15 MAP 290 WO 01/ 23583 PCT/ EPOQ 09423 Ther nost abl e enzyne pronoting the
fidelity of thernostable DNA polynmerases - for im provenent of nuglnsiRcllL
acid synthesis and anplification in vitro The present invention is rel ated
to the field of nolecular biology, and nore particular, to poly- nucleotide
synthesis. The present invention also relates to a substantially pure

t her nost abM® B%a583nucl ease, the cloning and expressi on of BCT/RRBI0#HEE abl e
exonuclease Ill in E.coli, and its use in 'anplification reactions. The
invention facilitates the high fidelity anplification of DNA under

condi tions which allow decontam nation fromcarry over and the synthesis of
| ong products. The invention naybe used for a variety of industrial,

medi cal and forensic purposes. In vitro nucleic acid synthesis is routinely
performed with DNA pol ynerases with or without additional polypeptides.
DNA pol ymerases are a famly of enzymes involved in DNA replication and
repair. Extensive research has been conducted on the isolation of DNA

pol ymer ddesnéstee emsgenromogngthe fidsligaefithermosiable DA Polymierasessetor imyr

exanpl e mgfﬁﬁcléﬁamémésm‘]and lifi S8 vitp?3: 171-177, and Buttin and
Kornberg (1966) Bi ol . ‘Chem 241:8419-5427." Research has al so been

conducted on the |solat|on and purification of DNA pol ynerases from

t her nophi l es, such as Thernus aquaticus. Chien, A et al., (1976) J.
Bacteriogl. 127:1550-1557 _discloses the isolation qmg purification of a DNA
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DNA pol ynenase ntoas: used fqpe yaap ofindusthal, axednaehéasensiclpurpesast i on (Lawyer,
F.C. et al., (1989) J. Biol. Chem, 264:6427-6437; Bernad A, et al. (1989)

Cell 59:219). The 3 -5 exonuclease activity of DNA polynerases is
conmon| yinvafasudaic aad simthiesis sobrtady neforaediwith YNA prymegisessvitegibiiteuéase
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making its use in certain appllcatlons unde- sirable. For exanple,
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thermophiles, such as Thermus aguaticus. Chien, A. et al, (1976) ]. Bacteriol. 127:1550-1557
aiscloses the isolation and purification of a DNA polymerase with a temperature optimum of
80°C from Thermus aquaticus YT1 strain. United States Patent No. 4,889,818 discloses a purified
thermostable DNA polymerase from T. aguaticus, Taq polymerase, having a molecular weight of
about 86,000 to 90,000 daltons. In addition, European Patent Application 0 258 017 discloses Taq

polymerase as the preferred enzyme for use in the PCR process.

Research has indicated that while Taqg DNA polymerase has a 5°-3° polymerase-dependent exo-
nuclease function, Taqg DNA polymerase does not possess a 3'-5" exonuclease III function
(Lawyer, F.C. et al., {1989} J. Biol. Chem., 264:6427-6437; Bernad A, et al. (1989) Cell 59:219).
The 3°-5" exonuclease activity of DNA polymerases is commonly referred to as ,proofreading

activity“. The 3°-5" exonuclease activity removes bases which are mismatched at the 3" end of a



the gene may contain an error due to a random m si ncorporation event.
Depending on the cycle in which that error occurs (e.g., in an e&pIMR 2004
replication cycle), the entire DNA anplified could contain the erroneously
i ncor porated base, thus, giving rise to a nutated gene product. There are
several thernostable DNA pol ynerases known in the art which exhibit 3'-

5' exonu- cheéa&l3afstivity, |ike B-type pol ynerases from t heropghidoaa
Archaebacteria which are used for hign fidelity DNA anplification.
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Thermocccus barossii DNA polymerase, Luhm R. A., Pharmacia Biotech, Inc., WO 96/22389; 5
DNA polymerase from Thermococcus barossii with intermediate exonuclease activity and better
long term stability at high temperature, useful for DNA sequencing, PCR etc., Dhennezel O. B.,
Pharmacia Biotech Inc., WO 96/22389; A purified thermostable DNA polymerase from Thermo-
coccus litoralis for use in DNA manipulations, Comb D. G., New England Biolabs, Inc., US
5,322,785, EP 0 455 430; Recombinant thermostable DNA polymerase from Archaebacteria,
Comb D. G., New England Biolabs, Inc., US 5,352,778, EP 0 547 920, EP 0 701 000; New tsolated
thermostable DNA polymerase obtained from Thermococcus gorgonarius, Angerer B. et al.
Boehringer Mannheim GmbH, WO 98/14590.

Another possibility of conferring PCR in the presence of a proofreading function is the use of a
mixture of polymerase enzymes, one polymerase exhibiting such a proofreading activity. (e.g.
Thermostable DNA polymerase with enhanced thermostability and enhanced length and effi-
ciency of primer extension, Barnes W. M., US 5,436,149, EP 0 693 078; Novel polymerase



conmponent exhibiting 3'- 5 exonuclease activity e.g. Taq pol ynerase and
Pfu DNA pol ynmerase. |In these mixtures the processivity is conferref My 2ikhe
pol |l -type enzyne |ike Taq pol ynerase, the proofreading function by the
thernostable B-type polynmerase |ike Pfu. Hgh fidelity DNA synthesis is
one desirable paranmeter in nucleic acid anplification, a rtant
feature i OSSP ossibility of decontanination. The pol yg&gggﬁﬂc 9
reaction can anplify a single nolecule over a billionfold. Thus, even

m nuscul e ambunts of a contam nant can3be anplified and lead to a false
positive result. Such contam nants are often poducts from previous PCR
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Thermostable DNA polymerases exhibiting 3" - 5 ‘exonuclease activity were also isolated from
eubacterial strains like Thermotoga (Thermophilic DNA polymerases from Thermotoga nea-
politana, Slater M. R. et al. Promega Corporation, WO 56/41014; Cloned DNA polymerases from
Thermotoga neapolitana and mutants thereof, Hughes A. J. et al., Life Technologies, Inc. wO
96/10640; Purified thermostable nucleic acid polymerase enzyme from Termotoga maritima,
Gelfand D. H. et al., CETUS Corporation, WO 92/03556) These enzymes have a strong 3"-5exo-
nuclease activity which is able to eliminate misincorporated or mismatched bases. A genetically
engineered version of this enzyme is commercially available as ULTma, a DNA polymerase which
can be used without additional polypeptides for the PCR process. This enzyme is able to remove
misincorporated bases, incorporate dUTP, but the fidelity is for unknown reasons not higher
than that of Taq polymerase (Accuracy of replication in the polymerase chain reaction. Diaz R. S.
et al. Braz. ]. Med. Biol. Res. (1958) 31: 1239-1242; PCR fidelity of Pfu DNA polymerase and other
thermostable DNA polymerases. Cline J. et al., Nucleic Acids Res. (1996) 24:3546-3551).



pol ypepti de chains. These conpl exes are identical to the bacteri al
chronosomal replicases, com prising all the factors necessary to 15 MR 2004
synt hesi ze a DNA strand of several hundred kil obases or whole chronosones.
The 10 different subunits of this enzyne, some of which are present in :
mul tiple copies, can be produced by reconbi nant techni ques, reconstituted .
and used fBPUR3MMtro DNA synthesis. As a possible use of "tHEEW R Bip| exes
PCR anplification of nucleic acis of several thousand to hundreds of

t housand base pairs is proposed. (Enzyne derived fromthernmophilic

organi sms that functions as a chronosonal replicase, and preparation and
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hydroxy} groups and ideally working on double stranded DNA only. The 3’- 5‘exonuclease
functions of DNA polymerases are active on double and single stranded DNA. The latter activity
may lead to primer degradation, which is undesired in PCR assays . It is preferred that the
enzyme is active at 70 °C to 80 °C, stable enough to survive the denaturation cycles and inactive
at lower temperatures to leave the PCR products undegraded after completion of the PCR pro-
cess. Enzymes exhibiting these features can be derived from thermophilic eubacteria or related
enzymes from thermophilic archaea. Genomes of three thermostable archaebacteria are se-
quenc -d, Methanococcus jannaschii (Complete Genome Sequence of the Methanogenic
Archaeon, Methanococcus jannaschii, Bult CJ. et al., {1996) Science 273: 1058-1072), Methanabac-

terium thermoautotrophicum (Complete genomic sequence of Methanobacterium thermoautotro-

phicum AH: Functional Analysis and Comparative Genomics, Smith D.R. etal., ]. of Bacteriology



hypert hermophilic, sulfate-reduci ng archaeon Archaeogl obus ful gi dus, Kl enk
H-P. et al. (1997) Nature 390: 364-370). In particular, there is prpupre@is
a thernostabl e enzyne obtai nabl e from Archaeogl obusful gi dus, which

catal yzes the degradati on of m smatched ends of priners or polynucl eotides
inthe 3 to 5 direction in double stranded DNA. The gene encoding the

t her most apo$18x&Aucl ease |11 obtain- abl e from Archaeogl oBfeRER Y Hus ( Af u)
was cloned, expressed in E.coli and isolated. The enzynme 1is active under

t he i ncubation and tenperature conditions used in PCR reactions. The enzyne
supports DNA polynerases like Taq in perform ng DNA synthesis at |ow error
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pol y- n&?ré‘gee%hgél?gz(?)'to have an optinmal PCR performance. Mre preferably
is the use of 67 ng to 380 ng of the exonuclease Il obtainable fromAfu

per 2, Slngpa(?ﬁ?ﬁm H 8 i ARbYARS A8 hab tdtEerPiHRe ob@RGElE @Bm ARNgogibhg filpdant | ve
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activity and a secon enzyne exhi biting pol rase_activity wher t he
fidel it p80hgahtherppnedleast Ibebtpnakle Fem éi% RSh Héﬁg%ﬁﬁ%“x}aqt%m%’é“d? ?‘Eeﬁﬁ@
conposi tLon.Ln conparison to the use of the second enzyne alone. The

i nventive thernostable enzyne exhibiting 3'-exonucl ease-activity but
essentially no DNA polynerase activity also includes appropriate enzynes
exhi bi t imigis/ @duoediRNM ok yabicas eodier MAR PONTAOIQEN 28588 IPTT FRODETY423 6
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enzyme eaxhinivt engynbNA ppdtryinie paive oacioibletsyranded DN A The theampgable o ﬂl‘s t he

second elg%ynq}%noxina‘} Q(.ﬁ uéeﬁ\fmtn&\ﬁ%;fbgm%ﬁiﬁ gﬂhieﬁzﬁ%@iﬂg ipr&edfsiigadidagred. In a
particularly preferred embodiment the enzyme is used in combination with a thermostable DNA
Jpolymerase in the nudleic acid amplification reaction known as PCR in order to remove mis-
matched primer ends which lead to premature stops, to provide primer ends which are more
effectively elongated by the polymerase, to correct for base incorporation errors and to enable the

polymerase to produce long PCR products.

Further, subject of the present invention is a composition comprising a first thermostable en-
zyme exhibiting 3'-exonuclease-activity but essentially no DNA polymerase activity and a second
enzyme exhibiting polymerase activity whereas the fidelity of an amplification process is
enharnced by the use of this composition in comparison to the use of the second enzyme alone.
The inventive thermostable enzyme exhibiting 3'-exonuclease-activity but essentially no DNA

polymerase activity also includes appropriate enzymes exhibiting reduced DNA polymerase



activity. In particular preferred, the second enzyne is Taq pol ynerase. A :
her subject of the present invention is a nmethod of DNA synthesis usinygtali
m xture com prising a first thernostable enzyne exhi biting

3' -exonucl ease-activity but essentially no DNA polynerase activity and a
second enzyy®ofxBii ti ng pol ynerase activity. According topgﬁ&gmmﬁgghod
prematurely term nated chains are trinmmed by degradation from3" to 5'.

M smat ched ends of either a primer or the growing strand are renoved
according to this nethod. The invention further conprises a nethod
according to the above descrjption whereas dUTP is present in the reaction
mi xt ur e 2CHER] AInyehartpy abl. geﬁwéPé*{f\/PO#mp@rawtamg:quCé@r@mgéa thevayerdia®or di ng
to this mLbads Waashbs JMNAAEHGY DY ARy MRGiBkinENSI A belyHsade {@Niflaghadat i on
of contam nating. nucleic acids. Preférably. according to this nethod the
mi xt ur e fgFehembpqipaent ths &eapL £ABPE AEHFA REENERNTFBPRISHIYN3S leekiphbrpofsedingt i vity
but essabtig). 1y pareichpRAr¥EREa&Lon Beidy e iyTalymaassecond enzyne

exhi biting polynerase activity produces PCR prodﬁ%ts with lower error rates
conpared to PCR products produced by the se- cond enzyne exhibiting

olymerase activi.ty i.p absence of. the firs rnost abl e. enzyne ex-
b TS ot ot e PRREnoR i lint £ Saaehit i) SR B BT som-
act i vi t yprisiHzea firet thermostabladnizghe exigbiting b 'texenwdeakd- asivity her exzatialbl o Bhizy me
exhi biting 3'-exopnucl ease-act, vi t. .essentiall DINA I ase
a1 P e SRR SRR ket e 80 EN Bl R ARPHRPRLIRIREC |
pr oduct snathog peatanrdiergtinatd spaneate trumPERbp degtadstion froodide d - Bfismhghsecond
enzyme %ﬁlg Ekémga gmley BPRASFnAAL gtyatn%é ﬁn%ﬁ?cf%@rd‘?ﬁc tmﬁs fraelz}%dbmer most abl e

enzynme ex 1t ng - exonuclease-activity ut essertiallTy no

pol ymerase activity. Further, the first thernostable enzyme exhibiting 3'-
exonucl ease-activity but essentially no DNA pol ynerase activity is related
to the ExpnueémRancutthér coffpribes 2GAdthod MebrdifiebMRSitADE BesaG FOITVRG edsAUTH 5

met hod. A further enhodi nent of, the above descri t hod i he net,hod
e oas HEHTh R ST ogr PR Bieutp RaE Ly & SBrRra  Pans Bierertst thccRRatEn,
i nvent i an this enahsdurseil Dddsglf@sylab{dDdE ard N @ pis insadeint dageadahen nbstmichmatng

zyme exh tin d?l exonucl ease-activity but essentially no DNA pol ynerase

i b
activitynué:ine fieans 15 MAR 21 4 WD 01123583 PCT/ EP00/ 09423 7 and naterial s

fOr Prodsigiedthit k& BREXSRiAR RodtheRGLAE 51 ANd hoSt cel | s (e. g. DSM no.
he foll I

13021). ow ng “exanples are offered for the purpose of illustrating,
not | i mitfiragthermestalpprzyme exbiEAg P oskon pERAT-EETY HESCR P HE N CRNPHEO PREJZERRED
EVMBODI VENTSirpBidef description of the draw ngs

- a second enzyme exhibiting polymerase activity

produces PCR products with lower error rates compared to PCR products produced by the se-
cond enzyme exhibiting polymerzse activity in absence of the first thermostable enzyme ex-
hibiting 3'-exonuclease-activity but essentially no DNA polymerase activity. The method in
which the mixture of first thermostable enzyme exhibiting 3'-exonuclease-activity but essentially
no DNA polymerase activity and a second enzyme exhibiting polymeraée activity produces PCR
products of greater length compared to PCR products produced by the second enzyme exhibiting
polymerase activity in absence of the first thermostable enzyme exhibiting 3'-exonuclease-activity
but essentially no DNA polymerase activity. Further, the first thermostable enzyme exhibiting 3'-
exonuclease-activity but essentially no DNA polymerase activity is related to the Exonuclease IlI
of E. coli, but thermostable according to this method. A further embodiment of the above
described method is the method whereas PCR products with blunt ends are obtained.

