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Provi si onal Patent Applicati m . 60/ 250, 435, filed Decenber 1,
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*@00002* The L ‘
di fferences u : [ e f&: : ek E&#{ Batl on
reacti ons. 15 BACKGROUINDOFTI NPT ON T ¢ uence

Variation 20 There is a great need in both baS| c and clinical research to
i dentify_DNA sequence. variations . .wt ienc nd a The
current fechni ques f Tmﬁlﬂq E?t?%nclﬂfnsg’ﬁﬂ?ﬁ\?aﬁ%f%‘ﬂs‘%a-f?ﬁiﬁtgmdgm%&f\{‘l nto two
groups: 1) SaﬁﬂNd.GW2@(ﬁ436nﬁWdDB¢bmbexonszoom pol ynor phi sns and 2) det ection
of unknown nut ati ons hi sns so referred t tati
scanning). A variety '81? & é{cmv 10540 %’WB‘U?S %PB%FP%&&E% R or

det ecting khstitutesiof HenltinandenGr4no NpatRORCANGS9a0 and Rol-mdesmszhmhques such as
direct DNA ng1 aI | eI EasPES) fic..oligonucl eotide hybridizati on

allel e- spec?J]‘Jal 5’% array an&%ﬂ% There are a i et

techni qd@s for detecting unknovvn mut ati ons, but their seﬁm&mmmj@ lmﬂw
accuracy vary greatly. 30 Corﬁ%mf ?ﬁ% ghput

| dentify Unknown Mutations in Inica anpl es. | dent| fyi ng umborawn
mutations in clinical sanples presents simlar 35 difficulties as screening

for known nutations, Wehtﬁ%n’iﬁﬁ@el&@h’?dde@& heddit 984 differdhcBdIt at i on
present in a tunor sarrple may represent as |i e as 15%of the DNA WO

02/ 44335 2“&*—*@#@5@%@?2‘%&% ?Slrea‘ﬁsaf‘n iog FRaciPSst 1 ol
contam ngtion. Therefore, screens for unknown rmut at i ons require high

sensitivity in order to |§§% &@1 Si nce nost cancer
genes contain nultiple ex *@ﬁﬁ% f’g@ﬁ%@ en for commonly

mut at ed genes (e g PTEN), nobst assay results of a single exon will be
. negati ve. y %oggu&gvaslam)(j es together, the probability of
finding a S|gn| |can ron 1na given assay increases. In order to

| nor easgotne 0apacttyafke 8 SVELERRA ARk RS BERLA SeckBf od BERY AU TSI

have a enough sensi to tolerate nut'ati on tion which
resul ts frofPMNpostauerpe vm:rttonemthﬂwesh qﬁﬁelsmmdgeqw%ahngmwmquqme ability
to pool sarrmre%tegﬁ@@&és\icﬂ maey@aﬁmmwmmtgreépsemade%ﬁwgf&Qwhar ge

nunbers of sanples in nmultiple exons. Qxher significant conplications

associ at ed W“Pr'img%?"e@h"ﬂﬂp\“ﬁ‘?“s etk PAAieCtiom ekynkaOY R IUAenS P t he need to: (i)
| dentify ei ph@fno{rﬁwms&hfamnaemﬁxamﬁsmnaﬁ:gns,evmtabfeﬂﬂ&nvand (| i)

The | o es TEDRs B oL fyRrae i apleCRialglE mfons Bt FilbalRisbipeds

poI ym)r phi sirsheleiteschnigp suthadleb yDACsEquancing zﬂl@la-specllﬁe ohgmrmnlegedaorre Wang,

Cenel | o5, ab&?‘éﬂ?%?@%‘@%%ﬁfﬁ%ﬁﬁ% e

(1998), Ni ckétechniquenforaletecting wknownmutationstbut theif synsitiyy 40d cce88Yy varpiandi ng,
R M, et abr gém J. Hum Genet.. 60(4):772- 89 (1997) Taillon-MIler, P.
et aI., Genome Res., 8(7): 248-54 (1998), Halushka, M K., 20 et al., Nat .
Genet . .392(3): 239-47 (1999), and Cargill, M, et al., Nat. Genet.,

22( 3) : 231- 3€opiff®Bpn ofSHEL-Bhidughput Tédbiquep 8¢ Renkify UaRaowi MiiteGbrsig

pol ynor phi s finidab8ampks.gni fi cantly i ncrease the efficiency in identifying
informative nmutations. Unfortunately, present nethods of identifying
additional low fr equememfphgahjom%&mwaﬁoﬁdmlahﬁaél sSplieh fnt'eﬁéﬂf&@nﬁﬁe
restricég dgffi\ge” a g; % ?a%ﬁrretho to date ck. either the
accurac g P?srﬁsﬁ W 1OF FROVERAS P f‘i/w? HEMEPOLP ‘Wﬂp PR hni que.
As a resul t Ahinatien pmsmnmwrtgmnt sangdeimbp repeesatan littlegis M8vadfdhe DNA. t he
potential to identify precise nutations and with the sensitivity to analyze
tunors or germine DNA in pool ed sanples. 30 Direct Sequencing and

Vari ation Detection Arrays. A variety of nethods have been devel oped to
scan for unknown nutations. Direct sequencing represents an ideal in that
it can detect any nutation WO 02/ 44335 PCT/ USOL/ 44922 -S and its

posi tion, although high throughput is costly. Gyllensten, U B. et al.,
Proc.




Natl. Acad. Sci. USA. 85(20): 7652-56 (1988), Hultman, T., et al., Nucleic
Acids Res., 17(13):4937-46 (1989), Phear, G A et al., Mthods M. Biol..
31:247-56 (1994), Rao, V. B., Anal. Biochem, 216(1):1-14 (1994), Kovach,
J. S, et al., J. Natl. 5 Cancer Inst., 83(14):1004-9 (1991). This method
has | ow samev44835i ty whi ch prevents an accurate anal ysi spof/upasldeed sanpl es,
and, in regard to solid tunor sanples, the technique is vulnerable to
stromal contam nation. In blinded studipes, direct sequencing was unable to
identify 20% of K-ras nutations in mcrodissected tunor sanples. This

nunber i s CcQRALRE eHithgbit RS Etrérhal RbRBmirativhl 'Pﬁbr@fﬁr@ Eﬁreéﬁé%rwns 10 in

| ung tunor san‘gles were not identjfied. Ahrendt, S., et al., Proc. Natl.

Acad. Sci. wutiowsgequirshighvsensiguidy in opglerio idspfrdow abundancaReucarmSinees was
perforned Opobttasr §HEE cduislfl niuMiFIE efcHIWHEch miy beSalfeRddS el SIS I ue rose
to 32% Ahrendt, S., et al., Proc. Nad. Acad.. Sci. USA  96:7382-87 (1999).
These r esul mutatedimenesi(cgnBIENnost sspayaresidte of 9 singlessenwilbbereeniiven direct
sequenci 1 ABWetdd rﬁmm@mssr@gah&hﬁe giobhibifity df¥in@ing highitcap@t i ng this

approach. If a sag&e is known to have a nutation in a sgemflc area, then
repeat ed at PERHER It B1Yen 3553Y BEGRREH N RIIL IR BiCEPaBRihie SIRECHYLOF ARSFER PY ¢ he
mut at i on angodling sﬁﬁﬂbi, Ithbﬁechﬁhﬁxé@it&fEavedlhﬁgpdnoﬁgﬂsbﬁﬁﬁhmtorf&&rafﬂﬁﬂhﬁtl lity as

a second ste t he ct b ed in a regi on

previ ousl y fn?ﬂea}??? % a s tgl’ﬁ'?)eﬂ gﬁ det ecti on
arrays ( VDA)nutasens tlaraﬂﬂxtyitomdm sauh;ﬂatgrenﬂlynmprowas mamomghpamfmvﬂaxtijg sequence
bl ocks g scanni ng capacity levels, this
approacw]haisa¥ one c é)rfgl% s%ll%ls [imts its utility. VDA is unable to
detect all nutations Qﬂh@k&mﬁmtmmﬁcamomaswmddwth wrmg@nmgndmmshl ft
mut ati ons, LHRARIS abdtnd HEaBRCALT l%é? i GBS or Shissefife 1 -
eI e USA, 9b bty e Jor Fisse

Nat ur e Geneﬁut?§°n514‘éd4§“)d@MM#“P@%@?muPPPMOIE%F@Me&W aﬂfvné)ys aI so fall to

det ect sllpaa RhisHRN GRS e8Pk o BrehCRBRican B VERMESit isARBAthat. C. et al .
Hum I\/Uig y%g 1?22- 79 1994 ] h f al sg B]atﬁl |ve rates 8& 11-21% have
been obd2r vEe mg SRSt pigly °F<v°ry‘? uRgH 8BEMEr WangP3) - 039- 47
(1999). OneGqenaeornae 280(5366)2077-BY DI9os)), L W OoH., tstle; Mﬁzam:mmt for

por 1 ect mat hCRCR. PRt~ CpsRe o S hed Y kit LG F alidlS o

present in Gendtak(3)23aA0MPIR), Harding, B Me evald Any. IsHnmc Gemep., 6411512289 v

energetlcal Q0 P Uﬁgglgzﬂ spect to
fragmnt/arkayw&%ﬁé@% I ons, ﬁ%ﬁ)ﬁs&e&t ?ragrren‘fkgéé thmé&'twﬁﬁerfect
mat ch c@dpl etradnNatafendie 22(3): a@}9ﬁ7t(h99ﬂ),gnéﬂatﬂlhdvmgtdf,ﬂ_mgg&tbhan the true
perfect mat Qﬁ‘(sf S PLIRNo99) e #ratink out Hﬁtdﬂfaﬁe&%nl%ﬁd ﬁérést%&ﬁ)ﬁﬂlﬁﬂ&ghﬁms 21:42-47

(1999). Such illegitimat'e hybridi zations _vvouj produce e positive
si gnal . Di r shopldsignificantly incrqagg thge ¥ Aot Rpg iHprRptive RSB ent s t o
sequences OUnfdiRnaelypresfedsmethodoolidérntidying aahlﬁdnambvt frequényiminthticaseous| y

assayi ng se nge tracts with Ioca |ze |on and A+T
content . g’llL!tg °als ?’éce@é?‘lre g‘ﬁtﬂ ?rle é‘?“i?&?t}‘ ?ﬁb’%f Certain
mut at i 028 wiach mthdr ﬂmcmacactcsdimuaatg nrtrrmsaisttiv;tydrebe socfficitttdechniqand t hus

| ead to fal dat Cl eavage
Enzynes, %‘%ﬁr ot e’itlﬁg rli%ng%?%%ﬁw%gsa g a%%% é%)%ﬁgl sth%/lﬁgtgﬁ%?g) w dely used
to detect u idenidfnprevigeanitaions a6d wéhmmnmmg phalyzegnjotser geroding DA DNA
based on thﬁilg ofdfshfplefd el ectrophoretic mgration behavior. These nethods
i ncl ude single-stranded conformational polynorphism (SSCP) (Suzuki, Y., et
al., Onco ene. 5(7):1037-43 (1990), Makino, R, et al., PCR Methods Aunl..
2(1):10343 (1992), Hay#ed SeqlbncinPbht Mok RADMRDn Arlyd:) - 34-38 (1991), Korn,
S. et al., J. dip. Pathol., 46(7):621-23 (1993)), denaturing 20 gradient
gel el ectrophoresis (Aigty oFbihodshave BtendeveloPpbith 8bdh DEinknowasear ch,

25(15): 3102 9 1997 Fodde 3 83-94 (1994)

Gul dber g, o . uﬁﬁqgf%c%e%seﬁgfn ly?g]l‘“s'%'/u tggf?néjlete’%%’gﬂ Uati§nianpaa, M
et al., Hum Mol . Genet 2(6):639-44 (1993), Ri danpaa, M, et al., Mitat.
Res.. 334(3): 357-64 (1995))) constant denaturing capillary el ectrophoresis
(CDCE) (Chen, J. et al., Environ. Health 25 Perspect, 3:227-29 (1994),
Khrapko, K., et al., Nucleic Acids Res.. 22(3):364-69 (1994)), dideoxy
fingerprinting (ddF) (Sarkar, G, et al., Genomcs, 13:441-43 (1992)), and
restriction endonucl ease fingerprinting (REF) (Liu, Q et al.,

Bi ot echni gnes. 18(3):470-77 (1995)). A simlar approach, denaturing

hi ghper formance |iquid chromat ography (DHPLC), al so resol ves honodupl ex
tcom 30 het erodupl ex DNA but is based on separation by ion-pair reverse
phase I|qU|d chronatography on aIkyIated nonporous (styrene d|V|nbeenzene)
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not | ocate the position of the nutation, they are | ess conpatible with
foll ow up techni ques such as direct sequencing. A sophisticated approach
for detecting frane-shifts or term nation codons in the APC gene uses a
coupled transcription translation assay referred to as 10 the protein
truncati Qi daagdas Powell, S. M, et al., Nature. 359(639%Q0¥/dstrrads2(1992);
Powell, S. M, et al., N Engl J. Med 329:1982-87 (1993), Redston, M S.,
et al., Gastroenterol oay. 108(2): 383- 923(1995) Petersen, G M, et al.,
Hum Genet.. 91(4):307-11 (1993), Su, L K., et al., Cancer Res.
53(12):2728-3 15 hi urrent ach for
findi ng nut alf%l(gs( S\%ﬂ‘)l"tﬁgoﬁl hlgtfﬁ“ u” c%flﬁ SE%ﬁ [eeflggsﬁ e%ﬁa’r'ge—g
however, itNd S(Zﬂ)s%as‘iﬁ (ﬂﬁB%tHuMmﬂ,poﬂyMA@_

Ay G @xﬁ%ﬁdﬁ?ﬁ’hgﬁpﬁexe o GUEE ol BB 20755 Qa%e

(Wnter E. (1994 RaoN&tB., Ared aBioctBmi., 21661:1-82(189%), Kovdrh/D S(, £085)1, N&kr ucho,

230( 47353 15988 e pagded Yol YRS Iy ectihlip hafprens® Vo

chemical m mmoomt@mawagépﬁcﬂmgm(]w amh;n lﬁgard;:to galid tenoxeslampleﬁ‘,rtbc Nat | .

Acad. Sci . y ,T’IU%? Sldiat . Sensitive and
Fast Mitati on tect%lﬁ%nmg@ )ﬁﬂase em ceﬂ Hdeava% dnpecltn PCR Priner: A
Laboratory AgayeRging was wblat%xd@#!faéﬁ‘yaw@s 1utafiprs|is migrodisepted fumor Co| d

Spring Har bgm CF?\I@JJGI‘lﬁJ ﬂﬁﬁ‘oer P rc@ﬁs'isteﬂ\t'%‘i‘thY&ﬁ& stidlies &/ Whidh 24% dfb99 Mutatfors i S, |-
L, et al Met hods 3(5):2 8 71 (1994)) T4 Endonucl ease VII or

Mitt cl é%vag’bl“('&ali‘?qf Smwle%‘f’ef&fmt ideptified. ehrendt, & efal., Ezoc. Nath Acadolaly - 7.9
(199:3) éu u%, B6: ﬂsszﬁs'latmssgcanmnruaz tcﬁﬂﬁédl uén?:é &)a:l)?s?slw_ e fORE&) on <R3 unt aI o
et a , a t ho VI e ecent , a
| ant bndonliepises Tupipuinor Spiés” 5% fhibe HOgRITE VilpeRost 2% ARG Sage Wi | ha
been descri ble,d)roﬂb&ﬂkmmll &1 BSAQ)G 7882-&1 (1&99) Thkselresults Axflectthédimits of

26(20): 4597-60 1 98 m. ar Vi u and

works at nefTY r5%1 tﬁﬁfso%l ¢ eav ‘gtese%ufel':%’in%ncy ana %ex"ol‘(’s r%uﬁ'ﬁ varlhss]faccor di ng

to the b srramtotmaangithssmmomh: Herspinpleds knawr toddye amdtahun ithespecifig@d@?/ 4433S

PCT/ US01/ 44 SR 1€ regi ons)
dear eep%a Theé%%s bt %E%Jc&g%ﬁ@h@%@ ?oxﬁenﬂfgppr Oaﬂaﬁ&h

is still requir t accept m smat ch cl eavage es identify
t he approxi fid Bs prsition; Eheféfmﬁbﬁﬁe‘ﬁé?%?ﬂiﬂpap@vfﬁw;ﬁw asecodgiontel ease Vil
or Mitt to gdegd F&Qh@eﬁ%ﬂﬁa&@dﬁﬁ%@&n@f eﬁefég&hﬁaﬂo‘ﬁwlasﬂyﬂ@hwc&ﬂaﬁh agte at a
m smat ch. Youi | , roc Acid. Sci. USA, 92(1):87-91
(199S), Xu, mjitatien. ot a| | Carci no- eneS| s, 17(2):321-26 (1996), Gunta, C.,

et al.,20 a~n. Mol . Puiduion detSftibn a26$s J\Q)Aiﬂ&&)andihagmmyﬁati c cl eavage
approaches identify the r oxi mat sition of St . hi sirs

onever |t NSO 8o PR iR RePRrin e Bt Bietni e Fah SEaeR%: ound

noi se. Thi S cépagity lezelk,ghis apralodch hds sange ¢hamcterxs11withatmmmsmehw WDRAir espect to
solid tunor %f?%ﬁ%].g rcom ng the
above defi &&ﬁé’?ﬁ%@%@%ﬁ%@%ﬁ ?Mlﬂ%‘? \g?aspect of

t he present muiafionsiferrexpmplgiin BeBRCAD and pid geoes. fAdrendydhnd ot alyi Brge. Nathit ant

nucl ei coCi Qcaﬁ%ﬁm,@sfyéﬁ-amgbm meiapf G 81, NG SRR, 488,
inserti ons, del etl ons, from a nornal tar ?ﬂcfﬂ nucl eot i de seqguences. Thi s

net hod i nvof‘@éls”B? - RTiPs gxtepsion arays also dailtordetrct ippgeed Hi%ﬂ‘i‘%?f“@ﬁe nor mal

targ_e'a nucl e ?%e?@agq&egg@naﬁ,w:etﬂs }gﬁe Mmhgm@)nmml(wmj egce (2)
provi di ng two abe ucl ept i i zation
on conpl erreﬁ?s&?‘V?fefﬁhﬁlszﬁﬁ" ef’éf’ ‘?eefv o%%«ﬁé‘é%‘%@rﬁ rrut ant

nucl ei ¢ aci dieﬁetgae(st)e39-ahd999})) qzxremonehqn@oa of Girgonybrikidzation that mag pol yneri se
chain regct Lon, %t #r\gsemacc RALNIE Ll vofes B 42 m%%%tokgé‘comﬁé%%@cﬁhs Aubj ect ed
to one OF nore e Chai N reactlonccﬁegs conprrsin Bri*di zati on
t r eat nent \Nherrf@t matogmmqndmap R$SHEIES s2®ndaw shrydiviedhat és naod presenttimr get

nucl eoti de xt ensi on

t r eat ment $§?&eb tﬁﬁgmﬁﬁ o||gonuc éof?:u%"aﬁglrcﬁe r ?gygl%a‘é elg to form
an extensi on product conplenentary to the target nucl eoti de sequence and/ or
the nutant nucleic acid sequence to which the oligonucleotide priner is
hybri di zed, and a denaturation treatnent where hybridi zed nucleic acid
sequences 30 are separated. After the polynerise is inactivated, the

pol yneri se chain reaction extension products are denatured and the

pol ymeri se chain reaction extension products are annealed to form

het er odupl exed products potentially containing the WO 021 44335

PCT/ USOL/ 44922 7 _ nornmal target nucleotide sequence and the nutant nucleic
aci d sequence. An endonucl ease, which preferentially nicks or cleaves
heteroduplexed DNA at a Iocatlon one base avay fron1nlsnatched base pairs,

T . oy M L




pairs. Aligase and the potentially nicked or cleaved heterodupl exed
products are blended to forma |igase resealing reaction m xture. The

| i gase resealing reaction mxture is incubated to seal the nicked

het er odupl exed products at perfectly matched 10 base pairs but with
subst ant wal d2u4339 reseal i ng of nicked heterodupl exed proRIRUSPI/A4922 ocat i ons
adj acent to m smatched base pairs. The products resulting fromincubating
the |igase resealing reaction m xture_gr.e separated by size or

el ectrophoretic nobility, and the presence of the normal target nucleotide

sequence angich A3p&Bd AR, & h@hChydsiila SGEUBH ¢ Ridnf fdghedl il are
detected in the sanple by distinguishing the separat oduct s

ted 1 r
resul ting fPoHct melghserpigmenon thearey W@B@éh?rr‘i’&‘dﬁ%@fj{ﬁ%mﬁi’ﬁieﬁ?’é. Anot her
aspect of thefepfAaeR Faim¥eNHabia, ¥, 946 Gehticd (SRiph@sknbOp1:42l@ntidoyy.ng a
mut ant nuclei ¢ sequence differing by one or nore single-base changes,
i nserti ons, St ifegamnpis hybrdizations Woplhprodugs yElsepositive 8isuali Peglquence. In
thi s nmetyodnytRidsatdn &f mekes-tcttdiying PORAdpiegtstid Seqitricaibn HéGh@y BasaBé d

sequence but not ssar i, he 20 normal target nucleic acid sequence, a
st andar d co?ﬂ%‘%?ﬂﬁgfﬁgy Rbfimyftanegpsie psspyRg %qu‘e‘%ﬁit’&"@ @ﬁ@éﬂ‘?@?eqr\ﬁ%mﬁ‘ bel ed
O!ci gﬁnucl eobf kbgh mlgh @@mﬁdl,li{'ﬂbdnﬁeni.OHadial,gl’,M&?@Mi@@;@@gﬁ_fﬁ]l t‘gr-y S]E rands
of the muta Lc,_acid sequepce, a ol.ynera re nded to forma
st pol yrat (1995, R alimtafoit v wastifeck eBS R G Bripuf £Ra

reacti on m addshes lesd ®ufblse aegative gignabne or nore pol yneri se chain reaction
cycl es Wf)‘i ch 25 includes a hybridization treatnent, where the | abel ed

ol i gonucl eotide priners can hybridize to the nutant nucleic acid sequence,
an extensi on treat men@el-Rysed dssavre MismtehaCleavge \Engarescinddirotir primer is

extended to-form an eRvaeaiondsigydduct conpl enentary to the nutant nucleic
acid sequence to which the oli onucleptideﬂgriner is hybridized, and a

denat ur ati on tr eat nerPtheyipehedsihidarayidely usediodetechinkgonp mutioBhces are
separ at gsl. JdaslvoRbiSRIpleknt BelehbABpleNDMA Vb mzﬂaimrug&-hec&aﬁwcn ucleic

acid sequence, th ahel ol i gonucl eotide priners, and the polynerise are
bl ended to Wﬁti“’(i‘et? EB%%W&&P‘S%‘“@H% ?Pglg'é'ﬁaﬂdﬁ‘ic omignal The” second
po![ygeii se polyiofpBisAE3EP) (SuzbGTY LSO/, OhSakene, [5¢7)i 08B-AS(1990), Making,e | S subj
ected to ong Q nefise r i-on e i si a

ybr i i zat | Bn o o EoRMEmbi Apd 2 PR afDaihits BCRMBhoB AR can

hybri di ze t &(1):34-38¢19%4), Kam,gb et aly ¢ @lirg Paihold 4660162028 (1203))edenatusingn

treat oo phare: tercpyRibALE PR BARNOK 20t 0R,AGL TES s ended to form
an extensi ol product onplenentary to the no eic acid
sequence t 02§ 0RR(1897) 1 Rt plodlumm.Mutat. 302 ¥8394 GP28d GuldhersaP-
denat ur at i og 1. RaéieRKoidMER! Qz{}l)(:béd-dl (1@94)3!@&&1:%%%9315%@%3.5 are
separated. The polynerise 1s then deactivated. The firsi_and second
pol yneri se Qﬁ%?vhnzgééé?%ﬁw@ﬂ’&%ﬁ"%oﬂ 1 Mutat. Rese 3303 do7-9h 6L PhRn
anneal ed t océmtant debhfFiag usikate elepsplionskis (ODCEN{Clieh) ¥ ec41l) Bavifon) Hehlle nor nmal

endanucoasbasect 2Ry T KRR . R E R Rihe Bed ACLAGIZA IR Af &
| ocati on onél99dpalidevxy fingerprinting (B} (Sarkia Ga epal.,/Genbmids] Ehnéteddni th t he
het er odupl e@ggﬁ’r%@}gﬁc&g egg%‘[%@&e%g%{r{g} gl g@&l rﬁ&@g{l@g&a{ eaction m xture.

The endonuc eavage reaction m d sO that the

endonucl easBiqiechfiignes; § 8G):#70-A7 19850 Asiraidarappiveche denttygingbigh- 15 products at
a location & 1R ]?ﬂpa(b;hq ba ' ' and the
potenti al | ygﬁ?;oclirh%g or cl%tgc\g_/rggb%lg er odu&ﬁg&eﬁ%sgg{éﬁaogég{rdggﬁ?gﬁded to forma
| i gase P@sehftriRdurlenPMNAokit is based en stRMRTCR Y opdals sevstrembasdignid he ni cked

het er odupl e¥@dmelogehipsy n mym&afneﬁ;%(drausq&g’fehe divaaMeniaic) Sarkitibs. Wi t h
e

substanti al np. reseal i ng _of ni ter | exed products at |ocations
adj acent to%?ﬁ’&’tﬁh&de 3@%@?—@—‘.’8—"%@0%858%%? Qeé?%‘ R §1§5% r om

i ncubati ng tdekniheg@stainasnRvieRGlesield characterixtids] sonb \of iefitare torpleet r ophoreti c
nobility are separated, and the presence of the normal target nucleic acid
sequence and the mutant nucleic acid sequence target nucleotide in the
sanple is detected by distinguishing the separated products resulting from
i ncubating the ligase resealing reaction m xture. 25 Another aspect of the
present invention relates to a thernostabl e endonucl ease whi ch generates
ends that are suitable for ligation when nicking perfectly matched DNA and
preferentially nicks or cleaves heterodupl exed DNA as follows: (1) at a

| ocati on where base pairs are m snmatched or one base beyond the m smatch
and (2) at AAA, GG T/T, NG AC GA dT, T/G T/C CA or T 30

m smat ched base pairs at a | ocation where the base pairs are m snmatched or
one base beyond the m smatch. In each of alternatives (1) and (2), ends are

oy - I o r ..




resi due change; (22) a K139L, K139l, K139V, or K139Mresi due change; (23) a
K139R resi due change; (24) a K139N or KI39Q residue change; (25) a K139D or
K139E resi due change; (26) a K139T or K1395 residue change; (27) a D43A
resi due change; (28) a D43E residue change; (29} a D 105A residue change;
(30) a resi due change; {31) an F46A residue GRanasi ) an F46Y
resi due céggg‘ggé(%) an F46L, F46l1, F46V, or F46M resi due chgn%gz;z (34) an
R118A resi due change; (35) an R118L R1181, R 18V, or R 18M residue
change; (36) an R118K residue change; (%37) an R118N or Rl 18Q residue

change; an R118 R118E resi due_ change; (39)..an 8T or R1185
ik R IR R A L R N P A T
cha_nge; (ﬁrZ\)rmahEahggénuff‘ﬂa%%EmuEﬂg?Mepe%ﬁmﬂ(dgﬂadﬂﬂmmﬂﬁbht (43)(25;383A
resi due change; a , or r e c e; a
B3k or o IRPRBIIIEeBHAGE o Ihis! migifibpoofes Rl AHErSHElgS® (47) a
G83D or 683tEchmc}tﬂ f23d M&iﬁpiﬁ@]iﬂhiﬁ(ﬁét%&%legél%ﬂtﬁfdndmtd’m@ragﬁmt (48) a @&@B3T
or GSSS ue c e: (49) .an 1179A resi e 9K or
P179R 1 ek g"”@ﬁ‘éﬂ e‘é%(ﬁ“%ﬁ?ﬁ"i?‘éﬂ’%’ip SRSy d@&P&u%h%%'gﬁ‘-)@éne ? an 1179D
or |179E remtdhmtecllmaptgﬁ;on(o&i&)eraﬂaﬁdﬂﬂféym‘eléskzeﬁpatﬂﬂaduhfﬂhantge (54) a
D110A resi du chan %1 an .H125A resi due change. 5 A further aspect
of the pres (fn§/enP n S ec’?%d to a mutant endonucl ease V which
preferential 'y ni cks Aosopbisticatebapproach &g tdeoring fetnas-gilpoetemndilda, cont ai ni ng
m smat ched fasfisin dEABE kodd\3s 2 Hipidl dtRGipR0H RN £A360Yr :é;éd%sper aspect
nmet 0

of the present 1 nventio I rec ri I ng a nut ant

nucl ei clGici e petpie arecation fesh: iHogvellyS.dve ciol., Hew&éﬁ?(éﬁ%?)é’éééﬂ %hanges,
inserti OnS)PcWrelfjglﬁt leP4LS N. fEngmai\d@&,ri@H%Qfsg?iw@)“ﬁe%ktﬁn,%' gl, &q@uence. In

this method, a sarrp e poten %E/Qcont ai ni ng_the nor nal target nucleic acid
sequence asgﬁﬁﬂgﬂﬂg%’el%)ﬁ?’ PPV Feirzic SMushile HumyGaugtye| e

O:CI gﬁnucl ewl(dﬁaqalrnrmem)s%u Jiad. etbnrc ahggarneeu za(tzmzermlc(wgﬂ)emﬁatﬁry strands
of the target nucleic ac seque nutan nucl ei c_aci d sequence,
and a pol ynBiELY e oS! B 3RS 'Lot%ﬁ?ﬁg% b pahich EfReRRr R | or

m xt ur eis Thﬁo&ﬁs)ﬁﬂhf@%ﬂnéﬁ‘thbﬁe\ra,acﬂaes Rotdetect ihixsere fulgtioacdred to one or nore
pol ynerase ¢ ain t atieon tr nt,

Pher o o goREpRphERg" bImefid SAIRL &8 RcRKP Ll AR r Rl R AET
sequence anBNévhybtids, muhcas DNAGINA deteriduplexayudmBasan mmemk cloavage eat ment ,

\g)((]t? reﬁs |t gﬁ B&g&gl £ ol |1~11a@10 M&& %Q:{ @5%5}355155799(@?% e%lcléﬁe?t)clrt/%r sed u ence
and/ or the Qﬁ&%@ﬂﬁu’bﬂﬂ-ﬁl é’cﬂs %‘&fmiﬂeb‘[ t%%ﬁmﬁéoﬂﬁﬁb)dﬁ&%éotr de prinmer

is hybrjgli Zﬁ@SSﬁQQv@HQEHﬂﬁNA@NNbM%l@%Ma Magti& hydndeh aeﬂagwcl eic acid
sequences are separated. After the polynerase is .inactivated

ol yror ace. (SN CaER - 55 ToxtiahsEon Db Aot S0 BABRAP T4 AR anneal ed to
forlm het er oﬁhmslae,z Aed., et ag us«t:ndsltﬁetaamt?wt\/tmaﬁwlrnemcﬂbmgy SbEd-PRise@heinitap et

nucl ei ¢ aci 5 se .and mut ant ., nu i cid q An

endonucl easgleﬁ}‘ﬁg %b? Prigits. abomtb Man“ﬁ ‘?‘e vesef a@?%%exed DNA at a
| ocati on onBv@sab'erMem; Cobh$pringiacbérdabirabey Press: Neandorkhp. 276486r odupl exed

product g5 Eﬁ gr‘?sdttloefﬁr %994‘&'&1 £365:268- ?Yﬁ&ﬂ )V?@EM&B 1hest Ur €

whi ch |s |n ubdt e ucC eas pre erent nrcﬁs or cl eaves
het er odupl eYHd’erEHGEPEag&t(Yamlls%aﬁrab Proey Natla Asada Bel, USA, £ M‘?rﬁ’ématched base
pairs. A ligoss x{tdr t:het aﬁo @gﬁaéls,nmfml% (@b%veftn&?t:erepﬂue

products are bl ended f or ma gase r eseal mg reacti on mxture |ch IS

i ncubat ed t&é&@-’pﬁé H@k@ﬂﬂ%@ 105 g tleavase. Frecenibn 3 plant endpryclaass, nat ched
WO 02/ 44335CELT) /Mﬁmxsaﬂé%av fo TpaRIoRRldase VHtha¥bédh debdfedNDicgkbwskil0

resealin of n|c h terod ex o] ns ad acent to

ni smat chied b ‘d’j Ei %Gﬁg@%&?ﬁ@(ﬁgé gt%é ‘t‘i“Wt’y and the
potenti al | ytol’ﬂueieM Sﬂrm&kx&ﬂ:seadn&ﬂ:taepﬁdmplcmﬁge pfﬁmthncyancabakgbe:ttded to forma
pol yneri se exonucl e% 'ﬂ(fe de r idat |don rheatcltlrlg{gﬂ xture h i's i ncubated
under condi YASHEEF aﬁ eRan ealed’tr c ac vrty to renove
several bases 3' to the ni ck After t he polyrrerr se vvrth 3'-5" exonucl ease
activity is inactivated, a polynerise without 3' -5 activity and the

i ncubat ed pol yneri se degradation reaction m xture, |abel ed

di deoxyterm nator triphosphate nucl eoti des, and deoxyri bonucl eoti de

tri phsophates are blended to forma polynerise mni-sequencing | O reaction
m xture which is incubated under conditions effective for the pol ynerise

W thout 3'-5" activity to extend the 3" end of the nicked or cleaved
het er odupl exed products to form m ni-sequenci ng reaction products. The

m ni - sequencing products are separated by size or electrophoretic mobility,
and the presence of “nor rral t ar get nucl e| C acr d ‘sequence and the rrut ant
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98% of the typical nutations or pol ynorphisnms found in the human genone. In
25 addition, it is capable of scanning for nutations in a region as |ong as
1.7 kb or greater. The present invention can detect nutations in a high
background of normal sequence. The present invention can detect a nutation
or pol ymwophissazsin a 1: 20 dilution with wild-type DNA arch/usm4ezen det ect
mut at i ons/ pol ynorphi sns in cases as low as 1:50 dilution with wld-type
DNA. This high sensitivity nmakes the prgesent 30 invention anenable to

pool ed sanpl es and, therefore, significantly increasing its throughput
capabi | i ti egyarati¥ g}'&géﬁéﬁﬁﬁteséezg BRGEG i ESERhTL S OuifddE TRRAMLNG

