t ERiPfI9oTwhetial Gidgonaindr canginsictdsed afier a t hird
tenperature or tenperature range sufficient to cause denpatyrati on and/ or
autol ysi s of sai chddgion| efazsid one of mearersprsPphikic gREMEAd s34 aﬁ?i‘?as&ﬂ%e net hod of
any one of clains,28 to0..30 rei i ne or nore nesophilic enzyne is a
nucl ei ¢ acid-nDdﬁFV?ﬁBR%WfV#ggeg%rmiﬁggﬁg%hod of claim 31 wherein said
enzynme is selected fromthe group 30 conprising nucl eases, phosphat ases,

ki nases, pol ynerases, synthetases, 46  |igases, nethylases, trapsferases and
reconbi nades. 23B. Trenanethadneh 2y Qugyoloplaey 1c¥°apprswé%¥‘f‘os @'WH‘E? i"h said one
or nore nmesophil] i fromthe group conprising ATPases, 5
cytochrones, dean?%%ﬁ@é?ﬂﬁgﬂéﬁggggﬁggggl decar boxyl ases, desat urases,

di oxygenases, el astases, endopepti dases, flavoproteins, flippases,

22. The method of any one of claims I to 21 wherein said method is

automated.
10
23. The method of claim 22 wherein said method utilises a thermal cycler.
24. The method of claim 23 wherein said method utilises a thermal cycler in
combination with robotic liquid handling.
15
25. The method of any one of claims | to 24 wherein said at least one
thermophilic protease is selected from the group comprising EA1, Akl,
NprS, NprT, BT1, YP-T, aqualysin I, NprM, Caldolysin, Caldolase,
Rt41A, RT4A2, and variaats thereof.
20
26. The method of claim 25 wherein said protease is EAl and/or Akl or
variants thereof.
27. The decontaminated composition produced by the method of any one of
25 claims 1 to 26.

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

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



hydr ogenases, hydrol ases, hydroxyl ases, integrases, isonerases, kinases,

| i gases, |ipases, |ipoxygenases, |yases, nutases, oxidases, oxioreductases,
pepti dases and proteol ytic enzynes, perneases, peroxidases, 10

phosphoryl ases, reconbi nases, reductases, regulatory enzynes,

ri bonucl eases, sulfatases, synthases,,h synthetases, tel onmerases, and
transferases. 34. The nethod of any offe of clains 28 to 33 wherein said at

| east one 15 thernophilic protease is selected fromthe group conprising
EAI, Aki, NprS, NprT, BTlI, YP-T, aqualysin I, NprM Caldolysin, Caldolase,
Rt 41A, RT4A2, and variants thereof. 35. The nethod of claim 34 wherein said

protease is EAl anqé&ggﬁﬁgﬁﬁnﬁhﬁ%ﬁg%wgﬁdthereof. 36. The decontam nated

conposition produce any one of «clains 28 to 35. 25 37. A
met hod for the renanghtabfing gaidetanmsitdnf atoanfastcempesitereorr, teswetyret hod

conprising the steps of: adding to the conposition.one.or nore mesophilic
nucl ei ¢ aci d- degr d@ngfy Oén&%g%ﬁd t‘ata‘?’loéfagg @n% Wﬁlﬁgwﬁ% i 1% bt Rase; and
mai nt ai ni ng said cqQ & fl e or tenperature 30 range
at which said one dp”&%@b%m%@@@%%%sieé&%%tfcg#@wg%tag@degr ading 47 enzyne has
enzymati g activity, miHtaidhg Wil omposidobt & eedhd aaperatuee oo Ehiperaturpr ot ease
has m nimal or no proteolytic activity; and nmaintaining said conposition at
a second tenper at urrengs ait whick saidat deast engbiermponkilic Prodease has PPV one

t her nophi li c prot eas? has proteolytic 5 activity, and maintaining said
conposi tion. 38. THEUWELHEHE of claim 37 wherein said one or nore nmesophilic

nucl ei ¢ acid- maintaining said composition.

10 29. The method of claim 28 wherein said method may involve after said
mainteﬁance .at a second temperature or temperature range one Or more
repetitions of the additional steps of:

adding to the composition one or more mesophilic enzyme; and
maintaining said composition at a temperature or temperature range at

15 which said one or more mesophilic enzyme has enzymatic activity, but

at which said at least one thermophilic protease has minimal or no
proteolytic activity; and
maintaining said composition at a temperature or temperature range at

which said at least one thermophilic protease has proteolytic activity.

20
30. The method of claim 28 or claim 29 wherein said method comprises the
additional step of maintaining said composition at a third temperature or
temperature range sufficient to cause denaturation and/or autolysis of said
at least one thermophilic protease.
25

31. The method of any one of claims 28 to 30 wherein said one or more

mesophilic enzyme is a nucleic acid-modifying enzyme.