Subject of the present invention are also methods for obtaining the inventive thermostable en-

zyme exhibiting 3' exonuclease-activity but essentially no DNA polymerase activity and means




Figure 1: DNA sequence and the deduced am no acid sequence of the gene
encodi ng the DNA pol ynmerase from exonucl ease |11 of Archaeogl obus f ulggMaiigll
Figure 2: Resistance to heat denaturation of the reconbi nant exonucl ease

11 of Archneogl obus ful gidus expressed in E.coli as described in Exanple

V. Lane 1. églci’"lg tion at 50C Lane 2: Incubation at 60C Jd&gpegioshncubati on
at 70C Lz},ﬁ 4." ncubati on at 80C Lane 5: Incubation at 90C Lane 6: E.coli

host cell extract not transforned with_ gene encodi ng Afu exonucl ease |11
Lane 7: Exonuclease IIl of E.coli 'n. “Lane 8: Ml ecul ar wei ght marker

Fi gure 3: Exonucl ease activity of Afu exonuclease |IIl on DNA fragnents as
descri bad matefxXafplpeodficing thamezyine a3 @.guitoss aBddokticebegul fdae 13"123),-

i ncubation at 37C Lane 2: 50 ng of Afu exonuclease Ill, incubation at 72C
Lane 3: 100 ng of Afu exonuclease Il1l, incubation at 72C Lane 4: 150 ng of
Afi.i eRerfotbeagexdrhples imoffbad fanheapurpaseof luseatmg, ndimignprbeafdieeonucl ease
[, in.cubz%ti on at 72C Lane 6: 200 ng of Afu exonuclease IIIl, incubation
at 72c "WEh€™7: 300 ng of Afu exonuclease Ill, incubation at 72C Lane 8:
250 ng of A fu exonuclease Ill, incubation at 72C Lane 9: 750 ng of Afu

exonucl ! : ] rGrekans BdsobimgnNafs Afu exonucl ease |11,
X nbat PERALED pESORYPATNOGR 8} LR FERARS EAIRODIENT o ng of Afu

exonuc| Basfalekdriptionfibadiayigat 72C Lane 12: 1 pg of Afir exonucl ease I,

incubathggre?t 72C Lane 13: 1.5 pg of Afu exonuclease Ill, incubation at
72C Lané 14:

T L gL fLAlxontcl sase | L BEbat o o 2EsobigRelS 3
exonucl gagfexbhlicledsh CUBRA}PEeoAbbuE Pllgidus.
Figure 2:
Resistance to heat denaturation of the recombinant exonuclease 111 of Archaeoglobus fulgidus
expressed in E.coli as described in Example V.

Lane 1: Incubation at 50°C

Lane 2: Incubation at 60°C

Lane 3: Incubation at 70°C

Lane 4: Incubation at 80°C

Lane 5: Incubation at 50°C

Lane &: E.coli host cell extract not transformed with gene encoding Afu exonuclease IIE__

Lane 7: Exonuclease 111 of E.coli N,

Lane 8: Molecular weight marker

s

Figure 3:

Exonuclease activity of Afu exonuclease IIl on DNA fragments as described in Example VL.
Lane 1: 10 units E.coli exonuclease 11, incubation at 37°C
Lane 2 50 ng of Afu exonuclease I1I, incubation at 72°C
Lane 3: 100 ng of Afu exonuclease I, incubation at 72°C
Lane 4: 150 ng of Afu exonuclease 11, incubation at 72°C
Lane 5: 100 ng of Afu exonuclease III, incubation at 72°C
Lane 6: 200 ng of Afu exonuclease III, incubation at 72°C
Lane 7: 300 ng of Afu exonuclease [II, incubation at 72°C
Lane 8: 250 ng of Afu exonuclease III, incubation at 72°C
Lane 9: 750 ng of Afu exonuclease I11, incubation at 72°C
Lane 10: 1 pg of Afu exonuclease III, incubation at 72°C




Lane 17: 7.6 pg of Afir exonucl ease 111, incubation at 72C Lane 18: 15

pg of Afir exonuclease 111, incubation at 72C Lane 19: 22.8 pg of Aﬂﬁtﬂﬁp 10k
exonucl ease |11, incubation at 72C Lane 20: no exonucl ease added Figure 4:
Principle of the msmatch correction assay. PCTJEPCQo/ 09423 Fi gure 5:

M smat chedgBrgh g@g correction in PCR as described in ExarrpIPgT}éIPb(,mgLﬁne 1:
DNA Mol ecul ar ight Marker V (ROCHE Mol ecul ar Bi ochem cals No. 821705)
Lane 2. G A misnmatched priner, anplifi (éatl on with Taq DNA pol ynerase Lane
3: sane as in |lane 2, but subsequently cl eaved with BsiEl Lane 4: G A

m smat ched pri ner, rrpl ification with Expand H Fi PCR System Lane 5: sane
as in | anelape 1hus00mmaletfueranusl eéffeéHv’éﬁu%ﬁPWtE@l € Lane 6: G A ni snatched
primer, anplj.fihcati anomisd BxotarieRRlINMBE@s@bMAy2eg0nucl ease 111 Lane 7: sane
as in Iane 6, but subsequently cl eaved th BSI | Lane 8. G A m snmat ched
primer, anlpﬁqeflﬁcaﬁéﬁoﬁ\ﬁf“ﬁ"?ﬁ‘éf wlbmcyﬁ%wa% ne 9: sane as in |lane 8,

but Subseqyﬁfatmy pb%ﬁ\éﬁﬂ thﬂucﬁ@a'sall hﬁtﬂBatﬂo@ at @°C mi smat ched pri mer,

anplificatjon with ane 1%% anme as in lane 10, but
subsequent‘-iﬁeéﬁeav%b}g\ﬂfﬁ “-’B@P eaE%l at@“‘l’“‘t grsmtched priner,
anplificatigpRiwith, :ﬁ)gpﬂ thﬁuclBQRIﬁMﬁhﬁmlmLﬁﬂe%lB same as in |lane 12, but
subsequent*y cl eave f;% Bsi El A4 G Tt? gﬂt ched priner,

anpl i fi cat f/’ff’é’t”é@%ﬁe UNEBHY dEse 111 Lane 15° same as in

| ane 14, bLEneSBbSGWﬂfM; eakceﬂzmdsemulhaamndﬁi atl7Zah@ 16: G T m smatched

primer, | i f.i,catipon S ne 17: sane as in |ane 16,
but subseg%gﬁt I9 azélséﬁ/‘ye}ddque’f(% 31 IHLQ%@%’E&SS&;@%I ecul ar Wi ght ©Marker V
Lane 19: [:N%hel\mi enmhmnu\ﬂéasghﬂdwhr ker V 15 MAR 2004 WD 01/23583

PCT/ EPOQ' 09423 9 Lane 20: G C mismatched priner, anplification with Taqg DNA
pol ymerase Lane 21: sane as in |lane 20, but subsequently cleaved with

Bsi EI Lbigere22: G C mi smatched primer, anplification with Expand H Fi PCR

Syst em pLiaAgR3If tRMRIARKIBrialf Ay DUt subsequently cleaved with BsiEl

Figure 5:
Mismatched primer correction in PCR as described in Example VII.
Lane 1: DNA Molecular Weight Marker V (ROCHE Molecular Biochemicals No. 821705)
Lane 2: G:A mismatched primer, amplification with Tag DNA polymerase
Lane 3:same as in lane 2, but subsequently cleaved with BsiEl
: G:A mismatched primer, amplification with Expand HiFi PCR System

: same as in lane 4, but subsequently cleaved with BsiEl

2
3
4
5
Lane 6: G:A mismatched primer, amplification with Tag polymerase/Afu exonuclease III
7: same as in lane 6, but subsequently cleaved with BsiEl

8: G:A mismatched primer, amplification with Tgo DNA polymerase

9: same as in lane 8, but subsequently cleaved with BsiEl

Lane 10: G:T mismatched primer, amplification with Tag DNA polymerase

Lane 11: same as in lane 10, but subsequently cleaved with BsiEl

Lane 12: G:T mismatched primer, amplification with Expand HiFi PCR System

Lane 13: same as in Jane 12, but subsequently cleaved with BsiEl

Lane 14: G:T mismatched primer, amplification with Tag polymerase/Afu exonuclease 1
Lane 15: same as in lane 14, but subsequently cleaved with BsiEI

Lane 16: G:T mismatched primer, amplification with Tgo DNA polymerase

Lane 17: same as in lane 16, but subsequently cleaved with BsiEl

Lane 18: DNA Molecular Weight Marker V

Lane 19: DNA Molecular Weight Marker V



Lane 24: G C m smatched priner, anplification with Tng pol ynerase/ Af 1
exonucl ease |11l Lane 25: sane as in |ane 24, but subsequently cl ei\gmvm@h
Bsi E1 Lane 26: G C mismatched priner, anplification with Tgo DNA pol e
Lane 27: sane as in |ane 26, but subsequently cleaved with BsiEl Lane 28:
CG AT m smatcheg 3pr| mer, Tagq DNA pol ynerase Lane 29: sanpcpgpdood28ne 28,
but subsem'ﬁ‘ﬁ3 cl eaved with Bsi EI Lane 30: CG AT m smat ched priner,
Expand H Fi PCR System Lane 31: sane as in |ane 2, but subsequently
cleaved with Bsi El Lane32: CG AT ni smatthed priner, Taq pol ynerase/ Afu

exonucl ease |11l Lane 33: sane as in |ane 2, but subsequently cleaved with
Bsi El Lane B4ke 2@CSGAG' nm:ﬁ:{reliedrpeﬁherparmp&ecrcanmithf reBNAGPIERETgo DNA

pol yrrerase La bsggugnt |y cleaved with Bsi El
Lane 36: I%a(f’ﬂﬁ aefr)mgg' R’tb &@tlpt—&aﬁge oA Error rates of different

pol yner as esamenz?.PGR: Euguatehe@@nrmrpxmp]eﬁmh@n with £xprariHgi HyR Syst§m exonucl ease

bl ey whi £ 6 LA nple VII1. The ratio of
bl ue: whi tei%ﬁlaghﬁarense a\?\énre %%Ejtﬁte agﬁl%ﬁﬂ); 0Eed Rirh B8

vari ous m xt res of };1':‘% 1Tgﬁollnﬁl_nerase
and Afu ekemuil: 66 enibhatciefoyirEsroarmpliicati payitdgd 2o Z@efaf%{é §7Ys agl Exo
1: 12,5, Ta Ratbaiviis BfriTag DNA pol yner ase
%_al_lgegﬁ %ar;ng)aisgﬁ%rfe%%ggﬂq{lmgﬁé%ﬂ? R *M:ﬂ i q poly

m xed W th q, 5$ rig of Afu exonucl ease
111, respeéena2: @Cmﬁ@aK@EWFfma@BH%FIP%&H & gﬁ*ﬁﬂ” 3fyer ase (Taq),
Expand H Fi ,PCR. §¥d\%1': sma(xh%eas ) bR rmwemldmmrmsm (Pwo). Figure 7:

| ncor poration of he Taq merase 1 Afu exonucl ease |11

m xture as ldes2§iBedT q"ﬁmE%QﬁdpPrémF’X HOYBRA Mol ecul ar Wi ght  Mar ker
X'V (Roche 1Mhl e£ul @k aBinqshers, BﬂhﬁbNQuerﬂﬂZ'Zﬂsﬁﬁéﬁ)mtm 2: Anplification with
2.5 unlts Tag DNA S 5 k 3 PCTI EPm’ 09423 10
Lane 3:' Anpfit ?Q:éf(i?é‘hywsf‘ﬁtcg ‘Jépﬂﬂ’ﬂ 8& gx?r‘%?ase and 125 ng of Afu
exonucl eaSGLathl sh.ﬁmes#;lapﬁermlbufmioa&quomlwltahwwgh #Et s Tag DNA pol ynerase

and 250 ng ot ARSI SRR L bR B A IGaaR e ) 2,5 i L Tag

ease t n
with 2.5 u ruams Sﬂ'esquNAuﬂeh ybpagdseavantodeaygd yith Rflﬁﬁé% %ﬁgiémfrp?wf“%
primer, amplification with Tgo DNA polymerase

Lane 35: same as in lane 2, but subsequently cleaved with BsiEl

Lane 36: DNA Molecular Weight Marker V.

Figure 6A:
Error rates of different polymerases in PCR

Figure 6B:
: Improvement of fidelity by .4fi exonuclease IlI present in the PCR mixture as described in

Example VIIL
The ratio of blueswhite colonies were blottet and various mixtures of Tag DNA polymerase and

Afu exonuclease Il (Tag/Exo 1:30, Tag/Exo 1:20, Tag/Exo 1:15, Tag/Exo 1:12,5, Tag/Exo 1:10
corresponding to 2.5 units of Tag DNA polymerase mixed with 125 ng, 175 ng, 250 ng, 375 ng
and 500 ng of Afu exonuclease 111, respectively} were tested in comparison to Tag DNA
polymerase (Tag), Expand HiFi PCR System {HiFi) and Pwo DNA polymerase (Pwo).