PCTI US01144922 Figure is a schematic diagram illustrating_the procedure
for mutati owcsztaﬁm%atw fleavegrappEnshesadsnsy e anpreximstenpsitivacf e (" Tnaa")
endoV and 5p Ji@a @N Fivhg TOBS®nudleAs MForuly f\dive BBetltbabfibeat | on of Tma
endonucl ease ure 2A |s a 12.5% SDS- PAGE, while Figure ZB shows gel
filtration Bfmahandpplympophicsphegate af prmismateh. ‘ﬁ%‘}lbﬁt oty BEecs NaflrAcady om Si gma

Cheni cal 5 ( Shei. UBKI §2(1}¥63-91 ¥®95)5 XuhE Felebihll, Whr g% i27(2)/821-%6 {1b86)y Oi d

vol ume. 10 Fr gur es 3A- D show cl evage ass endonucl ease V on doubl e
stranded i nG&me Codh %-1@%@%%@2 aﬁﬂe”é)ﬁr Theseepzyaatis cleAvagyn wher e
the top st rﬁﬁﬁoe(cﬁ&ﬁd&ﬂtﬂ‘y tﬁ‘dchppfb)unhaﬁe Pt dnadTehRtipidofphRmedidwemsthesnd ( SEQ
ID. No. 2) is Tet éabellrfe Efﬁ ‘Ha#’g‘n‘iﬁ‘fl uorg}@g&’n detecti Og’{“(r% GeneScan gel
(Per| dn El nEP™mFRE“HYST ASAS ity éﬁfﬁﬁ%‘@"a{“‘o rands are
under | i ned. badkgrduad gintis ©f lirhih theit hscfullnsdsrvathaespentiopobditmon atadieppr oduct s ar e
mar ked he cl eavage tions

wer e pergorned as des@%‘%&gﬁl{'ﬁv %%wga%égg%ﬁgwgé%%g&%&g

di fferent Eirgh¢amzyne : substrate) ratios. 1n Figure 3B, E:S = 1:10, and
the rel ati onship between substrate and product is shown by the arrow. In
Figure 3C, ES = 10:1 and the first |anes of Figures 3B and C are substrate
negative 20 controls. .Fi gl¥EVIYEARK, CQ\ETWIWB&I@N of cleavage sites. The

| ength markers were synt hetic oligonucl eotides identical to the top strand
or the bottom strand shown _in Figure 3A. Figures 4A-B are plots of

rel ati vé>f1 uorescence ‘hi‘%ﬁ@ﬁ °@f°sg4té%%5%“’ﬁrdg‘ﬂﬁfe‘§? ametBoh{oEnt r at i on of

My OCIJ 2 vvlhi Chidiﬁﬁ@itfgtzfﬁﬁt@nﬁﬂiﬁlehﬁﬁﬂ-d%qﬁdm &B‘eﬁhgayawoﬁﬁoraﬁﬁ:\glélﬁaye of ;Za
endonucl eas at . var. centratio or | gl es -
denonstr at eglﬂaﬁ‘ge ab‘PFﬁt‘% gfg °n5‘ &ﬁer'gggéa’%f%ds‘? JEE"Far 1 &Fy of

di fferent smg:ioémsbiemmgctﬂeasamptelpetepndlsecrm&mﬁgﬂ@ﬁdmmdtdbgeh Fi gures
6A- B show t 6A shows
t he cl eavag telg%%t@ gmsae{l‘g an ngﬂélqlr“g%ﬁ@gf%%%c %esgﬁ%egﬁ%abrﬁ%"gl&gg%gr c 30 site
(AP sitaf oiabdledmkmudlen@de primegsuitable dof hybtidizatianconcagmiptenientay strgds ubst r at es

i ncubated a I &2 tﬁ\p,g;{agtsn 3 and 10:
ol i gonucl eo%f%g%%ﬁggﬁeﬁar sg(?’seé& dﬁgﬂnd 7 &r&@%&.&.eeﬁgeg%eg&g) :10); S and

8: 10 W @mwlwemﬁmapdwzwmrmnw@ﬁwwe 1:1); 6 and 9
100 nM Tr napepsheMsé &a&ma&ohmlaugvi&eu@&tmoaneefmmalynwas%mhm assay of AP

and uracil sites. actl ons or 20 nM d l.e- st randed

o Ganacl co IO RS GHEET SR b Bl e Er e PG BT eRt T
endoV ag5 spewi Hybeidizb dd the/targitimecledtide fsequencngndsve itiecsmeatast mﬂlefcamgled 1. 5
substrate cQ : : - 100 V 7:

i Nosi ne subsﬁlfhrh&?é3 %%%tr o’r°w§;'%8€‘0ﬁﬁ/‘ﬁe§‘a’g ‘g%égﬂf’%%‘ ch%ld %‘gsr ne subtrate
as positi veextondeddd form W@ssim@dsﬁmlengh@rﬁfpmtmonéﬂs pecific

cl eavage angecf%&@'aaa/omﬁemﬁ&adaaus&a@aﬁmxce o WO G xréotr g,rme?avage of
si ngl e- strand gonuc eotid Cl eavage reactions re pertorned in the

presence of ish @didewhwmn? rethybudiaed metel perees =1: 1) .

NS: nonsgpegielbfarii8dURRE e fbl eas&DlﬁbM bR ol auadenah radkds d
substrate. Oeeava reactrgﬁsg%\l/ere perfQr rr%éd vvrrtgh 10 nM pF|r376 plasmd in

the pr esenCQXtS‘FS“H‘WWE W%ewm%mwsq%aw%aa@?m ane 1: intact
pl asm d pFBpfodutta e adhedlddrd fargthetadiiplexad pRydhes poentillyRodidinghd n: a endoV
but w thout adding netal cofactor; lanes 3 and 6: 15 E©S = 1:10; Lanes 4
and 7: E:S =1:1; Lanes 5 and 8 E' S = 10:1. Figures 6E-G show t he bi ndi ng
of single-stranded inosine substrate. The binding reaction m xture

contai ned 100 nM si ngl e-stranded i nosi ne substrate, 2 mM EDTA (Fi gure 6E)
or 5 M Md 2 (Figure 6F) or 5 mM CaCl 2 (Figure 6G, 20%glycerol, 10 mM
HEPES (pH 7.4), 1 mM DIT, and 10 nM1 i.un Trma EndoV. The reaction m xtures
wer e




20 incubated at 65C for 30 mn before loading to a 6% native pol yacryl am de
gel. Lane 1: ES =0, lane 2: ES =1:10; lane 3: ES =1.2; lane 4. ES =
1:1; lane 5: ES = S:l;lane6: E: S=10:1. Figures 7A-B show the effect of pH
on the base-m smatch cl eavage activity of Tna endonucl ease V. 25 Figure 8

i 11 ustragevhdrss optinel NaCl concentrations for the basprys{/pbsh cl eavage
activity of Tma endonuclease V. Figure 9 is a plot of relative intensity of
cl eavage products v. concentration of O whi ch shows the effect of DVMSO
concentration on Trra endonucl ease V basé-m smatch cl eavage activity. 30

Fi gures 10A-B rel ative,intens aof cl.eava roducts v.
concentraﬂ@ﬁnﬁ l§5ttnéﬂ° 8“%&1?68}%3”% tlthﬁgméﬁ“%ﬁ%cﬂe“é?msémeﬂ?f ?tf’ncentration on
Tma endonuwndmlevsebwhkhlﬁmnﬁmmea@eaﬁe hetetddyplexed MNAZ2 4 3o 14

PCT/ USCOL/ 4492% ur S 11A- Bat | ot s_of J;la e |nélfrl113|t qu’%eél eavage
products V. ﬁsce e iPgas & tf Sﬂ ‘(‘R age of PCR
fragnents vprbdluc@rmfc&nm éﬂdﬁmakrasc élennagﬂremlohlaxﬁkttn@rfﬂmﬁnﬂedmhm Figure 11B
shows t I phi bi t A ff.s;ct th Tn: a
endoV. |gu$%k'€éf rlg£Sc¥18§ 115 % %fqtso at&‘%ﬁ%ﬁ& %Ye%‘geprfie hvv??’ B5%l ates the
activity ofclédves Hamechmthxbﬂpt@avtag@ lpmnpnmbmtahmyéspmismamhed bwse Figure

[ abel 1 ng antoy At ARyl ple i i R BBERR O Y DT T

the abili tyblgidedmfom@memmbmxemﬁm@iumcrhed@ammmiagtmni n the K-ras

10 gene, ang; &Dﬁw%dwmgh&ﬂm&&o in%& @,fm d 1 gase
allows for sea non- speci eavage pr ucts e st retaining
t he cor%ctbwgm@%rlwﬂeﬁlé&%@hmwm én lsxem@o?ﬂc@t% of

rel ative i nbgdtivhs éﬁ;&%ntftb W 5B SteRdtAse/pairk ath@p&ﬁuéwieaﬂhhg\ﬂﬁbﬂk ihdtiB&ting
dermnstratltglg{lt he se t|V|t%/ of the reseggxl nventjon. .15 Fi gure 15

denonst r at €9° UF5e L35F3lneyeasHoR ke arpied by sizg 9r elsctgmbaretio i nsertion
| deletion m%ﬂ&mmw@nm@@hﬂé sdtubriiciand the mMuthit@uelbid agidne.
Figures 16A-B col hat. .t he pres l.nvent.i on _can defect a
nutation in 4 elpgﬁ{% ﬁ%& gge"{'? %FF%@‘%@‘GJ?&?E‘ g’ydmtll‘!g'ﬁ%}?‘ég%ﬁﬂeﬂa?e schemati c
di agr am%f ﬁrh@cpﬁasxﬂm@ﬁdmmcpbamnheslﬁgmdngeaﬁngmmmwﬁmg and predicted

size of cleavage 20 %’gﬁ%g cgtloqtd{ #@ﬁ%ﬁ%ﬁpﬁ}{lﬂéﬁé’gﬁ&@fp ty of the

present invention to poi nt ) ene, and subsequent
i ncubat i on mthfwwﬁ\muwgﬁseclap Iseapendeclifferingbyege of mesrsinglebaseichangesavage

products, V\Bkérﬁorétdﬂdele{lgﬁsaﬁ% '&Q:ohﬂzﬁ ?ét rnﬁ@l[nc aieehidn€e. ClnQRY ﬂﬁﬁmﬁr@g‘mt S-

Fi gures 17A-B show t he chem cal_ fornu guanine, and 7-deaza
guani ne, re¥gwiaRoitiplly eonizinipe #@‘H%H@F’Pé?@eﬁ%%@&émhﬁ@%?lw thq eavage
acti vi tyo of nothiBl figetibciedtid MuB{aB o dtAmAGHIRBhSirSO¥Hhe nBrmial €8zt andl&e Fi gure

18A h t di f .t Fi 18
B¢ re soctEhES R 1P ofieans IRt R S ARt ARG, 10  pr esent s
t he resul tscdnipléﬂmtaymnft}mﬁmﬁ&tnﬁﬂm hdid echuanck, &ﬂiz_ppﬁlgﬁneram a@61do \%
enzymes 1o i{18 RPN ! dré: R dER R FaCridH GHEARATHE Bl pAD e BUPIGEET | 2.

reaction mixture is subjected to one or more polymerase chain reaction cycles which

25 includes a hybridization treatment, where the labeled oligonucleotide primers can
hybridize to the mutant nucleic acid sequence, an extension treatment, where the
hybridized oligonucleotide primer is extended to form an extension product
complementary to the mutant nucleic acid sequence to which the oligonucleotide
primer is hybridized, and a denaturation treatment, where hybridized nucleic acid

30 sequences are separated. The polymerase is then inactivated. The normal target
nucleic acid sequence, the labeled oligonucleotide primers, and the polymerase are

blended to form a second polymerase chain reaction mixture., The second polymerase



WO 02/ 44335 -15 PCT/ USOL/ 44922 Figure 20 shows the activities of nutant
EndoV R88Q R88E, H116Q and H116T on synthetic substrates containing A G
and G A m smatches. The cl eavage reactions were perforned at 65C for 30
mnute in a 20 pl reaction mxture containing 10 MM HEPES (pH 7.4), 1 nM
DTT, 2% ségyexasds, 1 nmM MhCl 2, 20 nM 5 DNA substrate, angdcPOssiMagparified Tma
endoV nutants. The reactions were term nated by addi ng an equal vol une of
GeneScan stop solution. The reaction mxtures were then heated at 94C for 2
mn. and cooled on ice. Three mcroliters of sanpl es were | oaded onto a 10%
GeneScan de aturl pal yacr m,d Per k| El i Fost.er City,

Gal' Forni ay O TepdtbaBR BT SuaEh o Uae of mEF R mm i PRt PR 1

usi ng an A&oxﬁiﬁn@ﬁnﬂmﬁdﬂ%&a@m@&mw ldtehed ohgd.lﬁlclebﬂdd);ﬁ‘hﬁd‘s téie cl eavage

duct L O’/o t I l, . trol
Wi diype BB ggae herlntdda gl SRttt nly el iy (w1
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T N Og U M Enafedy e S et IR ErSleL R Jaflgolge- conLal ) g

substrat@e ( nosi necontarnin rancel) i s Fam Label ed
and t he oppolganacleatidripdin(eb tsthybridiged, andly déemsituFation tedgtrheng wlférﬂthybngub@t rate

control (Fi erfornmed
with E (S (%%gﬁﬁeg&@wq& tergg%g%&f%%?o'r%e]% %ﬁ%ﬁfggﬁ‘eég%f‘wﬁﬁ nt eppr esence
of 5 mM MyGaf seeqnpdmiofomeasg chain reagdonc¢xéensisnprodugtstaredepatpeadang thehor ned 20

With ES (epsuied to ﬁ,ﬁﬁm&ﬁhﬁmefeatﬂr&m& p%te]ma@y contdinif} Mhelneuﬁmargétesence of 5
mv Wnd 2. Figures 22A-C show gel bility shift of ‘IJrra endonucl ease V

nut ant s 10 crniyeleig amd seanpreeapg) fheénmtaqt Aueleieid spayence; ohn grdoppglease whicht assays
wer e pgr mr gigfb?gu%hy aieks &gﬂdeaﬂ%li%&dﬂpmagml_ bda?osBdtfoﬁadeshsg uiloaj'« ﬁaﬁnﬁ ]g I/ A)
usi ng nst ea | gur , I |ty5| t
assays wit h™4yeat ?FéPeBﬁFﬁWg%g"’%@& -%‘?%8??&8%”?&% QD PR} A in the
presence of e@ﬁiuﬂeasEoreaﬂgg Haetichfixtge| nmhidbhﬁqtcashéléﬁvags&agtbn\mk&ue ar ned
out with an._i.nosi.n [y sub / t he
presence of ISI%%I%Qteg f#rtgs '}({\%’% %Qagggr%feé‘ft%@g |P rc eté duP)leer

endonuc Iliaasyovu@@atmjpeamps ong base nw&kﬁfghnmemmbeqmaedmts. P(hgam amlibst r at e

control StbAHANG nfckEd o%%v@%ﬁ%éﬂg??&%%&o&ﬁé%&l&ﬁg\? tfRAYGHREEE Wi th a

ni cked |nos?ne conhtail ni n I'n the presence of

CaCl 2. | n Fregepliag mhorg@u%mhlqhﬂs/mgmamd to sv@)ﬂmmwm@wlw@lmwzz -16
- assays wer epﬂ%ﬁﬁét@ﬁt%ﬁkeéﬁﬁrﬂat@hd&'t{al‘eﬁ%ﬁ Bﬁ%ﬂﬁs@ﬁﬂhﬁﬂ%’ dGedlant Snddeanded

product (I/A) in the presence o Cl.2. Figures 24A-B showa time-course

anal ysi s of betergdinlexed peodpgt at W“Pﬁﬁa‘k?ﬁfat‘(?fﬂ’ﬁ?’a'ﬁ?%d bagqpairs; LhG BIPIUStEact i ons
Wﬁre pepd or f&ﬁiuﬂg ﬁbmﬁn&béﬁﬁg%aﬁgﬁewbﬂﬁgaéﬁhoﬁﬁﬁitﬁreﬂig sizeb® (S f- 10 nM in
t epresenc eactl O re term e at, . s cific tine
e T or BleinaRariie KRy are Saiped. 3nd B Rresies of MiyrudilsREHGkE,, t e
bi ndi ng andacid sameage aod tie mghi-ngtleiandiddequense tacges nizddotide . thxmple Bubst r at e

(r:Ce)gE:': ?l)nsFiNere perfo?%ashgﬁes%?igﬁ'%pﬁatﬁ%&%"%%% '%BJS%% fgkat \é?g(raau )

of 1:1 (S =resenlingzqaction mixdwrpr esence of 5 mM Myd 2. Figure 25B shows the gel

mobi | it ys Sh' ft of T”&Aﬁdlﬁ&aébe@%ﬁfﬁﬁﬁﬁe&’&nﬁiﬁQHﬁuo%Elﬁ!esﬁPJﬁ&Wstabﬁ gure 25C
shows the g ITDbI|It¥‘{ShIft of Tma endo V nutants wth 5 nmM CaCl 2. Figure

25D shows a enslopuglease mihjoh sspgrates ends $haharg suitable fop tigator Whep pickingy vyCl 2.
Fi gures 26Apdfetlpwiatdhe @Y CariiirefiehtiflB 6iéks Dikleaé hedérdiupleRédSDNA ak5 Ur aci |

and AP sit efo?fbl\l?vSt Eﬁta?a locltrl]cgn v%klle%a'g agle)al;sea%ce; Elhgmpzftc%rog oge base Leyond \m th ES
mismatch and (2) at A/A, G/G, T/T, A/G, A/C, G/A, G/T, T/G, T/C, C/A, or C/T

30 mismatched base pairs at a location where the base pairs are mismatched or one base

beyond the mismatch. In each of alternatives (1) and (2), ends are generated which
are suitable for ligation when nicking perfectly matched DNA. A thermostable



(enzyne : substrate) ratio of 10:1 (S = 10 nM in the presence of 5 nM

Myl 2. Cntl: substrate control. Figure 26A shows the cl eavage of A/ U
substrate. Figure 26B shows the cleavage of G U substrate. Figure 26C shows
the cl eavage of T/ U substrate. Figure 26D shows the cleavage of AP site
subst r atygo M4 - 20 DETAI LED DESCRI PTI ON OF THE | NVENRLERsRBL6Rt | Ng DNA
Sequence Differences 25 One aspect of the present invention is directed to
a nmethod for identifying a nutant nucleic acid sequence differing by one or

nore singl e- base changes i nsertions 'go'r del etions, froma normal target

| eotid | ending:,. . I

ot ent 1 al | SREONCEER PG oTRER hare PPt pre o PO Ui Sn R Be et | as ¢ he
mut ant nuchtdeast amhéte&&mplemmmeﬁa)r zmywmgdh tmage mu&tlaﬁ)ofpdj_ahetjahmhi gonucl eoti de
rimer t abl [ di enent ar ran he target
el eot i desteai fome g BRes a0t sh¥e 1 e By BeSERE St BPlertpr s ot o ng
a pol yner aﬁmmmh‘lgmtﬂeﬁmdlaydrﬁtmanmbpemaseem gemerates )endsr\ehlcﬂ'he V\D 02/ 44335
PCT/ USQL/ 449 h ted t
mor e pol ynireels Sy ighfo TRo SE5e PleteekS Ao oA Al onelt Bt on ¢ r et ment
wher e ol i gthetmdstable exhéoquclm whudnmréfytxcnhdlyzmclﬁs@r bleev$hetgmduplamddeot i de

i t t
sequence aﬁg{) ogrlSze d L /1Y aﬂ&'ﬁégwaaé‘ﬁ}sé’mﬁ&%%@féﬁ Qﬁﬁé&%ﬁ%@mtﬂga men

where the I'génuc e priner is ex f'orm an

ext ensi on mmmmeommmpaogeba@ebmm&eg@pwdimtaw@eseqwem@ and/ or
the mut a”twﬂiéﬁ'a?és‘axtélﬁéﬁ»r%@%b%%ﬁ‘entxﬁcmﬁgﬁfh&i@?e&é&tﬂﬁwﬁ%ﬁ%ﬂl de primer is
hybri di zed, and a denaturation treatnent e hybridized nucleic acid
sequent®s are separ diragher afneetofitheprseany inyention is %mﬁ&bmdea%@se Vhe

IOO: ymerise( %Hé’d V”Yﬂﬁﬁ%{hé}ﬂzo ogh Sty &gmsg &ithRf: e(1gienztsbwzefid%mgmﬁéfbe

pol yneri se a n ex p eal.ed to form

het er odupl @ié‘?%)rls 8%‘&%“8 hSF ‘Tr)?‘%%)ﬁ? J'Xgﬂ'r %SY %ﬁg 1dpe.change: el eot i de
sequence a() ahRSSMutsidiie chmgega(sq aamdesmmmw oﬂnsmdeﬁ&wcmm (®hi ch
preferenti al ick exed DNA ne base
away fzom ﬁ?gﬁﬁl‘? dE‘e p@ ggétﬁ) Hﬁ&ll?n&f’t h) ?Ih%&ﬁ:? pI exed
producl$s t residoe chamge; éﬁmmwﬁlreammgeaﬁm 2 E89A xésidve chﬁtm

endonucl ea

endonucl ea@gl)%r%eﬁéf\%g\r?? Ij/ ni c%gr%?a&tgll%%\#esa?i %ggﬁgﬂ% e%g%aglﬁ%gg?ct s at a

| ocati on on&8HH orE8¥Agesidup phangsin@ #rhB3PRoosE8 fatesidue dhangey 48D adifdTt he

potenti al | y BdRHaiy chih 2 v Ry aﬁﬁtlﬁk(}géi&le%%epfﬁgh'ﬁtﬁGﬂrﬁlll?;k,%ﬁ%@' to forma

Ilgase reseal i ng reaction m xture ase reseal |n21react|on mxture is

i ncubat ed PHH f‘ts%eﬁ?ﬂ?ﬂé-dl%gﬂb@%m’ék repiduriehanses (1DeHEEN S mat ched
20 basgo pam&sdgwésme Ellihn%btllab)adml BT o HIDL65e6sidleicRgngRf (21) ek&dmet er odupl exed

duct t t . duct
esul ting 1R FrroaB e DmtrRl 1t B et AR Bl dnons S0P Tar e
separat ed EJ39R residne ciinget(ROp K1 3N or RIHSQ esifive cadgd; (@5)arksomoe of the

nor el 2t gaboR NElROL R SSANRER Y18 I B UhCL SrAsAGaRRUCTCS, 2T e

detected in e sa shing e sep i S Tesul ting
25 from saphbngmd@@eﬂtlp‘i@ lteﬁéutt ¢hpnge (2539@105ﬁge$1mlﬁw @Q)@LDIQSEThe first

step Ohst h?esidméemdggr(si)smtﬂeA%ﬁe@J&%gm(ﬁs al RASF Péliﬂ%%ﬁadydc(‘s?j 4 acid

fragments. In th %re erred enbodi nment cont al ni ng) bot h

wild-type Eﬂ@stﬁ‘?él é%ﬁ@é%ﬁ?‘&?‘?%&c» %‘)gnRéil%lr@l%&P@w'@ Mt ati ons or
pol ynor phi I8y, mqspmtrwebrmquuud@e ¢Haﬁger 362&&R1@sldr&imeﬁaﬂ§er e

o novs. *EC8su BT STl aebibe Bt et Bp ATLEE raF Mg b cec 1 n

the pri ner§39)hﬂmherarle1‘168rresﬂdue dhﬁﬁgbd(mamsoﬂaﬁsﬁwcmw,ﬂl)ﬁmmy ot her PCR

i gest 30 St phaseti E oLt sy st chepss Y R o

cont ai ni ngreshhheuhdnge,t(y@e:@m GRARIGR3NS oaGGSMee@dutrohdn@mmso IaGSBKsanneaI ed to
form heter Iex i he
preferred g%g fsrlr%"r?t (fe’?g?ﬁ?g? ?Ngr?r ?}ggggﬁl ev cgatfﬁ‘/” %gg gr%gﬁtqﬁ }r‘:agmant S

above their Tmvalue 5 (generally greater than 94C), and reannealing is
achi eved by cooling first to 50-85C, nore preferably, 65C for 5-30 m nutes,
nore preferably 15 mnutes, and then to roomtenperature for 5-30 m nutes,
nore preferably 15 minutes, to form heterodupl ex PCR fragnents. Alternative
means of denaturing/renaturing may be used. If wildtype genomc DNA is not
known to be present in the original reaction, then 10 concurrently in a
separate reaction, wild type genomc DNA is PCR anplified using the exact
same priners as above. Equal nolar anopunts of rnutation containing PCR
fragnents and wild type PCR fragnents are m xed, heated, and then cooled to
forn1heterodup|ex PCR fragnents mnth nucleotlde nlsnatches The second step

o — o S S o Y I Ar- 1. 1



30 This greatly reduces background and, therefore, dramatically increases
the sensitivity of the assay. WO 02/ 44335 PCT/ USQOL/ 44922 - 19 In the
fourth step, the cleaved fragnents are separated, for exanple, by

el ectrophoresis on a denaturing pol yacryl am de gel or by capillary

el ectrophwaressss Since the PCR priners of step one are pabesoedso2i r agnents
can be detected with the correspondi ng detection equipnent. In the
preferred enmbodi ment, priners are 5 fljaerescently | abeled and detected
usi ng aut omat ed DNA sequenci ng or fluorescent fragnent anal ysis

| NS UTeNt 3L AR oy, (481\0ERIT F GRS AMRRS o e R9)TI PEA iuE OpERGET SON Of

the nmobility of cl eavag%?lfroducts to a fluorescent | ar size

standard. XAP)sndl79%ver eanidap phangeitieandd7BY AT HAPQaesidire chingep@d) tion of a
mut ati on. 19 1fyerRGaMbebadi BeRbe Qb AiBdTHAMIORsRANHalER (PYhat € a

m crosequenci ng nethod to determne ‘which nucleotide is nutatéd. In
preparing tIEOAarsidueypras or CohrmBEIHurepdnaeaseare used in place of |abel ed
priners,;s so that theahghrd iRl 8#%hEFRsdnt AFERIMNSs afrsotdiab afddirescent . After
cl eavage by Tina endoV. and . ligation by Tsp. AK16D I!E%ase, E. coli. DNA
pol yner ase Srdpuelsais ¥ Whishwreferentiglyacks ot elgaves af least eug/hstepduplixedot i des from

the 3' end PRA!dbataifkmEaHechal 8akeh)betefahANONN-tY¥RehdonlBREEDS aquat i cus
("Taqg' ~ DNA pol ynerase, ES extenggtpt he shortepe a m xture of

fra nt usjn

fluorescent |abel ed &ifHEbsARRCH ebibe present yenfands GBERTt i des as
subst r at es.idditiffing £6mitahtmicheifladid eéduertoe diffstiigby onadfigiord sitgle-bdse ch t he

posi ti and base of.the \F/l%'.ant nucl eot i Qe can pe dedt erm nes]g e to the
mi xed s GAMES: SPSSHOBS 5 SRISHORA FOR Arrnd RER st dseapares Ant

posi tion. FRnehoda sampie potentirdlysontainiigathe normal tangt nedlein geitlbequen@aess of t he
present | nuglh i mﬁtgnttrmc%icd{c?d%(aﬁgencg,%o?%@Eh%ﬁg&}u%mo{i&’é %ﬁﬁ?&h&bﬂ? a
normal target nuclelic acrd sequerice as well as mutant nuclerc acid
sequence difribridigatinn anromplementary sirings of tha et muslgisacidisaguened ads, or

del etions fhomuiahEnRRIdRd sahaRE, MdG/RRulER 2R LIGHILE BFRrm lapolyiRrasb St St ep
of this procedure nol ecul'es_in a sanpl e, potentjally containing

. target
wild tyle shamieaction mﬁ&!‘l’:ei’[@" Relygrewse chafnisactionanix st isprlygeted o neer yer ase

chai n r eacther pPlyReRES chail elctidhytée SorhlfdaislH Bbliaizafidn €QuhR, wieranded
target DNA npl ec Ieg t 0 separate,. COQ| enentary strands from one anot her.
HoT By

Priners 30 WELTAICHOT RFEBRER £ th fareet nutlelc acpksqauenea/ar e,y pr i di ze
Ej o part ﬁf fhtiténttnacleie tacidl Héqumgetdaﬂleﬁendidhﬁéa&n@ﬂ,esm@ﬂxemgbﬂuée' dpol yrr:erase and
NTPs, the prinercs.are.ext.ended,t orm extension .pr.oduct s ich are
Compt enment AEo TR a8t Frid € BeEhaddto Bt l-805 BBl dBmBlialin %1 2
DNA 1ol 26t ul te target mucleix acih stquandesind/ontiie etubaht nodieic hyidsealienesto wbidhghe  aci d
strands ar eol&%ﬂﬂ:ié%ﬁ&é’pﬁxﬁ% A6 ARl QR a Jkﬁatﬁra%ﬁ‘ﬂ’e&&éﬁi, %eéth?;i?ﬁdiﬂ_&' s cycle

of "hybridization, primer extension, and denaturation Is repéated until

suf fici ent ZHeSI acideamiegres R separaiad. ditee the poharerashisiopptivaigdd? red, PCR i s
terlm nat ed_%&y&r&ﬁgﬁﬁh}‘@bﬁﬁgeﬁ&ﬁi& ré(diie{saﬁdi‘df %_Bdré&%%taﬂﬁéalh W tb femhybr i di zed
nucl ei ¢ acid strapds the second step of Fi e t he extension
product s fo#%%‘{“B{}x?@ﬁ?"éS%ﬁF@ 1¥6°’ft8m§ﬁéh°a‘ﬁ’6’?’a];tf“ﬁct)“‘1"b‘? t er odupl exed
productzs Teqidaee siditRerinutahtdudidie sdd saguaite) An cpdamidichse wigitle formed in the
first step of, Fi e.l by extensjon of L,mer . hybridized to nut ant
nucl ei ¢ aci Qfefggag%{}'gg&?r?}( £ ﬁe vessg'ﬁlbef%up ]teﬁ%d Iglgfb‘gaﬁgil%%eﬁr% %I(lfﬁbcafe W i ncl ude
a m snat cheuishathed Yase pdicvanditie hdierodipiandipdugs af biinded © fotm athe ni smatch in
the extensi QRoRAEUCHcSAL REc@R dixiufe wiioh AlindioBlds LE Bl HE endiieackn Lhe
second step O Igure 1,7 an extension product produced by target nucleic
aci d sequerprefereptigily nickser cleavhspieterodnpleredproduetseat gilenatipn erphase ¥dduced by a

mut ant §yic] fih AGhHARE SR HEs, ANBLE Wilde Rfterfiall) SIRLLY ddhvide heterodupl ex.
This | ack of conpl enentation be?%een 15 esuch gg%'e_nsi on _prSQUcts is shown by

a "bubbl " hsedurlered peduis arg hlepdetigdoan a igasg Fesptlingdgectipp Mi¥WE anot her .