32. The method of claim 31 wherein said enzyme is selected from the group

30 comprising nucleases, phosphatases, kinases, polymerases, synthetases,



degradi ng enzyne is a nucl ease. 10 -39. The nethod of any one of clains 37 or
38 wherein said conposition is for wuse in a PCR procedure. 40. The
decont am nat ed conposition of the nethod of any one of clains 37 to 15 39.
41. A nethod for purifying one or nore working solution for nucleic acid

di agnostic techniques in a closed-tubgs,system said method conprising the
steps of. 20 adding to said one or nore working solution one or nore

nucl ease and at |east one thernophilic protease capabl e of degrading
potentially contam nating nucleic acid and/or nucleic acid degrading
enzynmes in said working solution; and storing said one or nore worKking
solution at a preferred tenperature 25 until required for use; and

conpl eting purifi ﬁ%%wﬂ’eg‘?j‘a%s’ﬁggﬁi‘ja%?aﬁ@}eg"‘%’ﬁt}&g- nore working solution by

rai sing the tenperature sal nore working solution; and cooling
said one or nore working solution for use, 30 wherein the one or nore

nucl ease and t | east, one thermpphilic¢ 48 . protease, have differing
tenperature acBSv%?”b?t i?tg?}y 25 ggﬁgl%éﬁdﬂ 35 wg?’_&inn?a/i WRh & ¥ sai d
techni ques i ncl UdgoRehiEPERRmMeC M kleak it U (RGN OhERsing Afpasthe met hod
of claim40 or 41 whérein the tenperature to ich the” partially purified
one or nore wor ki pgochodrats, aleaminabesatdelydragenases; des@bBoxylases, THesatwetsbod of any
one of clains 40 ao 42 wherein said Qne. or.. fior e . i

ioxygenases, elastases, endopeptidases, flavoproteins, ﬂlppases,

hydrogenases, hydrolases, hydroxylases, integrases, isomerases, _kinases,

ligases, lipases, lipoxygenases, lyases, mutases, oxidases, oxioreductases,

peptidases and  proteolytic enzymes, permeases, peroxidases,

10 phosphorylases, recombinases, reductases, regulatory enzymes,
ribonucleases, sulfatases, synthases, synthetases, telomerases, and

transferases.

34. The method of any one of claims 28 to 33 wherein said at least one
15 thermophilic protease is selected from the group comprising EAI, Akl,
NprS, NprT, BTI, YP-T, aqualysin I, NprM, Caldolysin, Caldolase,

Rt41A, RT4A2, and variants thereof.

35. The method of claim 34 wherein said protease is EAl and/or Akl or

20 variants thereof.

36. The decontaminated composition produced by the method of any one of
claims 28 to 35.

25 37. A method for the removal of nucleic acid from a composition, said method
comprising the steps of:
adding to the composition one or more mesophilic nucleic acid-
degrading enzyme and at least one thermophilic protease; and
maintaining said composition at a first temperature or temperature

30 range at which said one or more mesophilic nucleic acid-degrading



10 working solution may undergo nore than one heat treatnent step. 45. The
nmet hod of any one of clains 1 to 43 wherein said one or nore thernophilic
prot ease exhibits autolytic activity or is denaturable at tenperatures
above about 90C. 15 46. The nmethod of claim 44 wherein said one or nore
thernophilic protease is EAl pr ot easg, and/ or Akl protease. 47. The worKki ng
sol ution produced by the nmethod of any one of clains 41 to 20 46.

10

15

20

25

30

38.

39.

40.

41.

enzyme has enzymatic activity, but at which said at least one
thermophilic protease has minimal or no proteolytic activity; and
maintaining said composition at a second temperature or temperature
range at which said at least one thermophilic protease has proteolytic
activity; and

maintaining said composition.

The method of claim 37 wherein said one or more mesophilic nucleic acid-

degrading enzyme is a nuclease.

The method of any one of claims 37 or 38 wherein said composition is for

use in a PCR procedure.

The decontaminated composition of the method of any one of claims 37 to
39.

A method for purifying one or more working solution for nucleic acid
diagnostic techniques in a closed-tube system, said method comprising the
steps of:
adding to said one or more working solution one or more nuclease and
at least one thermophilic protease capable of degrading potentially
contaminating nucleic acid and/or nucleic acid degrading enzymes in
said working solution; and
storing said one or more working solution at a preferred temperature
until required for use; and
completing purification prior to using said one or more working
solution by raising the temperature of said one or more working
solution; and
cooling said one or more working solution for use,

wherein the one or more nuclease and the at least one thermophilic



10

15

20

42.

43.

44,

45,

46.

47.

48

protease have differing temperature activity profiles.

The method of claim 40 wherein said techniques include polymerase chain

reaction techniques.

The method of claim 40 or 41 wherein the temperature to which the

partially purified one or more working solution is heated to is 2 90°C.

The method of any one of claims 40 to 42 wherein said one or more

working solution may undergo more than one heat treatment step.

The method of any one of claims 1 to 43 wherein said one or more
thermophilic protease e¢xhibits autolytic activity or is denaturable at

temperatures above about 90°C.

The methed of claim 44 wherein said one or more thermophilic protease is

EAl protease and/or Akl protease.

The working solution produced by the method of any one of claims 41 to
46.