Figure 7:
Incorporation of dUTP by the Tag DNA polymerase / Afu exonuclease I1] mixture as described

in Example IX.
Lane 1: DNA Molecular Weight Marker XIV (Roche Molecular Biochemicals No. 1721933)

Lane 2: Amplification with 2.5 units Tag DNA polymerase



Figure 8: Degradation of dUTP containing PCR products by Uracil - DNA

A ycosyl ase as described in Exanple I X, Lane 1: DNA Ml ecul ar Wi ght

Mar ker XI'V (Roche Mol ecul ar Biochemicals No. 1721933) Lane 2: 1 itIl5dAR:2H
anplification product obtained with Tag DNA pol ynerase and 125 ng Afia
exonucl eas I d subsequent UNG and heat treatnent. Lang 3: of the
anplificat %énélbzfﬁg%uct obt ai ned with Tag DNA pol ynerase andP(ig%P(ﬁang? Af u
exonucl ease |1l and subsequent UNG and heat treatnent. Lane 4: 3 .tl of the
anplification product obtained with Tagi{ONA pol ynerase and 125 ng of Afu
exonucl ease |11 and subsequent UNG and heat treatnent. Lane 5: 4 |lil of the
anpl i fi cat iLene pr ahphificaolohatithedds whitdTahdoN DiNdiypetagerarddd rand Af2S:ongcledse IIA u
exonucl ease 1|1 and,.subsequ - UNG .an at, treat nent.. L 6, he
ool 11 cat LB b SHRE TR ALE IR AL ER BRIk e SRt o
exonucl easéaht b: Amglif eheaqudnt.5 (NG BagdDHé ablyteeat aeh75 dgand fivexobucleasetll t he

lifi [ d bt ai. R I f
axonucl castPr b RSYEhR L SLATE RO TRr AV BERUERIFSR A ahracplloe i

anplification product obtained with Tag DNA pol ynerase and 125 no, of Afu
exonude%l:hj no subsequent UNG but heat treatnent. Lane 9: DNA Mol ecul ar
er

Wei ght "XI'V (Roche Ml ecul ar Biochemcals No. 1721933) Figure 9:

Ef f ect dlegrddationxddlidiPeasteining POR praRcprodies- PhrdgehicosTiae aydepcpigd in

pol yner ggemliAftl exonucl ease |11 mixture was anal yzed on human genom ¢ DNA
as described in Exanple X. Lane 1:9,3 kb tPA fragment_wth Tag/Exo Il M X

Lane 2: " Tagepol DNAdeleqularyWeight Mprker Xy hashe Mofssulrngicexairdt M x  Lane 4:
Tag- Pol . 15 MAR 200%47¥¥»333/ 2358883 PCT/ EPOQ/ 09423 11 Lane 5: 15 kb tPA
[ 0ment WA T XL Mt e S TRl BN AR ek B &
pol ynmer ase Afu exonuclease I1] and subsequent UNG and heat treatment.
Lane 3: 2 ul of the amplification product obtained with Tag DNA polymerase and 125 ng of
Afu exonuclease 111 and subsequent UNG and heat treatment.
Lane 4: 3 ul of the amplification product obtained with Tag DNA polymerase and 125 ng of
Afu exonuclease 1T and subsequent UNG and heat treatment.
Lane 5: 4 pl of the amplification product obtained with Tag DNA polymerase and 125 ng of
Afu exonuclease [JI and subsequent UNG and heat treatment.
Lane 6: 5 pl of the amplification product obtained with Tag DNA polymerase and 125 ng of
Afu exonuclease III and subsequent UNG and heat treatment.
Lane 7: 5 pl of the amplification product obtained with Tag DNA poiymerase and 125 ng of
Afu exonuclease I1] no subsequent UNG or heat treatment. >
Lane 8: 5 pl of the amplification product obtained with Tag DNA polymerase and 125 ng of
Afu exonuclease II1 no subsequent UNG but heat treatment.
Lane 9: DNA Molecular Weight Marker XIV {Roche Molecular Biochemicals
No. 1721933)

Figure 9:
Effect of Afir exonuclease 111 on PCR product length. The Tag DNA polymerase / Afu exonuclease

111 mixture was analyzed on human genomic DNA as described in Example X.

Lane 1:9,3 kb tPA fragment with Tag/Exo III Mix
Lane 2: » Taq-Pol.
Lane 3: 12 kb tPA fragment with Tagq/Exo III Mix
Lane 4: » Taq-Pol.




activity but increased 3'-exonucl eoase-activity as described in Exanple Xl .
Lane 1: Mol ecul ar Wi ght Marker Lane 2. reaction 1, Taq pol ynerase, ﬁ Eﬂﬁﬁ
fragnent Lane 3: reaction 2, Taq pol ynerase plus Tag pol ynerase rrut]a {1 %3
kb fragnent Lane 4. reaction 3, no Taq pol ynerase, Tag pol ynerase nutant |,
4.8 kb fragnent Lane 5: reaction 4, Taq polynmerase plus Afu Exolll, 4.8 kb
fragment W&8/28383reaction 5, Taq pol ymerase, 9.3 kb fragREREPPHNA237:
reaction 6, Taq pol ynerase plus Tag pol ynerase nmutant, 9.3 kb fragnent Lane
8: reaction 7, no Taq pol ynerase, Tagipol ynerase mutant, 9.3 kb fragnent

Lane 9: reaction 8, Taq polynerase plus Afu Exolll, 9.3 kb fragnment Lane
10: Mol ecyl .\Q%i]&h%m t Fl9es 11 iU exonucl ease |11 is not active or
| i near si lrfffgJL tI;es'stran e%ﬁ%’as descri edﬁl n Exanple XIl Lane 1: Afu Exo II1,
no i ncubatlizegt: Lane 2: Afu Exo Mk4-Fol h at 65C Lane 3: Afu Exo |11, 2 h at
65C Lane 4: Afu Exo lii, 3 h at 65C Lane 5: Afu Exo Ill, 4 h at 65C Lane
6::Afu Exo Ill, 5 h at 65C Lane 7. Reaction buffer w thout enzyne, no

i ncubathigne 1‘i)_iane 8: Reaction buffer without enzyme, 5 h at 65C Lane 9:
Mol eCul Bf.r MEL L ML deRhaseliPl RRe 1304 M) DIviB3a8R nvdiafiGlitl FBGXIdQIH2Serkdegur e

' pri e B ARREING 3 HORROFTY A UBSBEA PMOBEbRD X || Lhne 10
Mol ecul ar Wi ght Marker Lane 2: 1 u Tgo preincubated (reaction 1) Lane 3:
(i cacti on 18 SUMRIFeBlsr NHE VRA® ot pr ol ncubat ed (reaction 4) Lane 6 1 u
Tgo, prei rnadbatedctich 1,ITaqpblyarese, afs RS efr eact i on 5)

Lane 3: reaction 2, Taq polymerase plus Tag polymerase mutant , 4.8 kb fragment

Lane 4: reaction 3, no Taq polymerase, Tag polymerase mutant , 4.8 kb fragment

Lane 5: reaction 4, Taq polymerase plus Afu Exolll, 4.8 kb fragment

Lane 6: reaction 5, Taqg polymerase, 9.3 kb fragment

Lane 7: reaction 6, Taq polymerase plus Tag polymerase mutant, 9.3 kb fragment Lane 8

reaction 7, no Taq polymerase, Tag polymerase mutant, 9.3 kb fragment

Lane 9: reaction 8, Taq polymerase plus Afu Exolll, 8.3 kb fragment

Lane 10: Molecular Weight Marker

Figure 11.

Afu exonuclease 111 is not active or. linear single stranded DNA as described in Example X1I

Lane 1: Afu Exo I1I, no incubation

Lane 2: Afu Exo III, 1 h at 65°C

Lane 3: Afu Exo I1I, 2 h at 65°C

Lane 4: Afu Exo 111, 3 h at 65°C

Lane 5: Afu Exo IlI, 4 h at 65°C

Lane 6::Afu Exo 111, 5 h at 65°C

Lane 7: Reaction buffer without enzyme, no incubation
Lane 8: Reaction buffer without enzyme, 5 h at 65°C
Lane 9: Molecular Weight Marker




Lane 7: 1.5 u Tgo, preincubated in the absence of dNTPs (reaction 6) Lane
8: . u Tgo, not preincubated in the absence of dNIPs (reaction 7) gr}%%
1.5 u Tgo, not preincubated in the absence of dNTPs (reaction 8) Lan %
u Tgo, preincubated, in the absence of dNTPs, supplenented with additional

primer (reagiqensd) Lane 11: 1.5 u Tgo, prei ncubat ed in thecaksanRes;of
dNTPs, supplenented with additional prinmer (reaction 10) Lane 12: Taq

pol ynmerase, preincubated (reaction 11) lLane 13: Taq plus 37,5 ng Afu Exo
11, preincubated (reaction 12) Lane 14: Taq plus 75 ng Afu Exo |11,
prel ncubated (reaction 13) Lane 15: Taq pol ynmerase, not preincubated
(reactlgllﬁmleéli)2 Lane 16: Taq plus 37,5 ng Aft Exo Ill, not preincubated

(react i 0Bmbhlon HANIR ehdiuclase M Wsh 25 oALMe Btppd dlymmse iRIpeinie Ul Reng
(reaction, 16) _Lane 18:_ Mol ecul ar Wei ght Marker  EXAMPLE | [sol ation of

codi ng &8tyiERedescriprd ‘ﬁrEé‘F@P}ee}& Yhernostabl e enzyne herein is an extrenely
t her nost abl e exodeoxyri bonucl ease obtai nabl e from Archaeogl obus ful gi dus

VC-16 strain (DS ., 4304),. . The strain was isolated from marine

hydr ot her %ysmuﬁmwﬁﬁifﬂsl and and Stufe di Nerone, Naples, Italy
(Stetter, Lade2:0. 1et1‘galprem5ﬂjaamo(eea(cﬂ;&87)) 236: 822-824) . This organismis an
extrenel y_t heynophiilc, tabol ZI ng, archaebacteria, with a growth
range bet W‘GO@ éﬂn%og?fl%ugﬁtegge t 83C. (Klenk, H P. et al., Nature

(1997) 39Da364- 37Q)Tgelhe eincnitse(eretice3) s deposited in the TICGR data

base. The,gene putatively, encodi xonuclease IL .,thA) has Acc. No.
e S L by P o e ) Sy appar ent ol ecul ar

vei ght of Letet:ex ddelgoypichonbatkdastheabteatadldhNg Pk (wrstAnchaeogl obus
fiulgidtig,ls; aab@gtu 1320 Bpe %@'a@eg%% Hmﬁ&n@%\fﬁﬁ Y!éal: QPEptein standards of

known nol ecu xact nol ar wei ght of the
t her npst abkee %nzym’éra'?ﬁ n@mewé@aé in theyghsprae ohd Nﬁi}b@e%fé‘f)éﬁﬂn ned fromthe

codi ng sequgehge 9f fhe, AbchreRALARYIH &thmé%fame%y&mcwucl ease |11
gene. EXAMPLE_ |1 O oning

Ar chaeogl &BE&1%F ullgﬂéﬁ.?spﬁﬂtﬁ&?a%gﬁgetg’gﬁ?g‘%gg% ‘ﬁ%@%?‘lﬂ e?a{ggd éijﬁllé)ﬁ ‘i[Mé‘f’@l used
for isolation of pgifepimsaion 9)DNA from

Lane 11: 1.5 u Tgo, preincubated in the absence of dNTPs, supplemented with additional

primer (reaction 10)

lane 12: Taq polymerase, preincubated (reaction 11)

Lane 13: Taq plus 37,5 ng Afu Exo II, preincubated (reaction 12)

Lane 14: Taq plus 75 ng Afu Exo I1I, preincubated (reaction 13)

Lane 15: Taq polymerase, not preincubated {reaction 14)

Lane 16: Taq plus 37,5 ng Afu Exo I, not preincubated (reaction 15)

Lane 17: Tagq plus 75 ng Afu Exo 111, not preincubated (reaction 16}

Lane 18: Molecular Weight Marker

EXAMPLE ]

Isolation of coding sequences

The preferred thermostable enzyme herein is an extremely thermostable exodeoxyribonuclease
obtainable from Archaeoglobus fulgidus VC-16 strain {DSM No. 4304). The strain was isolated
from marine hydrothermal systems at Vulcano island and Stufe di Nerone, Naples, Italy (Stetter,
K. O. et al., Science (1987) 236:822-824).This organism is an extremely thermophilic, sulfur
metabolizing, archaebacteria, with a growth range between 60°C and 95°C with optimum at
83°C. (Klenk, H.P. et al., Nature (1997) 390:364-370). The g¢ e sequence is deposited in the
TIGR data base. The gene putatively encoding exonuclease I1: .<thA) has Acc.No. AF0580.




Ar chaeogl obus ful gidus. The followi ng priners were designed with
restriction sites conpatible to the nultiple cloning site of the d??ﬂ%ﬁ?[}ﬂﬂ
expression vector and conplenmentary to the NN and C-term nus of the
Archaeo- gl obus ful gi dus exonucl ease 111 gene: SEQID NO: | N-term nus
(BanH -site): 5'-GAA ACG AGG ATC CAT GCT CAA AAT CGC CAC C -3' SEQ ID NO. :
2 C-ternmWoOIEPSE| -site): 5 -TTG TTC ACT GCA GCT ACA CGT HEAEPRFRENG C - 3
First the cells were collected by repeted centrifugation in one 2 n
eppendorf cap at 5,000 rpm The DNA ixol ati on nay be perforned with any
descri bed nethod for isolation frombacterial cells. In this case the

Ar chaeogl obus ful gi dus genomi ¢ DNA was prepared with the Hi gh Pure" PCR
Tenpl ate Preparation Kit ( E Di agnosti cs, GrbH, . 796828) -, Wth this
met hod Thelsoperest HeleeHPONBER Fhwdwe‘ﬂ%”ébwlﬁ?%é)gf%ﬁ% TR T%‘é% %"é\{‘% on of 72
ng/ pl . fﬁ@ﬁu‘é"%%b@@ﬁﬁfoﬁﬁdltcﬂstvkheh%rr@fa'tda&ﬁﬁq glegat ithetdrahtkeown mddrelaExpand T™M
High Firdélity PCR éystem (RCIfHE Di aq os%i cs, GrbH,. .No. 17630%%]1316&9{1 100 ng
Arch aetris Hggsf%cgﬁ)d&f FaTTGRE & IENGE %@P '@ﬁg’ﬁrﬁ’of%lﬂ? SRR ch

pr epar ahiGion b RErpefdidiome thedddmgtsequehad dfokd ghaogdisifidggus | x 94C, 2
mn; 10 x 94C, 10 sec; 54C330 sec; 68C, 3 min; 15 MAR 2004 WO 01/ 23583

PCT/ EPOUPO9%aEbanRdrgsslllgfes: 10 sec; 54C, 30 sec; 68C, 3 nin with 20sec

cycle elongation for each cycle; 1 x 68C, 7 min; After adding M-,Cl2 to a

final C}%gﬁﬁﬂjtl‘ﬁ:‘g{l on of 10 mMthe PCR product was cleaved with BanH and
Pst 1, I each, at 37C for 2 hours. The reaction products were
separated on a lownel- ting agarose gel. After el ecrophoresis the

appr opr pate b el E116 198onShichEDgopRtiRRRks Dl ten, the DNA
fragmen Emil%?a %%F\Q%fgéogtgﬁ%%gkgfgesti on and precipitated with Et OH The

dried Ppellet was diluted in 30 1 H20 The appropriate expression vector,

here pDRR8,.I; Sicgestresdmidchaidia.s aaRa F@siddtbhiod thiemosaynEsNagrapsed f or
t he insgggu{éré]@ear%ed with the sane nmethod. After lig~-!-ion of insert and

vect or WrabheashoduHESi4¥sSDNA Li gation Kit (ROCHE Di agnostics GibH, No. 1635 ')
the plasmd was transfornmed in the expression host E.coli 392 pUBS520
(Brink-_pmann, U. et al. (1989 85: 109-. Lasl fle PN QE abBBg site
t r ansf thﬁ?ﬁlgj‘V\&"spri“%rIS&’teé%‘%E@ 'Flgwfqﬁées i":é’ “3&%@%‘&}?5}‘ asntid | S(l)llgati nCKi t

of the desired expression vector and complementary to the N- and C-terminus of the Archaeo-

globus fulgidus exonuclease I11 gene:

SEQID NO.: 1
N-terminus (BamHI-site): 5:-GAA ACG AGG ATC CAT GCT CAA AAT CGC CACC -3

SEQIDNOQ.: 2
C-terminus {Pstl-site): 5 TTG TTC ACT GCA GCT ACA CGT CAA ACACAGC-¥

First the cells were collected by repeted centrifugation in one 2 ml eppendorf cap at 5,000 rpm.

The DNA isolation may be performed with any described method for isolation from bacterial
cells. In this case the Archaeoglobus fulgidus genomic DNA was prepared with the High Pure™
PCR Template Preparation Kit {ROCHE Diagnostics GmbH, No. 1796828). With this method

about 6 pg chromosomal DNA were obtained with a concentration of 72 ng/pl.