Al t hough nokhishRWitubfted toidhBihd nicRONRAISLPIREd fRIAbES m;fegfeaastﬁa&i;dan products
produced solely frommutant nucleic acid (which would usually be rare) or
produced solely fromthe target nucleic acid sequence would be fully

conpl enmentary, so no bubble would form The present invention is directed
20 to detecting the presence of such nutant nucleic acid sequences in the
sanpl e by anal yzing for m snatches in the heterodupl exes. The third step of
Figure 1 involves subj ecting the heterodupl exed products to an

endonucl ease which preferentially nicks or cleaves the conponent strands of
t he heterodupl exed products at a |ocation one base away froma 25

m smat ched base. In the case of heterodupl exed products which are forned
fiioman extension product produced by target nucleic acid sequence
anneal ed to an extensi on product produced by a nutant nucleic acid sequence

o o - " . - o o "




A, G and T bases but not at the m smatched C base. After endonucl ease
treatnent is conpleted, the resulting potentially nicked or cleaved
het er odupl exed products are treated with a ligase. As shown in the fourth
step of Figure 1, the |ligase reseals the nicked heterodupl exed products at
per f ect o g3/48%t ched bases. However, there is no reseabichgsffsdie ni cked
het er odupl exed products at | ocations adjacent to where there is a

m smat ched base. 10 The products of t_ g_l i gase resealing step are then
separated from one another by size or el ectrophoretic mobility, usually by
O o neCt ¢ BRRRESS DR i kil o Bocdlile SFLRLA RBRRGILRA BRI o o2 o1
With either 6hdonuclease of 11 ase, reatnent “w endonicl ease and
t r eat ment Wcaﬂmﬂsmgmsmt tm:tmtcﬂlad base panrsmhpolmtetasbwﬁth 3aAtienonudlemse and
ligase is roduced due
to the pr eggﬁ'ﬁ ai@thr%f% ﬁa]#u%@ﬁdg’r 3@?‘9 dfe eﬁ%‘ﬁ‘@'&g& I%ﬁgcq‘&sja;& %}egg%droe det ect ed.
I n carryi n@rmf.tpqumexpsmeamlamﬂyﬁcmgqadﬂmrwaounnmemWMCmm umlmbé can
containgsta £ . DNA

ool at el 1 A pRUELGREHER 290LRRSE, ML ol BT o o PoR
anplified Dase\sabtom@gnbn&ﬁenthepﬂmmwhﬁeﬁ hexoawcltage aativity éor di ng to t he
process of lﬂabﬁvﬂdeﬁsaw&a&@mmaﬂs Shi %d{h@t,ﬁ&bm;dm B4gant nucleic

acid sequence to f he normal tar et nuc; eot i de sequence Is I n a range of
1: 20 to 204dqgradaten mas@%@r@*re,ﬂﬁ@lﬂr@mwemm thospéafeapémt@%fand

di stingui Stiéd}@nﬁ&ldclbhﬁ&é ﬁsc@hatsms 8ith&ed M ifarnl HPolPmefSd MR sRHeRdhE  OM a
pol ym)rgﬂr;l smin the norm t arget. sequence. This distinction can be nade

in a tdfor regionnedyr s g er Gnditims pffeotive for the Pobfmeasai r gene.
Such genes withehsds® Berlvaty 10/Bxtend thels 2endl, of yeiciedlod cle@ealﬂethdiiu leketk 4,

survivin, HSP27, P70 p53 2l c! b p27x P,
Bax, growt RPN f 1orm ’?gﬁ o f?gu%ts é?ﬂo‘ém?rse%‘%'? pr8 Ron,
c- Ret, NG-hte sépdcBed B‘y hlﬁ@ Oﬂ ﬁﬂﬁ.ﬁﬁ)h(ﬁ&ﬁ]@bl[ﬁl?ﬁnd the KiesencAf norfrat Eaﬂgeeo (VEGFR

L), L OYRGE fhen BT 0 R ot LG o EGE B SRy &, PO 4, ot her

protein tyrosine Sse receptors Tcf4, c-Mc,

n- Myc, 19V sgdistingujhing tBe separated mipi- smencmgmggluo@mmung:&ﬁnmcubaﬁ&gth@ Src, Shc,
Raft, 4493 mBturd (3, and MEK, E-Cadherin, APC,

T~i RB, SV\OH éﬁrﬁéﬁ“ﬁg %ﬁ@;l,é PTEN, VHL, BRE:AI BRCA2, ATM hMSH2, hM.H,
hPVSI . hPNMB2, or hiveHBhe mpssatinyention bas praven effectivginifentifdng vaknawa can ext end
EndoV cl ea\ﬁa&eﬂ}h\ noﬁsasé qa&;ﬂléaa&emdaﬁs hd \Gentk@atedinltistdicRleRinBase K at 45
to 75C for 5.to 60 5 referably 70C for 10 m n.  Subsequently,

pr ot ei nase"?@‘f"§n&l§ﬁ%f‘bﬂx§ °F A0 H@thélﬁ"%ePBm%‘fo‘S’FnTéqo 60 mi nutes,
pr ef er abl ysﬂ&ﬁlé Gdncdi. Furihtr@bre, pited lgemillel IIN A &hh B eviillithtddsidecbyride K

di gesti on, nts can.be separat ed ar.ose gel ctr horeS| S
and vi sual WQ P g]glg‘{i‘h&](?]o YIRF bY o 46 8 (% ‘ﬁefl%ung}t‘)'glfmb %15561“@ Ufces of

t ar get DI\lAnvarbyomdmcamtnnlkmitddpmmcanhisrﬂx@ Thnﬂssayadwhasbmﬂymixcpﬂmwr) and wld
type DNA gﬁictg m,

fragnents %&%ﬁgﬁg ?%oﬁgh " g?[ ero ﬁ%%gr ?gf‘gat %ﬂ#\ ep or exanpl e,
if the sub§§%a’tféhq @@@M@W@Uﬁ?@&#ﬁ@@%ﬂm@@;ﬂgm@%ﬂm i ne

hut ati 98, aamﬁon‘é@t%g fpataie%fﬁ’&&&gma&wﬂLré“giuht@u&hgaasrrwtnaaaron whil e the

other half wll e seq(iuence Therefore, 1t is pot necessary to

add wil d- tWéteESTme?ePhﬂﬁ‘E}‘i’f’gca‘L‘F ehmuitations in aiieh ackgroypd ecppsmak  there i s
typically aeqﬁb@du Th&ﬁ@éenﬁﬂi%ﬂﬁon@ﬁn sété@whuta(ﬁonearpmyh@xﬁlﬁminz{l\@ow thin these
sanpl es. es1 sg%\zé ein i C amunt of
endogenous ‘T’\?‘b‘gl HOER °te° tb9“5‘;\%}531‘9“‘51rmunt of
w | d-type Bﬂ&vdxsdgﬁ@ﬁl@onsaﬂml@tybebhﬂd@nsﬁh@&ﬁﬁhﬂ@lmikmﬂiepmieﬁb of

mut ant 3} 0 e P Qu 20 techni que
IS corr%gtlmdegu iﬁ"%’?% 0?&?‘%@&% e§Q&? ?n? \"?\lngfnga f‘ ai}ngrltasgrrents The

| abel ed ol thyowghphtewpatilitigsr i ners are | abel ed, prefer abI y at their 5 ends.
Useful | abels include chronophores, fluorescent noieties, enzynes,

antigens, heavy netals, magnetic probes, infrared dyes, phosphorescent
groups, radioactive materials) chem | um nescent noieties, and

el ectrochem cal detecting noieties. 25 The polynerase is either a native or
reconbi nant thernostabl e pol ynerase from Thernbs aquati cus, Thernos

t her nophi | us, Pyrococcus, furiosus, or Thernotoga maritinma. The pol ynerase
chain reaction process is fully described in H Erlich,




et. al., "Recent Advances in the Polynerase Chain Reaction," Science 252:

| 643-50 30 (1991); M Tnnis, et. al., PCR Protocols: A Guide to Methods and
Applications, Academ c Press: New York (1990); and R Saiki, et. al.,
"Primer-directed Enzymatic Anplification of DNA with a Thernostabl e DNA

Pol yrrer as0'02/838®nce 239: 487-91 WD 02/ 44335 PCT/ USO1/P470301/449223 (1988),
whi ch are hereby incorporated by reference. The polynerise chain reaction
is initiated by adding either the pol yneri se or netal co-factors at
tenperatures of 65-94C to the polynerise chain reaction m xture. The step
of denaturing the pol ymBRIEF PASCRIPEHON OFTHE PRAWINGI oducts is carried
out in the presence of 5 proteinase K, preferably by heating to 80 to 105C,
preferably 94C. The step of annealing the polynerise chain reaction

ext ensi on products i SFigarerliied sdldinalﬁydmgﬁhi ilpstratigf thé proo&iurofol diutatipn ef er abl y

65C, for 5 to 30 m. S m nut es . nd,.t h to,room

t enper at ur e ?%‘P’ng“flﬁﬂg qu‘ﬁﬂ?ﬁg’gl °6f8%é‘f”é’%"a€8|mf’”ﬁ’s" Ttp)gdo %8?‘1 het er odupl ex

DNA f or nat i dbp. AKN6DMNA tigesecont ai ni ng fl uorescently 10 I abel ed nutant and
wi |l d-type PCR fragne i S tured atl C for 15 sec.

to 5 mn., preferabl %%gf&zg‘eﬁgﬁowmﬁlepwﬁﬁaso?g ?lmﬁg nflﬁea singl e

st randed. Tﬂﬁlsmp%Aism 120806 D8P AGEcwhiln Eigliie 28 simwpgeltﬁlttammfmwi@edz to 60

mn., prefer - i room
enper at ur o oV SIBlollR weighthdlcrd Wdre SHR SRR efent (€ PR NG 1
t heoreti cal Ilfythselmlmv‘llh@emdXm!fémwdmlyumeoduct s are heterodupl ex DNA

cont ai nijgg a base- M spRLEI3AAD sRdv Sleladlela¥Ryd Wé&doﬁﬁ&&s%%‘hoﬁﬁea sl ow

cool from95 to 25C, decreasing the terrperature by | ess than C per
mnute, pr eFE@Bﬂ;‘mS‘F’P‘Gﬂ‘i‘tQ@m@ spbstetes CFiegre 34pisgp anday dedgn WhF’FMSEl ve means

of denaturi @aﬁﬂde(sawnmm@ fFahmb@wm(d&u&iSb@m é&a@ammtm/%hz)as rase

fol | owed by I%Pt ra%l;&zahl on qpy al tslo be (g klgahnﬁl’é‘ ol yneri se
chai n react iR799 80 &UgmLiugr Sgire %H?Fa?/ th%éﬁ g @ of 50 by to
1,700 bp. Tipesitombminadleadtiie chsngps en‘hbtlahia;adme tndblivied| &'hsebng‘thfdfﬂfa Ther not oga
mariti 0 S us [ 0COCCUS or| koshi i,
Pyrocoggus aﬁ{’ggg&s% acufmpé a‘glrg%%ﬁ“fn&ed 1°C eawo%ﬁs sarefnuaf c}i’a’s

Aer opyr um permwx., Tﬁddw%gﬁhemoas sernetfpimed andesribBhin Mg usﬁbbprebmc The

endonucl eas p gucts at a

| ocati on on%tfﬁ%ﬁ%ﬁé&lde one se a&ﬁ?ygﬁbr&n&gﬁa&ﬂﬁ ZEE se pél rs. The
endonucl easd:}$ ardtheralgtionship b?@amesxbﬁ@mdane@cmshwm byitherpmmowk dalupl exed
product s selmgakesc fE:9m f0Marif QY Rret RS o¥iHififesIB MdE afldsbbsthlehegiMve A/ C,
GA GCT, T/ T/C. CA_and CT. Alternativel t he endonucl ease

pref er eRPi a|°P9'Ich . Higwe 3D shawy Hhe Jagatipn gLeleasage HIEs- Fae Kag BEBEKES WREd product s
formed for 3¢ntAstic dighficheolidssddenticalltb e top stml yitiepbttommstraxdaphodhase havi ng
a sequence ?el ec% d fromthe group consisting of gRcg, rcRc, cgYc, and g-,
where the p of the m smatch is underlined and shown in upper case.
The endonucl ease pr efEigeresM&Bweplmoﬂ@laﬁﬂeﬂﬁor%&wﬁfbﬁﬂwmea%eni cks or
cl eaves one angd L RFE$ I QhS t

het er odupl e;?e roducts ﬁeg@ﬁ%drfwgﬁaase C ‘g%t\’/g%g%réeactl%%ﬁmgo efer ably
carri ed 28ut ame'rqfimdmuclwg&‘Qamamngmmms ofiMgt" @M%V or MhCl 2 at a
concent rat i on of 0. 45gdhusBNp Mabsosal dhifkg PdslabaabiRERald P 1GRRUCI ease

to heterodupl exed product V\BI% ratio in thé endonucl ease cl eavage
reaction mi @tvaretyjof different ginglg base mismatches in the pagence of Mei' 9rMn&l-| v no NaCl or

KO is present. WWer eFighfes GAAR G BRTRalae AR BImARigRIrrethdRRaEs. Wei ght
ratio in the,endonucl ease cl eava action nmxture is in the range of 1:1
to 1:10, M 1&“%&86?‘8’"50 e '%a ?0?3@%§m8 rdpliggnunicotiges epniatping ?f? %ferably
50 nM @oncefté (AR st ondeokigitiding. KGintlested subseatt wﬁmtmwem&ateé eavage can
al so be carrie res Oin a volu nt range of
2.5%to . 10388% gﬁayﬁtedtsa?k%re]l ’ﬁmafngﬁr@gﬁ AR 48 SiEE eMEPh g ‘Preferably,
t he endonuclotigsuclebtidd leRgth maskeds Uran@d: DHM Bha &6V ESé-L.fU)}Hand]m 1che second
step of the present invention, heteroduplexed PCR 15 fragnents are cl eaved
by Tma endonucl ease V. Ti na endonucl ease V contains uni que properties that
make it ideal for this process. Mdst significant is its ability to
preferentially cl eave one base beyond the 3' side of a msnmatch and the
fact that spurious nicks at conplenentary regions are suitable substrates
for religation with DNA |igase. Wile there are other m smatch repair
enzynmes which are nore efficient 20 in recogni zi ng base m smatches, they
generally do not cleave at the m smatch, nor do they | eave ends suitable
for religation. In conjunction with an appropriate |igase, these properties

of Tma endo V allow for the reduction of background noise due to spurious
n| cki ng, V\:hl |l e rral nt a| n| ng cI eaved 5| tes assom at ed WI t h m smatch sequence.

——r b1 . o o - ~ -



WO 02/ 44335 -25 PCT/ US01144922 Overexpression and Nucl eoti de Sequence of a
Ther nost abl e DNA- Li gase Encodi ng Gene," Gene 109:1-11 (1991), which are
hereby incorporated by reference. These references contain conplete
sequence information for this ligase as well as the encodi ng DNA. Ligase
reseal i ngyo g2/4u3ed erably carried out in the presence of errRibhsslifa to

i nhibit fzuther endonucleolytic cleavage. Preferably, Tsp AKL6D |igase is
used. Ligase resealing is carried out at a pH value between 7.2 and 7.8
when neasured at 25C. Ideally, the cl e‘al\?a'ge of Trma endonucl ease V shoul d be

inhibited in,this s . LNe. 0pti _Jeaction byffer for Tsp AK16D ligase is
20 mvlTris-Ilfan("ﬁﬁné"é@fE,'gE }r&?ﬁ/@gﬁﬁlé@éﬁ‘%ﬁ”ﬁiﬁ“@%YZéér‘a{ﬂ&,P eoR)SRA, 10
&M f" t hi Zt h &g&i metilit}ﬂshiigaﬂﬁ&78m8 " anmdc)iﬂﬁtAseagiéeicﬁBﬁﬂwerS@gd{{mi?d&izzf Iﬁ\ul al .,
ucl ei ¢ Aci searc . . : e ed.in. t anpl es,
infra, Thi a.d°gﬁ8"8g%“$°§ °§S?FB§F°°E&%P§§&%P§F*‘F%$D B g&af%‘?nf‘ FPé‘%ngE‘ﬁE'é‘ of 50 M
NﬁCI or 50 rd}zlrlmlmdw a®spbeifiet Gelott &jtlielrm»&ﬁ’ér @}nipgﬁaﬂts hufuhafangéagdi ti OES for
the Tsp AK16D ligse reactjon. ...a suppglement er is added.to the Tna
endo V r &actTBH® Wnﬁgﬁg' L‘f’queT aeﬂggﬁb‘gm‘{]ftbarpf)“ﬁimiﬁﬁ%\ﬁgpﬁngﬂﬁ?\t al buffer
consi sts of sabdrateMontrols 8HKO0 v\ Hintd.ehdoV ®Rh20mM iviging sybttablasipbsiticd , 100 MV
DTT, and 200 SA, i I 15 ul .of ,the reaction mxture froma Tm
endonucl ease’ é?l ﬁ%%seﬁ-er/'ga% |(§}r%1:glefg'6'ﬂ egfam_lLB%nsgﬁ%gf‘élﬁ%vrﬁg%lFm{)W {’yl p. L of
20 mM NAD+, Zemder@dopudieasé V1Figud@6@ shorssthedléBdge ofminge-ftsandek enzyne sol ution)
are conbi ned,; L-%1 U, ' f in and
dohgl{.]%l&ééslﬂ e l&gﬁ&ﬁ%gée’ﬁ%gﬁe &finFhe p6r§se39el &5.:81011%%81}‘

term nat ed by "addi ng an equa can st'op sol ution nvl EDTA,

1% bl ue WextardmMnEhowitholGmvkiTane)endg¥) €B:Rext: 1% 1Y onwpeci@esedeaneet i on of t he

reaction prqgugt SDMRL® S tHeRMbalPie R plakRfd sﬁﬂgtra%?id_flgaﬁ?é Yeabtionk adiede gel
el ectrophoresis or_capillar el electrophoresis, I'n the preferred
embodi ment , ReFepedwith b?}n%ﬁé%ﬁé’lwmﬁ%ﬁmwcmf oM MGl 10AMy 1 ninute

(to avoi d DivnCranmarb TN LAk Die Caftabt}l4sai8 pFRAS;HSTe@: BRavaigg Fakdon and t hen

cooled on ice., 2- t m xt C t hen..be | oad ont o 6%

denat uri ng ﬁﬂ@ﬁ'&%‘?’lﬁlﬁ?@e’ﬂg | ’“a‘??&ggl%gtcﬁﬁb% 8&5@%@*@@%%“?%[??‘?‘63&?‘%% 377
sequencels ( A8 ke InlGllianesr4 argit 7: BRDS 1119 Lines 6Gnd8: Eif =+ ¢dl, Fidifes GEGsiw and a
gel tenperat X I . r and t _DNA _products,

al t hough 30 tﬁ%?’@?‘%ﬁ??\%&?gﬁqeé?@oq%%%be el gr(l:1 P‘élp ﬁrqgésﬁ%na B“lre‘*gaches can be
used. Fl uor exowined 300 oMssingle-Fiaddediposingsubstaaje? M BRTATEEu(et @) of Sagnent ) ,

Coror of t e a0k TEer 5 0FS N Epl (s o bt Al Lo SRR, O

whet her t he @H&aoM PIdiend Hi 1+ Ingn derafEngioVt Hdetreagtion mipdurepwerst r and.

TAMRA | I !!!i?i% 'm]ﬁ? s n the sane
gel . Thiais?)eaﬁﬂ%u\%g@?gf@%}ﬁlﬁﬁecu egér%wel g ?ggg@2%88%§%¢%%g%%§et 0 be
estimat ed bylawedpBiS 16 lane2: Fe$ Htliielane bi B:St=/1.85 lane 4HsS 7yl lapeSdBei =t 0 t he
si ze standargly 15fe: ¢:9Ll1,1.t he GeneScan anal ysis software versions 2.1 or
3.0a (PE-Biosystens) is used, although any state of the art gel-analysis
software can instead BEUEFAGBSHOW e eliect pfipikontbg bassopaismaich clsavaggpr oxi mat e
site of the agtitiat ofdnd éndbRud@bevm ned. Anot her aspect of the present
i nventi relates to a, net for identifyi a nut ant nucl ei c sequence
di fferi (r% by one or n%}%”%?ﬂg\s@tﬁsa‘b@é}}ﬂﬂwciwepﬁ%@ﬁ ?°6 938t del eti ons
from a nor mabistnatch eleavage laetivityafiTthasadpnaciease V.n t hi s net hod, a sanpl e
potentially containing.t t ant l ei. i uence but not necessarily
t he normal target r.luc%éﬁngg%élaﬁ%e"é%%%‘%,ﬁtg&g?g)r%geg‘éaggBﬁcféglf’tﬁivhg t he nor mal
t ar get nucl edoncentrptionsefaMSOcvhitinehoivs ithel esfecodfi A Oodoseanirdonom frea s sui t abl e
for hybridi zahl QR . I of the nutant nucleic acid
A T

sequence, and a polynerise are fo forma first polynerise chain
reacti om0 xt ure. The Figurest104oB yirpariots ef xelpgive intensity pheleatiage predudtsv.subj ect ed
to one or NyoRcdABhdTESf ek Vhibh §H8AGthd Sfect YEDRANY Bdrfebntiafioh WA 852 @
hybri di zati on treatnment, where the | abel ed ol igonucl eotide priners can
hybri di ze t FRfeRciateY, baseriserich slepvpeg aefildce, an ext ensi on treat nent,
where the hybridized oligonucleotide prinmer is extended to form an
extensi on product 20 conplenmentary to the mutant nucleic acid sequence to
whi ch the oligonucleotide primer is hybridized, and a denaturation
treatment, where hybridized nucleic acid sequences are separated. The
polynerise is then inactivated. The normal target nucleic acid sequence,
the | abel ed oligonucleotide priners, and the polynerise are blended to form
a second pol ynerise chain reaction m xture. The second pol ynerise 25 chain
reaction mxture is subj ected to one or nore polynerise chain reaction
cycles conpri-sing a hybridization treatnment, where the | abel ed

ol i gonucl eotide prinmers can hybridize to the normal target nucleic acid

. e o o,

Ot




is incubated so that the endonucl ease preferentially nicks or cleaves
het er odupl exed products at a | ocation one base away from m snat ched base
pairs. Aligase and the potentially nicked or cleaved heterodupl exed
products are blended to forma |igase resealing reaction m xture which is

i ncubat edvoo02/8338 t he ni cked het erodupl exed 10 product s pau/yser/éaezx | y

mat ched base pairs but with substantially no resealing of nicked

het er odupl exed products at | ocations a_d1'431_cent to m smat ched base pairs. The
products resulting fromincubating the ligase resealing reaction mxture by

si ze or el ectrophoret 'F@gd?&bﬂlhl-ﬁlér@ﬂ@ts%?%tﬁfe%en ?@f&l@ﬁm@é&%@ﬁ]&@vm the
normal target nucleic acid sequence anf the nmutant nuclelc acid sequence

target nucl ewnrenrafipn efiECRq Figuee 14 shywgdhat thedeaypeenf P CRGramMmIs N he
separat ed praglgld v eetsibwer hd AT élﬁl:’é?ﬁtahﬂﬁh tHgurt | IR S wWsRRERhibREry €act i on
m xture. DNA M cro-sequencing for ldentification of the Position and
Conposi t i on Yfects ol ondee deavpgegeration mithelne endaV. 20 A further aspect of the

present iswvention is cthges&@fiat,@ot%fﬁamedn{eaglty\ﬂaﬂlte'vmhr}falaesmetaaﬂhtﬁucl eic
acid sequence_differing by one or nore single-base changes, insertions, or

del etions, fofdhs Bmaew CIFaé(F‘%“e‘Facr‘i’GEI"\éihdeﬂl?P‘d°§’§?$uence In this nethod, a
sanpl e potential |y COrRigirdit 3 iddRhéRAtIRliadrat @€ the'KiedsEFx6n d@hpPlisQIUENCE as 25

wel |l as the t ant nucl aC| d S nce, Wo Iabe ed 0 | eoti de
primers sui tsg;g %1‘ &S‘ﬁs‘%ﬂ{)‘f %&ﬂ%gllﬂlﬁ the target

nucl ei ¢ aci ddmmesethaahihtyrm‘ﬂmnreneht inviaition ¢o Mécﬂlp&ﬁtm&ﬂaﬂms i ke }a-ras

pol ymer are. bI dto. foar ech tion Are. The

pol yrrerg]zde PV g rea eﬂ%%thlfnh?%&?dsl%g eamt0 ﬁ?‘gl ar%{DTre poI yner ase
chai n react i sealing/of oo-spesific ¢ledvage profydts, Mdm:auﬂmmmﬂeatermant, speeifie 30

ol i gonucl eo%l&’a%a?éf#ﬁﬁﬁés can hybridize to the target nucleic acid sequence
and/ or the nutan uclelrc acid sequence, an extension treatnent, where the
hybri di zed ol i gonucl ediigues - ﬁ@replgtsefreémmnwﬁwfﬂmmscemeémab@mfpr oduct
conpl enent arﬁﬁu{agUM@t%@r&g;onM t&s@ﬁé@wﬁ%}*ﬁég@s catidéQiohhe mut ant nucl eic
aci d sequence to which_the 2/ 44335 -28 / US01/ 44922 oI [ gonucl eoti de
primer i hybridized, HE#yed demonstiptss the bilingof the presenfyrrationyp Astestz ed

hucl ei c aci ds:ﬁanueaﬁ@s/ @ltiof @PBAREML P and BRECRP, dnl poOYERENsSA theSpSNgdnel vat ed,
the,pol yreri s¢ Chain " aekl B BXHERShED b b2 Rl JRRRA £ B gl o
nucl ei ¢ aci dmfitatien)ircawegion ofl DiNAcasrtariga ng 1.7 kbl Figura b Alisaoschenatie diagram of
Focati on oncbiet L RiEH iBinlatinic ntlnf nEf SRS NE SUBEIST D oea
pr oduct s2Gr epxbdwrthxzumlGﬂdmmmmmh@aé&@rmntag‘enueamdmt poiRt ur e
which is | n%géh&% Jﬁ%éﬁﬂtgeﬁ@%nfaﬂ%ﬂﬁ%ﬁﬂaﬁ;a%ﬁﬁﬁﬁﬂm ﬁ%&sé‘ allvdger O cl eaves

het er odupl exe cts at | ocat1 on one base awa rom m smat ched base
pairs. Ali g%lenm%fwer@e%? epavags Prpdygts, pdile sHL e%a%éheweeé%mﬁﬁex ed
products ar eclbdva F@Ipﬁdﬁasform a ligase resealing reaction mxture which is

i ncubated to seal the nicke | exed. products at mat ched
base pairs but with s ?F&%&‘%glssmﬁgh#)@%‘é‘fall\%ml#”%ﬁ @H@H‘E‘)ﬁﬁdyéﬁ%‘fﬂ exed
product s2sat fuznitie] mq&cﬁcblﬁcmgﬁreﬂwniembnﬁmdhéjwe-nﬁmat& cléavpgd achipityse with
3' -5 exonucl t dth oten | | i cked or cleaved

het er odupl ex® par%n(]iiict S arde %‘F ﬁ'aélaetf%p?tér m%a'(?poﬁyd(?rerl se exonucl eol ytic
degradati on reaction rﬁlzmruﬂéAanhémqulmmemqDNAmmrsdﬁuehdns ef fective
F e oy PG e RO R Mok a8 SRS BFREAL raBRES. 2 L0, Lhe

nick. After The po Ise wt exonuc ease ac I'S inactivated,
a pol ymerise wthout Figwe 1§presents the zasults ofcthe ﬂm@qﬂéo@%ﬁp@e@ 20
degradat idn Akl Ao R ehbithés frdniiehRh ﬂh@ﬁ@&ﬂés@{;ﬂ]hé &aﬁeaa&éﬂmasphat e

nucl eoti des, and deoxyri bonucl eoti de tri phosphates are blended to forma
pol yneri se n?ﬁFdﬁﬁﬁuenC|ng reacti on mxture which is incubated under
conditions effective for the polynerise without 3' -5 activity to extend
the 3" end of the nicked or cleaved heterodupl exed products to form

m ni - sequenci ng reaction products. The m ni-sequenci ng products 25 are
separated by size or electrophoretic nobility, and the presence of nonnal
target nucleic acid sequence and the nutant nucleic acid sequence are
detected by distinguishing the separated m ni-sequenci ng products resulting
fromincubating the pol ynerise m ni-sequencing reaction mxture. Treatnment
with a polynerise with 3'-5" exonucl ease activity is carried 30 out at a
tenperature of 20 to 40C for 10 to 60 m nutes, preferably 37C and 30

m nutes. Suitable polynerises with 3'-5" exonucl ease activity are E. cola
DNA pol ymerise | Kl enow fragnent, T4 DNA pol ynerise, and T7 DNA pol yneri se.
MD 02|44335 PCTIUSOl/44922 29 The polynerase mnthout 3 5 act|V|ty IS

o o,




exonucl ease activity are Sequenase (USB, C eveland, OH 44128), and ot her
pol ynerases with site-specific nutations to knock out the 3" to 5

exanucl ease activity. 10 In this enbodi mrent of the present invention, an
optional DNA sequencing step (i.e. mcro DNA sequencing) can be included to
accur at ehyo §%4483sm ne the conposition and position of anpatigsidezaucl eoti de.
In this variation of the present invention, the procedure is simlar to

t hat descri bed above, except that unlaheled PCR prinmers are used in the PCR
reaction. This results in PCR fragnent'§5\7\hi ch are 15 unl abel ed and,
therefore, conpatible_w th fluorescent.di deox Log. resence or
absence of fl uorescen?’g?rﬁgé?ls{‘?"%sﬁﬁta"%vﬁh é@%%ﬁﬂ&sgg%gﬁga%gﬁﬁﬁ&géeoxy
sequen_ci)_nlg_, aﬁle_llt?}Tl&i@fnSfcﬁcsxtbbﬁatmdm“' gfﬁ@ﬁ:@@ﬂﬁﬁhﬁ@tﬁtm@. The pureldy one of
conpatibility with the detectjon pet t he sequepcing assay and not
necessari | y°¥§%ﬁﬁefﬁﬁg?%weﬁ\wrt°§ﬂﬁg‘ﬁ%$§g§ ff?’ipog@f‘i‘é}?eﬁ _a?ngl'l ’I‘%&“‘?ﬁ‘@%‘&%equenci ng
strategy coBbémhinihgll\denMHERESOMEH 7.4), € paM DTT, 2Reglitersl) 1 addddinGIb 3o nMf t er the
?hsa endo V_cl eavage and ligation with Tsp. AK16D |igase, the 3

exonucl edse PA¥A pibsirgte.qand rlgagendo)] ravtants-r FhegReations wet i | i zed to
exci se a fewrRames by addidg ah EQIR VHI8mEIoF RheStaibibK s AtRGedYiod ™8 Endo V.

E. coli DNA polynerise I Klenow f nt pqQssesses, appyoximately a

hundr ed- f ol &ﬂ%‘ageéﬁ%tﬁ?sh%@ﬁﬁ% é%%ggeé‘ef‘l %50 3‘?‘1“’?‘4%‘?“’1‘3‘“8%&’% yneri se

{ Sanbr ook, dampiks @eére Jodkied et b 40%ChaneSog denhinking pdigdcyylMaideale] (P2kéh Ed. , Col d

Spring Harb Lahor at Press I ring. Harbor [ 1989), which
Mirmpo AR cHiG3R, esrosibit i oy Y P eluab g i )i | ot

is hereby i yre ra” nor
renoval 16f drhirysiag e ABDATESEquéeet (PEddn Bidéerp dl.aped 18 indict¢dRbe kleavaBb ner) i s

then used t g.ddbh of BANLEPULL 16 RMuthd foidhcBilat alie A% dnkbhitmgof Bi gDve~

ddNTP/ dNTP. IS res S In avery sho nt se uelncé 'adder whi ch
can be anal yynedEnde Viwasalse; aseayedhat 1(Wile $4ne OdR) andcP wit lage 1 jgad
variation. 12)MaPkd4335 -30 Mutants of Tl:ern:atoga nsaritim EndoV

PCT/ US01/ 44922 Anot hef aspect of the present_invention relates to a

t her nost abl e endonucl Bgets hih-<tshgarrdraypesactivities ohbma spdonuclrasgyi e f or
l'i gat i ofs Whedutit<d 1gbuBRLSHARddd)indBRiccEtREhikdN 136t (IRA 2 rMidtihadidey Ni cks or

cl eaves het er odupl exed as follows: (1) .at a |ocation where base pairs
o 6 Srmt o RO BiPEGHE AR RR R b bl s Papitte oy oA ey 1/ T
iAI G AC mGisﬂu"etﬂr‘:)ElegTD&l: slibstratedobfroD(Figulrd ﬁm;)s A Figne< 11 slee cgérivhge ag ah
ocati on where.the base.pairs.are smat ¢ [, one se.oL0 ., heyand the
st o, | RO SPORE PR e G ESS Pk Bt o CORRF TP

ernati are gener ated- whi ch are
sui t abl e f orthd pregeheecaf ndHMeCik i IngFigae 2&C1 thy clemtaghiesdctios webe péirformed t abl e

endonucl,ease.jn, accordance w.th the.p e Lpvention preferentially nicks
or cl eaégs ?ivtlbllqaégg? n%'ﬂ’g’ts%artc?dﬁ%?gﬁmﬁneé rmglﬁfrgﬁeﬁ‘bﬁ%f%ll’a%lgé mut ati on or
pol ynor phi sin@zcept those having g-Rcg, rcRc, cgYc, or g~ sequences, where
the position of the 15 mis i s underlined.apd sho i uUpper case, and
generates ends which %’F‘é’egg?‘%'a sihémﬁ‘%errl]n}ol&ghé)f:&é%c’ lélﬁerrlll‘)(?klffr%%seggrfect ly
mat ched DNAmutdnts rCntl: swhsirgte conteolt IeFiguret22iL gel empility shiBassays weiec h
preferentia i ; Vestabieh ) Jb@rate | two, and
}plaéfo&feiﬁ‘éﬁmo%rlﬁ%sﬁ}% don f&&ﬂ'l@%t%ﬁgi Vat]e@eﬂ)fdﬁ{eh% 2ifos

t hree base inser ns eletions, at a location base pairs are

m smat cR8d &EPWhinstsadef Me(londn FigaredaFhigekmobilityeshift aspays Fatheandpesineends 20

whi ch are suyj t.ab! | } ! f . d DNA.
Anot her as pggrﬁtglg}r&t({?gﬁlgrs g%@#tl %ﬁé@tﬁ?y %%ﬁ{&g@gre%ﬁftcﬁébﬁg{: 1%21% 29@, from
Ther not oga igelrmobility sbifrdssdys wege aaridderut with)ananosB@Aoneming doublesstigeded( 2) a

Y80F residu : i , Y80I, Y80V or YSOM residue change;
(4) an %SAg?%%ﬁAéﬁan%§e£%§ognﬁ L, R88>; R88V, or R88M residue
change; (6) an 25 R838Kignmes23AB shosngpd mobility stift R8BMNa enddad8lgaseddi due change;

(8) an 8D_qr. I : : ) 8 [.e54 change;
(102 BloarRbtE i hERLAHEIR0NE bl byt bully, TRREER AR T (0
change; (12)mcbiliEgsidfiasssysiwerechrivngted withe) nigkdqdgaodingrcoERddng daribdeie change;
(14) a E89R i . I Qlhap8 i .echange;
(16) a rutoidl ey Gopatince LOICH FRE TR Tk o

resi due change; (18) a H116K or H116R residue change; (19) a H116N or H116Q
resi due change; (20) a H116T or H1165 residue change; (21) a KL139A residue
change; (22) a K139L, K139T, K139V, or K139M resi due change; (23) a K139R
resi due change; (24) a K139N or K139Q resi due change; (25) a K139D or WO
02/ 44335 -31 PCT/ USOL/ 44922 K139E resi due change; (26) a K139T or K139S
resi due change; (27) a D43A residua change; (28) a D43E residue change;
(29) a D105A residue change; (30) a DLO5E residue change; (31 ) an F46A
resi due change; {32) an F46Y residue change; (33) an F46L, F461, F46V, or
F46M r esi due change; (34) an R118A residue change; (35) an 5 R118L, R118l,

~A A £\ 7 N ~A A AR A ~A A L7 o ~A-A SR




EXAMPLES Exanpl e |- Reagents, Media, and Strains 25 Al routine chem cal
reagents were purchased from Sigma Chemcals (St. Louis, M) or Fisher
Scientific (Fair Lawn, NJ). deoxynucl eotide, BSA, and ATP were purchased
from Boehri nger-Mannheimdian o ie, INL Deoxyoligonucleotides were ordered
from | ntwgnaseds DNA Technol ogies Inc. (Coralville, |A) .rcitRoapes col ums
wer e purchased from Anersham Pharnmaci a 30 Bi ot ech {Pi scataway, Nn.
Restriction enzynes, T4 DNA |igase ar]q DNA pol ynerase | (Kl enow fragment)
wer e purchased from NewkEngl and Bi ol ab gBeverI y, MA). DNA sequencing kits,

PCR kits, LT . Skze S 44335

PCT/ USOL/ 4%%?%%%%&8’3 %n@/i%%’f?é’ﬁ 5 moé%é‘?‘é’\frf% 3?‘1\;98%f

Per ki n- El m€FACmrtheoprasdnonof Mg€ler City, CA). Pfu DNA pol ymerise, PCR buffer
and TaqPl us Preci si o}g. PCR K%t \év]tlere pur chased akrgom Strata ene@l}va Jol | &,
CA). Protein assay kIBWEaZ4OH! MITHUPPSRes F2RSE CRemGcEeveeely. 5 rB

medi um ( onérnha éndo V 1aotasiss Thelcleivagb regetivins Baed erfornipd witk E:Y (éhzygneam yeast
extract . 6 Qr |, ~1..gr.am.gl S and 50 TLi s-.HCI H 7.6.
VPS. ed ofvaaie i of L@ SR fue AReniCorh afl Mach TR yort™ |
Bact eri ol . .terfuldfedl)at Sificdime pdiRté 4r, GenS &l ahalydier ©bal: Tie enadquovat ed by

Coni catioh but ot coRBREs ehAg) S5 WRPTOAEBLE e e 71 HrS-SHAFEBTA, pH 5. 0

0. 1 nM DTT;ind@ingSubstdateMEmtl: Sibstritk daffiol. Hgme25aArshetws plescige by Omacodsi st ed of

80% f or mam | .Chi 1) ) % blue dextrin
(Si gna Chenxfi %‘3"‘?@ ﬁ%&gﬁ&%?&? ?L%l vg%?lg?%{%% %ﬁ%%@“gg?%sém “mM boric
acid. TR buhbstateptatioiof { ddSaf 1000V tife presancs of frnM MgGlad Figue23BOTA. 15

Pr ot ei nase r Ay fd A | engj rocon 30 filters
wer e pur chasg% Fg%%qﬁgﬁgﬁe%ﬂ%é 55 &%ﬁy&ﬁ%ﬁuﬁhpﬁ%c?%“ se FS and four

di deoxynuc|Fegnre 2% showrsahep gl michdity giftof dnmlepddy retants mwithifenM Ge2.Pak
Cartridge C:18 ur chased. f.i hm. rs ford ) [ - Sep~ spin
ol unm By N SRS Bl A BE TR chd b it M 5 stNEOBITE ™ RV g

Ther nos speci es AK16Bightdd 26AdJa skow\Elsavakeatiditied ¢ TR ehdks Vatutardits én col i . and

purifi t o _hano Lty .a eserihed in Ton J. al.. . "Biochem cal

Pr oper ﬁ%es e aangi?%ﬁs“ﬁi%‘abe%a&ff ‘g{ﬁgﬁvga 58 %rogsmwﬁé’re%gmegp‘g%? E'SSOAK16D, "

Nucl ei ¢ Aci(czyRes sibstrFigBradid of 1999 = 19mMDlin tte presendpyofi oM MaCiz.eCnthy
reference. 2 anm .- P 1 d nstructi . oni.ng,.. Expressi on, and
Purificati SH°% Eé‘ﬁ‘ﬁ', rﬁﬁ%&%ﬁe %ﬁi%‘”sgﬁe éﬁﬂ'gﬁﬁ%ﬁo asseubamf?'i?%’ﬁﬁﬁ?&gﬁAST sear ches
(Al t schul , sBows the eleawdge of G/U Mitistrat8i Figure Z5{5¢h8Wws 4E3ld@agelFIPY, which is

her eby incq t f I3 ading frame of 225
am no acid Shgsgﬁ%éggnglg %%énlﬁlsﬁ@ﬁ?%h%‘%gg%‘g% %‘g?ﬁ%&%ﬁa genone that shows
34% se@¥ence identity to the E. coli endonucl ease V gene. To prove that
this, Tma ORF i ndeed paAcQaeD HsTIPTYONGE THE INVENGTON oned and
overexpressed in E. coli. WO 02/ 44335 PCT/ USUL/ 44922 -33 The putative
endonucl ease V gene (nfi) from Tl zernotoga maritima was anplified by PCR
usi ng f or wanéedtingDINA S¥qiétite Differehces GGA GGG AAT CAT ATG GAT TAC AGG CAG CTT
CAC A 3" (SEQ 117. No. 3), the Ndel site is underlined) and reverse primer
EV. Tma. 02R (5 GCG CCT GGA TCC ACT AGT 5 TCA GAA AAG GCC TTT TTT GAG CCG T
3" (SEQ@5 1 D. No. 4), Onhesfspedf thepredtatiinvergion ésdicacteduma ercithodedy) . The PCR

reaction m, . I f f t ritima genom c
oA, 10— npetofins ¢ gt ducaP ST Ellefts terl o opd BERER AR BB, )

EV. Trra. 02R,changes,2hsertiRBR dydeletons, fiod a-noxhaldargetawhledtiisequende. 2TlEs U Pf u DNA
pol ymer ase ; erldfh an&i’é i i 3 QF&%E{ e 10

i ncluded a ré%i%%ﬂgﬁ%ﬁgtl orgJ gﬁa{? at Q%Jé%d%lr@%mr%gﬁﬁg%giﬁl es of two-step
anpl i fi cat invelephidaseguenpe aswelbasthegutant pugleg acibseqienca: Y AroxidimAwosf or 30 sec

and anngal i 1Rg1RIRERIRdLiAl p@Rerssaitabl &1 RybrAtAticn bh BahplekbRRgistindat ep at 72C
for 5 mn. The PCR product was purified aé% I’?thl ne phenol extraction and
et hanol pr et tRugey Wisleolds geqpcnse e ihaput P@Wﬁ"‘ﬁ)ﬁ&“ﬁ%‘ﬁﬁﬂ@%e. Sanbr ook,

J. et al., grbligidykpblymerase to form a polymerase chain reaction mixture. The

-




15 d oni ng- A Laboratory Manual. 2nd Ed., Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York (1989), which is hereby incorporated by
reference. The purified PCR product was digested with Ndel and BanH , and
ligated to pEV 1 vector digested with the sane pair of restriction enzynes.
PEV 1 is ni¥ative of pFBT69 (Barany, F., Gene, 63:1 88), which
IS herebﬁ%@oiréorat ed by reference) 20 which contains %T/%gz/“ﬁ%?te after
the Shine-Dal garno sequence in the phoA pronoter region and a downstream
mul tiple cloning site (BanHl - Kasl BstX”EcoRV EcoR M ul). The plasnid
containing the putative Tnma endonucl %ase V gene was desi %gat ed as pEVS and
t r ansf or me P chaigreactipn mixturgpesublacted to,fae arrpore pplymgkase chall gescri bed i n
Chung, C. -Feactteﬁ c;’tdles. colipPiging Madybridifwtide tre@@hent Whéke 38 gdhucRtidepimerd 989) ,

which is 25 h mcowg?rateoiiq?x referenc \yf%e endon cI ease V gene is
regul at ed lﬁ‘?n gef nucleonds spguemee @pdpy ﬂtﬁanfﬂ’é"%‘ﬁﬁ‘d ucl ease V gene

was sequenGeguenee, %%Weﬁs@%&@xn&ﬂtwﬂete t8é hjiiRlized ?‘brldxgreaﬁaélsrgﬁBérss dQ/er ni ght
old into medi um

E. coli cultu%ﬁdﬁ Ltarnrn” v$s di | tedl

suppl ement SeFRfEhiodrm an ¢ “Sé‘?ﬁﬂ"& f ¢omp ﬁ*ﬁ%ﬂtﬁyt‘cgtewéﬁlqugleﬂt@se grown at 30
37C wi t h 2QQqucpce ﬁiwltﬁgmhﬁnﬂmlc&hsmmqﬁ@cato Wwhidh e dligofaceotiddipriaed t ur es
were diluted

p, g/ n anprlﬁpﬁ”ldﬁ?%hgﬂ'ldlagff i lalfl‘%’ggfﬁpﬁ’e gbdﬁbﬁ ﬁpﬁﬁ%ﬁ%@%ﬁ%ﬁe&hp\? '([) er

cent r i f ugataresepatated0 ey tHeqrolymérSe (indet3 3fed - tBd polgihkldsOdlibivie@dRion 0 m n, t he

C P! el Rl ROl e iy Sy M OB s R o1 (20 M
and soniCatreerusts sre antfegled tQ/\fvnn detetpduplexqdmuadusts notentiaky eavteiniogthe. To purify
the endonu Cdo?xﬁéﬁax\éetoﬁxﬁie%hﬂe sefidrce SEPMhE Ml ﬁuéléig'aéi& deqti¥nce. Q@Ntri fugation at

3000xg for 15 mn. supernatants were incubated at” 70C for 15 mn to

denature t rrerﬂmcmq, @’hEh reeferentiaflyicks op elepyes hetaroduplexedJaNAtat alpcatioret | vat ed
E. coli projn@ivhse dwaydedth blidnskicHell 8ase Paird, Gs @@Qﬁﬁnééarm&pth%&emh{iﬁeﬁdper nat ants
were dialyzed atgsar nst the starting buffer (50 nM HEPES, gﬂ nmv EDTA,
50 mM NaCl ,Pred P90 GWERURIGHFR Cleavaedioption MIX W (Lhe.pnd usly@ssos- PAGE gel
denonst rsat i dl@vhéb&eﬁhﬁ’ohfnhlﬁﬁid 18 Blepledlddahdtilicogdonildabe prefepshdiaibugiciease V

protein at yariqus stages.in t [ ne 2 shows the total proteins
rel eased froME % 3‘3?15 %‘SFP?dugFﬁ al°?f§’§’f‘ ope @%ﬁe'awﬁdgrt(’ fchgég
t her nol abi I;a;rsvrhrliasél’amlthﬂdmmuaﬁynhkedmsﬂabbéheteméuﬁlwdpmduas algeat ed at 70C

f 15 | udi E.
col i - endo WP R ford 1 BGkln Ricuck s DREHERIALEAErchetdn 11 1) 07
heat treat rmixture rm@thatpdtteebalzthe m*mrtm@nw@d mroduglg ptppnfectly matghed e

maj or ity OfbaQQEaLrsl%%ﬁh@ébs%ﬂatﬁen&%éaﬁﬁggfﬁ@&drh%@a@uglém Aldid deugat i on.

This | eaves Tna endoV as the ngjor protein in the supern

denonsr | at dgeatiqnsdigseat to neatﬁecee%wweeha‘hept?ﬂbftemﬁglﬂpﬁ f‘f’ﬁ'én%‘%?ﬁ%‘tﬂw at ant
after heat thé8gdseeestbalaiptesctibh biitti@alkd RParatbiBy2le @ deatbzih&eﬁem\dbniry;t ed at

about the 24 | cDa srt n, indjca It exists ner _in
sol ution (FR§HP ?%F Eﬁ’fﬂﬁﬂﬁﬁqe ’é'ég obgﬁé%quﬁltﬁpr ?i‘tf "“ﬁg‘&? KEWgenei ty
?; |h ng a Hi ;I'seqmbnspanedetcmddmthbﬁmplagy gistipdoighingtae séparm\c/i wodictsgesming t

ar a ease V carries a ne
posi t% ch%?digmal&%&g% %hgasel?csé’hflgg%e %Wstrate for the H Trap SP.
The col um was then ér'llelﬁeﬂSW&S’IﬁMIE‘t@eMEéhwlppﬁreﬁqmtquntemdﬂﬂexs cont ar ni ng
I ncr easi ng RAERE o en%nreg m&egr@a&e(tmo&ﬂn&t@é drfifc TSR cAMtRRIE tB

concentration g conjunction with C or HPLC system EI ution
of a pr ot ei Vild-Ppfrndthesequenee rw%@d&smmdﬁnwlwds EALLRS 034 Cl

concent r at i gyhyrhétphisi! onklof hkd aucledtidd st Sk Eorfl o IdoPnuchioBli€i NS wer e
eluted with 150 30 MM NaCl to 50 mM i nt er val Pure Trma EndoV

was el uiikd diletign 5®P§Bemmﬁﬁmﬂ1?ﬁbrt§8 g@g%nmfeaﬂee DFRFoRUPEEeeat t hat t he
enzyne fr onpfried ghdibhdiveVdriohe? Mdels afdybbhbaiGh theprithas. 1n thoplegeraous. The

concentratio t he .e WD 02] 443 35 PCTI USO1 449 was then
et r mi nod TYPERRET TAAN B RelmERst P P PRmes gregptstated, Tor
concentration= A(280)xCD 280. Wetlaufer, D.B., Adv. Prot. Chem 17:303-390
(1962), which is hereby incorporated by reference. For Tina endoV, | A=0.89
nmg/ M, which was cal cul ated by using the Protean software program ( Power
Maci nt osh version 3.05, DNA Star Inc.) and based on the protein sequence of
Tma endoV. The Tnma endoV protein sequence (nfi gene) is available at the
TIGR M crobi al Database Locus TML865 at web site: httL://ww.ti;g.or tdb/,
under the section Thernotoga maritim. To ensure that the purified Tma
endonucl ease V as shown in Figure 2 10 is devoid of endogenous E. col
endonucl ease V which has a simlar nolecular weight, the protein was
transferred to a PVDF nenbrane and subjected to N ternlnal sequenci ng

b ~

C




untreated enzyne was active as reported, the heat-treated enzyne lost its
enzymatic activity. Thus, the heating step used in purification is likely
to have inactivated E. coli endonuclease V 20 Examule 3 - digonucl eotide
Substrates Preparation E. coli endonucl ease V denonstrates high activity

wi t h douM@02433dnded DNA strands contai ni ng deoxyi nosi NRCTHESMIAHNOSI ne or
deoxyi nosi ne base 25 m smatch. Yao, M and Kow, Y. W, J. Biol. Chem,
269(50):31390-96 (1994), which is herefy. i ncorporated by reference. This
general characteristic of endoV was used in order to :functionally identify

thg purifi egarh ,Eﬁdigééti_eﬁlmrotén%qgmtxﬁiﬂﬁwr@&thmwgb%c{rﬂﬁsﬁOnt ai ni ng
a base nmismatch . was desj gne s. a substrate to itor for cleavage
activity bf%ﬁ@%?‘}dw@d%ﬁg9ﬁeﬁagﬂe§ﬁﬁée %Ra?ﬁ&ﬁgggmgir?ﬁ?f‘%al%mzfg%y system
usi ngdt WO lctietefmladug&bcimrlli %‘agméwd\eiglﬁﬁaéuﬁas&ﬁﬂﬁatﬁﬂeh.ggmebm'eldes. | Trd1e t(r)]p
strand is | ahel.e i - FAM a t ottomstrand . isg TE e . The

i St ch: peSRe B der bl g ELs iy TRHCTE FAGRALS Bhoye T vESe « hat

ni cked pr odigenesaltyceredddr thamtiagC R tard franealing Btavkievid byabykhey fsewiS0e850€) . The
differential douhle, |l i WO 02/ 44335 O 1/44922 -36 allows the
i cking. e aEE BTeRBlYCAEE a0 P Hods Hslepant i R o & Rgui ahed on
t he gel . Oiogmnerapaatineder PBAmEmiIeY, rregrefoesbly Panidutestto domilketabdduplexg

sequenci ng ugeal 10% pol va |l am de) as descyibed tpn ::The Conplete
S G de B Spphett AR B A e BB B8 b M I ) e

Bi osyst ens typegenofdGDNA iShetykno@AKg be Presdnt inslie ofigigdmerstiontthabes ver e

A e e oL o S R

single strands weré m xed and I ncuba ) nd allowed to
f oam dupl extbpriect saRanrimessasaboye nEquahimeles aypents ofmutation gontaigng RGR | e 4 -

Cl eavage Oof frideeunid dia WildQy e LR kA im tntE hrie GRRLE h8Ad, dEBthkh cEY16HE0 foion

functional ly | d‘fr}’ﬁf‘: fIy tge urifjed enzyne,. deOX\él nosi ne cont ai ni ng

substrat es adyplex HCH with pucleqiide mismatehelonyucl ease V shows high 15
activity toward an dameyédonsd stee utilirts JmaieAdortitleasdd fo¥alkavdye oftheal ., J. Biol.
Chem (50):31390- 1994) . which is.herehy incor.porat by reference.
The cle vaglé&?g‘%@?ﬁxol%g%?t asg Wés&micihe%éﬁn%i??c lgrP’ﬁ%q n a 20 ul

reacti on m performedinrsnaptimirgd tctidd bitfRE 3t iphttempédaturd (FONLTY for2% gl ycerol , 5
mv Mg 2 u W .se iLied, I'QM'% t i ndi cat ed
20 anount g#(ﬂgﬁlru?e%r&gg% en c%!l%%ﬁegé:g%&l pro eleia%%%l%%g%%v??g%o%g‘s

t ei xni nat ecendytheprgsence efiMe’u Addition efereshic SelverBt onpther spmponds sueh asThe

reaction m piAHERsdMeldine HEY bo G&Ied fﬁu&é@lez@arfea Fnd Enddéy. g@@b@d on ice.
Three microliter sanples were |oaded onto a_ IQ% GeneScan denaturing

pol yacrdf anfltgsnagixe cquditions pr petalga-factors (gechras My rlaagyealspfacilitptatleavage- at 1500
vol Ej age f or7vka Bidoddieige FaciNBly chh beSREURRAESVen ﬁ]fﬂgﬁrgﬁﬁloﬂrﬁﬁrcﬁndiggnsgse avage
products angd renal ni ng sulstrate re quantjfie sj ng the can
ol ysi o oot gRAE v detstrings topersre o das bEEomd TS soREEROr B8, on (£ S =
1: 10, S = IfucheddtidEmBnstchnds for the ratio of enzyne-to-substrate, S stands
for substrate), Tna ease i | us]

%gglg'ﬁ%kt s ?elgg’lrl%g%é %ﬁﬁer \ll\ﬁ'lie(i/ e¥o %‘Eenag(the contents

deoxyi nosi ne-cont ai ni'ng stran yI nosi ne 30 was
pl aced #n ténd copgengrtidnonfithryufter tmlleyel dptimized Forgubhan@BpbleDMe4 ligese- was
efficient fQmdddidnQtmbbifiinOh 78531 'sﬁ&%str(‘ﬁrspﬁZEIéﬁéerﬁA'léase'ié {eal | C

I/ T), confirmng a previous observation w ._coli enzyne. Yao, M et
al ., J. Bi ofhis BEatipn reastemis)performang. ay ¢S5 to B preforabdn6d C. K 24960i ncor por at ed

by ref er encinuldaCprfefMBM 0 Aikutel hAG HSTis WRHEsh spifitiB I FF3 3RK 163 DNA
PCT/ US01/ 44922 formed by ni cki n%, gt the 3' . side one. nucleotide after the

i nosi ne bask8¥fhtafsies! coprlyRRntary-Risks. gviile)leaving cleagedmisgrishatunaligednt r at i on
(E: S =13p 1, T18s greifly rdaidel backigfime A AhGEORS BraMatitalllyGhkreases the sensitivity
deoxyinosiqﬁvgontaining strands effectively, resulting in virtually

conpl ete cofiVe¥&Fh to nicked products (Figure 3C). In contrast to the 5
results obtained wwth the | ow enzyne concentration (Figure 3B), the high
enzyme concentration pronoted opposite strand nicking (e.g., nicking the
A-containing strand in a dl/dA dupl ex oligonucleotide substrate). For I/A
and |1/ G substrates, the nicking primarily occurred at the 3' side one

nucl eoti de beyond the m smatched A or G base. However, opposite strand
nicking for 1/C and I/ T substrates generated an additional 10 product at a
| ower nol ecul ar wei ght position (Figure 3C). Conparison with | ength markers
suggested that the cleavage site was approximately 2-3 nt at the 5 side of
the T or C base as the 38 ner and 27 ner represent cleavage products right
after the T or




C base at the 3' side (Figure 3D). The opposite strand ni cki ng was
inconplete at 1/C and I/ T, while the deoxyi nosi ne cl eavage was conpl et e,
indicating that the 5 nicking 15 of Cor T had occurred after nicking of

t he deoxyi nosi ne-containing strand. It is unknown whether the high yield
opposi t eygbliapss nicking at the 5 side in T/C is associpgiragoydobh t he fact
that I/C fornms a Watson-Crick base-pair (Xuan, J. C et al., Nucleic Acids
Res.. 20:5457-64 (1992), which is herelgy i ncorporated by reference) and
whet her the |l ow yield opposite strand nicking at the 5 side in I/A and 1/G

is 20 associated wth the fact that they form non-Watsqn: Crick, base-pairs.
Corfield, P. W, et ‘glﬂ?": f%NﬁﬁF‘(SPr‘nﬁﬁﬁeﬁ%ﬁ%@%@fﬁﬁf@%@@w%%, whi ch
is hegI ebyf ble&tmph h?feﬁ's egala/ynatuﬁ@‘;ﬁﬂﬁaﬁﬁm'ﬂbgemmb' pielagédlahdphmigsi’d. ng a’; t he
5 side of _the_l and |/ T.hase- pai S, not serv ith.C | or T/I
subst raxes?‘mlc‘?lﬁﬁeggﬁ?fﬁn‘frﬁﬁfag? ?%ngreia%ge 1%?5'%%%%&8@?@%@#&5 stabl e at
65C i ncubatdéreespadihgdztaedon epiimaad. hothe pheftreedsdnitiditacht,[Pnens ard5 t he ni cki ng
at these sybstrates re | fficient due sequence cqntext. These
Fesul't o5 sufBRET P AP i entra o B optaE RRASERIFORE of fRPrFoett ge- - but

t he enzynefragmead padlysis inftnohadationg Tat léngthsf peiddets ate detvemimppdgi t € st rand

conpl enent f i i ne- L i t udy
cuggest od poptof e iERENAPe: PRI HRGLAT, Tk @ten a8 By

met hyl benzfiag standard cCEngallooksifor an appeoniinete determinatién of the p@@ioBiofR. Chem .
257(6):2845%1?%&1982), whi ch is hereby incorporated by reference. Thus, the
enzyne is able to nake a 5' incision at sone |esion sites. The above

resul t 80confuned t had seqead pubpdimsat ofithis igveptioneandpepparate eajeroy/. WO

Endonuol casdup it s o dnpR TRt Sucteoftt ithulied) Ligehirg T 1" T
ndonucl ease ctivity. and Specifici ince enzyme activity an

speci fi ci t FagEsPthanlahelpd primes aﬁy“%&‘ﬂé?ea?ﬁﬁ?fmey%?ég‘ab@wan enzyne, Tma
engov gla g nn&ts&?czmdlaamgeragmbw Eie&h;i‘. flubrescept. esmz @&a@ésgeEbithenWibnd M;2+, )
Fe2+, +,. | z~ + +,. +, .Ba2+ rz+_was ana ed. The
concent r at P6W°8;’yélj§|3'm%ﬁgﬁﬁg§oﬁﬁmd¥%ﬁféf°ﬁgﬂeﬁ?%gﬁ’ﬁ?t(‘:solf% i ned 10 v
HEPES (§H T ekrise deweddl BiicTeotides fbmaler 3/l end f el miwkt genexated dlyi Tohez end@V100 nM Tha
endoV and n | i | i Al - m ither (AIA), or
T s B e R S S ARG
as a contr @hgmﬁhelsin'gﬁ?mix@rwsefﬂﬁomeﬂs'alaéaleé@iW@uﬁbﬁ@_eandwﬂdm;bdl oaded on a
gel for el QElLARRQRRAS & subdiafk2ahisRERHY G $sHRRGeRiBihE 1dddeSts Whithes were

quantified using the GeneScan anal ysis software versions 2.1 or_ 3.0.
C eavage pfispgefien ard easeaf the yariamh aislontide can bedetgmincd due tothemyzed or M2+,
i ndi cabp Ngsihalbf iSRG GRtdtQ SucRioldd AehOMAnIEIstloncOf act ors of Thia endo

Vin the set tested._.Figyre 4 shows Tma endo VY activity in the presence of
di ff erent concentrat]iwlﬂfglidfaﬁfd‘%‘aﬂ?dwg‘@é‘ﬁ%nHlﬂﬂr‘é 5%@«3@%

ol i gonucl e @iviesttonDiTW\this driawitig, thle Aarfipls poteatialBscontaivista minfal tddget miickefeat ch

cl eavage act.ivity wa st _active at. + entLations of 2-7 n~IVl and
ot Mot 20508 feaipdRE mBR 35 o Piiel Fudbic WA SpBRRECH bRl Roner s "o

M smat ch- Ceinglaibasechadidsgiosaridreoor détetioBnfemthermamehtargetickegtidms i nvesti gat ed
using 32 sygﬁgﬁc@t es containing 25 different base m smatches (Figure 5). The
cl eavage reactions were perforned at 65C for 30 mnute in a 20 ul reaction
m xture containi ng 13 f{this| pyocggure,jtagget PHA moksculesin @ sgpples vt MyCl 2
or 1 mM MghentiadyihibhiteSkiblype il miidnt diR1cid i alRshead e BinpRfiedByd f | ed
TYrea endohucl ease V, protein. The reaction s term pated gy addi ng an
equal vol URBIYBFrage chadTeaction PEPCSEY lﬁtﬁ‘so‘ﬁ‘.’°lﬁf’é‘¥é?‘%t5{?f‘P’6ﬁf‘§b‘b}ﬁ siiepdeds were then

heat ed at fdfet DNA Biolbciles & ¥paarelcefipRentasy stinds froffoné afgthe S pRes | oaded

Bl eot r 3bnoPEEREoiaErL BRARE] B Ed S350 VHLRAL D TRlocto A LRGN, Ani 377

sequencer DRRY miolectllenit the pfédsare aDNA paulyotaseand dNTRs) thie pfimstilasd r at es were

quanti fied_usi e can_anal vsi §‘§ng ersions. 2.1.r 3.0. Wth
My2+ as thgﬂﬁ% e§|t$ goé?a ac %grl?npmatﬁf)%ﬁl Afﬁ 0%%%&1%5%%(’% enzyme
needed a hi gher enzyne-to-substrate (E:S) ratio to nmake an incision at a
m smatch (Figure SA-SB). Wth M2+ as the netal cofactor, the nicks at

m smat ch substrates occurred at lower E:S ratios (Figure SC-SD). The

cl eavage reactions of msnatches did not proceed to conpletion, as even at
higher E:S ratios there were still significant remaining m smatch

contai ni ng substrates while the nonspecific nicking becane significant
(Figure SB). The cleavage sites were identical to those identified using
deoxyi nosi ne-cont ai ni ng substrates, i.e., at the 3 side one nucleotide
after the m smatches. The mi smatch nicking was nost e~cient with an A or G
base, and less so with a T base. C base was nicked nuch less efficiently

o A~ A o o o o o -




substrates containing base m smatches. Table 1 provides a sunmary of
results with Tina endonucl ease V cl eavage of heterodupl exed synthetic
substrates containing single base m smatches. Note that for every possible
base change, there are two possi bl e heterodupl exed 30 products which may
form A-®&@QH43335GT); CHT (CA T-G; A--->C (A-G CT)pcousoyadmdn T-0);
ACT (A-A T-T), and GEC (G G CO). WO 02144335 - 40 5 10

PCT/ US01/ 44922 Table 1. Summary of Tmajsgndonucl ease V cl eavage of

het er odupl eged synthetic substrates cont aining single base m smatches. Base
change (W -MrihpNa m%cgﬁgﬁtﬁsﬂé%% BabiuRl e hydoRE BhiBRAc ) A ~ 1C +
A ++ i G ++ 1A +++ 1 G +++Bot t onfst r and GV

+++Het er oduptrags pre-seppaedirpmpae anather by adepaturatiorn step.. Thls ¢1§1€ °ﬂ30t t onSt rand

(W)i T - 1+hyl§idi'2"a'ﬁbn,:lrpribfé.é_|q§e%§ion-[aﬂ'd d&aﬁnﬂ%@s re, QQ&f wiltii §fFfeiemt - FAM TA CCC

CAG CGI' CTG CGG T AGI TT CTC TAG TCT TGl TGC GGG
TTCC- 3" ( SE@mplificating ha%‘)ﬂqudtlmn@%m hag'occugred, Rﬁ%l%@l@&@imc ACA ACG CAY
TCA ACA STAiEGRvaANEHRAR aAGsA ki AGhaARA tGRLRAEd Bl G: adi®FRnakD. No. 6) 15
Cl eavage synbol s: (F++) qgh i ntensity cl eavage. é++) i nt ernedi ate
intensity cl eavage. Ip)ﬂ‘c 1“’6961 ﬁ?@fﬁlweéi@ﬁﬁﬁﬁ%ﬂm’(m? Rhe

cl eavage of afefmﬁ@léa&b%emeemr@m%m 1 xa@&ctsalwsemaﬁmﬁdt%ke (i.e

conpare 20 A-C with an |sr ects ubtletlesmt e structure of
the DNA as ﬁx@’éﬁﬂ%"e’ﬂfﬁg‘ﬂ’é%w?ff’ %F@S?B&G Teuee 1,5 9Xtgnsion of REUEFY hel ess,

for each poagbrtﬂxmdhaammdmﬁgﬂem smg B&juence @Mﬂpmdthfeemeﬂmod @odict &4l t op
strand d at ast. one tto St rand. .Thus V enz .shoul d be
abl e to?{r}ecbnﬁ}luldge 'ﬁ?atﬁ%%sﬁﬁefe 3] aPé“g]é’Ssgcdﬁﬂtsgef’l gﬁaggf nldg}m?% §r'&n 25
Exanpl e ?' theMNxtenSiprprdduct c@h benndeCAE tarG wycleptidd. nWhEm dothest@ad steobn Si ngl e
Stranded ang; Ul o %m&ﬂﬁﬂd@\'ﬁggﬂcﬁ Frgk&\ﬂféic%fﬂ Qfudli€siRaSPeci fi c

cl eavage act|V|ty of avage activities on a single

strand ol i gbeteroduplex withan extansicngrpdyct pmégtmd@ywen@tammglmc@end spgHenss. ngl e

strand DNA @l2aWA05: d BRkelalclRS theRkRrdds: ﬂfeﬂrﬂ‘ﬁﬂl&k o@@&nﬁl%exﬁgndﬂﬁ&%é‘en' n a 20
pl reaction m xture containing 10 mV HEPES

02/ 443335 _ 4 suchisatensiamproslyess is shown by a “bubble” where the extensmn products are
displaced from one another. Although not shown in Figure 1, homoduplexes

containing extension products produced solely from mutant nucleic acid (which
would usually be rare) or produced solely from the target nucleic acid sequence would
be fully complementary, so no bubble would form. The present invention is directed

20  to detecting the presence of such mutant nucleic acid sequences in the sample by
analyzing for mismatches in the heteroduplexes.

The third step of Figure 1 involves subjecting the heteroduplexed
products to an endonuclease which preferentially nicks or cleaves the component
strands of the heteroduplexed products at a location one base away from a

25 mismatched base. In the case of heteroduplexed products which are formed from an
extension product produced by target nucleic acid sequence annealed to an extension
product produced by a mutant nucleic acid sequence as shown in the third step of
Figure 1, the component nucleic acid strands are nicked or cleaved one base away
from the bubble. As also shown in the third step of Figure 1, the endonuclease

30 cleaves these strands at non-specific cleavage sites where there is no mismatch. As to
the nicking which takes place at specific cleavage sites where ther;a is a mismatch, the

endonuclease is generally very effective at making nicks in strands where the



2% gl ycerol, in 5 MMM 2 or 0.6 MM VMhC 2, 10 nM single strand DNA
substrate, and the indicated anount of purified Th:a endonucl ease V protein.
The pl asnnid cl eavage reactions were perforned at 65C for 30 minute in a 20
~,1 reaction m xture containing 10 mM HEPES (pH 7.4), 1 mM DIT, 2% 5

gl ycer ol won2ab43b0Cl 2 or 1 mM MhCl 2, 10 nM plasm d pFB 7p&rusidsdrbne

i ndi cated anmount of purified Tma endonucl ease V protein. The reaction was
term nated by addi ng an equal volunme of GeneScan stop solution. The
reaction m xtures were then heated at"94C for 2 min. and cool ed on ice.
Three mcrqliter, of sanples wer.e ded a_10% can d naturlng 10
pol yacryl aff des téggaieﬂ%%ﬁrgr f?ﬁlﬁse 8’6&’5‘585}% %’5%35 ®4 at 1500
vol t age f orbade ialT, amdmger&mll&%eme%ﬁvs etcnjﬂﬂmgewhc(rE’ﬂrelﬂu&nEbh base)is CCITRBVage
products and _rengi SLERLes ntlf d usi ng t GCeneSc nal ysi s
sof t war e vé?%hog‘f?mghe%&éé% Bf A € @Saocfﬁ% J;%tg‘?’ﬁf thed

uracil - cont&r(i,mgdﬁttrasﬁsdbusmatmemkmytcﬁﬂ(abasleow enzyne concentrations

(Fi gure(6A, |anes 3- €. nee Lion. \yas i ncreased
to 100 3M (E:'S =10: 1?“:@;1&(1(%15"? 5% ran nlls‘c‘E'%%]ete%’t Eeg%ﬁlfl%pc(’)tccuqya( Fi gure
6A), | anes mirkeddr elpaved hggwdumlnlgpdtmaducmm@wat@mthahgasm dlsishgwvi i thot  uni que

to 1 nosine- L] di stinct
conpl ex wi tfﬁ ?gbf;iﬁgﬁb' %EP %'?éeé%t no % Hﬁﬁr ac:liﬁ su%u‘{trate (Figure
6B), 20 suglgefsﬁﬂwsmtﬁhe&me%mcumewc;lpr@eﬂMgwflﬂvllyclcﬁd base recognition
for achi eV'H%%r&fuBM&l?Béﬁc?s Qﬂéﬂh@&adﬂ&@nt't@%m@fthééi%tilrﬁxsﬁ'aﬁﬂéde‘%é@O a uraci |

site is consistent w enetic studies i ndi cate that oV does not
play a 18ignificant r('ﬂl‘éPWﬁ“‘E? afcthr ligassapsealing ftep ars then sqparated fromegrg er i ol .