PCR was performed with the primers described above, in the Expand™ High Fidelity PCR
System (ROCHE Diagnostics GmBH, No. 1732641) 2nd 100 ng Archaeoglobus fulgidus genomic
DNA per cap in four identical preparations. PCR was performed with the following conditions:
1 x 94°C,2 min;
10 x  94°C, 10 sec; 54°C, 30 sec; 68°C, 3 min;




(ROCHE Di agnostics GrbH, No.1754777) and characterized by restri cti on

digestion with BanH and Pstl and agarose gel el ectrophoresis. mh{?
E coli puUBS520 Exol Il transformants were stored in glycerol cul tur 004
-70C. The se- quence of the gene encoding exonuclease Il was confirned by

DNA sequengj n is showmn in Figure No. 1. Coning and expression of
exonucl easgol'iqz"?gig‘om Arch a eogl obus fuigi dus or ot her the‘?‘?i‘g%‘mo’l”

organi sns may al so be performed by ot her techni ques using conventlonal

skill in the an (see for exanple Sanbr&bok et al. Ml ecuar Coning, A
Laboratory Manual, Cold Spring Harbour Lab., 1989). EXAMPLE Il Expression
of reconbi rantx Afa"€xuinecl5edsaokid 68Fae3 inanihaosrabicld o @ exafop e hlcyvigs
cultivated 1| n.a fées tor in a rich mediumcontaining appropriate
antibiotic.” Call re™Harvested at an optical density of [Asap] 5.5 by
centri fwgfaanaddmgaxdg,@RtQﬂﬂﬁaI\d&@ﬁﬂrzt&ﬁB& RGELEI%@(BCDQ#B&uct ¥5s deved wdthamiit i |
needed qr_,l by .treat t ce a_crude ceI ract
con- tai nfdr%S fqo lts agbal gb%ﬁér;zr}\ouys %greﬁconr%] rg(g%c b Sega]ia’gd%na hr)é%]crude
extract togagarase ggi Aﬁe e)lqcuiréleoagis pfoprgtechasdeweonus! @agbe gdl Ishcaetombmydu S

purifi eq'ngl o, 8% Df@xt ?%ﬂc‘%‘?&s&&#’gg g% %ra%x ggp%f%n a4 Rpé’cﬁtegmﬁr%ew }I'Lle qatd on

t echni ques SUc ange- chrormat ogr aphy
or hydrdﬁﬂmﬁ-dlimc@ma?@w O. chr omat ography EXAVPLE |V Purl fication of
recombi nant Afu exonucl ease Il E. coli pUBS520 Exolll (DSM No 13021) from
exanple | was grown in a 10 1 fernmentor in nedia _containing pt one (20

al |), yehaapexepragie eXProsigpVpctonhere HSSEIT, wes diggstedwpitle thersime (eﬂm ‘P@F’P ) at

37C, i ndyaRd aWhidd thPHeidLrt3naMelneadtwitl diexhangetibal growth phase and
i ncubated an addi- tional 4 hours. About 45 g of cells were harvested by

centrifugation and stored at - 70C. 2 g of «cells were thawed and suspended
in 4 m Afudrflige- v;‘}nbﬂﬁlsrfﬂ\/hﬁﬂ’ %e&idﬂ@ﬁnb tAERApi1& DNA LigadhdrB0T . PRO(ZHEW)iagnostics GmbH,

2- mer ca no, The cells reel rlng by
2 e CaPRBFHIEna)fyd TSR0 0515 T eSS Rt pUER AL
sodi um demmydhcdtal éleS@F Ga_rG: 85ri0Atilés at room tenperature foll oned by 20

m nutes at 0OC. The crude extract was adjusted to 750 nM KCl, heated for 15

m nutes at 72C and centrifuged for renoval of denatured protein. A heating
t enper atRlasmiddO N4 FohGrarsfahsotspes sobted using toutigidore tHiasgi¢ belstipuKatt i on)

2gai net BOTraF epRPrRr R R RP T B R A S R A B
MpCl 2 arkkraldphine @stl endaddrese gﬂlreﬂxaoplydresm col um

Positive E.coli pUBS520 Exolll transformants were stored in glycerol culture at —70°C. The se-
quence of the gene encoding exonuclease 111 was confirmed by DNA sequencing. It is shown in
Figure No. 1.

Cloning and expression of exonuclease 111 from Archaeoglobus fulgidus or other thermophilic
organisms may also be performed by other techniques using conventional skill in the art (see for
example Sambrook et al. Molecu'ar Cloning, A Laboratory Manual, Cold Spring Harbour Lab.,
198%).

EXAMPLE 111

Expression of recombinant Afu exonuclease III

The transformant from example | was cultivated in a fermentor in a rich medium containing

appropriate antibiotic. Cells were harvested at an optical density of [Ass] 5.5 by centrifugation




(SERVA, No. 67031) with the dinension | x 7 cmand 5.5 ml bed vol une,
equilibrated with buffer B. The colum was washed with 16.5 i bufféﬁNBRZ[]ﬂ!.
and the exonucl ease protein was eluted with a 8 m linear gradient of 0
to 3 MNaCl in buffer B. The colum fractions were assayed for

Ar chaeogl\%gq]i& gi dus exodeoxyri bonucl ease protein by elaiEro@ivaresi s on
10- 15% SD gradient gels. The active fractions, 16.5 m, were pool ed,

concentrated with Aquacide Il (Cal bi 05 - chem No. 17851) and di al yzed agai nst
the storage buffer C (10 mM Tri sl HC , pH 7.9; 10 mM 2- nercptoet hanol ;

0. 1mM EDTA; 50 mM KCI; 50 % gl ycerol) After dialysis Thesit and Noni det
P40 wered &dztedlmrbnaedtd@alﬂ%@?mwrﬁmt%?h lyfozrpnstg Iér&éﬁce e i &’ﬁ%ﬁ%ﬁr’on was

stored, 0 e ArGhasaghehus  f ol gk exonucl ease 111 obtained was
pure to g%é’gf’ﬁ? tleé g’y SDS gel ’ el eclfgygphor esis. The yield was 50 ny

of protei n per 2.3g cellmss (wetweight). 15 MAR 2004 WO 01/ 23553
PCTI EPGHY Q%@%%@at%&%ﬂ# e IFL‘?:B!ﬁ@%@@xﬂgﬂ&yeﬁhufl%QMHmﬁﬁ isguafietbedse |1 |

f A | dus T |11
f1om Aﬁria«a@%g%p@m@ ip ga%ﬁléi V. S Gth s Boat et iehtioRes sgghﬁpa,)?@ ﬁcéh?‘@%ﬁo

det er m fly DYn-2R@ &4 -BEr cikho g By S ARGRphebibeatraddmatiupakicgrpbAf ter | ysis as
des- d in Exarrpl e IV 100 | of the crude extract were centrifuged at
15,000 rpmfor 10 min in an Eppendorf centrifuge. The supernatant was

al i quotpsgh NPtV i ve new Eppendorf caps. The caps were incubated for 10
mnutes at five different tenperatures, 50C, 60C, 70C, 80C and 90C. After
centrifugation as descri bed above, aliquotes of the supernatants were

anal yz adhrifiyatedreefitetombiphor gfsiesoronrlede- 116 % SDS- PAGE gradi ent gels. As shown
in Figure 2 the amount of Archaeogl obus fulgidus exonuclease Il protein
after incubation at 90C was the sanme as that of the san'%l gs treat eddat

| over tRapeiBsaee ExolTHO M bont02] yiehicsanple | yesengynhr at Cd &FRepieat R

det ect ac%k?agmﬁi p,t}hmthlgl (50 J;gswa;t ek&aclc\e/gm égg ek ydednt bﬁhﬁncﬂhﬁ[lﬂalrﬁgﬂl idte is
m

nore than ten®

tIVI of Afu exon e |1l
Exonucl @&@enquedc}'&tfaﬁpﬁ'&@ %Iﬁéd %%téﬁ‘\ﬂF%’é’nF %%h?fﬁﬁoénmc %‘aQ &Ja a%ﬁ rom
- hydrigawl 4 K& MboRlas %wmnemre%n(ea@@eys.exﬁlﬁgamﬁam@sdB 7(01©813 ofvet hods

Enzym)l 65:201-211). Ali ed n f K uring
each bi o5l W< St anﬁﬁespﬁpgédé o Bifsefaf B P g DRI EETO
3 -ternt giM Zﬂﬁlﬁcﬁﬁ%é&tmdlﬁl mllcltPeéabﬂacvSéZ)oThesqehg\}vge Srzechnered sTRiag by addition of

- protrudi t er m.ni L3 chichbid bicecul ar
V\éi ght NEFIS’Q%OW ff&fﬁgﬂ% t:éf’l:u gr% |a§§h%h0%955}-@%&g%1%62 %},ﬂ onsi;sts of

Bl | di geatrecht pRiR828npirxede fuflotedhniQ mitiugrs st 8- EbRsrzlée eXErREt W °of the
H. nfl %%‘ESM PAY @ eded FHGBSThYEs LELAT Tha BekiREE] BX p@@&vepbﬂa@nnerelarpedtemr ed

substra
A heating temperature up to 90 °C is also possible withont destroying (denaturation) the
Ardmeoglobus fulgidus exonuclease I11. The supernatant was dialyzed against buffer B (buffer A
containig 10 % glycerol) adjusted to 10 mM MgCl; and applied to a Blue Trisacryl M column
(SERVA, No. 67031) with the dimension 1 x 7 cm and 5.5 ml bed volume, equilibrated with
buffer B. The column was washed with 16.5 ml buffer B and the exonuclease protein was eluted
with a2 82 m! linear gradient of 0 to 3 M NaCl in buffer B. The column fractions were assayed for
Archaeoglobus fulgidus exodeoxyribonuclease protein by electrophoresis on 10-15% SDS-PAGE
sradient gels. The active fractions, 16.5 ml, were pooled, concentrated with Aquacide 1I {Calbio-
chem No. 17851) and dialyzed against the storage buffer C { 10 mM Tris/HCl, pH 7.9; 10 mM 2-
mercptoethanol; 0.1mM EDTA; 50 mM KCl; 50 % glycerol). After dialysis Thesit and Nonidet
P40 were added to a final concentration of 0.5% each. This preparation was stored at - 20 °C.

The Archaeoglobus fulgidus exonuclease 111 obtained was pure to 95% as estimated by SDS gel
electrophoresis. The yield was 50 mg of protein per 2.3g cellmass (wetweight).




to degradation by exonuclease Il , the products of Bgll cleavage have
3'protruding ends with 3 bases overhangs and shoul d be nore resi stapéjsmﬁ)zﬂm
cl eavage by exonuclease I11. Serial dilutions of Archaeogl obus ful gid
exonucl ease |1l from Exanple IV were incubated for 2 hours at 72 Cwth
0.5 pg DNAWbbhprwtar Weight Marker VI (ROCHE Mol ecul ar Bi ophgfpdeabis

No. 1062590) in 25 | of the follow ng incubation buffer: 10 mM Tris/HCl, pH
8.0; 5 MMMwmd 2, 1 nmM2- marcaptoethanollas 100 MM NaCl with Paraffin

overlay. 10 units of exonuclease IIl of "“E coli (ROCHE Ml ecul ar

Bi ochem cal s, No.779709) was included as a control. The control 15 MAR 2004
WO 01123583 PCT1EP00109423 17 reaction was perfornmed at 37C. After addition
of 5 }rl extagppisolruti on (0.2 % Agarose, 60 mm EDTA, 10 mM Tris-HCl, pH 7.8,
10 % d ycerol, 0.01 % Bronphenol bl ue) the m xtures were separated on a | %
agarose gel. The result is shown in Figure 3. Afu exonucl ease |11

di scri m mateBost&Bh Recoffbiha etbifukRER M ﬁto)&pﬁ&h&)ffogﬁybﬁ I’g’%ﬁzﬁ The preferred
substrate are the fragments with 3'-re- cessive ends . 1766 bp

fragnent) and the 3'-overhanging ends (e.g. 2176 bp, 1230bp, 1033 bp
f ragment $he sieemaialilityestithé atinutiease HYfraghod i uesglodlt ﬁfgwlghwne@ap&aa&r&e@fin

t h d t | tent wh
PO o g P T SR IS L By e A8 Wbl
anmount s offdinompb I¥ae Hi)bf)the icrude ektyact etk leentBhlies amm;uoatrpmvmm @i in an
(I anes 1%1131% d]o? Cenlrnzggf.r %Qrﬁj Qnt%f]cas %lpcfaﬁ{egnqggilag new gﬁ' %‘E}f be due to

DNA bi ndi pro el'ns ~as |
M smat chedrepnicahsteddfor t@otinens 4trﬁVP@Iﬁewnt femAkuatero AOFE], 62k 70°0, STﬁeandéaﬁ%ﬁ.r

o § oot MhePlontiifgfidh SXARUELABGd UlqubrcT BABPAUINIRRLRE W BXRMI RaRYel 0, PR

was tested wt termnaq%
assay i SPRYEHAOPAORDFaSBSEAGR erapem selin shf)weam Fighreskths a@@ﬂp? ¢fn°er@eeai@uused

in whi chﬁﬂgwummm&spm Bﬁftexh%&eﬁﬂﬁxbgﬁoﬂ WeoRtGL 0t kﬂﬁéas%at dre AmpfRd whi ch
cannot base rEal r wt ate DNA. Excjsion of _the msrratched EI‘I nmer

end and SRIFEET IO TSH’PGF“P’E?%[IB@&&F pe depfifapbiosyhiehieaturaperdiiedtaiih FEm can
subsequettis yesble it cah bavattivdetihit hige HaB3ifd i aiorOthag RGORIMTkQase0Bsi El, wher eas
the product arising fromthe ms- matched primer is resistant to cl eavage.
The primer sequences used : 1. reverse: 2. forward 1 (g:a msmatch): 3.
forward BXAYIRLEZWWEmatch): 4. forward 3 (g:c mismatch): 5. forward 4 (2
base m smatch):

Activity of Afu exonuclease III

Exonuclease III catalyzes the stepwise removal of mononucleotides from 3°-hydroxyl termini of
duplex DNA (Rogers G.S. and Weiss B. (1980) Methods Enzymol. 65:201-211). A limited numb -
of nucleotides are removed during each binding event. The preferred substrate are blunt or re-
cessed 3’-termini. The enzyme is not active on single stranded DNA, and 3’-protruding termini
are more resistant to cleavage. The DNA Molecular Weight Marker VI (ROCHE Molecular Bio-
chemicals, No.1062590) consists of Bgll digested pBR328 mixed with Hinfl digested pBR328. The
products of the Hinfl digest have 3"-recessive termini and are expected to be preferred substrates
to degradation by exonuclease IIJ, the products of Bgil cleavage have 3 protruding ends with 3

bases overhangs and should be more resistant to cleavage by exonuclease II1.