180: 46- 51 (ah8@y bymdﬂaebﬁoﬁmmiahémﬁ@r mm,t ell’!le&tﬁ‘cf;ﬂxb%{ée Théfesdit® bi ndi ng
dat a Obta'off {roml'l bst ?rte showe hat({ enzy may be able to
interact wit®§® ﬂﬁg?ﬁlémgs&g%“? éatf”r?“h Ailfrer eu °Pﬁﬂ8°é8°f %"P‘rf’«ﬂ%1 Pr evi ous

st udi es denrathent vithtehidunudiease ahd treattheht witlehigmes afd afidrarcatnicnnoléttl bothosi ne
substrate (Y t_al N 271:; 2:76 (199 which is

her eby i ncorggl%“gf oo agdhﬁéﬁeésrsélﬁgn)u%uw ki %s% gltz’céelava &é?@%m. ng of how

t he enzyne rrodwed duestp tigl pressnceanfoatarBucikié, acidlsequencpeindsapipielarag of i nosi ne,
AP site, ang.dirgcil substrates were exami ned. TYna endoV cleaved single

stranded i nosine substrate with either My2+ or M2+ as the netal cofactor
(Figure 6C). The cl edvesyeingfous thegirecess offhelprgsenring¢ntionpthe samaplelcan WO

021 44335 P%Mgéﬂl%ﬁl%oﬁd%e&%%@%@cht@mﬂfe?%&fonﬁ'ébﬂlg\, WA idfatdd Fori B! 2|

factor (Figure GC) In_addition, NMiz+ pronp eavage of non-specific
single str S(ﬂ‘@‘ﬁké“&’éﬂ“%ﬁ%?fé@ﬂmcm%m fedDNA i vity was
fN;I‘Z t herzocgr&a'gsﬂmﬁ Ithﬂie Bgnple BEIAL wayieadlcwr&faglahs g&a&gs%tmdﬁe@w e 6D). Wth

+ as t en’ea e cifig endonucl ease t|V|ty
primarily APFEREE g‘r“&?ﬁ?éﬁgﬁ asﬁ?ef“ffe%}é?’é"fm'@f)?%ﬁﬁ or’, the
enzyne coulmhclepndcs;qlmnaesmxdammlgeoﬂlzeomzo ia.ast tvvl ce to generate a li near °
plasmd (Figure 6D). qﬁqﬂ i denced by

Epgrot:%{!g li)&'@sgnt% ge ét‘ %I.us g%(

the appearance of nic I nternme conve
super coi | ednlpﬁré@ﬂﬂrépﬁrﬁ@lemme@r BPl}’mOné'eﬁm ﬁp!astmownm;glge@tlsthemnn@lhe enzyme

does nek ngsgetfsre&@enée Blis dstirfBeS cépbéﬁa@eqﬁ%m@r 5%t 8&ié! EncofhelM th the

doubl e str ed 1 nosine substrate, binding to S|n e stranded Inosine

substrate P4 Egplication °5TW§F’J‘?:03‘§B$5‘F°S(1WI‘&‘}%I E’}dm%'ﬁ"éicgﬁiﬁﬁlf?@ﬂaf finity
Ejo Llhe si nghg I(iﬁnqi&cm«ms\vGE 19E,HBP56‘{? r%mmpwwﬂ# pr6b'é“ ] than the f
oubl e-stra stabl e ¢ n t e presence o
My2+, 15 s ges‘ibt #?ﬁ"‘@fﬁﬂ%s’r i gf%ﬁe“a Folt- t%gl%t fhCaffinity to

t he ni cked sva,rﬂg&restltoar}m,mrm,tmkc( IGRIR, €SEER, CSF2) glKit, s&mm:ied i nosi ne

et onSSauv Ry R e o A5 et i, \ERRLE Mo Atk 1

nggs peci fi @@‘Mvﬁﬂ&w&em&lﬂéﬁﬁﬁe&%ef)w&sl Bldmmli&]tésh&m&g ogmacg olr_. In
addi tion cqQaversion ercgile as 0 nicke an i near
f or ms suggé’s’t%é'ﬁ?( ll’h@% e FoES> NIPSfedd: ¢ ‘ésePg?&Gfé}?gi’én%‘“go access a
DNA nol ecul e. Since the above results denonstrate that Trma endoV cl eavage
is nore specific in the presence of My2+ than Wh2+, MjZ+was determ ned to
be the preferred netal cofactor in the reaction buffer. 25 Exanple 8 - The
Ef fects of pH on the Base-M smatch Cl eavage Activity of Tna Endonucl ease V.
pH can exert a profound effect on m smatch cl eavage. The substrates in this
assay are a group of four oligonucleotides, three of them contain

m smat ches 30 (A/A), (CT), and (C C respectively, the other is a regular
ol i gonucl eotide without m snmatch. The cl eavage reactions perforned at 65C
for 1 hour in the buffer containing 10 mM HEPES (pH 7.4), 1 mM DIT, 2%

gl ycerol 5 mvl NgCI 2 (or 1 V\D 02/ 44335 PCT/ USOl/ 44922 - 43 n1\/| IVhCI 2), 10

o, . I Y o o




presence of 5 nM MgC 2. B. Reactions perfornmed with 10 nM endonucl ease V
(EES =1:1) in the presence of 1 mM MiC 2. The reaction m xtures were then
heated at 94 C for 2 min. and cooled on ice. Three mcroliter sanples were
| oaded onto a 10% GeneScan denaturing 10 pol yacryl am de gel (Perkin El ner).
El ect r opNe? e¥44835was conduct ed at 1500 voltage for 1 hr BET/HNSIAMI2ABI 377
sequencer (Perkin Elner). C eavage products and remai ni ng substrates were
quantified using the GeneScan anal ysi spsoftware versions 2.1 or 3.0. Figure
7 shows that the pH of the reaction buffer can exert profound 15 effects on

m smatch cl ?@FE,%dLﬁE&'@Cﬂ&hérﬁH mkﬁhslﬁa@ Sinadu, ReGATEPPRReYMAbl e at pH
6.5 and reached a maxi mum ai]l\f . th concurrent increases in

nonspeci f i cBRCAAVBREABOARM,; M ER EBMSH, MBS or YMFIIVp2+ (E: S=10: 1),
Figure 7A, or 1 mM ~2dndefesRivhi Qﬂv%'ﬂ?'iﬁ\]ﬁ?ﬁolyﬁ@fﬁé(%%I%EenWEEBoVEﬁX\}e%US ;.

studies for E. coli endonucl ease V Li en, S.
Bi ol . Chem DNZ‘B?FB)TG@B%%b@:!m?tedw@@rptﬂgaszéiﬁéﬁé@?ﬁ@]@éﬁmﬁ%t ed by

ref er enc§) ﬂﬁg ﬁefeﬁ JO%M EIiBe Qg&l&eﬁﬁ)te dise ﬁls a(ﬁftvat%h by "Effect of

Reaction pH on t he Fi and Pr OCESSI Vi i¥ Exonucl ease-Defi ci ent
(S

| d enow Pol ipsahatingat 99 to 85U} fordRdeH0 mymgesy Brpierabi 20°¢for 1@gly)utesm%h is
her eby lncogﬁﬁm&w&.mp&&éﬁma}ges@ﬁ?peﬁ%g%ﬁ@me\/s S5senr e

nonspeci fic at_high pH condjtions ffects of Salt on
the O eavag& &*“@Rh@ﬁﬁiﬁéP‘é&SPﬂé@dwrﬂﬁ&%ma‘ eWINE- syt ch To study how

reaction cond| tions uuystafdi@&alba&eesmfwgawmxmmnbmvaﬁa{tesent ative

m smat ¢ was tested at di. concentr.ations

substra?% “5“88%’&&9 ) apd gy ﬁ&%%%ﬁ?%%éllﬁﬁ?tnﬁ‘é?swm ee of

t hem cont ai adchgﬂd %APCR(ﬁgﬁentsadxdgcélﬁbﬂjv tathe hettrobieslex hytsjdeatioweaty, while the

ot her was agLe e .St ¢ The cl egvage
reactions \/\gére&pe lﬂhe%gpsf%&e %e%%;‘ﬁ%%ma g Jahe %’8?7 Sl 2 65C f ox
30 m nute i mutation only 50¢acf the ROR fagmentsowit cantainmgnutdtionyWHHPES oflsl 2. 4), 1 nM

DTT, 2% gl ygQein be%f%ﬂ :\{?R%q‘%ﬁ%ée%nug ?tug-got%%wmtv&?& @gna”d the

i nd| cated anount of pur ease V protein centration

of Nad 1% anB€ER &as@ﬁm bikgwisry far selidgomeansamples, thegeds typisally a sigrifis#nt was
term nated Hmoﬁﬂdfmnﬁmo%qwﬁh w,?é)WA e&mﬁeﬂ@é@agplsé Omx%&!uuésl&n The

reaction m xtures were then ed at 94 C mn._and cooled_on ice. 3
uL of sanpl @?S%FQWIB&IH%H%@tm@H%%WSdEWa‘P’HFij‘ﬁ‘iﬁsﬁa'c‘?‘%"am de gel
(Perkin ElAgleﬂiip ;&luﬁﬁ:t& {iﬂl’a&ﬁiuﬁp tk dﬁ&l&@pdp@k&i&gﬁ;%n&ie&s\t@bé acmedf gne 1 hr
usi ng an uenc er remai ni ng
substrat es \‘RE?’E ltﬁﬁeﬁf"i’??éﬂ %E Wﬁl‘hg"g{% a%alg%(%%?i @‘Pl‘%atp'é ver si ons
2.1 or 200. tdchmﬁms Wﬁbmwmmdﬂaﬁoﬁfth-wﬁldnn&cPGR Fragmend. t

envi ronnment for I g‘g@ M2+ as
the netal cof actor %Hanﬁ%gér?rl;o \i\éeotél\%glléﬁnghge Tedoé eggglﬁga}t%&p?hout salt.
Wth Nh2+ asndsh&lsefit labeltmpbzé@ ghromophorps, ﬂmsmnfcm@amenzyms,@shm,e hi ghest

with 50 mv h@a@bme&?&edﬁgﬂéﬁc%rgbesmﬂﬁﬁrehﬁ ok ﬁo@plﬁﬂés@ up¥irhoddige NOt i ON t hat
i ncreased salt concentrati ons reduce inding affinity., No cl eavage was

observed wi PIstegpls fbemilpminesqontmeieties F%?IW@ﬁfﬂﬂeﬁﬁ%m?ﬁE%se condi ti ons.
From tfdms above eXpﬁrl":ln%rﬁogmaﬁheqpélmhnﬁtg@@tg&ambm%ﬁﬁmﬁ@eﬁf blei ON Ih nz\ghl ch
Tma endo V misnatch, c e is maxigze nd n pgcific st c

cl eavage |sp?ﬁyﬁ'l°’i‘?f°z%?fn&2§"'g‘é'ta€f‘ﬁ?%‘édﬁ g ﬁé? Bf‘f%ﬂ%nﬁ?‘é‘ %o nm
HEPES ( pH 7 TAgrmotogawiabifita. 2% gl ycerol and 5 nM l\/gCI 2. These conditions
wer e det erm ned from,ﬂql%t Hg{r‘%r%chmy"ga%hogmg ésg%i}“’?}f gstchg %ls?shct strate.

Therefore) the optina Ion may var eren such
as genonic ENAI, "Reeentipdvangesdn thePolpderasedPhaint Réastion!t SMM]@B@@ i s one

t hat t
ot 1ol e 1 BB M o B b O MR A a3 0 b ot e

t hat sub- opﬁcm@&wﬁ Newrbéorkr(b‘?%)md@oﬁw&t th'e"i’ﬁmehéum&wm@mt he

i nvention. A WRE0MHA43BN AT YSLEAAIA e DNAPoIRIGHRY S cldies 259 blozat i on of
My2+ and Mh~+ Concentration in Tma Endonucl ease V O eavage Reaction

Condi ti on When Synthetic O igonucl eoti de DNA was used as Substrate Using
fl uorescences | abel ed doubl e strand ol i gonucl eoti de containing (A A

m smat ch as the substrate, the cleavage activity of Tnma endoV was neasured
in different concentrations of My2+ or Mh2+. The cl eavage reacti ons were
performed at 65C for 30 mnute in a 20 p.l reaction mxture containing 10
mM HEPES (pH 7.4), 1 rnMDIT, 2% gl ycerol, unless otherw se specified, 10
nM DNA substrate, different




10 concentrations of Mg2+ or M+, and 100 nM Trma endoV (in the presence of
My2~ or 10 nM Tna endoV (in the presence of MiZ~. The reaction was

term nated by addi ng an equal volune of GeneScan stop solution ( 50 MM
EDTA, 80% formam de, 1 % blue dextran). The reaction m xtures were then
heat ed 8o 844a3isor 2 m n. and cooled on ice. 3 wL of sapprRSerlassere | oaded
onto a 10% GeneScan denaturing pol yacrylam de gel (Perlcin Elner).

El ect rophoresis was conducted at 1500 \4oltage for 1 hr in an ABlI 377
sequencer (Perkin Eli ner) Cl eavage |5r2§ducts and remai ni ng substrates were

R e e eI

concent r at iimtattdby h@;ﬁ&g elﬁneﬁthE polynsnde bomet@Dedvfazters at tGngerdiu@s ml\/l in the

cl eavage ofos DML SR TLRkE-S8 1Ak Mol bA3E. Th M SuenbllPhE 11~ POR

Anplificati©o con Al N ng nutat rons ras gene codon 12 and
13 25 were ptelglmemzsbehlam r@nhmeéﬂteﬂsion@mduonsumame@w hetheptesticont. Cel | |ine ht

29 or swl417 .cont 0 epor | i,ne Q 80 has DNA
cont ai ni’ng ﬁﬂ?’@“&%\?{ef&é&q’yﬁ 8%0% a?m Fredy %ﬁl%’gzﬁle S{ep °0- nut ant
gl 2d( g- +a) mmdmgﬂg@nwmetadamhamxeacammxﬁmmmbisﬂcmed aut H:B@oalmgl: 1.8. The

ratio of w n.th tr te fromcell |ine
sw 116 is fJqu"gg%I% ﬁ'ie ?k;%f g’régggb be- lgs’%% iy ¥Egtes %%n in the
genomi ¢ DNAhm«blrmmmhﬁeramrccfmiﬂtoISOrmnhtes,pﬂeferablydlSdnmmes 1 1 1. In carrying
out the PCR anplific d.revers can be
synt hesi zed with 5' g%%gﬁqgae%g@?éﬁﬁaggﬁ%A PEBI osy gﬁ] g%{t)lzt er Cty,
CA) . Thése leheledirhutantend snld-typoRER fragpents lsgke@wedhdhb#m at 93 0(000°C 44335 - 46
PCT/ USO1/ 4%8,21% {)estae%hvgkefmmeﬂoéq@ mmﬂmraﬂaﬁ@ i3 DivONRgiRequencer .

D fferenti al l'In and bottom strand aIIovvs one to

di sti ngui sistrardedy This 1@?‘6‘8&’6{1@%‘6%@1@% staprah A9 o $TETORAEA insTo i i v ze

ngg tS|oeCI }‘I [efelaBR\G39E £6 10khih ﬁ{?ﬂs&s&ﬁ%ﬂ hﬁhﬁtﬁl\é ananﬁﬁﬂl?hfatu&é\fl oe8 i of

addi ti onal ‘cytosine ot ades. wer e synt he n the en o

each pri nmer® gé%?rpl’ g"‘g’ﬂy %ﬁF’E%\ er this pEacess ?ISW@N%P e of oA 1e- *‘Tn?‘ilcd

gg/ 4433{2353e|D dddS&F MM(&&& ¢ DA oftaihilig Meﬂgméh.%ﬂmﬁreiahn&ml i fyl ng
ncer ne ra ne uenceTet- 5’

COCOAT AGT G ML AP EF C A PP CrOGeISe BB e PRl by Jss .

7) Bot t onfF~ 13C-peffaiuife)\ preTeral ¢/ s EoAACGTASTATIoN 8-A0 Gritute Altemativblo.

8TpTet -5 _ : .

" SBot t onFane ORI AREPR T PEN tes tespablt st (bbb

TopTet - 5° @a@@mﬁzmmmm@m@mw SR polymerapctBitogaction

511) Bot4onFam5 %{;ﬁh S50 vl 98Q OHJB No.
12) Tet 72500 ccccc°n% TGATTCCT~ GATT CI TA—p( 1D Exon 6TopNo.
13) Bot t onFam 5' - CCCG&EA@PPBM@@& remcEndop a from Thermotoga

Bot tomfam o OO AT LT ACTACT e S 45550 kbl PGEGH TTOPIS)
ot t onfFam ~

TpTet-5' - c@&%% m 'd"f‘ TR H™HAGE ™21 7) Bot t omFam
S' - CCCCGOT Tlbstlidiutiaetobiidund\ o8 Ba(-zBEQubﬁHs? TH‘dG:ndonuclease desirably nicks or
N
CCCCT CATTGasman € EndonagicsEe prefaesiad)y cinavedonismatches within

21) Bot t onF : a%— : T ddnis qgﬁ%l EQ E7. No.
22) Tet - 5' _% e'ig':¥G»A~A GCTTCTGTT1%® (SE éﬁ. D. Exon Ofl'/?pNo

23) Bot t onF-A/GsA/CSHACS T AT/ NS EcAMrmatively. dhe pndopngeasy 4

TopTet - 5' Mm B@%@EWJJ Eeteroifiked! dctsa‘orﬁi%fforllm No.

« ()

-

25) Botto ~ 5! - " GGAAAAGACT TGCTTGGTACTATCT T . 2Exon
1TopTet Sing SHOM- QT PO gnore@@@ exceptithose having a sequence select

27) Bot t oﬁ%@m%m NGma gX(gﬁ,EQ:e& Be ;M@mon of the

28) TopTet -5’ ( l %2 E>§l8ﬂ

2Bot t onFAMBISTER SRl ?@&@3&“’ RS, ? pysggreierentially

30) Tet-5' CCCTAGTfGTTGGCAAAGCCTCTTGTTC—B (SEQ 1D. No. Exon

3Top31) Bot t onFem 5' - CCCAAAGTAAGGAAGGAACCAGTCCTGTATG3' (SEQ 1D. No. 32 In
the process of purification of PCR priners, 200 ng of |abeled 5 priners was
di ssolved in 20 ~1 of ddH20 and was m xed with an equal vol une of

formam de. After incubation at about 64C fox 2 mn, the priners were | oaded
on a 10% pol yacryl am de gel containing 7 Murea. After el ectrophoresis, the
gel slices



WO U2/ 44335 PCT/ USULl/ 44922 -48 containing pure priners were cut out and
soaked in THE solution (0.1 MTris-HO (pH 8.0), 0.5 MNaCl, 5 mM EDTA) at
37C overnight. The solution containing gel slices was renoved and | oaded on
a Sep-Pak Cartridge C 18 (Waters, MIford, Massachusetts) pre-washed with
met hanol warndrassas er . After washing with 20 nl of 5 ddH2ECTWURSIg4%RIErS Were
eluted out with 2 nl of elution buffer (5 mM TEAA (triethylam ne acetate),
50% et hanol ) and dried with a speed vacuum The pellets were suspended
with TE buffer. PCR reactions were perfornmed in a GeneAnp PCR System 2400

or GeneAnp ﬁ&l@@y&hﬁmoaé’%o,aﬁﬁﬂnee-ﬂaseinseﬁané 6iddldtions ihiitheon contains 10 nM
Tris-HA ( %ﬁ%l (8 200 N. M of each dNTP, 0.2 E, i Mof 10 priners,
2.5 mM Myd N 1515 "i‘ﬁ?) ng genoni c DNA or anplicons. In the

agp| inQCati on_ of VHL T@E@ﬂdo’hg&cﬂ&isb chh@ge%cﬁ&ﬂis%éfergﬁf%g%@o\dﬁﬁ i ncluded in

t he reaction a a e direct rom genomi c
DA or ol (TS DEC Bt sARarsRrb (L TRt Mt g SO o

i gt er esg 162 dider MpCYshbulg be aditd whersthé efidonbidled3ER hacdiplsxed podhét be
adjusted to r

|cat on of no DC|f|cfr rre Tabl e 2B
e oor Subifitngse i Al dds AR Ol dN RRRE F1 69, a4335
PCT/ US01/ 449R2 ; subs@ntialfes NaClbr KIEIR foysent. n‘g’héizenhﬁ ¢lidommla‘asaftoArrpI i fyi ng

Fragnents i l

reacti onFi %&&%&ﬁt?@%e%%%n% Ehregec%%c 8 At eava eergl%ctuf)%ﬁl&t’f“enm on 94 C
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30 be prepared recombinantly. Procedures for such isolation as well as the recombinant
production of Thermus aquaticus ligase as well as Thermus themophilus ligase) are
disclosed in WO 90/17239 to Barany, et. al., and F. Barany, et al., "Cloning,



5 final ratio (nmutant -to-wild type) 1:1. The ratio of mutant to wild type
incell line SW1116 is 0.7:1.0, and the pure nutant DNA is not avail able,

so the genom c DNA al one was treated as described in the followng text. If
the genomic DNA is purified fromblood, for exanple, where the target DNA

i's a mut o euasdz the APC, BRCA |, BRCA 2 and YFIL genespcthi8oiRé$32f ragnents
were treated as described before without 10 adding wld-type PCR fragnents.
Exanple 13 - Optim zation of Conditiong of Mitation Detection by Tna endoV/
Li gase when Usi ng Het er odupl ex PCR Fré%f}ﬁents as Substrate. 15 Wen

synt hetic dquble strand | i cl eoti de 60- were_used as the DNA
Substrate rovemEoRraL b tENEITES RET ThimPuRl A LB Uiy 1epes
(pH 7. 4), 1Gedd "[@ene 12%1911y(@891)] whith e letbly Zncdofpordted by refsere8dTNes8as hi gh
When an’ appFLRE A HRRTIER sa Pl RERRSERt SiieRe SHIAER it ati on | n k
rT as zodge{m/e]e&bmngm.asighme@mhgispf@er?mkemguﬁ?&d?é;@é@&&mmw For this
ont ai nicng FF QBB endpidiianiiic utests age 2ieb fia Ax1 o HBHTH e

cont ai ni*hg K Pa F&2%fs e §E030 ZB1Y5 % hese
experi ment sysed. higatareseabiig isichmtiel ppicat amil ¥aliE\bepasdenrrt2 NA.PERemnpl i fi ed
fragnents o e L ex fragnent.s. contain GA
and T-C m SpeputtaatosrEo el bF sulddlbe 1ok SRR o BB O st and
wer e obser viadhis gtepd Khe optirpireantion bufferdonfispaAK 1R 1igae iT2VmMeETueHEl ng

t us, PrY: tidd using. S 3.0
apparatus, @eck T8y ML 86 @f&&my,os@\ﬁggl? 1654,]%;?133%‘9%1&9@6 can

anal ysis software (PE-H osystens, Foster endnst rat es

t hat  adfl ngmMANAREd20mml BSA: iSsa Tang.|J., ehtla blugle 2d\88e activity

appr oxi mat edy/(1899). TN @mobdthedd if HEMatpidd] MBa! BndhehvViBMinRENance m snat ch
30 cl eavage include dinmethyl formam dée, et y1 ene %Iaicol , glycerol,
f or mani de, mletﬂm‘eb#&%ﬁﬁrpa%fewet%SPwmqwré? E§¢ i nvol ved the

addi tion of betaine, IhlobdelNo dbitdiEhey loplinisll bufer ERidRioNE fordise TPIARAD Y used to
equalize t mel tj.ng tenperat ur.es.. of fr nts ving different GC
content . Iﬁ%ﬁﬁ?""ﬁhffﬁt}a?‘ﬂ eﬂtJb%%%@ﬁ% Pﬁb?rl]?ﬁ??@ 182 certain
"i sost alfi | | prefegred emhodinientathe A03 swipldnaingal hefferAdnsistclofZOOpAM BrissHE] @Rlal | vy

stabl e. Reegg ¥ tsé‘%Mbl\)‘?/igc%" 500 M&E%éh&)ﬁbﬁz;%ﬁ@ég{s@?&%ﬁ 1aaié1§h s

her eby i ncor'pdrai reéference. Betai ne was as a itive to
facilitate FOL aftbeir¢dction minture fromedyTma sndgnnéiedse Yhel@Ragoradion, 2 Wbofe, W et

al ., " Betai GhpHAatd f -3 ences, "
Nucl ei ¢ Aci%ﬁes?%%%%?g}%a%?i#ﬁ i’céﬁlg_iris %%b@oﬁ%g%%?%d by
ref erence. ¥gagefstockengmpssolution) are sembingd. (The misurerap shepdetincubpied pelict i on

buf fer zan @ b0 bith 8nd RANBASELYhEIRS £l hPANAHE 0BG Sbdn)std)f solfidn Endo V,

but it does,so | ra nt, depen ashiqgn. For PCR fragnents with a
| ow GC cont@ﬁwmgﬁégeﬁt@%d@ﬁ%%‘tg@@‘?mﬂ the APC gene, the cl eavage
activity reached a neblienexnsedp idvdlvdsdietettididfahé Ractivh plodiclyiviltdliodande For PCR
fragnents w i , [ .eX l.e the.K-ra ra nts, maxi num
cl eavage ag%ﬁ?ﬂ\ufvaggg %géﬁéﬁmgtge{lagcwpg% ar ﬂlfacag r "‘Z ﬁ{ef%‘g’rﬂgﬁesg' great er
stinul ation of 2.7 fdhthepreferredémabadiment thedagtionomixture issdznitutedgh94fi6d | ow GC

contentoadr i a‘éﬂeﬁﬁ' . bet ai ne.
The effzesf:t a%ﬁ%gglﬁé\%g?q%gﬁr@é%m ne u§ or hcgt%%é%h%fﬁ%(w agnents, and
Fi gure 11A sighnabsand theneooladm igel -8 ibrpidic mixtire cantihen beslopdrd antead¥ge
reaction. - \, j i I & | et el
A%ﬁug@{.gyﬁiggrﬁhﬁm g&l ﬁﬁé&%oﬁﬂ(;d?&ﬁ%?& 1 ouft) ARAHBINGTD y

i nhi bi ted. _shows the effect on the.msmatch cl eavage
activity of scqhepcgi(Fanldn Blaper) a4 1800 ¢alty §0 poh qyrnh 30O W pever gadipiselx PCR

fragments Cﬁﬂlb&iaﬁirQGfddqe c&nﬁ@ﬁse@i@éép&%-rahdf&u{e&tlmﬁp\f@cﬁlcté,sﬁ%oﬁ .SUbSt rate,
and the reaction was carried out at 65 Cfor 1 hour in a nodified optimal

reacti oif buttiegative cepiligryer gal glectrophopepipseyrogshes,candis ussd- TMere¥s®onucl ease V
and var yidnggﬁ@;lm;emn;]anaﬁa M@@)-m&ﬂ?ﬂ(ﬁ%&@eﬁb%&%h&m EéSISCEM o:‘( CIKCI
is indeed simlar tq t . and t in the presence :
T 25 endﬁ%@%@%d’é%@ﬁﬁ?&% SR ﬁ?ﬁﬂq‘&f& leavres tfaé‘a Ther ef or e,
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shoul d be included in the reaction buffer. The above anal ysis suggests that
when PCR fragnents are used as substrates, the addition of 5% DMSO and
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cl eavage activity of Tina endo V, while the addition of salt should be
avoi ded. WO 021 44335 PCT/ USO01/ 44922 -52 Using the new optimal reaction
conditions, a time course of the Th:a




endo V cl eavage reaction was performed at 65 C using PCR fragnents
containing the K-ras GL2D(G ~A) nutation (Figure 12). In these experinents,
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cl eavage bands were al so observed. There is one non-specific band in all
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30 even when the concentration of AKLED |ligase was raised to 6 nM (See
Figure 13). This suggests that these may be non-1|igatabl e degradation
products or, alternatively, WO 02/ 44335 PCT/ USOL/ 44922 -56 short
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The resul ts_i,ndi atetha avae5| £ 58 n dfrom
backgr ound ?ngrnuc ‘tleatva "e? Of‘y Ygl 68 “or %ag‘fi gﬁ‘ g%& Fasf'hr ee

mut ant i ons. prEf;renhdty weksgr elepeas htewmdunlezei prpﬂw:tssatgrl@datxen ondimscawvaect

POST U Offy Welfor blidrhar O3 Bl ushm%\ssermd'tt b at;lgngmcte &daved usively
di stingui sh between cl eav g ucts an oun rom this assay, it
appears thahetftrP@quxml pmévctwn lenfi¢d toyfornp p liggse rw@wm@mmﬁu@n is 20

appr oxi nat eficH isdfubhidd ameatttae mckeh ﬁe‘t’&@dlfp?éx'e@iarodgé@ frectfy HRERGQL | on of
Various Point Mytations nn p53 and VHL CGénes. To stu Pﬁ% the versatility of

endoV to scse paurshut with syhstantially nofesealing of Hekedhetepnduplexeiproducts At present
i nvention vm&tﬁﬁpédjadnt@ngﬁﬂameaﬁaﬁéﬂpaﬂst A poRyrhétbise v 31L5° réu&xatcleagbs in pS3

and YHL ene | e n sa talrLnin DO t .nut,ati ons a , 6 7
and 8 | R RS Bicked by o8 nt e el P PR st EneRA 1

obt ai ned. Thansn@qlmtme efton€leblgtic degradation ranqhdn xﬁmgwaichﬁsmutbapﬁs and VHL

genes are || [F¥at o1 sted in
Tabl e 2B. F'lrnc?%hle%ﬁg&:?g%gﬁeﬁ%ul rm(t’reg%f shﬁe%%&h'ﬁ %&f’ﬂg %%gel'rfagnt a smear
was obser vdehsessX tethgingak. mmmmwx@n:*smemucwmegcmtm it very hard
to observe m&tegav%@%?&%%ﬁfoﬁt 305 a@hﬁ%&ﬁﬂ't@&n&iﬁtcﬁ%ﬁ%ﬁé@r y high GC

content in the m of axon result, interactions between
PCR fr a@mn‘tegraalﬁdowmonmgmbabekd Msov@ém%ormwte nuglgotidesqamis - 57
PCT/ US01/ 44&%2y1muaeoddfe tﬁlshos;sﬂaeestaﬁmtﬁee t@ﬂﬂﬂ|a$0%di‘&§elﬁhﬂﬂsehﬁedcﬂig second

round of PCR a I|f| cat on, t.o redyce dsJ Ther ef for the second
round of PCR? is iggpbyt “’lqu“B‘F ‘é°“f(9§e?t8|°é° FB?IV'&ﬁmB‘T t he PCR
product s wa@lthmd’-amhuamyodol efxteﬁd thﬂ’Bthd bhthe aifcked myatéanvaghaemmﬁltnds as

di scussed preyi Sl by s.tine unds. The s was
dramat i cal I¥ %‘(egﬁg ef an l's?%encm%ﬁfactton pm?uecxsf @ﬁ mn’ﬁeﬂ?een.c m%@ﬁéorfn“%% DNA

cont ai iding q:ésenmqﬂtbm mbc@onhpmmbﬁmmnﬂmhmmmfwnadm
anplified. B so that equal
anount s of %ﬁﬁ%@%héﬁcf g&i ﬂewglt E@?ﬂ% Ir;tg%t S mg"r"'\é@‘%g"ég%%{t% Genom ¢ DNA
cont ai ni ng diptingvishingdhrseparatg m—%@npmque@fémz&wgs@@ns@ﬂwaeeg theg wild 10
type PCR fragpmabs HEf-Seq qg,tc,@éj,dgcdm lngxﬁ;@ler to renove Taq DNA pol ynerase, 1
~1 of proteinase K was added 0 ng/m, QAGEN) for every 12 ul of PCR
products. This react i BFPTRER Wi yraerasg Wifin3'S' expnualeasgiapfivifyds s#migh C for 10
mnto S(T‘aC&dt‘éﬁi&niphﬁnEé ot B B ABEC kor 1Hebeoaﬂmaése§1eebratm;amuna jgere then

f oamed by heatlng ei% ture at a%sg:for 65 C for Mn and t hen
cool i ng dowr™ ¥ i FBPY ?S’C?"é’é{%@‘i?@éﬁlé t he

st andard rq&ﬂ&m&mdﬂl&bﬁﬂveﬁemsrenwﬁpolmm&m DN polymerase. "M DTT, 2%
glycerol, 5 nM Md 2, 5% DVSO, 1.5 M betaine, 100 ng PCR products, 500 nM
and purified Thza endonucl ease V protein. The reaction m xture was

i ncubated at 65C for 1 hour and was tenunated by adding 15 ~, 1 of reaction
m xture to 2 gL of 10x |igase supplenental buffer (200 MM Tris 20 HO, pH
8.5, 12.5 mM MyCl 2, 500 mM KCI, 100 nM DTT and 200 ~g/m BSA). Next, 1 pl
of 20 mM NAD+ and 2 pl of 60 nM AK16D DNA |igase were added to bring the
final concentration of the ligase reaction mxture to 20 mM Tris-HCO pH
7.6, 5 MM Md 2, 50 MM KCI, 10 mM DTT, 1 mM NAD+, 20 ~g/m BSA, and 6 nM
AK16D DNA |igase. The m xture was incubated at 65 C for 20 m n and

term nated 25 by addi ng an equal vol une of GeneScan stop solution (50 niv
EDTA, 1 %bl ue dextran and 80% formam de). The reactl on mxture was then

[ 1 ~N AP~ N 1 I N 1 o - —yr N Y " .




Surroundi n gC eavageGeneExonMit at i onagesequencesTop StrandBottom StrandExon
1GL2VTCGTGG - >T+++++K-r as- G12DTGCGT GG ~A++++GL2 ATGGTGGEC+H++GL3DTGGECEG - >A- - A
PCExon 151 1307KAA TAAT- ~A+++Psj Exon 5C135YTTGCCG ~p++- R175HGCGCTG ~p- _Exon
6R196CTCCGAC- - >T- ++Y220CGTATGp~G++- Bxon

75241FTW4§3‘5++GZ4SSGCGGCG +A+++- RR48QCC~-GAG >A+++R2 48Wko1den s T- ++Exon
8R273HGCGTGG ' A++R273CTGCGTC- ~T- - R282WACCGGC- >T++++Exon 2185 del . AGTTA
CAGAG del eti on++++f +BRCA 1Exon 205382 bns C_ ATCCCC insertion+- BRCA 2Exon
116174del. TAG TGGT del eti on+Exon 1P

157LGCCCCC- - >T- ++WLE9ATA, ~ ++ %x;(;( :ﬁ;(} Y1 9HCCTACT- >C- +Y183H
GCTACT- - sC++++Exon gﬁ’fﬁ?ﬁ’?‘f‘tﬁﬁ@d"‘ﬁ? 1&%8@ R tfized 1 the potym

GGG-CTG ~T tointi-sedui-0 SRRt lGixsilre a4 Baperaburs of Z0I6-8GCDEH 10 to 60 seconds,

L 220PTOCAR RO T gt (Rt Sl Epe et bl SRRl TS0 L

(+++): h| gh&mpﬁfamDN@pdeamagES (l(eflei)l Elmert Eosterdlit €A),IEhenso-sgquehasavage. (+)

. |l ow | 44335 -59
Ty Usol 45 TARGel b 08d38), AEBYRUS L AV Webiaren, 500060 #4700 © 20
For the VEBfregcWelthatR M&tOZMI)lﬁxmphs ofamegophilic pelymerages withand3’ oY al | of

t he point ﬁ‘gﬂﬁg gggﬁ fo d to PCR
fragnents o hfg%g%tgﬂ |€§§? ord oéggéiﬁ&is/b?ﬁe pr ?gl?lcg{gf the nutation
and t he rapplametasmﬁmtetsee%w thutafions Prgnocksourihe 3’ ¢a 5] exonuciensed t hat t he
nutati ons weiwypresent in these sanples and the ratio of nutant to wld
type DNA was appr oxi matel 1:1 in all of the sanples, except for sanple
8175H. 1%t er addi ng Wi e’c"‘)‘»’ﬁ fithe;pressnt mvensionan oRYERADNER fr agnent s
cont ai ni ln?s&lllm M&.&ﬁﬁr@Bmyé‘eqﬁ&fcﬂxg) &ﬁﬁﬁtlﬂdlildéaub gé&amsl?g%ﬁl 4n£ orI §1ESH
were sti ative i.sted in e 4 cou e
recogni zedﬂbv' ‘FR&SI%?%%P éﬁgéﬁug%ﬁ%imuﬁﬁf’ ‘ﬂ%ﬁ“&ﬂf@ﬁ%?@ %P&?F‘&ns are K
ras GL3DX Gameu)t;onpﬁﬁ pRi:Z&HéGsrﬁ)larm@éﬁnbedlabpvamdcevﬂhaﬁkﬁﬁﬁlcﬂrPﬂn (Tabl e
4), and the s [rou ach f or h t and bottom
strand ar e PFPSTEE Is@c‘lﬁ?%ﬂ% %glmf'ab sr%q“ﬂ%l St oﬁa ?’%‘nsa%ﬁd sarroundl ng
sequendés ﬁnhabqlﬁtﬁndnﬂiemremmatlun dath\ﬂlmtescﬁnedadagesequencmg The

i ntensit I esSequencesS
equences{V\”%sﬁFg u%g??gweg&%ﬂc%%tm ng. s‘?@%ﬁ%’%&gﬂmﬁp !

2L1 99FAAGOSHIAmINE, 834 theraforeathe vaniatiqnof the - ~pG T
A: C+PS3EX0Rom uﬁmﬁeﬁm&o&o@f@ﬁeﬁ&% Ef y - AG T)
A: G- P53Exon 71 4550%(A CG--i~GT, A CH++P5

78248QCCT ~tsqeredier seguqneing in genasyEk Fxon 38238W00G GACC~4GAC i AG T,

A: C++P28Exon 78248V\(ﬁ1 Hnbsd-ddghencing\ategy eor@dlﬁfﬁ@ﬁﬂﬂ[honal steps. In the

0 T+ P53Ex o BATUEERASKT it (o Sedhel S ASc i AL b, €, G T,

A: C+P33Ex 0the/5 2xbhhdléash adivaly Oimaé@n&asé\l Klebilv Fragment is utilized to
161 64D0CCIR0GAGTE 1 aRGa D i AR b AL SRR PR W08 T A © VO
Gene ExonMuD3NA pelgnetags Hidleng R sragmentdionissien ARRroimatel & nsidsfotdlowssEquences (W
L el Lttt bR oo R . i
A: C+P33Ex0RleaEsa e -.».A Many % O&lﬁmﬁaw M%%?A@&ﬁ@m- ~GA C,
e iy
> ++

C: C++K-ras @I% 3 PRI (ot gady ¥ @#K%SP
161 EY\T/GQEX Chefjuitie: Egmeemnwis\meﬁsza 1251 85 CRRISE P Giira b8 A

on -
3L259 W %{'ﬁ"%{’@ @E’éi%sh‘“i%‘ﬁ E%?FW“H&@ MELEA: p)

T: T++P53 EX Md&mm'beﬁlw dsEiiniGe the:eAadt posiidand nature of the

1612 DCACCA C-+TC. A, T: G++P53Exon 88273HCACGCCA~GCC- - >TC. A) T: G+tVHLExon
1Y169HCCT _ \CT-->CT: G C: A-VHLExon 1Y183HGCTACGC~AC~CT: G, C: A++VHLExon
i P157LGCCCGGCL_' CGC- ~TC: A, T: G P53Exon 76245SGC~GCGCT_GCC- - ~TC: A,

T: G VHLExon 3L229PTCT_GATCCGA~- - ~CT: G, C: A- P53Exon 68196CTOGATOGAC- ~TC: A,

T: G P53Exon 78248QTCQGGTCTGGC- ~TC: A, T: G VH .. Exon 38238WICCGGTCTGG-C: A,

T: G P53Exon 78248WAC~-GGAC-GGC--i TC. A, T: G P53Exon 88282WACCGGACTGG-TC: A)

T: Gr+VHLExon 2A220TGGCAAGG-AAC--sTC. A, T: G P53fi xon 5ClI 35YGG-AAGGTAA~TC: A,
T: G K-rasExon 1613DCG CCACGCCA~TC. A, T: G VHLfi xon 16164DCGCCGCG-CG-TC: A,
T
T
T
P

: G VHLExon 2L199FGCCTTGGTI TG-sTC: A, T: G PS3Exon 5RI 75HAG QGCAGI_GC~sTC: A,

: G P53Exon 88273CTGCGTTG TGI~TC: A) T: GP53Exon 7S241FTT~CTTT~CTC- aTC: A,
G+, VHLExon 38232QATCGCATTGCC-sTC: A, T: Gr+ W O 02/ 44335 -61

CT/ USOl/ 44922
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10 Subsequent conputer searches of some 4,000 SNPs in the SNP dat abase
reveal ed the frequency of the gRcg (and conpl enent cgYc) was about 0.1 %
and the rcRc (and conpl enment ~) was about 2% This prelimnary result
suggests that the frequency of the four refractory sequences is very |ow
(299, anwa®@m4sspossi bl e that Thla endoV can cl eave appran@soasery 98% of

t he poynorphi sns and nutations found 15 in the human genone. In addition to
detecting single base mutations, the apalysis denonstrates that the present
invention is also capable of detecting small insertions WD 02/ 44335

PCT/ US01/ 44922 - 63 and deletions (See Table 4). A three base insertion in
the VI3L gene and a two base deletion in BRCA 1 both resulted in very
strong cl eaMatpatseiggrmatoge nysitdmakndoYds. A single base deletion in the
VIiL gene also resulted in a strong signal for both strands. The worst
resul ts were obt ai nednpther agpestofieprespatdnyanyian rglefestos theymestekige del etion in

5 the BRCA ¢hdafiRRfeaseiRhibh fga{erat&eenume{atre aﬁtaamoﬂﬁgﬁoh%eﬂmcwngne strand was
observed to be cleaved, and the ghal was relatively ak for both cases.

Despite t hiRriegHiipatehad QN@rﬂé"Ql’rﬁfﬁF% ially gicks pr @F@W&h@@%@ﬁ@ﬂ@‘%ﬁs confirm ng
a variati Onfollé‘wﬁr(l)lﬂkafl%‘ﬁho‘ﬁ&m&@basér Qrd Bfilatched 8FBH Yak Aot @t t he
present inventio et /am nsgéétl ons _and del etions, and, simlar
o it at 1 oreHEEERaroR) o AR B Al AL DRnerbarGoT e Sl T Egarmi o 17
Det ﬁc; i on Qﬁxsfﬁaicﬁed\ﬁﬁsabmﬁhtlaﬂo@ﬁdDWh&B% take ﬁmrhlrelﬁm@ltdhb@oﬁaebeﬁne 15 The
met ho t.he sent t clinpica S scannin
T- ~A nutat |I§H°'H1tgﬁgﬂ%ﬂat€%gg‘ %%ﬁmi ﬁlfedg%)ngn&ﬁﬁ% 5@%%%6 grrpl es °

from col on a:ammablett‘oslmwsnwlndnhmknmgpmit‘eabﬂyytmcmdm&sAWMmoadﬂayed 20 The

f
Ter o G el o S i Fscliyentio proforentiplly miks prcleaves
of the bot taimasttangheterrdmplex ifonmed fooy Fagledase 10UBIACTERBAMEEIENGCT GGCAAT- 3'
(SEQ m Nogycdfinkendife Eg& m&cewop@g& delgfibhe @ﬁ%vﬂae%@ﬂosmn&mee 2B.

Si nce genom C DNA cont a rrut atrons were neteroz ous 1S not
necessaly tBismgtehjs ‘I“Hlefh}’ﬁé Wwagm gase, and gegerates enqs Taq DNA

pol yner ase, mi:amiormfgaﬁuﬂmmaan m&mﬂdﬁﬂedﬁﬂmmm& G6d) for every 12
~. vl of PCR rod {s. Th| on was, cubat ed at 7?P§T’i$3r 10 m n and
fragnents

at 80 C fortl eegd ‘?‘Wﬁ tPFFéer ¥ gr fleavigs heterg

wer e then fDNKBébﬂ&gind’mﬁttthahdlmwb‘éﬁdmﬁ:rﬁdns%daeﬁ@{s at atodatio®whéreftity 15 m n,

and t hen colg)lln down.to.ro mte eratur TheP fraag1 ntstffr genom ¢
0

DNA of cel | "TTRe %Tisgnamhe 'KFYR ?le(‘]m% oduct
het er od2(pl ewhash avetshitabie ﬁ;nidilgatgm/wliednio}qngmatpa@wema&hedDon 02/ 44335

consisted of 10, v R e orlERihyBion Iy B ARLIERNY, 1) 1o 1 €
DMVSO, 1.0 l\ﬁrmtmwwgm@amfgnmmzjm (lseof&% regiflue ¢hanges (D@ YIG6F

endonucl easgsiYud¥nahgy; 033 elther J?@@L 'YQBIi'?%Wre!mrésﬂiﬁHgﬁén‘ég @ anB5C for 1
hour and was_t ernj nate reaction mxture to 2 pL of

o | P s o R e A TeaHn hanesy 6] ) RESLo BBERRFEY <STRISM Fisice ohangss (6§ 41 NGl 2, 500
mM KCl , 23 OOR$8¥ ﬁI‘ﬁue etmhge;QO) argRSEN &%SQ feeidtie chanpe; (8)dn REBDWARSBB+ and 2 p, |

IO{ gggen?/I egs'ilefalg%e cr]ﬁa%%et’ gﬁeﬂ%@'cpr%%ﬁgﬁs rém%ﬁ @S%a hgt’%‘rﬁ %ﬂ&f’ i al(:)I (r)nr\]/l &fCI ) hIe

O nM DTT, 1(1iM BML-ESQD E3gVnor EXSM residue éhanjyé; {02)AKEHID fobldud clgm (13)he

Vol ume. of CLARA AR fuidlechaof (144 FROR Ak I SN R BEIE TR0

f or mami de) ormesmsahmcbmgﬁ (6 p EL1 14 residan change(d 7pa HOWEL, 1 6R BALGY, and

cool ed i turing
pol yacry am -gnf g Ltfaggt’(lﬂ%ha?r[esedﬁﬁﬁkﬁrhér?&%ﬁ&gﬁ @]ﬁg%qgggﬁencer
(Perlsin 151196%31@&@ chpgee (1 aB1168®r BA163 pidpe change(24ka Ki¥fper at ure of 45

C. The corrgelud@Hadid; 019 a\m@ggﬂekeﬁqulagrv a%kwﬁmtrbﬁd&%mg%s 28pa f al se
positives vvere det.ect ed in ¥¢p1§9§fﬁﬂl | es. The cl eavage

activity welslIPRgKEfug changes (?ﬂ’)é'slgr?@@% FPAaKIAIP orn 1.5 M
betai ne (Figure 10B), presunably due to the AT ri ch nature of exon 15 of
the APC gene. Therefore, the anount of betaine may need to be 20 adj usted,
and the GC- content of the region anplified my act as a guide. Exanple 18
- Detection of k-ras Mutations in the Diluted Sanples




In order to determine the sensitivity of this invention, PCR fragnments 25
containing K-ras exon 1 nutations, Gl2V, Gl12D, and GL2A were used as

tenpl ates, and the nutation detection abilities of the present invention
were assayed in different ratios of nmutant-to-wild type DNA ranging from
1:1 to Xd@Hasddhe initial ratio in the GL2A assay was @ctivkordaeause the
mutant-to-wild type ratio in the genom c DNA containing the G 2A nmutation
was 0.7:1 and the pure nmutant GL2A was,not 30 avai |l abl e. The sequences of
PCR priners are listed in Table 2A, and ‘the PCR thernocycle conditions are

b of 61 nace SR abiine dhafis tle) h R ISETBIRY IRkl BLMITEADARlnE | | o
Thi s react ichangea€28) aD48Eresidugtchage(2Ppa DIOSAFWldm@hmgeﬂ_GO)Ca PWSEI0 WO
021 44335 PG, #@Wﬁ@@ﬁ) aﬁh@&?esfd?xe'cﬁ%ﬂ) 3 Snf?tﬂﬁf 1@& ﬁeeém Fi{;)

Het er odupl ex tragnents were then orrre eatl ng at 94 C for
1 min, 65 &46bsF40, FaY, oaﬁéﬁMh@srdw@ngqg(BdmeltﬁAw#m drpes; §30 8. The PCR

{ ndt i aial fg““‘ﬁ' B XS0 oI A P, (70 R R el 24 ver e

mut ant - t o- m@v@Nﬁr&usz@e@a@e (38 au R118Dor R1 K residue chang®0. For thi s
assay, the (s0f&IRABIARI9Es Refub CRAGETAG, IFfsdAckdasARIROln) TRESRE Or e, 100

ng of hetero ments w ferent mutant

| ex e rat | oS
n O et e Bt hamen G2 1 60l Fa 500 BLSCH or i FOMEasuARB BTG 4 Gk,
For the cl qasi@@achhl@s; (449 8)GBNEGEIIAGHNV Cor' GEBM !r&muebm{ngé R4Q r@smeld of I O

bmg/lt ;E I’F]) 6%3%4%56??1%6 (J@ 2(!{%& %l\ﬁ%:’éiuffsﬂw Fl'l'arlzgﬁf é’ﬁrﬁ C(ggs ?Foq ease V

prot ei n. Thesitheahhhge) (48) GiGR3T onadiS3 8 Pesidneichahge] (46D4n NONA Teshine changd; was

Suppl omont AP £ 05 BoR ofbleBREgee Gy hbifoR of Rrselendladheies (255° ) war

100 M DTT,andhPIR AOILFE mdsidBgchanghi(§3), andQ 79NVONAZES sesidu@chmpge; (54)@0 nM AK16D
DNA | i gase ration of the |igase
reaction m S?‘eégqggfgaﬁﬁf#&)h@ﬁ#gé gﬁggﬁ%%gwga 2, 50 MM KC, 10 mM

DTT, 1 ¥V NAD+, 20 pAgfurtheBgpect aﬁ@eeremtnmnpmmmtqhtg@mm M xture was
i ncubat ed ahaSmicfeaddV ( %1@&0@&8&%&%%& r&gﬂhﬁ'ﬁly%é&q}'@ﬂ:av%g vol ume of

GeneScan stop solution (50 mM EDTA % bl_.ue dextran 80% f or mam de) .

The reacti d’ﬁ Wmh&%@gﬂemﬂéafmps vusmatehed pases, betterihanaol ed on i ce.
Three p, | eehdﬁnuenasw @&ﬁ%@dow&ﬂh@nﬁ%ﬁﬁi&dbhﬁ’eb B0at Raktcreloy! ami de

gel and ele \}é hry qn.,an ABI 377 sequences (Perkin El ner) at
1000 vol ts, tﬁ%{ﬁ&gﬁﬁg“é 18‘él’f‘t}l‘{é\ %terrper ature of 45 C. Since a TAMR A,

| abel edzoGeneScan Mol ecul ar 25 si ze standard 500 was | oaded on the sanme gel,
t he nol ecul ar wei ght of cl eavage pf«:ﬂ'ﬁ%ﬁ goul d be estimted by conparison
to the nobility of size standard uSing 1"|e GeneScan anal ysi s software
versions 2.1 or 3.0a. Figure 14 shows the anpunt of cleavage products for

the di ffer% lﬂ Ligos ﬂag&%"i\?&dﬁ%@%ﬂtﬁa' ype DNA. The peak area was neasured

by the Gen ftwar was used for determ ning the

relativg fluorescenceyj ﬁhﬁﬁ@éﬂeﬁcaﬂﬁ@ﬁ%ﬁeﬁbﬁf&b&d%ﬂﬁ&%@@h&ﬂcﬂkt ype
honmodupl ex were used as_wi | Bﬁ?control s.. Background, I ntensity was

det er m ned G lﬁB’équ)ﬁ’QFésPﬁnsoﬂen @iadn Travns NI} depopmyclentidseBSvdng AThy t he
WO 02/ 44335wcr66 Qase G0 Bdkhrinods! m sinheim (adignahelis et h t op_and bottom strand

products, spectiiv The ba en eraged from
seven sanpl ?%?%%“BM@GQYF‘ g“%ﬁ‘gpe\%wg’ gé“ The peak area
associ at ed (ﬁotdimné;elA;LI HﬁEtalgSP pcslﬂnius:Wemammlmsedrﬁ'anmAdwh;pamm:bgsam wth

GeneSc sca%t 3 0. Bar graphs in Figure 14 indicate the

rel ati uor d enS|ty with their respective nutant-to-wild type

ratios. (St ri ped bar Rdst:qgum crapries; T4 4 digpsecaid INA. pelyinecishbiiilerpot t om

strand cle ae ngh Fs ed [ I re indicated
wth a horlaﬁzé1 n ngwdpgsﬁ I n%&%@%&%%ﬁn@%ﬁi%@é&?ﬂf I\g‘ggk]glrr%und signals for
t he averagéeﬂwcggﬂfetm@%bl@awm G S0([IAMBA) BizaStandard svetor t he

aver age background signals for bottom strand cl eavage products.) The

mut ati on, 10 nucl eoti de change, and the m smatch base pairs are indicated
inside the graph. These results indicate that the present invention is able
to consistently distinguish cleavage signals from background signals in
mutant to wild-type DNA ratios of at least 1:20 for all three nmutants. The
present invention has been able to detect cleavage signals in nutant to
wld-type DNA ratios as high as 1:50, but this has 15 not been observed in
all cases studied. Therefore, the present inventionis limted to a
sensitivity of 1:20 (nutant-to-wild type DNA). 20 Exanple 19 - Detection of
Srrall DeI etion Insertlon |n BRCAl BRCA2 and VHL Genes In order to

N T

oy 1 . a - o



WO 02/ 44335 -67 PCTI USO1/ 44922 For the cl eavage reaction, the standard
reaction m xture consisted of 10 nM HEPES (pH 7.4), 1 nM DTT, 2% gl ycerol,
5 MM Md 2, 5% DVSO, 1.5 M betaine, 100 ng PCR products, and 500 nM
purified Tma endonucl ease V protein. The reaction m xture was incubated at
65C for Wwhamesmsnd was term nated by adding 5 15 ~. 1 of PCBESOV4EM2M xture to
2 ~L of 10x ligase supplenental buffer (200 MM Tris HCl, pH 8.5, 12.5 nM
Mgl 2, 500 mM KCI, 100 mM DTT, and 20Q 3¢/ Ml BSA). Next, 1 pl of 20 nmM NAD+
and 2 pl of 60 nM AK16D DNA |igase were added to bring the final

conoent rat | GeBhockiifont hHARA HiEARIAADisitatk el BllnctoicktiohChodt| 7. 6, 5 1M
Myd z, KCl mM_NAD+, 20 pg/ ml BSA and nM 10 AK16D DNA
| i gase. The %F@JM“?H@M’H&P&% P&BW‘EW@ a‘ﬁ’@‘srﬁf?Flsd%P@Brlﬁﬁ‘iWFd? ed by

addi ng an eguahaseal R SRitadeBB RN SEAY 16tk dsedy KithPasBWkdmtdliFrond Hid2| ue
dextran and _80% formanide). The reaction m xture was then heated at 94C for
2 nin. and GFAIEEYsiC® 3 ~1 of the nixture were | oaded onto a 6%

denat uri Bg pol yacryl arBdgedigh (chdité) esisiseaTns geh Bavio dyhtbng)N.550aABl 377

Ceper ot ur ¢ Y6 S8TEEL SRTRNRCT] SRRAROrS B Somiar ALl BET BT er s 2e

st andar d 50MO2S nhcdivie draoprepdred (o desceibed intMNeddhardt g€ (@. et alydl Bhdteridl, cl eavage

eing the ConeQITAETREIGRR ot REPESy IRemotucd Sy Rrenstish R shffrk oo

showed t hat mdtiurg feramtegebactbrid. NBnd\ehddd! snicatiombisfentaisisRd of20BRIA 1 was very

strong, {kut t r RCA 1
andt e 18 o JEFES eBOY ANSPASTATSE 80, BiAMIBTE, d fimbt PSR! 34 e RcP 8,
bel ow t he clGeneSepn sb:rrselu@bn pcwélstleddréB@% fennmée (@nmgdsalope@hlbb damMn, whi ch
i ndi cat es tlﬁﬁTﬂ%H%Wcl'“/ﬁbﬁe Bbik (Shattherfd§ dTBYubBE1k) &ﬂ:%ﬁted%@%9t he YHL

gene, the cl eavage of AGA insertion is very strongi, and the cl eavage of
an A insert i®M s s@@%@@#ﬁéﬁﬁ@@f“@ﬁé@é’fﬂgmt SisdiGpPH B0 { hat

endoV can racaynEpgaand cl eave a two to three nucl eotide |nsert| on or
del etion egtC|entIy t also n detect ide j n e[tion or
del eti ot but the efntPE‘? ?%%F?Peé"‘?gﬁﬁg% f\ia]&‘&?ff’“é’ two or
t hree nucl e(BtOiﬁi&rﬁh&ﬂ@ﬁrchﬁcﬁ&ﬂmmmmemedfﬁﬂm3T&¢ﬁDM]bblinﬁ&ﬁsew- 24

denonstrate t dant n a f ngui shin
poi nt srrut at |38§§ IF%I‘? X ﬁg’cﬁﬁrvéushvﬂg??ﬁegmﬁuflﬁ%gif’r@ﬁ%f dﬁﬂ’%n: f?glafltl )
background ﬁmgemlawmmmwmmﬁde,MAhatm—Sme 19- 24

allowi ng for, 44335

Exanpl e 20 - O@e@hﬂgﬁ%%ﬁg#%s #n%%ﬁéwggﬁ%ﬁm@%/ USOL/ 44922
The abi 120ty of the pr ébermuslsmqutAl‘élrﬁQBNMmryhs@@@ﬁ everexpragead ikCR 5
fragments weasc4lehsd t&ﬁéﬁ&geﬂex@yzs d&b«:ﬂ%@ﬁ%ﬂfrmr@taﬁormmﬂé@ gene. The

sequences of the PCR priners. used to a ify this 1.7 kb egnen are listed
in Tabl e 2APropfriies ob@klighEideiiy A Liggae 9 "%usépmls%ﬁ o €2B. In
order to renmids Rap7ie8-9aqli 999, v itch ishefby ddcofjotdtel tiagferdaceas added (20

nmg/ M, QAGEN) for every 12 pl of PCR products. This reaction was incubated
at 70C for 10 min and 10 at 80C for 10 min to inactivate the Protei nase K
Het er od sl eXExXangla@nt Plaverié CohstnudtionyClbniyg, Expt-éssign,tdned Porificationaf 94C for 1
mn, 65C for 15 mn, dikdrmdiege madiimaEndonmclease Voom t enperature. The PCR
fragnments were then washed twice with 10 MM Tris pH 7.5 and excess dNTP and
priners were renoved FraughBEASTeearghesf(Altsehul, (SMNthbdaMo_{ﬂgl.-ri f ugati on
step before 1 fer

condi tion cr%gg |¥0§ 1631/9% h?%f}gn%&lg)lg%b@gﬁuce%% eha?) of the or| gi nal

vol une B8f orfea e of 225amingycid hastheepidantifindda ﬁheﬂanevmmea@aﬂﬁw eased two
fold to abo;genaige et g}wa,ah% sI&ufenIaﬁeeﬁt?@alﬂﬁlﬂeawa&eoﬁm&ge vrg;ﬁaswer for med
at 65C for hour in the buffer contai 10 mM HEPES ( 1 nmM DITT,
2% gl ycer ol Provsobafdhincian@RE inlsedence ‘Fsraé’ge%éﬂ‘f“flea%e Wﬁ%’rl?“e an5 M bet ai ne,
2% DVBO, anchvef¥iprétsedhd Zldol. endoV. After the endoV reaction, the fiagnents
wer e washed again to renove betai ne and DMSO. The |igation was performed at
65C for 20 mn in the presence of 1-6 nM Tsp. AK16D ligase in a buffer
containing 20 MM Tris HO (pH/7.~, 5 "M Md 2, 50 MM KCI, 10 nM DTT, 1 nmM
NAD+, and 20 pg/m BSA. This procedure was perforned using genom c DNA

cont ai ni ng p53 25 8248W (C--rl1l~ as the tenplate, and 400 bp, 800 bp, 1.2 kb
and 1.7 kb firagnents containing the 8248Wnutation were anplified. This
assay denonstrates that the invention can detect nutations in PCR fragnments
up to 1.7 kb in size and potentially higher (Figure 1 ~. Top strand

cl eavage (' fET | abel ed) was al so observed in these




assays. 30 WO 02/ 44335 PCT/ USOL/ 44922 -69 Exanple 21 - Mcro DNA
Sequencing To Detection O P53 R248W C~T). The strategy of m cro-DNA
sequencing is illustrated in Figures 16A and 18A. The DNA fragnent

cont ai ni ngp53 R248W C-~T) was PCR anplified with 5 unl abeled prinmers. The
sequencegyPf4753R priners are listed in Table 2A, and t hgchghilhesmocycl e
conditions are listed in Table 2B. PCR fragnents contai ning p53 R248W C~T)
were m xed with equal anmounts of wld pe PCR fragnents. In order to
renove Taq DNA polynerise, 1 ~1 of profeinase K was added (20 ng/m ,

QA GEl~ for every 1(%:%&3%& For n%{-)lg%‘é‘i} ene. ﬂ?sf{oﬁf%ﬁér}n% wrldfibat ed at

70C for 10 10 m n an |vatet rotel nase K
Het er odupl ewas m@mﬁndt@R@t@lmmbmw{mdmc&rEV Tmat)lmgs G@ﬁG@AMQ&.MC for 1

mn, 65C f%ﬂ?GK'T%A@R@K%E%& éﬁ'd&@ﬁ@%ﬁ%ﬁ?@){)ﬁ%ﬁ%ﬁﬁ? The PCR

fi- agrrents—WE'reth n-was twce w excess dNTP
and pri mer s undsrinedpanduectripprinaviEV.8weH2B (5 1GCE ECT GLAI TEE AT AGHY ri f ugat i on

tep befp Y/ t
per For el o R R R T e (R o 7y
1 mM DTT, zsﬁﬂgzﬁ}é@qsme undedingd). AR PER @p@mmléwrer(rlﬁgwbwpasrstgd wﬁ\ﬁolvm 2, 1.5
M Bet ai ne, B%Q%S)Ogét%nmg geMnL%ﬁ&di M%ffh% WWT&%@ the

fragments were washed again to renove bet ai ne_ and DVMSO. The atl on was

per for ned atMsofzeyeste primeiEY - T ﬁ%b?‘mbﬂﬁe‘ﬂ@ m#ﬁchmi%@l igase in

a buffer contsay PENONAGoMhetise ¥SirithgenB /2 Rlla, Culifdyhidhl Ciise POR ptidbdifed . 10 M
DTT, 1 oM NAD+,, and 2 IlW:lIm BSAgAter | i gation, the mx%)ure was

i ncubat &% af® pBre- m{aﬂ°%ﬁtﬁpﬁh%5nc\/§3’é%@b° 20 YLRREEVEHIPs . The ni cked
het er dupl ex amplificatios with kescheoytleoflsistitigf denatiutat omcit DS fod 30lsecZdmdfl r om t he ni ck

2 17) Cont aPHeB B BRLST U DAL PYATT AL SERE FR o 75 CHor BB Da.

pol ymeri se MheBCRawoduatwasifirified by rdiise phéinphertiagtion and ethmonl ﬁrpcaglmnh The
m xture was 7 T, C f eaction was
subsequent | yd %g}gg{ahgg%%%% Qf‘ WA?’Q%gﬁae%%‘%E&gga%ta?mMg_ﬁ%@iT

sequencithg 4 Bpring bmlabewwrvi‘gfﬁmﬁom eaction,

20 N. M dNTP _ i T c erenée. ddCTP, |
sequenci ng gu‘?’?geiriﬁ%ldm%o ﬁ?ﬁ@%‘%&lﬁ@gbi%e?ﬁpg%ﬁéégﬁ%&%?nNHMV\D 02/ 443):;5

on] a1/ 4 DU AT ARt s (Eesiod HishONs] SO E asted HAEN S yector
di deoxynuci @iekte®withie: sEinI Bir direribBoenkPinds. JpBV IS deAtiive bk prBTGB enbl um

2 o N A SR R i o %r%ﬁmfee%%%c%ﬂﬁb? por at ed

by ref eaenceuhm}ihﬁnfaﬁa@ﬁmasﬁﬂenﬁwmeMemwgabaiseqh@beﬁﬁﬁ‘eﬁhxrAﬁﬁm usi ng PE
GeneAnmp PCR S egl Zd%\(?vxq ther ¥vﬁa §liin th% (Sargﬁf%a& Ed lg@%xxﬂflcl eot i de
was renoved” SO TR AR R U ROk SR ep~"spin col um

P/ N CS-90 (!Mlul)c é‘h@pla@paomammgthﬂdﬁhm Bma Mﬂ)mlmlmsecheo@m désigngted at 3000
rpmfor 2 myo,pgi XSdtPAnsi%%SL&‘ﬁtc Aﬁ%%&&-ggéb l?rG{bghl a\é%'e%ﬁﬁe@f

CeneScan stop so ut1on EDTA 80% 10 f or mam
dextran). AMGF%QtTn@}%tMM%}%I?GWD2@)72'?51@%?)(‘1“@?@1%5 | oaded

on a 10% demngleby iﬂa&paﬁ{emgwfe@abeiengaeéndaﬁuileaéee«ztg&mb%gam Wia pHe@0 volts,
60 mA, 150 W and a teg)erature of 45C. nning tinme topk approxi mately

4 hours. ThEr l==rI‘\/t')(H‘ P’é tupne g pipiclegse Y, gengRandeavqed g SouEE ¢ o
dRhodam ne Wathenticity fihe ghiidadastiucdd. yzed with CGeneScan anal ysis (v. 3. 0a).

dRhodarm ne. DA oy el T EEBRUREPHGuIES cor e o TR HIdOBBRERRG Bt e for
this sequenmxgemma@ﬁppmameMvﬁﬁRS(pnydﬂampmﬁhnhTMaﬂ calipklld wee gmw:hatunl abel ed
PCR pri J i 1 S 7.5 and

> 3730 5B 308 % YRRk U6 o WASEfed S E il of o B

excess p | rs mere crocon It I pore)
centrifugat ldduteéﬁe-moldmmldxterpﬁMQii‘Bmbéhhsdpﬂﬁﬁbmcdwﬁh@\w&nltahmdeed to be

used as a se enC| n +SGAUE, ya usi ng an
ABI Prismd am r'f% erni ngtc(g%‘%&/g{g’ E %uenm n%gkﬁg ﬁgggédb%%r&% t (Perkin
El ner). Tvventy pl| of the reaction m xture, containing 8 0 pl of term nator

ready reaction nux, 6.0 pl of PCR products (10 ng/1), 25 1.0 E,il of each
PCR primer (3.2 ~, and 7 pl of ddH20, was incubated in a PE Gene




Anp PCR System 2400 t hernocycler for 25 cycles of 96C for 10 sec, 50C for 5
sec, and 60C for 4 mn. After the reaction, the mxture was precipitated by
adding 2 pl of 3 MNaAc (pH 4.6) and 50 pl of 95% ethanol, it was placed on
ice for 10 mn. After mcrocentrifuging for 15-20 mn at nmaxi mum speed, the
pel | et s wev2misased with 30 70% et hanol and dried. The peltemina@s t hen
suspended in 4 pl of DNA sequencing | oading buffer (5 mM EDTA, 1 % bl ue
dextran, and 80% fornmam de). After heagjng WO 021 44335 PCT/ US01144922 -71
at 95C for 2 min., 1-2 ~, 1 of the m xture was | oaded on a 10%

pol yacryl amgl Sm%ﬂbamsasﬂesﬁg;sﬂaéd,ﬂhahﬁ)ofgﬂgeﬁ&&ﬁé&%ms&%i(fd 1000

volts, 60 nmA, ature o Runni ng ti1 ne was

appr oxi nate@’lHEﬁBEerg‘I [ R EiDm}%fédebh@MDmo 1TmMRMSEHSamM was set
to filter BNa@hnlP¥6niced oo B E&Ag.:eeaﬁne%%tehgeéaﬂds{&BhSet Any- pri mer}
The sequencing ‘patterns were ana enci ng anal ysis software
(v. 3.0)(see Figure i@)P“rffhﬂle%éQré'ﬁ@eser‘éB@Fql% cplh detrisavasoramnyed by and are

shown i ns Fi %&mé&oﬁamo@kgfmﬁﬁqqgggdp@ﬁ:)ataaa%é%é SldtiatdBle 708 pRder d DNA
sequenci ng) . posi tion where G (blue color) and A (green color) peaks

overlap i ndmehtp&nﬁw thesraplabileE ool st protelnss fefice epagatine dnnstiatedat  t he

mut ation i sedi roAn@Gchnﬁﬁ{gaﬁéiﬁatt1omoﬁgﬁaﬂo mir X Sib&m4tdnts weed Aayiean of 8
ras G2V I\/Utatlon |n PCR ment s _Cont aini ng 7deaza-dGIP. 15 In order to

expl or e t he2gdstihg D mMHERES PHe 3 aMJIREA: 3 o ¥fel @Adonucl ease
V, the sanemmmbvcaﬁlgm of 7-deaza-dgtp was used instead of regular dgtp

u3i g glhom ¢ DNA fr P 2ahev § HESAAER AR s B BRERA (1 20) and
mut ant DNA plrificager-ef)Theandidgh maritiaa Bidenpeleaye Voprateth HP@Rripuscppesin thara
cl eavage 20, @&Ls Tﬁ&e%ohk ﬂ{%%&l‘ HRid! L 8£C d SX\@%‘ Hi% ﬁggéngémwe standard

condi ti ons. o conpare t romt he ragnent’

cont ai ni ng Z-cakéhosh proigins are ﬂ@m? hh%%g@llgﬂbdmd@’ fsrtqupslﬂblmfhg%ﬁ?s
cont ai ni ng {eoM S 1Eh e 7 position in
7 deaza. doTh Isa%a?ﬂ%gnfe?g% o &2??98@%”5 ?E( Fi gl?}qglg PR The PCR
reacti ohs wa@n@@ilet@haMN,ﬁeﬁ(Bmaypleﬁbw emsm#gmgeﬁ'mme@dmtfvﬂ%m cell line
contai ni ng wﬁlsﬂléavmtd?é% ﬁﬂ@%%l:%h%tem%}é Ghd th raf rﬂf In

ont ai ni ng

COITpaI‘ISOI‘l to the cl eavage pI‘O ucts fi ra ment C
7- deaza- dGThost preteins can be gellgtedrnd cemoyed iy Fmﬂwa'efghemlgleeWtTmarﬂnﬁer egul ar

dGTP were ahs@ie hiapsl %t&ﬂﬂdﬂ@s%ﬂﬁtﬁx@,'asd&ﬁéns&b@dhﬁh dupdRs Wilin f r agment
contai ning 730 deaza dGTP cl eava%g%g\gatt he totp ran cagntajning (G->T)

mut ati on waSOWSRFSFPLER thefrematant Fratmse Fhd!®dnt ai ni ng
(G>A) 26 sbndohuqleassvreuutéd:atgsbbﬂ the’ B) kDA imsindnemdichtmgmhuaéﬂds as possi bl e
contact bet o) V andN-7 in Guanixie. While the use of
7-deazaG di %ﬁg&?;q?? s &%reavgge of the refractory WO 02/ 44335

PCT/ US01/ 44922 -72 Glrmtmlpauqlme Viwes pyofiediotneaf hdmpgensitypsinge Hiflzdpi | i ty of
& C base_pakp SoilihnuShiitin ARRoHLEA R ENANMHIHEAS S AN bukR: REH ObUST .