Serial dilutions of Archaeoglobus fulgidus exonuclease 111 from Example IV were incubated for 2
hours at 72 °C with 0.5 pg DNA Molecular Weight Marker V1 (ROCHE Molecular Biochemicals,
N0.1062590) in 25 pl of the following incubation buffer: 10 mM Tris/HC, pH 8.0; 5 mM MgCl;

1 mM 2-mercaptoethanol; 100 mM NaCl with Paraffin overlay. 10 units of exonuclease 111 of
E.coli (ROCHE Molecular Biochemicals, No.779709) was included as a control. The control




5' - GGT TAT CGA AAT GAG CCA GAG CG -3' (SEQID NO.: 3) 5 - TGG ATA CGT
CTG AAC TGG TCA CGG TCA - 3' (SEQID NO.: 4) 5 - TGG ATA CGT CTG AAC TGG
TCACGGTCT 3 (SEQID NO: 5) 5 - TGG ATA CGT CTG AAC TGG TCA Al it
- 3 (SEQIDNO.: 6) 5 - TGG ATA CGT CTGAACTGGTCACGGTAT-3' (SEQ ID NO.:

7) 15 I\/AW g %QQ 01/ 23583 PCT/ EPOQ 09423 18 PCR was car %E‘S&E?Mgf)ﬂm ng 2.5

Units Taq nmerase (ROCHE Di aghostics GrbH, No. 25 pg of
Archaeogl obus f i I gi dus exonucl ease 1| I from Exanpl e IV 10 ng of DNA from
bact eri ophage X, 0.4 pM of each prinmer, 17200 pM of dNTP's, 1.5 nM of MC 2,
50 MM of Tris- HCl, pH 9.2, 16 nmM of (NH4)ZSO4 PCR was perforned in an

vol ume afacsoh meﬁenmmwd@h@°cfbﬁ¢rm¢lﬁﬁ@n@éhdl forosedutiop (- DU gapossi ¢ m¥D x 94C,

10 sec; e% Igl‘gfms—ﬁép H 781189 Clyckol 481 of anrfbhe;l;&%ﬂey Rethauref warbe

exonucl rrera e m xture was compared to controls as 2.5 Units

of Taq DRRrpef wériaéégareﬁegeluﬂihf syl isTRRDRAIPEE §rtfl @ vckersiE i CHMfSI cs

gTTEL') %O'Bii\%%géﬁi flo cﬁgfer@f otﬂuﬁrgtla ﬁleqﬁéfh;réﬁl slagﬁra%/:?%@ﬁ@ ﬁ#@,@i@ﬂ% wgilt}iig’ﬁhQStl cs
i ca y. successfu igestion o

pr oduct sce‘é/ﬁ"teﬁné%gelﬁl 1766 bIPLfIE’@FHH aégéli‘ﬁﬁzﬂ’ééf &nang e“%ﬁ%ﬂ/\ééﬁ@@? Qégﬁpnggaé?ﬁ vity

of all Gt?a%ﬁfen&@qrerﬂ@ﬁa&s@mﬁxd\ﬁ@glaadano@fmﬁhiomrtam@fm&ﬁptr@teﬁh&ae %b(sEntgu;re 5).

Tag DNA dg;rase S expecte shovxgl nlg correc%tJ ‘%&cf lﬁ) Wz] e Tgo DNA

Pol yrer é’a f PEntlar et asiBHRE fe X0 e ARG RIOTYYS U SF & ‘Ivﬁﬁcg  as

wel | . Th%aﬁxmwiixh irdiegéingdrAlebnitt yf PoRxortyhieprabiowaly otk PN wubstrite wevleftbase

m smat ch,. 100 tin ctiv The other m C - I I W th
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exonucl ease;phhhes/dfahp@mrpmrynerase m xtures in the PCR process The

fidelity of Afu exonuclease |11/ Taq DNA pol ymerase m xtures in the PCR

process was de- termined in an assay based on the anplification,
ci rcul arkE%aMPeR VAhd transformation of the

Mismatched primer correction in PCR with Afu exonuclease II1

The repair efficiency of the Afu exonuclease 111 / Tag polymerase mixture during PCR was tested
with 3° terminally mismatched primers, the principle of the assay is shown in Figure 4. For PCR
amplification sets of primers are used in which the forward primer has one or two nucleotides at
the 3 end which cannot base pair with the template DNA. Excision of the mismatched primer
end and amplification of the repaired primer generates a product which can subsequently be
cleaved with the restriction endonuclease BsiEl, whereas the product arising from the mis-

matched primer is resistant to cleavage.

The primer sequences used :

1. reverse: 5 - GGT TAT CGA AAT CAG CCA CAG CG - 3
(SEQID NO.: 3)

2. forward 1 (ga mIsmatch): 5 - TGG ATA CGT CTG AAC TGG TCA CGG TCA - 3
{SEQ ID NO.: 4)

3. forward 2 (g:t mismatch): 5'-TGG ATA CGT CTG AAC TGG TCA CGG TCT - 3'
(SEQ ID NO.: 5)

4. forward 3 (g:c mismatch): 5°- TGG ATA CGT CTG AAC TGG TCA CGG TCC - 3

(SEQID NO.: 6)
5. forward 4 (2 base mismatch): 5°- TGG ATA CGT CTG AAC TGG TCA CGG TAT - 3°
(SEQIDNO.: 7)



pUC19 derivate pUCI QL7, containing a functional lac |I' allele (Frey, B. and
Suppmann B. (1995) Biochem ca 2:34-35). PCR-derived mutations in |3 :ﬁ*N@mﬁ
resulting in a derepression of the expres- sion of |ac Za and subseque
formati on of a functional E-gal actosi dase enzynme which can be easily _
detected Oﬂ@ﬁﬂﬁg% i ndicator plates . The error rates of Taq gnerase | Af u
exonucl easé %4res determined with this |ac I-based PCR‘?”H@*@%?3assay
were determned in conmparison to Tag DNA pol ynerase and Expand H Fi PCR
System (Roche Mbl ecul ar Bi ochemi cal s) didd Pwo DNA pol ynerase (Roche

Mol ecul ar Bi ochem cal s) as controls. The plasm d pUCI QL7 was |inearized by
di gest i 8GRwWisltaiedl dut baing 215UmiaTag TR Bblyaerisé QTO@@RDl@ﬂﬁ&tlcfs %}E Q0. WM t h

S L L e D

have C a

5' - ACCTBATERMHEECATT IVOSEREAANTC] S of PATPEPDY mamg@md MY T
Primer 2: 5'- AAGCCGATGCCGGGAGCAGACAAGC- 3" The I ength of the

resul ti H&lﬂéﬁz% 6@63‘4 Of %Ngﬂ)@%LbBCRT‘WéPP@ﬂwdSH B@W]BWWBWM P&Rfwifathevol une
of 50 phlloitdh&ndigsgnce of 1.5 M M02, 50 nm Tris' '3Cl, pH 8.5 (250),
12.5 mM (NH4) 2S04, 35 nM KCl, 200 pNIdNTPs and 2.5 units of Tag polynerase
and 125 ng, 177% ng, é%@lﬂﬂ’ 375 ng and 500 ng, respectively of Afu

exonucl ease4d | k. The C)olse; ewudid iceye aerfias follows: 1 x denaturation of
tenpl ate fo 2_.mn. q% 95C denaturation at 95C for 10 sec. 8 x annealing
at 57C for 30 Zec. '&l'on didffon at 72C for 4 min. 16 x denaturation at 95C
for 10 %ke funmnneﬁthemomdé?ﬂd@olﬁﬁeﬁmmmé engadmmfedtb céRolk a4 2.4 Unita.  +

PEG pr ot b 2h B Penfed B Rlor FRE0XP R 1 IR ETE Pl o B PR Tt red
with d &USaJhdem(p’anﬁT”efdhgh)Flcb:garMES)g&lm silce(CHEcE.phgmroem:ds SmbHiN¢. 51284 RAADNA was
laln;:l h ﬂ'tea 1%3%:{1%; tugfe%s 1gest10n 01’1&1?%& pro uct.s ﬁ'?gggl Al\/t_)fjufgz%gsl g{%ngé]gacsp ﬁ&ﬂ cal's)
showed correcting activity of all described mismatches with an effectivity of 90 to 100 % (Figure
5). Tag DNA Polymerase as expected showed no correcting activity, while Tgo DNA Polymerase
with it’s 3"-5’exonuclease activity corrected completely as well. The Expand™ High Fidelity PCR
System showed only with the two base mismatch 100% correcting activity. The other mismatches

were repaired with an effectivity of approximately 50%.
EXAMPLE VIII
Fidelity of Afu exonuclease I11 /Tag DNA polymerase mixtures in the PCR process

The fidelity of Afut exonuclease il1/Tag DNA polymerase mixtures in the PCR process was de-
termined in an assay based on the amplification, circularisation and transformation of the
pUC19 derivate pUCIQ17, containing a functional lac 19 allele (Frey, B. and Suppmann B. (1995)
Biochemica 2:34-35). PCR-derived mutations in lac ] are resulting in a derepression of the expres-
sion of lac Zao. and subsequent formation of a functional 8-galactosidase enzyme which can be
easily detected on X-Gal indicator plates . The error rates of Tag polymerase /Afu exonuclease
mxtures determined with this lac I-based PCR fidelity assay were determined in comparison to
Tag DNA polymerase and Expand HiFi PCR System (Roche Molecular Biochemicals) and Pwo

DNA polymerase (Roche Molecular Biochemicals) as controls.

The plasmid pUCIQ17 was linearized by digestion with Drall to serve as a substrate for PCR

amplification with the enzymes tested.




ducts transformed in E.coli DH5a, plated on TN Anp X-Gal plates. The
a-conplenenting E.coli strain DHsa transfornmed wth the resulti ng pl ¢1§rmg 004
pUCI QL7 (3632 bp), shows white (lacl}) colonies on TN plates (1.5 % Bact
Tryptone % NaCl, 1.5 %Agar) containing arnpicillin (100 pglm) and

X- Gal (é%%l; égg\g Mitations result in blue colonies. LHMARB;dR84 WO
01/ 23583 9 Cﬁ’09423 20 After incubation overnight at 37C, blue and

white col oni es were counted. The error rate (f) per bp was calculated with
a rearranged equation as published by Reohavong and Thilly (Keohavong, P_
and Thilly, W (1989) PNAS USA 86:9253): f= -|nFl dxbbp where F is the
fraction of white colonies: F = white (lacl+) colonies |I total colony

number ; Lhenunben afe EAAURILGAS hoRsendd = output DNA | input DNA
and b |Bs"\)q"]}tl £ ??ectlve tareget si ze of t%e (%80bp) lac | gene, which is 349

bp according to Provost et al. (Provost et al. (1993) Mut. Res. 288:133).
The resg.ltjdg) wh in Figure 6A and Figure 6B denonstrate that the presence

of thernostable exonucl ease | i react | ixyre results in | ower
error riires. l: Pep&idert! QﬁﬁTﬁQC#QF#QT@E%ﬁﬁ%&%éﬁﬁ@gk% exonucl ease the error
rate is decreasing. The fidelity achieved with the nost opti- mal Taq

pol ynerase | Afro exonuclease IIl mxture (4,44 x 10-6) is in a simlar

range aEQHAND % t he Taql Pwo mi xture (Expand H Fi; 2,06 x 10'6).
Eval uatp:@feof: 5t- h@@MAMAbMG@GM@ﬁGG@@AGﬁNGACmfﬂﬁér i mprove the

fidelity. .The r t| 0 _bet 0 nd exonucl ease has to be optim zed.
H gh a f’%gLBfD BREGAUL itfnégdﬁs%}‘gmguce proggct yiel d, apparently decreasing
anpl i f i Tlat POR waf perforoiednio y ﬁ@ﬁ‘lalqhﬁmpfﬁo 10ingbe pessyrsadt hymd MECE ohimdd ToiF Taq
pol ymer | ETihi s

Vst om Ay PELES et Dot T by e SR R C At Mt OB eap A0 TAN 2y

al teri ngl rhgrabéﬁﬁcerzse@npmﬁgmm noomﬂ 1y i 5G0 hheregendehtaf difs oxpreiclerdqdll.

i ndi vi dual components or changing the cycle conditions. 1 5 MAR 2004 WO
01/ 23583 21 EXAMPLE I X: Incorporation of dUTP in the presence of Afu
exonucl EaseycleldondiivhngeGRIFICFS:EP00109423

1 x denaturation of template for 2 min. at 95°C

[ denaturation at 95°C for 10 sec.
8x annealing at 57°C for 30 sec.
elongation at 72°C for 4 min.
[ denaturation at 95°C for 10 sec.
16 annealing at 57°C for 30 sec.
elongation at 72°C for 4 min.

+ cycle elongation of 20 sec. for each cycle

L

After PCR, the PCR products were PEG-precipitated (Barnes, W. M. (1992) Gene 112:229) the
DNA restricted with Clal and purified by agarose gel electrophoresis. The isolated DNA was li-
aated using the Rapid DNA Ligation Kit (Roche Molecular Biochemicals) and the ligation pro-

ducts transformed in E.coli DH5a, plated on TN Amp X-Gal plates. The a-complementing E.coli
strain DH5c transformed with the resulting plasmid pUCIQ17 (3632 bp), shows white (lacI™)

colonies on TN plates (1.5 % Bacto Tryptone, 1 % NaCl, 1.5 % Agar) containing ampicillin (100
pg/ml) and X-Gal (0.004 % w/v). Mutations result in blue colonies.



The Afu exonucl ease /Taq pol ynerase m xture was tested for DNA synthesis
with TTP com pletely replaced by dUTP. Conparisation of either TTP or dUTP
i ncorporation was determinated in PCRusing 2.5 Units of Tagq DNA 15 MAR 2004
Pol ynmerase, in presence of 0.125 fig, 0.25 .ig, 0.375 }tg and 0.5 Vg of
Ar chaeogl obus§ilaggsdus exonucl ease 11 from exanpl e |V on natgymokssaan
genom ¢ DNA as tenplate using the fi-globin gene as target. The foll ow ng
prinmers were used: forward: 5 - TGG TT( AAT TCA TAT ATC TTA GAG GGA GGG C
- 3 (SEQID NO_: 10) reverse: 5 - TGI' GIC TGC AGA AAA CAT CAA GGG TCC
CAT A - 3 (SEQIDNO :11) PCR was perfornmed in 50 ill volume with the
fol | owi refte yrqubaligmely e pightat 21X04tue andpihite calorgawerergurted Theoror B deker 72C,
1 mn; 172G, f o P : ' rose
gel s, atapscalbuliadfl b BR el coblor B AEL bR e S A AR BREL S
in the presedodlyolV.dLIEP) PEASASSY #A:¥5W:th up to 375 ng of Afu exonucl ease
1L dUTP incorporation can further be proven by Uracil-DNA d ycosyl ase
treatment (ROCHE Di agnostics GrbH, No.1775367) of aliquotes fromthe PCR
reaction proddcteFf&kbI® nin at anbient tenperature and subsequent
i ncubation for 5 mn at 95C to cl eave the pol ynucl eotides at the apurinic
sites which | eads to conplete degradation of the fragnents. The anal ysis of
the readdtarohighefactan eiwhitpaclgeesgel el ectrophoresis is shown in Figure S.
EXAMPLE X: Effect of Afu exonuclease Il on PCR product |ength Taq
pol ymerase is able to synthesize PCR products up to 3 kb in length on
genoni ¢ t enplfat #dite (lgcl+g calopues htedcplepy BUPRE: capabi ity of the Taq
pol ymer ase/ Afu exonucl ease mi xture for the synthesis of |onger products,
t he enzzqre m xture alyzed on human genom c DNA as tenplate with 1: 5
MAR Z1 4 WS B , PE%(?@PB@MS 22 three pairs of priners designed to
anplifiy products of 9.3 kb, 12 kb and 15 kb I ength. The buffer syste- :s
used were from_th r (o) enpl ate PCR System ( Roche Mbl ecul ar
Bi ochem cal s%maquﬁp‘%ﬁ%égﬁgéﬁt)% bactions were perforned in 50 pl vol une
with 250 ng of human genom c DNA, 220 ng of each prinmer, 350 pM of dNTPs
and 2.5 it ' ; foohs ' he
ondi 11 08 S U8 PR IRE I ENRE) BeHrtl i ABPUCRAZE bl

al. {Provost et al. {1993} Mut. Res. 288:133).