Several additional (non-spe cl eavage products are observed in the
second | ane760ﬁt"aF1Fﬂ°ﬁ§°1%Péa¥ef@n9§Iatl§F Prsitive charge meakingit aggmpatibionsi der ed,

ﬁsgech aizs%/ &ﬂb@ﬁaemmmz mall(lijeéﬁlﬁrﬁh%ﬂtﬂ%blﬂﬁrwhed@ ﬁ'liyelwhﬂmel -

ybridi zati on,, such rjimdi,none ins c npl e -

Mit ant Endofitiprbias % PIFEF2TRe ARE ?ﬁﬁ‘#ﬁ“i ?”F%{‘Eimfﬁ? gé?f identify
appr oxi mat equa]iﬂlngawcl cdreentiiiica gi-aﬂiaﬁdmd@njuhaxdmwwmgm’nmml-mbm dentify the
remai ni ng SNP: h| Sy r USt, SI I QN &xl SNPs or

mut at i ons, gelh? Oéélﬁ mE%d%n%’”ﬁz“n?ﬁ ﬁ%len gore ul r@%lh?‘%l S may be
achi eved bycoalcbﬂtalhon fn:rlthullpmtw,g Ma'suepwsy elluhom pﬂ'dﬁenmmutndamth 150 a Endo V

to alteg froma
differ en? or ganl sm ?ﬁg?ﬁﬂ%@%gq#&){en E{rln gér(rrgtf”lﬁJ g%%rbspecg}ﬂ?/m ty. A
mut ant Ther 252-3QbmNMeNaClL madwﬁdmlmat@ﬁhﬂaﬂ@meﬁ’OMdum used in
the same reaehiaflsh iy Mab ity HARSIRLANATHEN dob bR UPmY endyheeXPand the
repetoire of sequences which can be recognized in this assay. "Primary
sequence alignnent of different eukaryotic, prokaryotic, and archea EndoV
ort hol ogs reveal ed a few resi dues which appeared to be evoI utionarily 20
conserved. Nine different site-specific mutants (D43A, Y80A, R88A, E89A,
D105A, D110A, H116A, H125A and , K139A ) were constructed) and 5 of these
(YB0A, R88A, E89A, H 16A, and K139A) appear to have useful altered
specificity (See Table 7). WO 021 44335




-73 Table 7. Summary of enzymatic and binding activity of Tma EndoV

mut ants. PCT/ USO 1/ 44922 Tma endoV

Mut ant swt DA3AYBOARBSAES9ADI OSAD110AHL1GAHI 25AKI 39ACI eavageLAMYCl s++1++-/--a
“i-r-/-+++3-W -+ - FHH ) H~t - B MGz - - W - ] -] - ] W] A -
Bi ndi ngL@MafDsgist ++- ++- ++H++++++++~- ECaCl 2++++- | [ 2++++++- ﬁéﬁﬁ%&]&é 2+++- -+ 12
+++--- Predictions wCatal ytic My binding Stacking02, 06 H bond Accept. ZN
H bond Doner7 wt Catal ytic My bi ndi ng0_2356_, N7 H bond Accept. TAl nost

wt 02, 6, N7 H- bond Accept. ? In addition;"this axlalysis identified two

aspart at es, and D.1 s bei.ng t.he catal vti.c residues for this enzyne.
The approac‘ﬁa[gﬁ'g%rb&?%mﬂ%%yotge l&?&?ﬁgt Wgrrpﬁﬁ?% or%lp f‘%‘ﬁa Endo V nutants is
based on crmaténtgtion=tA(280)xOD280. Witlanfes, IAB., pobi ProbrGhet)47:303-890 avol ved in

pr ot ei n-sub te.interacti.ons. Thernot.oga it ma V.denopstrates 10
si gni fi cant@%géf‘glé‘\’tcgl’se%ﬁr% v‘ﬁ%oépoé%tf‘? ‘\!’,3( fe;ferg\nmteg%ﬁg'gf ﬁﬂ‘E’gfr}qf}r_g’gﬁFl%"'[’hi n

ei t her a navhihiedaocalonlstadiby heog the Pedteaat software progrpar(Bowen Mivintoshmat ches

cont ai nifg r | deo ' uc tide ses dC, dG
and .S TSR Bl R UL D MRS B PRSP e enzyrme
for a naturfha braiod’ mrytetiescnesnce (ndi gene) is peailablecit the TIGRIMizrabial Patebassr i nosi ne
or uracil, apdleknisBsLeas) 4R HiGARAEHE! Gidh | Riactind SeclBh Widlmdiane. Pr ot €in
specificity tor a substrate typrcarry rnvofves interactions between ani no
aci d side chem#ma.of the enzynme and the functional groups of the substrate.

| nteractions involvi Ag &k hadtHePufEET/HE BhdbhuaiBsbe SHRShbRA 1 FBIEY! €S Of
different chem cal conposition (€. g. nphobi c/ pol ar 1 nteractions)

, | hyd )
great | y10 \Vipdevsidabepdogeneupfiolisadantcleaty ) whichihap p Fimilar splsstlant e bi ndi ng
and c ?_n dr aﬁatgmp;mb blbé;éiﬁ@faﬁ?ﬁ&t&rfw tablp:yns/m_eﬁlbﬁﬂg SR YtiBRec Eeﬂ_t(tUIF]ILtgﬂm’iﬂal?_ .
specific substrate. Since the enzynme fynctions in vjtr ramatically
hi gher actis\?ﬂ‘fﬁm\ﬁgtaﬁc‘?rflfﬂ§f‘?1@°me%*‘%ﬁea% At-a n?tﬁb’% and the
nat ur al occam3(49)330e x§ (1968, which dd hedebylingeporated by eeferehcey ha peptide! eaved,
this stron ly D [ bi, i zing inher | gns associ at ed
w th a nat %reé é%%gggﬁﬁ'g#%egr%@rg@d?&ﬁg%}éﬁa% sﬁ%uetn geeogr"\"ﬁ‘il%éa " positions of
enzyne- i snhddthonadiyca 70fCelSamin heattreatthent syae pefformiedyond?. co¥iendonuojense ¥an be

altered to ed 2ot 2 T[T ol ARR%HE::% qrﬁ)' d@hﬁé‘ﬁés- A simlar
approach haés geen success ui' Wi t‘ﬁ ﬂgﬁang%g I C E’r ec%)'gnl zes uracil within
DNA subst r sindrgated gngymesyasggctive apirepoiglbthe heat-treated enzyme lost its enzymatic

activity. Thus, the heating step used in purification is likely to have inactivated E.

coli endonuclease V
20
Example 3 - Oligonucleotide Substrates Preparation

E. coli endonuclease V demonstrates high activity with double-

stranded DNA strands containing deoxyinosine-deoxyinosine or deoxyinosine-base

25 mismatch. Yao, M. and Kow, Y. W., J. Biol. Chem., 269(50):31390-96 (1994),
which is hereby incorporated by reference. This general characteristic of endoV was
used in order to functionally identify the purified Tmma endoV enzyme. A double-
stranded oligonucleotide containing a base mismatch was designed as a substrate to
monitor for cleavage activity by the purified enzyme. Figure 3A shows a simple

30 assay system using two differentially labeled fluorescent oligonucleotides. The top
strand is labeled with 6-FAM and the bottom strand is TET labeled. The mismatch
position of the deoxyinosine nucleotide is off-center so that nicked products do not

comigrate on a denaturing polyacrylamide gel. The differential double labeling



10 Journal 15:3442-47 (1996), which is hereby incorporated by reference.
Resi dues that are involved directly in protein-substrate interactions have
a strong tendency to be conserved anong enzynmes of the same famly.
Therefore, in a primary am no acid sequence alignnment, highly conserved
resi dues wem4asmsnt good candi dates for nutagenesis. |n ectesos@eznzdentify
positions in 15 Thernotoga maritima Endo V suitable for nutagenesis, the
Clustal Walignment algorithmw th a PAMP50 Residue Wei ght Tabl e(Pairw se
Ali gnrrent Paraneters: Ktuple =1, Gap Penalty = 3, Wndow = 5, and Di agonal s
Saved = 5; MithistAb ickinb SVEHRIn TR aPRlSIoYe LBR, $1889Ld nd i dingRdnddan Lengt h
Penal ty =10) was used to performa primary am no acid sequence alignment
anong 13 i d&§t&Y i ed and putative 20 Endo V enzynes from thernophilic and

mesophi | ¢ ar cheabact ofijohualBdhicR 1N bdudiek wefe puliie BR AR | {1 M (SEQ

>D. No. 37), Pyrobacul um aer oph| | um (SEQ 38), PyrocCoccus

hori koshi i fegEencing eeiid7 3 preafdvanalyactidaraidy eldefosﬂzei in{ TheiCompdste . Pyr ococcus
furi osuss ( SGEEdeMEvAA mfgla)nd Iﬁt&hge eti)&éhgdﬂugresl&tes( he&TBI d¥sterfl) ,

Aer opyrum pernix (SEQ

Cl ostridium ace licum (SEQ ID. 25
No. 44), YeF‘:‘?vﬁP%t%‘é’%é:‘A(»SM° &Wuclfssldcsm@mé‘rﬁdan Efélh“ffels ualy  No.
46), Baci | | u®la dbiidehtrftion SEVolddmpiemertar) singR m@&aﬁx&a%mm%d SEQ m

the maj or | 1§ BTC O MR afiPr o6 1o (hScP A mrbress A Spomehto v

enzynmes, thﬁ:rm)smatch specificity of nost of these enzymes is unlrnown. As
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resi dues) ¢ r ol Lo el gractio S|tions of
hi gh conser%&ﬁ?ﬁﬁ%sst éévé‘sg resegdfjoue'?&teltsrﬁel it PTF (}L mﬁ'?’t they can
al so pl2gy aamois off purifiedtyind emagxcldaee V}ﬁkﬁt&ﬁhﬂ'ﬁb fba&i):fnewisfteﬁlﬁﬂat&flﬁjyﬁe- In
addi tion, Igﬂeé/ con onunQe&ré’ 885 an 3}40'?'& q:ou d F’I’ avoi ded for
pSO eac %‘%
then

mut agenesi s e uni que ¢ Them da 2t riethr e “dssoci at ed
with these hmmtaé?@foremdm coﬂledmnidee Thruetxmaiohteesamﬁlesl@ere%aded f erent

ond 18° R sbite Tdoa et anad il bor PR hannldd 0} RIS Amer WighobihdrBy 111207
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stability or binding affinity of a naturally occuring base at a m smatch.
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_77_ 5 PCT/US01/ 44922 with a DNA base at the m smatch, the conposition of
the residue (polar and charged vs. hydrophobic) would influence which
substrates are preferred. The conserved set different from The~notoga
maritima endo V at the given position as the basis for initial nutagenesis
(e. 9., wd ¢9khsd Tabl e 9) was used. Table 9: EndoV Mit apigushi/faypr Z. Renove
Dest abi | 1 zi ng Resi dueAdd Stabilizing ResidueModify

StabilityG3&3(T, S)B3(N, Q GB3(D, E) 8B3{R, K) GBB3AG33
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|nvent|on | t111.zIng other. thernostan n enzynes, or
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negat 1%e) Prqvu?tcﬁ Pénwedmmllabweight PQS#@niEM)C Slomperigaoswith lenethi t h

EndoV/ Li gasekeddvhéstid tﬁaﬁ%{lﬂil&gagé s@ﬂ%dé%ﬂp&ﬁﬁnatel;\’\ﬂscﬁ hM@Q@uPW 1/ 44922
78 _ purlflcatlon of PCR fragnments, and re-sequencing of both strands W th

manual r edrfgbasspgihe f$ E’&ﬁ?‘} 71&%&«7%3@@%?@@%@5@% thg Tor ed al |
f ou[1 f g gmesﬁusé kt tﬂé@'aidle@r']i%}ue\MD)C E‘h?ﬁﬁi&ﬁé sua‘narmkhﬂgwis indSiapldte biXAC sanpl es
with p ch franmeshi ft nutatiaqns .are t gt ection
Capact ty G Lo BT oRnT it Bt Emae: s REsH A i EREng 09/ 44335
PCT/ U9 1144822 T-haf odainled aﬂéi*mmm@aﬁthmgeqxgv&osme-admtamglsﬁaﬂm Nois sanpl es:
Conpari so of EndoV/I i gase
mut o on SRS Be R 08 taBle fRuchate e > R8s W BCH B0 Lok
Uni ver sal aﬁncm@dmwmq@qsbatmm@nWMQ- @ht.#ngl Chett derat ed
ReadReseq 1| ) R175
G2- A55( 8 Al Egé%&%ﬁﬂ%ggé-g@y% ‘s;@% g‘%‘?@%ﬁ‘? céﬂéé?s C- T60( 8)
R282 C-T, anQ grhﬂgggh w()ggld mxtp\sq'an@gyclqmﬂm side in /A and I/G is

20  associated with the fact that they form non-Watson-Crick base-pairs. Corfield, P. W.,

et al., Nucleic Acids Res., 15(19):7935-49 (1987), which is hereby incorporated by
reference. The opposite strand nicking at the 5' side of the I/C and I/T base-pairs was
not observed with C/I or T/I substrates, indicating that either the nicking products
were less stable at 65°C incubation and being degraded as single-stranded DNA or

25  the nicking at these substrates were less efficient due to sequence context. These
results suggest that nicking events in general occur at the 3' side, but the enzyme is
capable of cleaving at the 5' side at the opposite strand complementary of an
deoxyinosine-containing strand. An earlier study suggested that E. coli endonuclease
V cleaves at the 5' side of methylbenz[a]anthracene adducts. Demple, B. et al,, J.

30 Biol. Chem., 257(6):2848-55 (1982), which is hereby incorporated by reference.

Thus, the enzyme is able to make a 5' incision at some lesion sites. The above results

confirmed that the purified enzyme is an endonuclease V.
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t hr ough chr mJ)(ée P?E&%’Fstﬁgg&ﬂw%ﬁo{‘& ?ogﬁggr% ‘la‘lstbgingﬁs%%& Waggs ot h nmut ant
chr onosonmess mcgmtmleThQanteremmm@eﬂ 45°C fammm:m lpadsdonagelfioove sanpl es
woul d have deci@ieestl AR piBadtts didx dmwagosa% § wike JuaAiThaN Rty 90% 10% 5

(for nondis] unc ion wth 1 stroma) to 33 ronosone 10ss with

SO% st r onm)the Gepsse W@xﬁeﬁwﬁm&@@%#@rﬁéhrﬁpwwméwtwgemym| ons in
Pﬁm s ofs 3 o%@éfpéf daa,me{ﬂgeseﬁwa\mt gﬂitoam ulscﬁ@dfﬁﬂ%ﬁﬁtﬁ@&?wgmﬂlasmél dl dentify
e presence,o e nts ra 0 e pooled s e, hands were
even strong°é‘b'‘f‘?"ntgjn““ff nﬁ%f‘ﬂ‘/l”&‘%?a 1y ﬁﬁ?tégse@sﬁg@gggﬁli@”ﬁ ?Prdf’gﬁnal sanpl e
. was nostly amiﬁemhﬂﬂ%}smmﬂc&ff&eﬂﬁoﬁmbmﬁd&fm@”&nmaﬂ%emnbubumgul d still be

detected (s ti.ng the. nal,, sa e ha subs st.romal
cont am natisgl%%.féaf?%g é’ﬁr"f’f‘? ﬁ@‘ﬁlﬂf‘ecg}) |n&1r|goolaféhe or even 10

sanpl es \Amuléivsg'egﬁhﬁt}cﬁmﬂwst laawmmgza%ﬁéenmoﬂs PP 79610 dnd Gt m5+Exarml e 25

- Site-Directed I\/tha f Tma EndoV. Al ani ne scanni ng nmut agenesi s was
per f or r?Bd FODGFPfAY %?fgﬁ'r%’vt%“‘g\ﬁm tions of Tl~ernotoga maritinma endoV to

identify amno acid residues inportant for its endonucl ease activity (Table
11). Al ani rExampleb it Cl¢ayagasdf Bise MiEnatvbtCéntninbiglOlgomeRotif&O, D110, aboli sh

or substantially reduce inosine cleavage activity.
Base mismatch nicking was investigated using 12 substrates containing

25  different base mismatches (Figure 5). The cleavage reactions were performed at 65°C
for 30 minute in a 20 pl reaction mixture containing 10 mM HEPES (pH 7.4), 1 mM
DTT, 2% glycerol, 5 mM MgCl2 or 1 mM MnCl2, 10 nM DNA substrate and the
indicated amount of purified 7ma endonuclease V protein. The reaction was
terminated by adding an equal volume of GeneScan stop solution. The reaction

30 mixtures were then heated at 94°C for 2 min. and cooled on ice. 3 pL of samples
were loaded onto a 10% GeneScan denaturing polyacrylamide gel (Perkin Elmer).
Electrophoresis was conducted at 1500 voltage for 1 hr using an ABI 377 sequencer
(Perkin Elmer). Cleavage products and remaining substrates were quantified using

the GeneScan analysis software versions 2.1 or 3.0. With Mg2* as the metal cofactor,



20 These nmutants al so gain binding amty to doubl e-stranded or

singl e-stranded i nosine substrate in the absence of a netal ion, suggesting
that these residues are involved in the coordination of catalytic M2+.
Y80A, H116A, and, to a | esser extent, R88A, denonstrate reduced affinity to
doubl e- syoangdss or si ngl e-stranded i nosi ne substrate orpcrh@kgsop oduct. The
| ack of tight binding to nicked inosine product accounts for an 25 observed
increase in turnover of inosine substrate since the product rel ease is |ess
rate-limting. Y80A, R88A, KI139A, and, to a | esser extent, HL16A show
reduced actge en%,eamm%h&%e@e}gyaea&gdbﬁa@%ﬁrsﬁa% to SRRSkSkERln M 4N their

| ocation in or hear the base recognition pocket, these residues may play a
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change in cleavage site for the R88 and H116 nutants suggests significant
plasticity 20 in binding specific msmatched DNA by vari ant enzynes,

further enphasizing the

crystal

ext ensi on PCR procedure was used for site-directed nutagenesis (lio,
Gene 77:S 1-59 (1989),
its entirety).
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- 85 incorporated by reference in its entirety). The cl eavage assays were
performed using oligonucleotide substrates fluorescently | abeled at both
strands. Previous studi es have shown that the wild-type Trma endo V nicks at
i nosine sites. Wien the enzyne is in excess, it cleaves the conplenentary
strand oRiQRsjsiRsof the inosine-containing strand 5 (Huag@pushidsdt 2l - .

Bi ochem stry 40(30):8738-8748 {2001), which is hereby incorporated by
reference in its entirety}. As expected for the wild-type control, a blue
band was observed which represented 1 -t op inosine cl eavage product and a
green band which represented the bottom conpl ementary strand cl eavage
product ( Fidguglaceralain 5> wfMaClyen0.65M T&H"’gﬂ?glﬁ 5%@6&1?1‘? FebsEpteavage
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st abl e conpkmginingisubstiates gantified using dap andlpsiainfoyarevessions Jiber|
cofactor ((3gang, J., et al., Biochem stry 40(30):8738-8748 (2001), which
is hereby incorporated by reference in.its entirety) and Figure 22A).
Interestingly, the tkBeexvaeyisked MOAR sitecruieilmioptaing spaniepgsificallyll 0A now
formed 13 diagidwéizye dbhcRiitradnb (ip@e 6AORNELES -5 4R 6173 Whendfle hAyieUgh not
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to the ni CRE‘H“IF‘J"P@G%E?F‘&%“ 1 Thesleaypee of seagle spanded AP gite orracile| y assess the
i npact of al ani ne-substituted nutants had on endonucl ease binding to the
ni cked 20 product, gel mobility shift analysis was perfornmed using a
synt hesi zed i nosi ne oligonucl eotide substrate with a preexisting nick
(Figure 23). It is evident fromthe gel shift experinments with Ca2+ that
Y80A, RB8A, and Hl116A failed to bind to the nicked inosine product as
tightly as the wildtype (i.e.wt) enzyme (Figure 23A). Using the
catal ytically conpetent netal ion My2+ as the netal cofactor, H 116A bound
the 25 nicked inosine product about half as tightly as the wt enzyme
(Figure 23B). Y80A did not maintain bound to the nicked product with a |ong
enough half life to allow the detection of a distinct band shift (Figure
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-87 doubl e-stranded sequence. \Wen the enzyne is in deficit (E' S =1:10),
the wt enzyne only cleaved a |imted anount of the substrate as it remained
bound to the nicked product (Figure 24). Likew se, the mutant H 125A, which
showed wt | evel cleavage activity and binding affinity, also failed to
t ur noverwo h2/#438m0si ne- cont ai ni ng doubl e 5 stranded subgtraiser/44dtze t hree
mut ant s Y80A, R88A, and H116A, which showed reduced affinities to the
ni cked inosine substrate by gel nobilligfp. shift analysis (Figures 23), now
were able to rel ease the product and nicked the inosine strand in a
nul tipl e-t WrRaN& tofpRsitll ih Y5 thedfidial fad¥rS(FihEOSTN aR hlidisiord, Mh?C| eavage
reacti on by Y80A proceeded close to conpletion wth an apparent first order
rate const d¥emeed thegleayeeenfnon-sperfic svaakeitraed%drﬂaws@,urec@fhmd with the
Ei ndi ng datngn?@umh %ﬁac?;ubtaaélf_ 280y Wis fiBer ¥ohfvied u(s?% arseﬁwraﬁ@?bﬁdxlnw Y80A)
ave change e reaction ki i,S by increasin e product rel ease raze
constant k3Fubgrafe{Eigure o) Wﬂﬂﬁ%l ?@ﬁ?’ﬁfi@‘é‘? a?tﬁ’alﬁ‘@nfggﬁ‘.c 15 Exanple 31 -
S Savagles aruid&iuafrbhm cﬁﬁtﬁbrﬂﬂhﬂyﬁie{k@@dﬁ@lésﬁﬁwbﬂb@a Swhﬂlbm%fta@ tRymedar i ant
ndonucl eases. , To_assess t si.ngl e- strande onucl ease actiyity,
1 eavage. wEOTSIEk iR BRI Y i ETRR AR ey BFHEE HEBEbnt ai ni ng
s: ngl e- st r gslsbadd aﬁgm’ewg-nwﬁéﬁﬂiﬂidfng dleats agésdehhamerm videkicedibg tlies re';)ai ned w
cl eavage activity t t.he .sl.ngl e-str ed i nosi ne-cont.ai.ni ng. substrate
(Figure 25APPesie PEEke Ripwndialemgrists, bs Somieamonolpatries PRI, 1 e
doubl e- st r cntadcked 0f lifikar pRshil sopFegtsshid el cazgmé ogguibencsd fiee FARA’ eirld a
si gni fiﬁﬁnttl Meeggﬁﬁ%!%l fayaoe activity, while D43A and D110A were inactive
t oward e §PRGFe? 468" Fnosi ne- cont ai ni ng substrate 25 (Figure 25A).
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the product. D43A, D 11 OA, and E89A were unable to cleave the inosine
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activity of Tma endo V nutants were assessed 2S using AAU, G U, and T/ U
substrates. D43A, D110A, and E89A were inactive toward any of the uracil
substrates, which is consistent with the proposed netal binding role
(Figure 26A C). D10SA, which showed wld-type activity towards various

i nosi ne substrates, nmintained essentially wild-type activity with
uracil-containing substrates. H12SA cleaved the G U and T/U substrates as
well as the wld-type enzyne 30 (Figure 26B-C); however, it had reduced
activity against the perfectly base-paired substrate AU (Figure 26A). Y80A
had m nimal uracil cleavage activity. R88A, H116A, and K139A exhi bited
reduced uracil cleavage. The degree of uracil cleavage . by these three

nmut ants appeared to be affected by the nature of the base-pair. Wen WO
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PCT/ USOL/ 44922 -89 the substrate contained a Watson-Crick base-pair such as
AU (Figure 26A), the uracil cleavage activity was | owest. Wen the
substrate contained a m smatch such as GU or T/CJ, the uracil cleavage
activity was enhanced (Figure 26B-C). These results are in keepi ng with the
previ ougyd hJRssour se analysis of the wt enzyme using Ap g@& &1/ CT
substrates i('}‘ﬁuang, J., et al., Biochemstry 40(30):8738-4 2001 which is
hereby i ncorporated by reference in |%%s1 entirety), suggesting that a uracil
in alocally distorted m smatch environnent provides a better signal for
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269(23): 163@%?% (1994), 25 which are hereby incorporated by reference in
their entirety). The enzyme is nost active with 2+ or Mh2+ as the netal
cofactor. Previous bFIE@FﬂghQWﬁ@F@bCHH\FéﬂWRMQPb @ctan prart profund| ent et al
ion i s180t o@Qkyod ﬁﬁ&ﬂafcﬁ@léa@:{gec ?flaéslﬁﬂhg Iﬂ%a@lll% GifidbebRhdBskRAbLIRTt @ Stabl e
enzyme- substrate co uang, i ochem stry 40(30):8738-48
(2001), mp@ﬁﬁsndﬁegcgﬂam %ESWthrfeperra%ecreﬂseﬁpsnwm For 30
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110, E89) 2pieAbr RERALA i lon ¥ FiBARY dhd'PlobollivitF bRkxdrbledse-DdMbAA and D 11 O

abol i sh t he endonuc ease activities towar trates tested, which

i ncl ude doEbmewdalyperass” I Bigl Chiemes P68 8): LHERT 1i(H93).mbich dsbevehy es ( Fi gur e

21) and doﬂiéb@oﬁété’cﬁim&rdﬂ:@(? ITmatdndoniRleabd @ tsiid Deédnd Bére MbhdpetiBic 6) - EB9A had
substanti ah‘ﬁl‘yﬁ%ﬁrﬁed catalytic activities. However, all three nutants

retain wl Psng affinity towards inosine substrates, indicati ng
their pgportant role in catal ysr S. Most interestingly, D43A and D110A, and

in sone caeE8 trates t he, ahsenge of .a netal 10
i on. D83A afﬂggggh adﬂ‘men onuc‘faéaggbﬁﬁ?ﬂucn g 5 m\% &"%r m | ar
bi ndi ng behavi or (Laugnavr Cl us A., et al., Biochem st ry 36(37) 11086- 92

1997 whi ch is her Mor e
Secen%ly t he Munl C’f@érﬁ@{%ﬁé@@f%"@égﬁ%&%‘f& % co nﬁf:ﬁéﬁ)ﬁ&gp’om tions
D83A af@ Eopresentativegnismaich eleavage waptdsted at diffigent EaCleqoncenE‘MSJ

18(21) : 5805sfuikd AL ncttWelt d SoliPb Rl INLARARIALE hublofiiahief er ence i n 1L

entirety). It is 3 "and Tma endo V, and possibly E89,
are i nvol vERPHRILE(AGINGE/Ehead ¢/ nHismatshss. tepectively, e Bieypthes WoF at he

sci ssi | e pheaphatgraaestidewidibutaiEpfitch! TR CIBAEgdRERi S RerederBriédfte t o
assess the nunbers of metal ions involved in DNA cIeavage by EcoRV (Cao,
W, et al., BiochimBiophys Acta 1546(1):253-60 (2001) and Vi pond, LB., et
al ., Biochemstry 34(2):697-704 20 (1995), which are hereby incorporated by
reference in their entirety). A stinulatory effect by Ca2+ on cognate site
cl eavage has been taken as an indication of two-netal catalytic nmechanism
No enhancenment of inosine cleavage was observed in Ca2+_ M2+ conpetition
Thus, the nunber of netal ions involved in strand cl eavage i n endonucl ease
V remains to be determned. 25 Y80 Al ani ne substitution at Y80
substantially reduced the affinity of endo V to the double- and

srngle stranded |nosrne substrate (Frgures 22 and 25) -as wel | as the
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PCT/ US01/ 44922 substrate and the product through base contact or phosphate
backbone interaction, or by organizing a network of contacts nedi ated by
other am no acid residues. The kinetic property of accel erated product

rel ease is analogous to R177A in human AP endonucl ease APEl (Mol, C. D., et
al ., Nat weoAdR56768) : 451-56 (2000), which is 5 hereby porospeseted by
reference in its entirety). In a DNA-bound structure, R177 nmakes a direct
contact to the 3' phosphate at the AP.gite to | ock APEl onto the AP site
(Mol, C.D., et al., Nature 403(6768):451-56 (2000), which is hereby

i ncor por at egsdgysof $ RIHHRCA & 20 11lréacBibh it )conthiti 13mNABPAS (¥ Pagibone
contact may contribute to tight product binding. 10 R88 and 13116 R88A and
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i nportant r i i It . } S I i t Ki, 39
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21) . Si m | agjdafage podiibts AR YeiBainiltd FHAratB BB Jualtif ubids ieatendfdagr Cl eaving

i nosi ne_substrate due to tight product binding (Figure 24). The main
ef fect s1®f RaabGK seftwateverdqng - oo 2Phdo V is at cl eavage of non-inosine

substrates. |n additilpwas gppasenkthaf thdEhaePréfetrabs Rwosltienbirohmekd RPA has a
substantial |y reduced uracil. en cl e . actlvi Fiqgure 26). A nore
detai | ed ki H%ﬁ%%%"%‘%‘%r?‘% A a2 Jﬁfﬁ‘é%%%‘%ﬁ%g’b%%‘?@e‘b&t al ytic
rol e K139 nmajsnpitahicleavade yields eemyHightst withont saltt &¢ith Mn2t hethé imetal cafhotgn, t O

el uci dat e t e SLENGH UERDORIGE e ARG 538/ bR SLb G ANdplgg0ONI L on
mechani sm  an arantné scan I'ng Mt agenes’ s was carii ad o at ‘nine

conser vé§l posigréemest with themotion thatinkreasd salt coddéhtmtidndryedud® DNA bindingi t h ES9
may coordin -t%nsﬁ I &8 il S8l h e ol ysis and
are 30 part o 'heglglg%ﬁ%g)wsal‘t’?{e).s YBOQ%ﬁggééﬁgﬁgﬁgﬁgﬁh%ﬁﬁ?%%i on to
substrat e aradenthereepnditionsict bi nding. .Wile the lack ~of strong binding to
substrate nmay accountprbfithd Sssve @kpetiments! & ichallfAbtidn BURA¥GHIRIAGHT Vi LY,
this sane prop%rty al sp. changes t?‘le ki neti ¢s _of WO O_%I 44335 -92