The results shown in Figure 6A and Figure 6B demonstrate that the presence of thermostable
exonuclease Jil in the reaction mixure results in Jower error rates. Dependent on the ratio of
polymerase to exonuclease the error rate is decreasing. The fidelity achieved with the most opti-
mal Tag polymerase / Afu exonuclease III mixture (4,44 x 10°%) is in a similar range as that of the
Tagq/Pwo mixture (Expand HiFi; 2,06 x 10°%). Evaluation of the optimal buffer conditions will |
further improve the fidelity. The ratio between polymerase and exonuclease has to be optimized.
High amounts of exonuclease reduce product yield, apparently decreasing amplification eff-
ciency (Tag/Exo 1:10 corresponding to 2.5 units of Tag polymerase and 500 ng of Afu

exonuclease IIT).

The fidelity of this system may further be optimized using conventional skill in the arte.g. by
altering the buffer components, optimizing the concentration of the individual components or

changing the cycle conditions.




Product Pri mer sexpand Long Tenpl ate buffer PCR Programm | engthNo.: 9.3

kbf orward 711 x denat. at 94 C for 2 mn reverse 1410 x denat. at 94C fao

10 sec. annealing at 65C for 30 .~ elogation at 68C for 8 rr. 20 X déh”ﬁﬁzmt
at 94C for 10 sec. an healing at 65C for 30 sec elogation at 68C for 8 mn.

p'..-is c e ngation of 20 sec. per cycle 1 x el onga 0@BC for 7
n1n 12 k ?”Pﬁ%# 121 x denat. at 94 C for 2 mn reverse%g?gﬂﬂ&&%nat at

94C for 10 sec. annealing at 62C for 30 sec elogation at 68C for 12 mn. 20
x denat. at 94C for 10 sec. annealing2at 62C for 30 sec el ogation at 68C
for 12 rein. plus cycle elongation of 20 sec. per cycle 1 x elongation at
68C f OEXAMPDE IX:orward 13sane as for 12 kb reverse 2 Tht finer specific for
anplification of the tPA genes used: Primer 7a forward: 5 - GGA AGI ACA GCT
CAG AGT TCT GCA GCA CCC CTG C - 3" (SEQID NO. : 12) Primer 14a reverse: 5
' CAAIMP@amommmﬂP@gﬁfn@m@mme@eméurmg%@@ ID NO. : 13) Prinmer
1 forward: 5 '- CCT TCA CIG TCT 6, -'C TA A CTIC CIT CGI GIG TCC G 3" (SEQ
ID NO.: 14) Primer 2 reverse: 5 - ACT GIG CIT_CCT GAC Cg@hTGG CAG AAG CCC
CTT C The Afif SEQuLEedNITag fSymPriarpptige pestestedior BNA syghpst AGR €FC AAC TCT

AGA TG{)le%%e‘reCpTace@%dQTP. éompgﬁg%ﬁ 0¥ NG TREIr dUTP incorporation was

determinated in PCR using 2.5 Units of Tag DNA Polymerase, in presence of 0.125 pg, 0.25 pug,
0.375 pg and 0.5 pg of Archaeoglobus fulgidus exonuclease 1] from example IV on native human

genomic DNA as template using the f8-globin gene as target. The following primers were used:

forward: 5 . TGG TTG AAT TCA TAT ATC TTA GAG GGA GGG C -3
(SEQ ID NO.: 10)
reverse: 5 - TGT GTC TGC AGA AAA CAT CAA GGG TCCCATA - 3

(SEQ ID NO.: 11)
PCR was performed in 50 pl volume with the following cycle conditions:

1 x 94°C, 2 min;
40 x 94°C, 10 sec; 60°C, 30 sec; 72°C, 1 min;
1 x 72°C, 7 min;

Aliquots of the PCR reaction were separated on agarose gels. As shown in Figure 7 with this
remplate/pnmer system DNA synthesis in the presence of dUTP is passible with up to 375 ng of Afu
exonuclease ITI. dUTP incorporation can further be proven by Uracil-DNA Glycosylase treatment
(ROCHE Diagnostics GmbH, No.1775367) of aliquotes from the PCR reaction products for 30 min
at ambient temperature and subsequent incubation for 5 min at 95°C to cleave the polynucleotides
at the apurinic sites which leads to complete degradation of the fragments. The analysis of the

reaction products by agarose gel electrophoresis is shown in Figure 8.
EXAMPLE X:

Effect of Afu exonuclease 111 on PCR product length
Tag polymerase is able to synthesize PCR products up to 3 kb in length on genomic templates. In
order to estimate the capability of the Tag polymerase/Afu exonuclease mixture for the synthesis

of longer products, the enzyme mixture was analyzed on human genomic DNA as ternplate with




1 5 MAR 2004 WO 01/23583 23 PCT/ EPOQO 09423 As shown in Figure 9 it is

possi bl e to synthesize products of at least 15 kb in length with the! Td4R 2004
pol ynmer asel Afii exonucl ease m xture. Exanple Xl Thernostabl e Exonucl ease
[1l can be replaced by a polynerase mutant with reduced pol ynerase
activity bwmoéwossased 3' exonucl ease-activity DNA pol yner gseefdoei:s

Ther nococcuss aggregans (Tag) described from N ehaus F., Frey B. and
Antrani kian G in W97/35988 or Cene (1997) 204 (1-2), 153-8, with an am no
aci d exchange at position 385 in which tyrosine was replaced by asparagi ne
(Boehl ke, at .al . submitted faor upli cat;i on r.opean nt .appljcation
00105 1 E“feé)Pals’%? S S;?e%?%%%’ gl%p{ﬂﬁyepr SF%S@&E%&%FWEgﬁéfﬁ”g%gg@i’% Tt he
exonuc| eage~actddvwdry frofn thh Expirldd oty lemblidfe POR $yeedra sochd Mdecanz Piczhevag alsused

to denonstr the Lnvention s not_restricte exonucl ease 111-type
enzy s i hr ST 8k RELONERHE PR el % 0 B fnrB S 284 P B o o

exonucl d¥4, 2 nyoftepch Remet, BBhsMwe ARV Tjfe pfid 2. freits of B4 golymaradeand 626 tnlg 0200 ng

of huna i oo 400 1 P, . . each primer and Expand Hi Fi
buf fer irkr{gl%g&wgq?ea%t?é’aeccfj%'gllr}l{ég%g-gfng%n%ég%g%ocigﬁbng Tenpl ate buffer 1 for
reactions 5-8 (Figure 10). In order to anplify a 4.8 kb fragnent of the tPA
gene, prliakiei:t PA 7a forward (5' - GGA AGT ACA GCT CAG AGT TCT GCA GCA CCC CTG
c 3, - 12) and tPA 10a reverse (5' - GAT GCG AAA CTG AGG CTG GCT
GTA CTG Fregugt. |3PrimesQ ﬁ@mL.ongng@ﬁebqf@é in realERFnegramm 4. | n ¢rder
to anpl (HEE. 3 bt ragment —of M the Pl Rk PA 78 forvand and
t PA 14 révefse {gﬁgﬂ%@ AGT CAT GCG GOC  ATClEPFdsME sEA el Zm o0 | D
NO.: 13) were used IR féactions 5-8. 2.5 unifso¥ Vi ?}%Q@L‘g%gf’f&er,e added
to reactions 1,2,4,5,6,|and 8, not to reactions %@E\Qm Lt\WReC b Wer € used: as
negativie controlls. 11 ng of Tag pol ynmerase mit@Riden&al & SatURG 1D@ed €act 1l 0NsS
2,3, 6 jand 7, 1%0 ng of | Afu Exonucl ease |1 |weteliggdeéd’d forBéaeti ons 4 and
8. The cycle pragrans used for reactions 1-4;epgada@ 6¥FCGfend mio p(g4C, |10
sec 620, 30 sec |20 x68C{ 4 nin 94C, 10 sec 62C, gcgg§€engf90wh2%ffe@ef
1 x elongation at 68°C for 7 min.
12 kb forward 1 2 1 x denat.at 94 °C for 2 min
reverse 3 10 x denat. at 94°C for 10 sec.
annealing at 62°C for 30 sec
elogation at 68°C for 12 min.
20 x denat. at 94°C for 10 sec.
annealing at 62°C for 30 sec
elogation at 68°C for 12 min. plus
cycle elongation of 20 sec. per
cycle i
1 ¥ elongauon at68°Cfor7 - -
15 forward 1 3 same as for 12 kb
reverse 2 l
The  iner specific for amplification of the tPA genes used:

Primner7a  forward: 5° - GGA AGT ACA GCT CAG AGT TCT GCA GCACCCCTGC-¥
(SEQID NO.: 12)

Primer 14a

Primer1

Primer2

Primer3

TEVErse:

(SEQ ID NO.: 13)

forward:

(SEQ ID NO.: 14)

reverse.

(SEQ ID NO.: 15}

reverse:;

(SEQ ID NO.: 16)

5'-CAAAGT CATGCG GCCATCGTT CAGACACACC- ¥

5 CCTTCA CTGTCT GZCTAA CTCCIT CGTGTG TCCC- 3

5 - ACT GTG CTT CCT GAC CCA TGG CAGAAGCGCCTTC- ¥

5-CCTTCT AGA GTC AACTCT AGATGT GGACTT AGAG -3’




WO 01/23583 24 68C, 4 min, plus cycle elongation of 20 sec per cycle 1Ix
68C for 7 mn for reactions 5-8: 1 x 94C, 2 min, J O X 94C, 10 sec 65C,
sec 68C, 8 min 20 x 94C, 10 sec 65C, 30 sec 68C, 8 min, plus cycléh MR Zﬂ[la
el ongati on of 20 sec per cycle Ix 68C for 7 mn PCT/E, POQ 09423 The PCR

products 0?/2%%?' ysed on a | % agarose gel containg et higiuwaobosrs de
(Figure 1 e data show that Taq polynerase is able to anplify the 4.8

kb fragnent but with Iow yield. The cqgnbination of Tag pol ynmerase with Tag
pol ymerase nmutant or Afu Exo IIl results in a strong increase in product
yield. The Tag pol ynerase nutant enzynme by itself is not able to S)?nt hesi ze
this priedhoyn irSFighta? itismuhible twenehesibt prodees ff Atheashid K8 13 lpgthayith BT 4l ng

Taq pol is detectable. I n conbination with Tag
p%gem r§st%i %anv%? éI’:_@O ]

pol ynmerase mnutant or the expected PCR product is obtained in
high yield. These results show that Taq pol ynerase is not able to anplify

DNA fr Sxpf several kb from genomic DNA and support the hypothesis of
Bar nes %Ba nes W M (1994) Proc. Natl. Acad. Sci. USA, 91:2216-2220) that

the length limtation for PCR anpl.ifi atlo |scau by | ow .Gl y of
ext ensi brerapestebls Exppadesst I Wﬁ&?léﬁeﬁgﬁaé’f’ eé?'ﬁﬁtn& a5 ésfg&)uﬁ:gﬁ}é]&&& tgr

removal ,@lic} & iBbeARUCGhebnadedeatdidg at the priner end, Taq pol ynerase is
able to reassune DNA synthesis. The conpleted nucleic acid chain as a full
| engt h product can then serve as a tenplate for prinmer bindin

subsequBRA ilfh efise ol ’Ni%RnBﬂﬂéus‘d\QgBégaﬁﬁﬁgg) PEHiFEREQN Dighaupls, Ihgppqnél X| |

pert or naH 'r%rﬁhgar%m e A P R e e s
position 385 in which tyrosine was replaced by asparagine (Boehlke at al. submitted for
publication and European patent application 00105 155.6) shows only 6.4 % of the polymerase
activity but 205 % of the exonuclease activity of the wild type DNA polymerase. This enzyme was
used to demonstrate that the invention is not restricted to exonuclease I1I-type enzymes but also
includes other types of enzymes contributing 3” exonuclease activity.
Reactions were performed in 50 i volume with 200 ng of human genomic DNA, 200 pM dNTP,
220 ng of each primer and Expand HiFi buffer incl. Mg'™™ for reactions 1-4 or Expand Long
Template buffer 1 for reactions 5-8 (Figure 10). In order to amplify a 4.8 kb fragment of the tPA
gene, primer tPA 7a forward (5-GGA AGT ACA GCT CAG AGTTCT GCA GCA CCCCTG C-
3, SEQ ID NO.: 12) and tPA 10a reverse (5- GAT GCG AAA CTG AGG CTG GCT GTACTG
TCT C- 3°, SEQ ID NO.: 17) were used in reactions 1 — 4. In order to amplify a 9.3 kb fragment
of of the tPA gene, primer tPA 7a forward and tPA 14a reverse {5-CAA AGT CAT GCG GCC
ATC GTT CAG ACA CAC C-3", SEQ ID NO.: 13) were used in reactions 5-8. 2.5 units Taq
polymerase were added to reactions 1,2,4,5,6, and 8, not to reactions 3 and 7 which were used as
negative controls. 11 ng of Tag polymerase mutant were added to reactions 2,3, 6 and 7, 150 ng of

Afu Exonﬁclease 111 were added to reactions 4 and 8.

The cycle programs used for reactions 1-4:

1x 94°C, 2 min,
10x 94°C, 10 sec
62°C, 30 sec
68°C, 4 min
20x  94°C, 10 sec
62°C, 30 sec




ol i gonucl eotide in Expand H Fi PCR buffer with MgA 2 and i ncubated for O,

1, 2, 3, 4, and 5 hours at 65C. After addition of 10 fd of Proteinase K
solution (20 ng/mM) the sanples were incubated for 20 mn. at 37C ThdlAR 2004
reacti on products were anal ysed on a 3.5 % Agarose gel containing ethidium
brom de. The ¢1askst 1s depicted in figure 11. It showes that_the nucleic
acid has the sane size in all lanes. she product obt ai ned PSP EENPHeubat i on
for up to 5 hours (lane 6) with Afu Exo_IIl has the sane size as the
controls (lanes 1, 7 and 8). Neither a &tgnificant reduction in intensity
of the full length  oligonucleotide nor a snear deriving from degraded
product s canG%Egé5§§%PBHFYERQﬁp%@mXDEW)@Ewpaﬂkkon of Afu Exonucl ease ||
with a ther mggdahe@ Bid ype pol ynerase in prinmer degradating activity

Ther nost abl e B-type pol ynerases are reported to have single and doubl e
stranded nucl ease activity (Kong H et al. (1993) Journal Biol. Chem

268: 1965:rk84%bns FlH:s activity is able to degrade primer nolecul es
irrespective whether they are hybridized to the tenplate or single
stranded. The .eplacenent of a thernostable B-type pol ynerase by a

t her nostabl es¢X@mnuajrgase in the reaction mxture m ght be of advantage
wth respect %Q%égability of single stranded priner or other nuclei acids
present "Th tﬁ 'éaction mixture. In order to test for pri mer degrading
activity, reé&g¥d, s xtures without tenplate DNA were incubated for 1 hour
at 72C, then PINA qwas added and PCR was perforned. The results were

conpar ed mﬁtﬁ reéactions contai ning Tgo pol ynerase as an exanple for a

t her nos£@bl e >8G.yifeec pol ynerase (Angerer B. et al. WD 98114590). As contro
the sanme m XgrHesowere used without prior incubation. The results are .
summari zed in Table 2. 15 11AR 2004 WO 01/ 23583 PCT/ EPO0OL09423 26 Table 2:
pr ei ncubat i 0A%i 8gpiEt khus cyde elnegation ohe0 seddetdyela reacti on #enzynme (s)the
absenceipf pegsensge @Qfn of prinmer after tenpl ate DNAnucl eoti desprei ncubai on
| Tgoyesyes

The PCR products were analysed on a 1 % agarose gel containg ethidium bromide (Figure 10).
The data show that Taq polymerase is able to amplify the 4.8 kb fragment but with low yield. The
combination of Taq polymerase with Tag polymerase mutant or Afu Exo 11J results in a strong

increase in product yield. The Tag polymerase mutant enzyme by itself is not able to synthesize
this product.

Similar results were obtained with the 9.3 kb system. Using Taq polymerase alone no product is

detectable. In combination with Tag polymerase mutant or Afu Exo Il the expected PCR
product is obtained in high yield.

These results show that Taq polyrerase is not able to amplify DNA fragments of several kb from
genomic DNA and support the hypothesis of Barnes (Barnes W. M. {1994) Proc. Natl. Acad. Sci.

USA, 91:2216-2220) that the length limitation for PCR amplification is caused by low efficiency
of extension at the sites of incorporation of mismatched base pairs. After removal of the

mismatched nucleotide at the primer end, Taq polymerase is able to reassume DNA synthesis.

The completed nucleic acid chain as a full length product can then serve as a template for primer

binding in subsequent cycles.




2T oyeses 3T gono 4T gono 5T oyesno 6T goyesno 7T gono 8T gono 9T goesnoyes
10T oyesnoyes 1lTagyesyes 12Ta plus Afu Exo Illyesyes 13Tag plus Afwfﬁﬁg?mﬂﬁ
I 1lyesyes 14Tano 15Tag | usAfukxolllno 16Ta lus Afu Exo Il1Ino As target for
anplification a fragment of the p53 gene was chosen, the prinmer used were:

p531 5'- A AGC AAT GGA TGA T-3' (SEQ ID NO.: 18) a ]gg .- TGG AAA
CTT TCC A%%%k -3 (SEQ ID NO: 19). PCR reactions wepigejC ghg”o%?ﬂg‘éd in 50

pl vol une. Reactions nos. 1 - 10 contained 200 rig of human genorni c DNA,

40 prol e of each prinmer, 10 nM Tis-H@> pH 8.5, 17.5 nM (NH4)2SO4, 1.25 nM
MiCl 2, 0.5 % Tween, 2.5 o DMSO, 250 pglm BSA and 1 unit (reactions

nunber Exarm®le "] 7 and 9) or 1.5 units (reactions nunber 2, 4, 6, 8 and 10)
Tgo pol ynerase and 200 }i M dNTPs. Reactions nunber | 1 to 16 contained 2.5
uni t s Talg Eyolii nenasetivioaphndr Hingle shuided DALt h Mg+*, 40 pnol es of priner,
200.i M dNTPs, 100 ng human genom c DNA. Reactions nunber 12 and 15

cont ai 37, fy. [ et _cant ai ned 75
g of AGEs T Tr g c¥u bt FREpIORRAIBREIES R g™ P11 (o
13 wer eolignoedhentidd if Bxpandidifii PER trgier with M€l aab seambetedforOehgh tdeamNA. The

tenpl atye, PNG g4&s d@\ft’%@:\?ﬁgﬁf N80 P’f@t’%inﬁ%eﬁ{ Eo@%ionﬁ@@%é[ﬁﬂﬁhéanﬁﬂes wer@nd 10

wer e prelncubate absence of nucleotides, reactions 9 and 10 were

suppl ertegtbated foi 2hmiriat 37°6nZbe wactnndireducstwase mabiedenr ep-Sthésypi st ubat i on

step. Begaksiarehidils Romigxonucl ease activity of Taq pol ynerase, the
enzynme was adéed after preincubation to reactions | | to 13. 15 MAR 2004 WO
01! 23583 PCTI EPOQ 09423 27 PCR condi ti ons:

The result is depicted in figure 11. It showes that the nucleic acid has the same size in all lanes.
Jhe product obtained after incubation for up to 5 hours (Jane 6) with Afu Exo III has the same
size as the controls (lanes 1, 7 and 8). Neither a significant reduction in intensity of the full length

oligonucleotide nor a smear deriving from degraded products can be observed.

Example X111

Comparison of Afu Exonuclease I1I with a thermostable B-type polymerase in primer
degradating activity

Thermostable B-type polymerases are reported to have single and double stranded nuclease
activity (Kong H. et al. (1993) Journal Biol. Chem. 268:1965-1975). This activity is able to degrade
primer molecules irrespective whether they are hybridized to the template or single stranded. The
.eplacement of 2 thermostable B-type polymerase by a thermostable exonuclease in the reaction
mixture might be of advantage with respect to stability of single stranded primer or other nuclei

acids present in the reaction mixture.

In order to test for primer degrading activity, reaction mixtures without template DNA were
incubated for 1 hour at 72°C, then DNA was added and PCR was performed. The results were
compared with reactions containing Tgo polymerase as an example for a thermostable B-type

polymerase {Angerer B. et al. WO 98/14590). As control the same mixtures were used without

prior incubation. The results are summarized in Table 2.




I x94C, 2 mn 35 x94C, 10 sec 55C, 30 sec 72C, 4 mn | x72C for
reacti on products were anal ysed on an agarose gel
Figure 12).
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01/ 235 TgeSTI NG <110> Roche PPRagnostiics GrbH 1 <120> Thernmstiabl e
enzyme |pro ing itge fidelity of| thermdstable DNA pol ymerases - for
i nprovement %f niff@eic acid synthesisYsnd anplificafion in vitrigs
<130>5304/ O <14(F80<141> <160>2] <170¥sPat ent/l n_Vepo 2.1 A

11 Taq yes yes

12 Taq plus Afu Exo 111 yes yes

13 Taq phus Afu Exo 111 yes yes

14 Taq no

15 Tag plus Afu Exo 111 no

16 Taq plus Afu Exo 11 no

As target for amplification a fragment of the p53 gene was chosen, the primer used were: p53] 5-
GTC CCA AGC AAT GGA TGA T-3" (SEQ ID NO.: 18) and p5311 5°-TGG AAA CTT TCC ACT
TGA T-3" (SEQ ID NO.: 19). PCR reactions were performed in 50 pl volume.

Reactions nos. 1 - 10 contained 200 ng of human genomic DNA, 40 pmole of each primer, 10
mM Tis-HC, pH 8.5, 17.5 mM (NH4)2504, 1.25 mM MgCl,, 0.5 % Tween, 2.5 % DMS0O, 250
pg/ml BSA and 1 unit (reactions number 1, 3, 5, 7 and 9) or 1.5 units (reactions number 2, 4, 6, §
and 10) Tgo polymerase and 200 pM dNTPs.

Reactions number 11 to 16 contained 2.5 units Tag polymerase, Expand HiFi buffer with Mg™,
40 pmoles of primer, 200 uM dNTPs, 100 ng human genomic DNA. Reactions number 12 and 15
contained 37.5 ng of Afu Exo I, reactions number 13 and 16 contained 75 ng of Afu Exo 11

As described in table 2 reactions 1, 2, 5, 6 and 11 to 13 were incubated for 1 hour at 72°C in the
absence of template DNA. The template DNA was added before PCR was started. Reactions 5, 6,
9 and 10 were preincubated in the absence of nucleotides, reactions 9 and 10 were supplemented

with additional 40 pmoles of primer after the preincubation step. Because of the 5'- exonuclease

activity of Taq polymerase, the enzyme was added after preincubation to reactions 11 to 13.




<210> 1 <211> 31 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Priner PCTI EPOO 09423 <400> 1
gaaacgagga tccatgctca aaatcgccac ¢ 31 <210> 2 <211> 31 <212> DNA ZlgﬂRZML
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner

<400> 2 t g cagctacacg tcaaacacag ¢ 31 <210> 3 <3k
. 045212> DNA
<213> Arti |C|a Sequence <220> <223> Description of Arti??g?gr48equence:

Primer <400> 3 ggttatcgaa atcagccaca gcg <210> 4 <211> 27 <21
S . 2> DNA <213>
Artificial Sequence 23 15 MAR 7004 V\D%E)l/ 23583 2 PCT/ EP00109423 <220>

PCR conditions:
1x 54°C, 2 min

35x  94°C, 10 sec
55°C, 30 sec
72°C, 4 min

1x 72°C for 10 min

The reaction products were analysed on an agarose gel and stained with ethidium bromide

Figure 12).

When Tgo polymerase was incubated with the primer in the absence of template DNA (reactions
1,2,5 and 6) and compared with the corresponding reactions without preincubation (3,4,7 and 8)
a clear difference was observed. The preincubation results in strongly reduced PCR product
obviously affecting at least one essential component, most probably the PCR primer. Extra
addition of 40 pmoles of PCR primer (reactions 9 and 10) after the preincubation step results in
strong signals with intensities comparable to the control reaction which were not preincubated.
This shows that Tgo polymerase, a thermostable B-type polymerase, degrades PCR primer in the

absence of template no matter whether dNTPs are present or not.

The PCR products obtained with reactions 12 and 13, in which the primer were preincubated
w;th Afu Exonuclease I11 before addition of template DNA and Taq polymerase gave similar
bands as those obtained with reactions 15 and 16, in which no preincubation step was used.
From the similar strong band intensities it can be concluded that little or no degradation of
primer occured and that single stranded oligonucleotides are poor substrates for Afu

Exonuclease 1IL. From the strong band intensities or enhanced yields of PCR products it can be

concluded that the enzyme enhances fidelity of an amplification process.




<223> Description of Artificial Sequence: Prinmer <400> 4 tggatacgtc

t gaact ggt ¢ acggtca <210> 5 <211> 27 <212> DNA <213> Artificial Sequeh®aR 2004
<220> <223> Description of Artificial Sequence: Primer <400> 5 tggatacgtc

t gaact ggt®OMGHPBEt <210> 6 <211> 27 <232> DNA <213> Arti FICEVER00BMd3ence
<220> <223> Description of Artificial Sequence: Prinmer <400> 6 tggatacgtc
tgaactggtc acggtcc <210> 7 <211> 27 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Prinmer <400> 7 tggatacgtc

t gaact gelenas Gdlsatys210> B <211> 34 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Prinmer <400> B agcttatcga
tggcactiid> egggg@aatp=tgeg GmoH

<120> Thermostable enzyme promoting the fidelity of
thermostable DNA polymerases - for improvement of
nucleic acid synthesis and amplification in vitro

<130> 5304/CA/

<140>
<1l41>

<160> 21
<170> PatentIn Ver. 2.1

<210> 1

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 1 :
gaaacgagga tccatgctca aaatcgccac ¢ 31

<210> 2

<211l> 31

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Seguence: Primer

<400> 2
ttgttcactg cagctacacg tcaaacacag c 31

<210> 3

<211> 23

<212> DNA

<21i3> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 3
ggttatcgaa atcagccaca gcg 23

<210> 4

<21l1l> 27

<212> DNA

<213> Artificial Sequence




<210> 9 <211> 36 <212> DNA <213> Artificial Sequence 27 27 27 27 34 15
MAR 2004 WO 01/ 23583 3 PCT/ EP00/ 09423 <220> <223> Description of 15 MAR 2004
Artifici Se ce: Primer <400> 9 agcttatcga taagcggatg cc agcag acaagc
<210> 10%%%3§ 1 <212> DNA <213> Artif3 cial Sequence <22’O‘g]g/%2‘g’2“3223
Description of Artificial Sequence: Primer <400> 10 tggttgaatt catatatctt
agagggaggg ¢ <210> 11 <211> 31 <212> DNA <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: -Prinmer <400> 11 tgtgtctgca
gaaaacates-agggt cccat a <210> 12 <211> 34

<223> Description of Artificial Sequence: Primer

<400> 4
tggatacgtc tgaactggtec acggtca 27

<210> 5

<21l> 27

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 5
tggatacgt¢c tgaactggtc acggtet 27

<210> 6

<21i> 27

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 6
tggatacgtce tgaactggtc acggtcc 27

<210> 7

<211> 27

<212> DNA

<213> Artificial Sequence

<220
<223> Description of Artificial Sequence: Primer

<400> 7
tggatacgtc tgaactggtc acggtat 27

<2i0> 8

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 8
agcttatcga tggcactttt cggggaaatg tgeg 34

<210> 9

<211> 36

<212> DNA

<213> Artificial Seguence




<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Primer <400> 12 ggaagtacag ctcagagttc tgcagcaccc ctgc <2105 H&R 2004
<211> 31 _<212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial’OBgd®ce: Primer <400> 13 caaagtcatg cggccat cgt TEHERMAES ¢
<210> 14 <211> 34 <212> DNA <213> Artificial Sequence 36 31 31 34 31 15
MAR 1004 WD 01123583 4 PCTI EP00109423 <220> <223> Description of
Artificial Sequence: Prinmer <400> 14 ccttcactgt ctgcctaact ccttcgtgtg tccc
34 <210>» 5 <211> 34 <212> DNA <213> Artificial Sequence <220> <223>

Descri Qiiﬁ;n Dgécﬁrptchgxl! Cdfalqr%‘d%‘f%:eqﬁ’éri&@r Primer

<400> 9
agcttatcga taagcggatg ccgggagcag acaagce 36

<210> 10

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 10
tggttgaatt catatatectt agagggaggg ¢ 31

<210> 11

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 11
tgtgtctgca gaaaacatca agggtcccat a 31

<2190> 12

<211> 34

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 12
ggaagtacag ctcagagttc tgecagcacce ctgc 34

<210> 13

<211> 31

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 13
caaagtcatg cggccatcgt tcagacacac ¢ 31

<210> 14

<211> 34

<212> DNA

<213> Artificial Seguence




<400> 15 actgtgcttc ctgacccatg gcagaagcgc cttc 34 <210> 16 <211> 34 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial p
Sequence: Primer <400> 16 ccttctaaag tcaactctag atgtggactt agag 34 <2%§Q ﬂEL
<211> 31 WOMAISPNA <213> Artificial Sequence <220> <223> BEREPINIGMIIN Of
Artificial Sequence: Prinmer <400> 17 gatgcgaaac tgaggctggc tgtactgtct c 31
<210> I B <211> 19 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Primer <400> 18 gtcccaagca atggatgat 19
<210> 18,,.<211> 19 <212> DNA <213> Artificial Sequence WO 01/23583 5 <220>

<223> D.@zsac;bggapﬂ;tqfon%f f ¢k al; cPequengcs: . BLiper

<400> 14
ccttcactgt ctgcctaact cecttegtgtg tccc 34

<210> 15

<211> 34

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 15
actgtgcttc ctgacccatg gcagaagcge citce 34

<210> 16

<211> 34

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 16
ccttctagag tcaactctag atgtggactt agag 34

<210> 17

<211> 31

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence: Primer

<400> 17
gatgcgaaac tgaggctgge tgtactgtct c 31

<210> 18

<211> 19

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence: Primer

<400> 18
gtccraageca atggatgat 138

<210> 19

<211> 19

<212> DNA

<213> Artificial Sequence




.5 MAR 2004 PCTI EPO0/ 09423 <400> 19 tggaaacttt ccacttgat 19 <210> 20

- <211> 774 <212> DNA <213> Archaegl obus ful gi dus <220> <221> CDS <22 |
(1)..(774). <400> 20 atg ctc aaa atc gcc acc ttc aac gta aac tcc atc agg gé@
aga ctg 4 35383u Lys Ile Ala Thr Phe Asn Val Asn Ser || ePRTEPOMINAY a Leu

1 5 10 15 cac atc gtg att ccg tgg ctg aag gag aac aag cot gac att cta tgc
96 His Ile Val Ile Pro Trp Leu Lys G u Asn Lys Pro Asp Ile Leu Cys 20 25
30 atg cag gag acg aag gtt gag aac agg aag ttt cct gag gcc gat ttt 144 Met

Gn dusBhe Lys Val Gu Asn Arg Lys Phe Pro Gu Ala Asp Phe 35 40 45 cac
Coe alcohls bas:08e: Ml GO LAc, £03-900..80%:430. 902 200 aat 192 Hs Arg
Ile Ay Tyr H's Vgl Val Phe : © ¢ IgﬁgrArg Asn 50 55 60 gga gtg
gcc atxsmob tTc ctc gaa gag cct gag gat gtc agc ttc ggt 240 dy Vval Ala
[l e Al adsersatev GeactlgatPro A u Asp Val Ser Phe Ay 65 70 75 80316tc gat tca
gag ccg aag gac gag gac agg ctg ata agg gca aag ata 2BB Leu Asp Ser Qu
Pro Lys Asp Qu Asp Arg Leu Ile Arg Ala Lys Ile 85 90 95 get ggc ata gac
gtg att<add&e¢ &tc tac gtt cct cag gga ttc aaa att 336 Ala Gy Ile Asp Va
I'le As ;$% g@ Val Pro d@n Phe Lys Ile 100 105 110 gac agc gag aag tac
cagtaczf'g % C agg ctt tac 384 Asp Ser Qu Lys Tyr dn
Tyr nafﬁgoieufé%lc% Leu Tyr
<220>
<221> CDS
<222> (1) ..(774)
<400> 20
atg ctc aaa atc gcoc acc ttc aac gta aac tce atc agg agc aga ctg 48
Met Leu Lys Ile Ala Thr Phe Asn Val Asn Ser Ile Arg Ser Arg leu
1 5 10 15
cac atc gtg att ccg tgg ctg aag gag aac aag cct gac att cta tge 96
His Jle Val Ile Pro Trp Leu Lys Glu Asn Lys Pro Asp Ile Leu Cys
ttt 144
Phe
aat 192
Asn
ggt 240
Gly
80
ata 228
Ile
att 336
Ile
tac 384
Tyr
tgt 432
Cys
gac 480
Asp

160



Val
PRT

120 125 cat tac ctt caa aaa acc gtt gac ttc aga agc ttt get gtt tgg tgt
H's Tyr Leu @ n Lys Thr Val Asp Phe Arg Ser Phe Ala Val Trp Cys 1B zﬁ%‘*
140 gga gac atg aac gtt get cct gag cca atc gac gtt cac tcc cca gac 4
Asp WERORE¥PBYal Ala Pro Qu Pro Ile Asp Val H's Ser Pr@®Qeroi#®2i50 155
15 MAR 2004 WD 01/23583 6 PCTI EPOQ 09423 aag ctg aag aac cac gtc tgc
cac gag gat gcg aga agg gca tac 528 Lys Leu Lys Asn His Val Cys Phe
Gu Asp AIa Arg Arg Ala Tyr 165 1,70 175 aaa aaa ata ctc gaa ctc ggc

gtt tg ﬁ gg %Iqat%} atcat O_5L76g J@e(;s L Saglal e Leu Au LeuztBGIy Phe

L C ada* att®4ac acc ttc
gacy? ac a% ! 3gglac I %h g:s z lpff g% drA ggag STYF Thr Phe Tyr
Tyr Arg Val Lys y Al a 195 200 26 att gag cgg ggg ctg gga tgg agg gtt

JCEaAlfaCh€a §6% 3EE &GAg % €& Ghe NP Yaghere LaY: THR ArgreVal Asp

|| eyd ey sAr e b Bie 12106 )1@132 LIC@EepCEL g6€ rdgaL@dfaibaasgt g gac tge tac
gac atc aaa crgp agg 720 Pro Lets Ala Qu Arg Cyssval Asp Cys Tyr Ala
Ile Lys Pro Arg 225 230 235 240 ctg gca gaa aag cca tcc gac cac ctc cot
gt Ecgetacgbgo tdada gat tABBact dycAtar Gea tarms aPe gtSeraAgga Hiw Lekk4Pro Leu

Al Er¥/disnPRgy Ay 246 "‘250T12155’h%t v Age 7T AvalVaéZHm Gy Alep11> 258 <212>
<213> Arch&egl obus ful gi dus

att gag cgg ggg ctg gga tgg agg gtt gat gcc atc ctc gee acc cca 672
Ile Glu Arg Gly Leu Gly Trp Arg Val Asp Ala Ile Leu Ala Thr Pro
210 215 220

©cce cte gec gaa aga tgc gtg gac tgc tac gca gac atc aaa ccg agg 720
Pro Leu Ala Glu Arg Cys Val Asp Cys Tyr Ala Asp Ile Lys Pro Arg
225 230 235 240

ctg gca gaa aag cca tcc gac cac cte cct ctce gtt got gtg ttt cac 768
Leu Ala Glu Lys Pro Ser Asp His Leu Pro Leu Val Alaz Val Phe &sp
245 250 255

gtg tag 774
Val

<210> 21

<211> 258

<212> PRT

<213> Archaeglobus fulgidus

<400> 21
Met Leu Lys Ile Ala Thr Phe Asn Val Asn Ser Ile Arg Ser Arg Leu
1 5 10 15

#is Ile Val Ile Pro Trp Leu Lys Glu Asn Lys Pro Asp Ile Leu Cys
20 25 30

Met Gln Glu Thr Lys Val Glu Asn Arg Lys Phe Pro Glu Ala Asp Phe
35 40 45

His Axrg Ile Gly Tyr His Val Val Phe Ser Gly Ser Lys Gly Arg Asn
50 55 60

Gly Val Ala Ile Ala Ser Leu Glu Glu Pro Glu Asp Val Ser Phe Gly




<400> 21 Met Leu Lys Ile Ala Thr Phe Asn Val Asn Ser Ile Arg Ser Ara Leu,
1510 15 Hs Ile Vval Ile Pro Trp Leu Lys Qu Asn Lys Pro Asp Ile Lemﬁ@mmnm,
20 25 30 Mt G n Gu Thr Lys Val Gu Asn Arg Lys Phe Pro Gu Al a Asp Phe
35 40 45 wbe1/2358311e Ay Tyr H s Val Val 7Phe Ser Ay Ser Ly<TER00AI43ASN
50 55 60 Gy Val Ala lle Ala Ser Leu Qu'du Pro Qu Asp Val Ser Phe Ay
65 70 75 80 Leu Asp Ser Qu Pro Lys Asp Qu Asp Arg Leu Ile Arg Ala Lys Ile

85 90 95 Ala Ay Ile Asp Val
100 105 110 Asp a
115 12’(5151§§f 1 UNVARE 20654 TVD ¥

°Phe Arg Ser Phe
Al i - 1
LSOt B2 Ueafe il Bip it 45,150

Thr
Val

Lys
Lys
Pro
205
215
225
Asp

Ser

Val

Ile Leu Au Leu
AspyClreu Alng Bkg
lle Gu Arg Ay
220 Pro Leu Al a
230y235s 243 Ley
245 250 255189

Pro ARsn Glu Arg
195

Ile Glu Arg Gly

210

Pro Leu Ala Glu

225

Leu Ala Glu Lys

Il'e Asn Thr Tyr Val Pro An Ay Phe Lys Ile
ulys Tyr An Tyr Lys Leu dn Trp Leu Au Arg Leu Tyr
/‘%§§e4%ﬁcﬁ%/rE§ uI3 P TWF Leu A n Lys
a Val Trp Cys 30 135 140 Ay Asp Met Asn
195 160 Lys Leu
Arg Ala Tyr 1@

170 175 Lys
Gy Phe Val Asp Val Leu Arg Lys Ile Hs 180 185 190
diwr vibhreyBhenelywis Asip Ay rAagaMalarbysiaGryrAla 195 200
10 Ay Trp Arg VA0 Asp Ala Ile LetiAla Thr Pro 210
Gu Arg Cys Val Asp Cys Tyr Ala Asp Ile Lys Pro Arg

N%L@&Mygh@r‘{gégéﬁp Agh llfllusﬂ{%ﬂfglgr Lé4sval Al a Val Phe

Ile Tyr Thr Phe Tyr Asp Tyr
200

Leu Gly Trp Arg Val Asp Ala
215

Arg Cys Val Asp Cys Tyr Ala
230 235

Pro Ser Asp His Leu Pro Leu
250

245

Arg Val Lys Gly Rla

205

Ile Leu ARla Thr
220

Asp Ile Lys Pro

Val Ala Val Phe
255

Pro

Arg
240

Asp




Val J5 MAR2 4 -28 CLAIMS: 1 Conposition conprising,a first thernostable
enzynme exhi biting 3'-exonucl ease-activity but essentially no DNA 15 MAR 2004
pol yiterase activity obtainable from Archeogl obus ful gi dus and a second.
enzynme exhi biting DNA polynerase activity whereas the fidelity of an
anplification process is enhanced by the use of the conposition in
conparison to the use of the single secagrsd enzyne. 2. Conposition
according to claiml| whereas the second enzyne is 1|acking proofreading
activity. 3. Conposition according to claim1l or 2whereas the second enzyne
is Tag polynerase. 4. A nethod of preparing or anplifying DNA using a
conposition according to claim2 or 3 The nethod of claim4 whereas
premat ur efy at@fgm nated chains are trimed by degradation from3' to 5. 6.
The met hod according to one of the clainms 4 or 5 whereas nismatched ends of
either a pri- mer or the growing strand are renoved. 7, The met hod
aCCOfdinq_tQ:ﬁ&gogﬁgﬁE&mﬁh§55§ﬁ%tUQn§oMﬂﬂJ@ﬁ. d LIt g BeachnatledskPadtisity but

e r

present in acti mxfure, - a ' t [ £econd
wher eas UNG F&¥11éed PP gﬁ\% ﬁ’g’cféaqu %%W;m BERE BOAARCREAN L, (0gRIG aln Eeco

e _cont am nati hucl ei ¢.acids. 9,
The met hod ammmgib@t@gdwgwd)%ase?%%w R @ﬂ%ﬂ@ﬁzaﬁﬂ HBP‘;%?%“SP&’% R -
first ther nﬁSEﬁm&e&l&?yu”ﬁalsex)hilhicbmpgsiﬁjniexomp@lliwste-t]afcl!SiC\ﬂf the single second
essentially 09 .DNA pol yner ase activity obtainable from Archeogl obus
ful gidus and.” "a second enzyne exhi biting DNA pol ynerase activity produces
PCR products with lower error rates conpared to PCR Erﬂd cts pr?du ed by
the secoRd efgymesitirhppiording ONRTbIyFer ke eattd FRYC i EHEHO8 68 “Phe
first thernoactisitabl e enzynme exhi biting 3'-exonucl ease-activity but
essentially no DNA pol ynerise activity obtainable from Archecogl obus

Fulgi dus s 154802004 .2 29050 Ty TLOK: O o) ALER AL b T S L1 e o
%er grabl hl

said first t e enzyne ex iting 3 -exonucl ease- activity but

essentially no DNA polynerase actjvity and said secand en-.zyne Fxhbbiting
DNA pol et ab aoeibed of PP Bt BCRE DR OduBES GPRGHEas arcoT SREEH BB o

5. The method of cJairn 4 whereas prematurely terminated chains are trimmed by degradation

from3 to 5.

" 6.  The method according to cne of the claimis 4 or 5 whereas mismatched ends of either a pri-

mer or the growing strand areremoved.

7. The method according to cne of the claims 4 to'6 whereas dUTP instead of TTP is present in

the reaction mixture.

8. The method according to daim ‘7 whereas UNG is used for degradation of

contaminating nudeic acids.

9. The method according to one of the claims 4 to 8 whereas the mixture of a

- Tfirst thermostable enzyme exhibiting 3'-exonuclease-activity but essentially no DNA
' po]){fnerasc_activily’ oblainable from Archeoglobus fulgidus and

- asecond ehzymc exhibiting DNA polymerase activity

produces PCR products with lower error rates compared to PCR products produced by
the second enzyme exhibiting DNA pelymerase activity in absence of the first thermo-
stable enzyme exhibiting 3'-exonuclease-activity but essentially no DNA polymerase
activity obtainable from Archeoglobus fulgidus.




pared to PCR products produced by the second enzyne exhibiting DNA
pol ynerase acti- vity in absence of the first thernostable enzyne 15 MAR 200
exhi biting 3'-exonucl ease-activity but essentially no DNA pol ynerase
activity !'l. The nethod according to one of the clainms 4 to 10 whereas the
first thernostable enzyme exhibiting 3'-exonucl ease- activity but
essentially no DNA pol ynmerase activiiy.is related to the Exonucl ease |ID
derived fromE.coli, but is thernostable. 12. The nethod according to one
of the clainms 4 to 11 whereas PCR products with blunt ends are obtai ned.
13. A nethod for anplifying DNA using a thernostable enzyme exhibiting
3' -exonucl ease- activity but essentially no DNA pol ynerase activity and
obt ai nabl e from Archeogl obus fuul gi dus which enzyne is not or only to a
negligible extend active on linear single stranded DNA
10. The method of claim 9 in which the mixture of said first thermostable enzyme exhibitng
3'-exonuclease-activity but essentially no DNA polymerase activity and said secqnd en-
zyme exhibiting DNA polymerase activity produces PCR products of greater Jength com_-
pared to PCR products produced by the second enzyme exhibiting DNA polymerase acli-
vity in absence of the first thermostable enzyme exhibiting 3'-exonuclease-activity but

essentially no DNA polymerase activity

11. The method according to one of the claims 4 to 10 whereas the first thermostable enzyme
exhibiting 3'-exonudlease-activity but essentially no DNA polymerase activity is related to
the Exonuclease 111 derived from E.coli, but is thermostable.

12. The method according tc one of the claims4 to 11 whereas PCR products with blunt ends
are obtained.

13. A method for amplifying DNA using a thermostable enzyme exhibiting 3'-exonuclease-
activity but essentially nc DNA polymerase activity and obtainable from Archeoglobus .
fuulgidus which enzyme is not or only to a negligible extend active on linear single
stranded DNA.