PCT/ US01/ 44¥prhding£po § O he e merigzedped popspecilie ismalthat ¢ he
E_rog_uct 20el eES\&gsiseﬂnirﬂzl I infiz&tDwhOdGerinitiedt g‘hkblp’tixﬁa:\ll&gndiﬁa&%rd ansimii HBAEST f ect

i nding ste : tin n ng..endonugcl.ease activities

t oward non- E‘ﬁ%??’%ﬁe%t%ﬁ?)ééyc%ﬁg ”P‘?éWbﬁ#&?nEﬁ‘W%‘g BN ts the

t urnover 01;] détaaﬁK hééﬂﬂi’c&hlg bﬁtb??hﬁﬁlyxﬂ@d]i&ﬁiﬁucﬁoﬁﬁ& asismgsnafed Ther€ore, tﬁddeavage 5
suggests that,. . affect steps other than substrate pr oduct

bi ndl g, A PRI SREPE BAYFHY YERn SRR PO S o P P E I R d her o
awai t s det entilizedt Iroatididion] this apickoel Yeridiibndoons] that appeanchast with Gepeet ®t | on of
addi ti opal QI%P& . NERL § Ltions
reveal e?]glf O§fg§\gg9t esg&\%g%e%}r{%ts% %l%gkan%@&%% angh?%%’mgt whi ch

pr ef er ent | ashopldfegiotad that sub-ontimal eonditienssare glpecomapatibled shecoatex €ont ai ni ng
m smat ched Basgspbetter than wild-type enzyme in. selected buffer

condi tions. The R88Q and R88E enzynes denonstrated a stronger preference
for cleaving the G base in both GA and A:G m smatched substrate than

w | d-type endonucl ease. The H116Q and H116T enzynes exhi bited al nost
exclusive activity 15 towards "A" base contai ning substrates. There was

al nost no activity towards the "G' containing strand, suggesting these
vari ant enzynmes are proof of principle that stronger enzynmes for specific
m smat ched sequences can be devel oped. Such enzynes will inprove

signal -to-noise in scoring of unknown nutations and pol ynor phi sns, both in
pool i ng experineats, and for nutations in difficult sequence 20
environments. Al though preferred enbodi nents have been depicted and
described in detail herein) it will be apparent to those skilled in the
rel evant art that various nodifications, additions, substitutions and the
| i ke can be made wi thout departing fromthe spirit of the invention and

these are therefore considered to be within the 25 scope of the invention
as defined in the clainms which foll ow WO 02/ 44335 -93




WHAT | S CLAI MED: PCT/ USOL/ 44922 1. A nethod for identifying a mutant
nucl ei ¢ acid sequence differing by one or nore single-base changes,
insertions, or deletions, froma nornmal 5 target nucl eotide sequences, said
met hod conprising: providing a sanple potentially containing the norna
target nyed &oLide sequence as well as the nutant nucl ei gcppidlagguence;
provi ding two | abel ed oligonucleotide prinmers suitable for hybridization on
conpl ementary strands of the target nucleotlde sequence and the 10 mutant
nucl ei c acid sequence; prOV|d|ng a poI Tlse bl endi ng the sanple, the

| abel ed ol i gonucl e mers n;ith rlsetof rma pol yneri se
chain reactM P egﬁg% gl ‘H‘%f ltllpn m xture

to one or nore 15 pol PFE ‘g ?,‘ggg
hybri di zati on treat ment S°%H ﬁdﬁ?d@? Bt $ mers can hybrl dize to

the targ nucl eoti de nce and/ o n ucl ei.c acid Se uence an
ext ensi oﬁft treat ment, \’tﬁﬁ’%&ﬁ'ﬁrﬁsﬁﬁm ?“a{]‘;’é’gy c?s'l‘“é% 3@?‘?@8

ext ended t o (AZAyinitmackitas fsd sHBstpHtE) Mea@@g&ﬂcﬁvﬁeﬁbmpya éndowhﬂastxﬁagﬁ‘éd in

nucl eoti de s ﬂ ce an /or "Eﬁf Ut antaen g elc acid se uence}é} V\(Iﬂlch t he 20
ol i gonucl eot ﬂ%°f‘ WO AME YT and® LYBERITFUPIIET PERIRELE, wherei n
hybri di zed rﬁﬁCCé‘m(SOamndteanaérme&cﬁﬂmsmpabmtaﬂmgunmm}mﬁmﬂtm 1

pol ymeri se; riwgl tcg_e) ngiml Hﬁed;?@nﬂﬂﬂ dg&%{hgfef 2 :uoducts

anneal i ng the po y’rrer T eacti o o Sion ‘produ m 25
het er odulfl excadcqntrationsof Mg} méim;dm@mmmgdqvaenmmmmm’*mm eoti de

sequence andl(f:tﬁTfH&teﬂ%VEiﬂ%@br% el & ence; providing an endonucl ease

whi ch preferentially nicks or c eaves het'erodupl exed DNA at a | ocation one
base away from ni smat dhegeasaeewpsicpsinatpd byaddieg aequaleiadimeieffFene8ernpr oduct s

and the endogsdoRiiog ( BOn{M'ED'ﬁQ 8§09, pRanide] B2 bRiede@@aIIThe RAGJnON M Xt ure;
W O 02/ 44335 -94 PCT/ #l?f)ljﬁp 22 i_ncubat | n%ﬁ he_endqnucl ease cl eavage

reaction mi xPHHECSEEre eifolrden 2mime angd caolsdamirey 3 L of sawles, ) eaves
het er odurd exegte wwéﬂkﬁﬁéaab%ﬁiétﬁsedddaﬁat&mlhﬂﬁ&rﬁ&?mefgémbﬂﬁxﬁwd | ed 3ase
pairs; provi ase n ot e or cleave

het er odupl eﬁ&cquﬁ?f g’a%ﬁ?i‘%l" 5‘(;?{1]%8@3" °1f?f Fg&?gégﬁéi"é‘ﬁ?‘i ®hg reaction
m XL u Ei eh ![ nc(ﬂ?SMn’ ]Eigwlc‘i)he:lbavggsprodmeaidlrangmnmgcstxbmteswetmqmﬁﬁeda&aib gt t het ]

ni cked heter e airs.but w
substanti al It;B/ ﬁgnérasggneﬂ%ii}%g oha'a%ke%? er D ud%gq(%%gpr ofi q“altmt‘?%catl ons
adj acent t o mesutvatechewn buBiguksH ﬁalemhmsqucmahglﬁwaissZ-TaMhmdfwg from
sal d 1 noupatiy;d 61811 ARPS ESRAEIG RAGkD A Uokitifi

Yass
el ectrophoretic nobility; and ting the presence 0? the nornal t ar get
nucl eoti de sequence and the nmutant nucleic acid sequence in the sanple by

di sti ngui shipga dﬁﬂ@lﬁemh%lﬁfcﬁdbﬁt s 15 ~ resulting fromsaid i ncubating
the ligase reseallng reaction m xture.

Genomic DNA containing mutations in k-ras gene codon 12 and 13
25 were extracted from cell lines containing the mutations. Cell line ht 29 or sw1417
contains normal genomic DNA. Cell line sw620 or sw480 has DNA containing pure

gl2v(g—t) mutation. The ratio of wild type-to-mutant gl2d(g—a) in the genomic
DNA extracted from cell line 1s180 is 1:1.8. The ratio of wild type-to-mutant
gl2a(g—c) in the DNA extracted from cell line sw1116 is 1:0.7. The ratio of wild
30 type-to-mutant gl3d(g—a) in the genomic DNA extracted from cell line het 15 or did

1is1:1.1.

In carrying out the PCR amplification process, forward and reverse
PCR primers can be synthesized with 5’ end labels of TET and 6-FAM (PE-
Biosystems, Foster City, CA). These two fluorescent groups appear green and blue,



2. A nethod according to claim1, wherein the target nucleotide sequence is
genom c DNA. 20 3. A nethod according to claiml1, wherein the target

nucl eoti de sequence is isolated fromtunor sanples. 4. A nethod according
to claiml, wherein the target nucl eoti de sequence is a double stranded
CDNA copy misa33RNA. 25 5. A nethod according to clai m lecminseneio2t he target
nucl eoti de sequence is a PCR anplified fragnent. 6. A nethod according to
claim1, wherein the two | abel ed 30 ojd.gonucl eotide priners are |abel ed
with fluorescent dyes, IR dyes, or radioactive groups. WO 02/44335

PCT/ US01/ 44Q%8tively ‘«ivhez mﬁyﬂ%tb@qﬂ m%ev @m séqaeﬁéefiu mf@remﬁas‘eméfo@e

| abel ed oli gonucl€otide primers are |abeled at their 5 ends met hod

accor di ng thetep @ﬂ#PEOm\ﬁHé?@laHOWﬁ@neﬁB distipgyisheclpayage progesy frem gaghi ve or
reconbi na ns;trah@ fidepsaaithye RAMRE ﬁ&-@eﬁﬁc@i@ﬁﬂé&%%@tﬁm—ﬁ%m S

t her mophi | u Pyrococcus furiosus, or Thernotoga maritim. _ 9. A nethod

accor di ng lﬂbT’E'F andeV thregaddifionat eviosing dgerempeletidesayare F@&@WWQ theShiti ated by

addi ng £i t §Rioflelich fRRhtMEikhBFleObf RIS pifelsatd Hobmah Talle t &RMPer at ures above
65C to the polynerise chain reaction mxture. 10. A nethod according to

claim1l1, wherein said denaturing the polynerise chain reaction extension
products is carried out by heating to a tenperature of 80-105C. 15 11. A
nmet hod according to claim1l, wherein said annealing the polynerise chain
reacti on extension products is carried out by cooling first to a
tenperature of 20-85C and then to roomtenperature. 20 12. A nethod
according to claiml1l, wherein the endonucl ease i s Endonucl ease V from
Thernotoga maritima. 13. A method according to claim1, wherein the
endonucl ease ni cks or cl eaves heterodupl exed products at a location 3" from
m smat ched base pairs. 25 14. A nethod according to claim11, wherein said

i ncubating the ligase resealing reaction mxture is carried out at a pH

val ue between 7.2 and 7.8 when neasured at 25C. 30 15. A nethod according
to claim1, wherein the endonucl ease cl eavage reaction m xture further
conprises MgC 2 at a concentration of 2-7 nM W O 02| 44335 -96

PCT/ US01/ 44922 16. A nethod according to claim15, wherein the endonucl ease
to het erodupl exed product ratio in the endonucl ease cl eavage reaction

m xture is in a range of 10:1 to 100:1. 17. A nethod according to claim 15,
wherei n the endonucl ease cl eavage reaction m xture contains substantially
no NaCl or KCI. 18. A nethod according to claiml, wherein the

e~ndonucl ease cl eavage reaction m xture further conprises WMnC 2 at a
concentration of 0.4-1.2 nM 10 19. A nethod according to claim 18, wherein
t he endonucl ease to heterodupl exed product ratio in the endonucl ease

cl eavage reaction mxture is in a range of 1:1 to 1:10.



15 20. A nethod according to claim 18, wherein the endonucl ease cl eavage
reaction macture conprises 50-100 mMM NaC or KO . 21. A nethod according
to claim1, wherein the endonucl ease cl eavage reaction m xture contains
DMSO in a range of 2.5 to 10 volune % 20 22. A nmethod according to claim
1, wher gjdygaldisisendonucl ease cl eavage reaction mxture g I §92?et aine in a
concentration of OSMto 1.5M 23. A nmethod according tgﬂg élnm wher ei n
said incubating the 25 endonucl ease cl4,?avage reaction mxture is carried
out at 50-65C. 24. A nmethod according™to claim1, wherein the ligase is a

od ,acgQr.

TopARisify

t her msta%ﬁbﬁgﬁggﬁb Q 25. A net lggg%"%%a‘%naei}gé& ,k?hl erein the
o L er MDphideaisice Pyr ococcus furi osus,

ligase is TIgEE BPRERAR US01/ 44922

26. A net hed—as her nos
aquat i cus, Gder ~or Thernot oga

rmrltlrra. "H’?" A ETo0—3 i—-.u's, A GTETATTALACOTTAYGY _AA__C- gase

reseal i ng f(_gact on ;m xXtropr € gepimanNang) 50- 150 MM KCl to inhibit further
endonucl eol Y¥i 1 eavagg,omZS‘gmﬂ-W- THEE CAHATBITATATHATIC-3'Wher ei n sai d
separat | ng—+s— Tetths, e _ ARG aTE Y S weNIsT |

el ect r ophor®Si §.Ex¥05 29 g, P ERELACEE bcbRcErcab il (sYh . Rb.Hgysai d
separating s dgarried QU DYTetsSTEE TG AACTRITYCURGAGOCT (SBpomMesi 5. 30. A

gxend clarm 1,MMwherein the ratio of the mutant 15 nucleic

o the nBPHEI TGS S IR KR B ange of
ing to clarm 1, erern ¢ pol ymer ase

net hod accordin
aci d sequence t

1: 20 to 20:1. 3 0

chai n reaction

1,700 bp. 20 32

preferentially
sel ected ff8mt
TG T/IC dA
endonucl ease pr
het er odupl exed
pol ynor phi sm
consi sting of 3
under | ined and

A metriod aRCoy

é‘“ﬁ?f"ensi Spitop Jen8'tASCRGSMACAGAGAGEACACTTAAGS’ GERMBeNef 50 by to

wherek N8 gndonucl ease

A net hod ac}é)gc_g‘j:&gzchﬁ T@,.ﬁi
cﬂxg‘@ves TEH srralts§ches W t A|n t degb et erodupl exed products
he™ gr ouBotenn Jien$ tGEGCBICARCAGTAGT ETATEGAAGAART-3 AFEQ, G A, G T,

and C/T. 25 33 &%&M?ﬂ%ﬁ%&iﬁwﬁg&eﬂﬁw@@fWnerei n the

. No.
afersent iT%HIym:i'-:;oks or cleaves at ast one o he
product $etforr rfiens FRLCEFRFCEIGTEF IS CHRECETARH GEQ ShNod®)
xcept those HavsrFCaCAOGUESRHCACAICESTASHC-B (SR . gr oup

Ao 1 ¢ 8O Glls SR bR IRR ORI 0GR g M STRLCN TS

A nmet hod accor
ni cks or cl eav
the hetero I

sai d nethogM%Hs
$om a pol ynorp
claim 1, wherei
di stingui shed i
repanr genércd2

ing to ghAli mw-S’-\MG@fl@i;‘ﬁTQ%wad@ﬁw’@&éﬁin@'er entially
sxorte, L, A eRARS AL PR LARREAATCARKEL ONS Wi thin
xed product s.(sen. B5Ne. 24 Met hod according to claim 1, wherein
tingui s@es arﬁﬁ&lﬁ’@?ﬁcé'dc%ﬂ%%dﬁwmq%ﬁﬁgrmpoI ynor phi sm
| ExP20 N t Pfe _”%'F@- cRhIGIcTEEMARBEEAGTEEAATACHEERY b according to
n the i fABPi tecspr 10 sporadic mutation or polymorphismis

n a tunmag Su

@WWMTGWESQF%WWW¥ €BRi cation or
Exon 11 e

Fam-5'- CCCCTTGGAAAAGACTTGCTTGGTACTATCTTC-3’

Bottom sr0. 1. No. 26)

Tet-COCCGACCGCGCGCGAAGACTAC-3' (SEQ. ID. No. 27)
Fam-5’-CCCAGGGGCTTCAGACCGTGCTATC-3’ (SEQ. ID. No. 28)

Tet-5'-CCCCACCGGTGTGGCTCTTTAACAAC-3’ (SEQ. ID. No. 29)
FAM-5’-CCCCTGACATCAGGCAAAAATTGAGAA-3’ (SEQ. ID.
No. 30)

Tet-5'-CCCTAGTTGTTGGCAAAGCCTCTTGTTC-3" (SEQ. ID. No.
31)

Fam-5'-CCCAAACTAAGGAAGGAACCAGTCCTGTATC-3’ (SEQ.

Top
Bottom
Top
Bottom

Exon 1

Exon 2

Top

Exon 3 Bottom

ID. No. 32)

In the process of purification of PCR primers, 200 ng of labeled

primers was dissolved in 20 pl of ddH>O and was mixed with an equal volume of

formamide. After incubation at about 64°C for 2 min, the primers were loaded on a

10% polyacrylamide gel containing 7 M urea. After electrophoresis, the gel slices



37. A nethod according to claim38, wherein the gene is selected fromthe
group consisting of Bcl?2, MInR2, Cdc25A, Cyclin D1, Cyclin E1, Cdk4, 15
survivin, HSP27, HSP70, p53, p21 , pl6~'kda , pl9', pl S~-Kd4b, p27~' p, Bax,
grow h factors, EGFR, Her2-neu, ErbB-3, ErbB-4, c-Met, c-Sea, Ron, c-Ret,
NGFR, Tr ko oZsdsss | GF1R, CSF1R, CSF2, o-Kit, AXL, Flt-1pCYRGHR4d)2, Fl k-1
(VEGFR 2), PDGFRa, PDGFR/i, FGFR-1, FGFR-2, FGFR-3, FGFR-4, other protein
tyrosine kinase receptors, j3-catenin_gynt(s), Akt, Tcf4, c-Myc, n-Mrc,
Wsp-1, Wsp-3, K20 ras, Hras, Nras, c-Jun, c-Fos, PI3K c-Src, Shc, Raf
L TG-3 apddiEke pﬁrem@gw&e APt ald gu%ked m@‘l‘ﬁ@'é’olut%?iftd‘i MEBdid PTEN,
VIA BRCAI , , hMLH , hPNMSI, 2, and hMSH3. 38. A net hod
according t 6)1‘1:8 8) ﬁrﬁMNar@r émﬂiVItF(%Tft-MéﬁUé pw@shﬁ JThg solgtiemeqnigining Brle

endonucl eas%éé@\nﬁbre?do%&&ﬂ%h&éd'o&ia@eﬁﬁ%k@arﬁhé@@ﬂ% (heles, adiptexed DNA at a
| ocation where base pairs are nismatched or one base beyond the mi smatch

and gener at Maswgbusetiniveswathed Fiithmagthanol nd watera tAfisk Waping WithRP ag oferfect | y
mat ched DNAGIR t&ﬁmﬁa@d’e@fa&é&ﬁtgﬂmmafahéonMQfemMiﬁsAﬁndonucl ease is

a 30 ther rmsta I'e endonuc| ease which preferential ly nicks or cleaves
het er odupl eXEethyiming acatalr), S8Pgnetpanel) anddried with agpeed vapsum-The pefiels o/ A or
or o base cbeyORT | he I AT i + D (LA P 0L I4sos 105 and
or one base_be t he m an
gener at es eﬁ&gﬂﬂ“%qpra%‘é‘ %@QW?WV%&MM eIHOR SAYEYEr fect | y

mat ched DNAcorfiflns o A4 rRSLHY dlsmgsotmqt@l Bod uMVdTRAsH INTH) . 2idtuc! ease i's

a thernopst abl e endonucl ease referentially nicks or ¢leaves at | east
one het &9 odBMESS: 2-3 M Mellp. ag ?b‘g*\t 09 e geromie N rsPRbiEoRso Y 5t phi sm

except t hosemphfidatign GRPHL ek 643 with Gifth GO co¥@y2% PMSO GRS incMiRd ¢n fhee posi tion
of the ms h iZl under|ined and shown in upper case, and generates ends
which are s P B*Peat i on when nicking perfectly matched DNA. 10 41.
A net hod accordl ng t dPCR amplificatinh erayibe dirketlycisn gasinea DA er,a t her nost abl e

endonucl eas I 959ﬁ§ odupl exed DNA

cont ai ni ng gﬁéghfaaphg %ggbﬁﬁée [ ?m%&gﬁg?§5ﬁ' %#ons at a location
where t Ag ba!;@mp&wlmgapedlno@rfaﬁbhwmaqu shadbhadjusted to miuemﬁm red bases,
and gener at gg, b WEE& HhE i ng DNA at
perf ect natchgﬁﬂg&°&5fwgiﬁgmﬁ%%g g@%o?ﬁ?%gﬁfgsc aﬂ%?l mﬁgggﬁé t he
endonucl eas&onditiqns forvAROULE@Ehucl ease which preferentially nicks or cleaves
at | east one heterodupl exed DNA, containing m smatched bases, better than a
wi | d-type endonucl ease. 20 43. A nethod according to clain142, wherei n one
of the m smatched bases in at | east one of the heterodupl exed DNA is an
"A". 44. A nmethod according to claim42, wherein one of the 25 m smatched
bases in at | east one of the heteroduplexed DNAis a "G'. 45. A nethod
according to claim1l1, wherein the endonucl ease is a nmutant endonucl ease V
$om Thernotoga nmaritima containing either: (1) a Y8B0A residue change; (2) a
Y80F residue change; (3) either a Y80L, Y80I, Y80V or Y80M 30 residue
change; (4) an R88A residue change; (5) an R88L, R88I, R88V, or R88M

resi due change; (6) an R88K residue change; (7) an R38N or R88Q residue
change; (8) an R88D or RB8E residue change; (9) an R88T or R88S residue
change; (10) a WD 02/44335 PCT/ US01144922 -100 E89A residue change; (I 1)
a E89L, E89I, E89V, or E89M residue change; (12) a E89D resi due change;

(13) a E89N or E89Q residue change; (14) a E89R or E89K resi due change;

(15) a E89T or E89S residue change; (16) a H116A residue change; (17) a
H116L, H1161, H116V, or H116M residue change; (18) a H116K or H116R 5

resi due change; (19) a H116N or H116Q resi due change; (20) a H 16T or H
16S



resi due change; (21) a K139A residue change; (22) a K139L, K139l, K139V, or
K139M r esi due change; (23) a Kl 39R residue change; (24) a K139N or K139Q
resi due change; (25) a K139D or KI139E resi due change; (26) a K139T or KI 39S
resi due change; (27) a D43A residue change; (28) a D43E residue change;

(29) a w?]g}t,g é residue change; (30) a D105E residue chapgRoidssk) an F46A
resi due ange; (32) an F46Y residue change; (33) an F46L, F46l, F46V, or
F46M r esi due change; (34) an R118A resjdue change; (35) an R 18L, R118I,
R118V, or R118M resi due change; (36) alf R118K resi due change; (37) an R118N

or R 18Q 18 R118E resi du (39) an
R118T or Rﬁ@&%sf%ﬁ%&%?&ndﬁoﬁg Rg‘*‘li—'fyl‘%grt%e“&'é‘e%ﬁ%ﬁ“d‘g (41 ) a FI
80Y resi due” & nge; (42) a F 180L, F 1801, F180V, or F180M residue change;
(43) a GB3A residue change; (44) a GB3L, GBBI &3V, or &B3Mresidue
change; (#Sy—a T n - dque
change; (¥5rea (388D Orpofpihaase! €fh c ; a ‘@g&; or 68:5 egslg,§i due
change; (@9 an TI79A TESIUUE c@nge IF R2PEror 76 120
change; ([P an| BxpiAQN W‘!Tﬂi?Q(%,,rze,ﬁ dué‘O change

resi due clhange (53 —fan—+i179T or—+17#9Sresidue gbagggr—f5ﬁ7—3—5~%%ﬂ3$

resi due cherege; | Exn 16 §3oldem Hlié&t;.ﬁs' Bue changes3*¢@r A net hotk ¢ Bi7 min
i denti fy| ng—a— Hant—lnucleic c—seguence di-fferi ng 1’1‘“@ IISRQC one. or mpre si rg| e
base changes, ijsaistijons, or deI etions froma ngjs ga},z(,tsar get nucleic gcid
sequence, | sai d pethod mphmyi 5| "‘E)'Pr o di ng a sasrpleezpdt ent i alot grG@nt|ai ni ng
the nmutant nucl jaixeneaci d sequence ut not necessarily the normal target
nucl ei ¢ aci d seguence—providing a-standard. cont get
nucl ei c acid 30 ég;guqr&g,ndor oveis Bt ng tyo | abel edmpr,i El}lﬁﬁﬁcl €0t §,8€e ki T8I S
suitable fgoy hypridization on frdfBPenent ary st r aatdsr phint he nut ant _nudl ei c
aci d sequence; Q0 5 -ok8d PCT{USOL/ 449224°pr@mse£| ng ROLVIEBI gse;
bl endi ng |t he san% e, 'ﬁé t andgfrRapin th!e | abel ed 61°Fé§otmiel eot ?ge(?}pri rrl{ars, and
erase fo forrﬁ“%f‘uFl rst polynerase chain ,{8? d.on mxture;
3

subj ecting the finst [HNay e ragé’@hai nysr eact i on gk 08t 0. ONS O W € 5
pol ynmer asg chal n reactnolmmeycl 3§"1‘f‘0rrpn Si ng a hybr| di zatl on treat rrent

mhereln the hybrldlzec
r is extaegeed to forman eg4’emsioosr product

conpl enentary t o8 fiftdMt nueliems atid sequenfRSEHIS ch t FeCor7min
ol i gonuclegtl del primer is hybridized, and a denaturation treatnent, vherein
10 hybri dj cleicl acid sequences are ser)aratgg.cgiF |20|1act| vating t he
pol ymerise; propiding orrabctarggt nucleic sgquencs,, g £Rdilng the
normal t rget nucI ei C {a’tc}?&gsedﬁfémf’e t he | abel edz@é?g&ﬂucl eOtIC(:ZIe primners,
and the p etog fo seepnd pol ymeri se @4{8fn20E% ~ reg xture;
subj ectin he se"&"oznd A"%S’[f/p?rerlfgénehal% reacti onohefHCE to of gé%‘)"r"mm rle

pol yneri s chai i Teacf | on Cyclgs, COnprising a Nydrkdzosat 1on [T eat ment
wherei n the | abghet? o{l‘?"@j’h’r’?&cl eetinghe p?i mers cangj],ggﬂf"df%e t o7 HE" et el
target gnu 7

hybri di zed h&g}-‘ RSN Sk eamf b af, qgﬁt]gna on
product Co‘ﬁm%l @}J idedt gerﬁ@fdﬁﬁléf%ﬂ F&‘ﬁ % roRLGREE to which

the oligon raEé'wH?{nc wded ¥tk Madfidh mARH {-é% HiG@{stirseat ment

wher ei n hybiie MM:E%%FP&%&%%O@&@MR?&% eppactivating the
pol ynmenjgse; bl ending the first and Second pol ynerise chain reaction

extension 25 products; denaturing the first and second pol ynerise chain
reacti on e QRFiloI2 PPAgPafition Of Heteroduplex DNA Substrates

nucl eic agci d se , an extenS| on treat nent

PCR fragments were incubated with proteinase K (20 mg/ml,
15 QIAGEN) in aratio of 1 pl of proteinase K to 12 pl of PCR products to remove Tag
DNA polymerase. The reaction was carried out at 70°C for 10 min and at 80°C for 10



annealing the first and second pol ynerise chain reaction extension products
to form heterodupl exed products potentially containing the nornal target 30
nucl eic acid sequence and the mutant nucleic acid sequence; providing an
endonucl ease which preferentially nicks or cleaves heterodupl exed DNA at a
| ocati on wom2kese away from m smat ched base pairs; VO iYdshaads22 102
PCTNSA | 44922 bl endi ng t he het erodupl exed products and the endonucl ease to
form an endonucl ease cl eavage reaction_pgd xture; incubating the endonucl ease
cl eavage reaction mxture so that the endonucl ease preferentially nicks or

cleaves hetepaiiinh 2xode Heatite dﬁxrﬁlsge‘?l% ?hgase Q{%sﬂ@ﬁe@at%séf&"i%nf 6820

m smat ched base palrs; provi endi ng the potentially nicked

or cl eaved hfor &5 oumpdtheniconlesiiavmso zom tmerabga&fom heteraduplex DNfhs e
reseal i ng repgid eﬂﬂni‘@ﬁﬂ'}lrﬁ%m ééﬂﬂﬁ?&é%ﬁ;g & BRABAt B 5ol DNAS ekl 4N

m xture to seal e nicked 10 hetero products at pertectly matched
base pairs bedll ligeti$ @@bgﬁlarﬁagmemymmmebgqnn@@waead ttemekiethe exed

products at E{?ﬁi’éﬂo‘{ e 8SAR DS msmﬁﬁsqrimﬁt f&%ﬁétypéﬁ:%ﬁ%ie“g

products res rom said | ncubating the ase resealing reaction

m xture by sPWd1HpisdlBtPrandrlen ire muta) Nﬁtl;nomﬂi@e’deﬂ&:ﬁep?@thApr esence

of the nor Mok fteattdGl ae&nssdﬂtﬁ@ﬂua%% téﬂdlfttﬁégéﬂéhﬁ@bm% blife?Cl d
sequence target nucleotide _in the sanp 1‘{1{ di stingujs gﬁgﬁt he separ at ed

product s r esHPRibigpds fop frampley "YI}‘FE"‘LFBQW% is 3 iutation indh Rehétion

m xture. 20 BRCAQ ane PirICgenes; m@crg&agnedtﬁwere%ate&laen@bﬁbadhﬁf&awmut

nucl eot i f(ﬁ enc b’@ gg:{g]o . 48. A nmethod according to claim 46,
wherein q‘l P uence is isolated fromtunor sanples. 25
49. A net hod accor ding to claim 46 wherein the target nucl eoti de sequence
is a double C | ai m 46,
wherein the E%’#%ﬁ&n g@fg(ﬁ%& j%%ﬁﬁr%%%“@f%? ‘R’X;ent WO
02/ 44335 PCT/ USQOL/ 449 accordi ng P2l m vvherel n
the two jabel ed ol i gomw%&lmscaaabg@mnaé@%ﬂggml&% 0-dicy gakent dyes,

| R dyes, or radioactive accor gto c alm 51,

wherei n t he %8 as tisdINY SP‘@Grfﬁ’tqnéechlPe‘“tﬁetWEPEt'Iaﬂé’“Ifﬁﬁb@DétPOEﬂS HaM o
ends. 53. A mePROGRA9NGLNIDTE, z%w&ﬁﬁ,s mgcplhhﬂn&pbwa{do%ahs ei t her
r

a native or reconbi nant thernostable polynerise om Thernps aquati cus, 10
Ther nos t her highBpacifis, clwamemwpwwe@e%ﬁc dervegprsiyy-nHeveveka. 54. A

et hod accor ¢hifad $Hprdxhifely300 6P POR Madnhiit BRAMARE G LNANUtleREIA-RR 1S
initiated by adding elther t he pol ynerise or nmetal co-factors_ at

t enper at &9 es 885V EsqdAsithrsup }%@emw qbserved- fprihig fwpanda ¥ 55 A

met hod accor dief@gé Ssssy, aivarid® of Whiiobple:cPCH ﬁdgﬁaﬁﬁsl eort@ining &K -pdlcpa®i ixe chain
reaction extenslon RIOMELSsubsirdd T Bl perthems Attt S Sild-type and
G12V mutant DNA PCR amplified fragments were used. The two resultant

heteroduplexed fragments contain G-A and T-C mismatches, respectively. Cleavage

25  ofboth top and bottom strand were oi:served, products were separated on an ABI 377
DNA sequencing apparatus, and amount of cleavage product was quantified using
GeneScan 3.0 analysis software (PE-Biosystems, Foster City, CA). Figure 9
demonstrates that adding 5% DMSO to the reaction will enhance mismatch cleavage
activity approximately 2-3 fold. Other organic solvents which may enhance mismatch

30 cleavage include dimethyl formamide, ethylene glycol, glycerol, formamide, etc.

A second approach to improving cleavage involved the addition of
betaine, N,N,N-trimethylglycine. Betaine was initially used to equalize the melting
temperatures of DNA fragments having different GC content. It was found that in



tenperature above 94C. 20 56. A nethod according to claim46, wherein said
anneal i ng the polynerise chain reaction extension products is carried out
by cooling first to 50-85C and then to roomtenperature. 57. A nethod
according to claimd46, wherein the endonucl ease is 25 Endonucl ease V from
Ther not oga ¢dasdsi ma. 58. A net hod according to cl ai m 46pciSdiRustat he
endonucl ease ni cks or cl eaves heterodupl exed products at a |location on the
3' side one base away from m smat ched %qse pairs. 30 WO 02/ 44335

PCT/ US01/ 44922 - 104 59. A nethod according to claim46, wherein said

i ncubati ng |l : | i t] 1 X j | t a pH

val ue bet \/vett'aall'r}%'?L i@%ﬁxlﬁ?&géﬂeﬂﬁéﬁ%ﬁ P gg&%ﬁ%&%ﬁgﬁﬂi&%&%& sg‘%g:ebr ding to
cl ai m 46, wReesiWi A.het abnBiockanistas 820Bedd 44293),cekdch ishereby ingompofatadtiyer

conpri ses mge I f, 2= : ﬁgﬁ%g ding to

cl ai m 60, er%?‘?\et' t]%gﬁ%r:%%% esgas)gs %}loadh%letlz’gr ocfﬁgﬂa&e pr %&g?fb?lg)?l o in the
endonucl eas eegidnsaNitigugh 6&content. fleuker¥. ¢txl| FBeain®Improves taf PAR: 1 to 100: 1.
62. A netho ' ) G li o i ] uglk. S age
reacti ongrri %tngre %@é}r{%(&élﬁ% sﬁgg‘%ﬁg gsrﬁNﬂ pASE 55??72%&9&12@’?“ hod
accor di ng t avhidhais hergy ingprpprated byheferenefonucl ease cl eavage reaction m xh~re

further conpri ses M Crigul10H5APEAI1LE 3adish Ofbefhife o e 1EMbioffend i o

according to claim63, wherein the en ease to hetero pr oduct

rati o in t héciiasthrhasemismatchrlenyase acivity ol Bnde ¥, bat it dpegs@ & ange of 1:1
to 1:10. 65 frafmemidepehdemaashibn Fok OCR! RipfeA withElo® GC thfteR RN HCRAS E

cl eavagﬁ reaction xt u?r,ﬁrg&on;%rl se? 25-75 mM NaCl or KO . 25 ?6. A net hod
accor di g t &Rerat 15, th 8Phf- thesleaiprsatyibyteachef amaxyaum @f2 fold i xt ure
cont ai ns DVs@nulation ataN®M Wtaire. F6r PCRIfagrients witlla hiph GG coibdn @6k according to
cl aim 46, wherei,n,t endonuc| ease cl eavage reaction m xtyre tai ns

bet ai ne in §x%molh18<tahr?{}§'5‘fsl o%ef]lso@gﬁﬂ“g ‘%?%%ﬁ%‘%%?“i@%ﬂ?gat hg rding to

cl ai m 46, whetpine and misultedrio algedaten gtirhtlatiemolth fild aThe elative stipaulatemddr on

TXCUTe | Gai AU e Bk BharledioWhs appriRoRl A3, 1980 PETAS] | 44922

69. A nethod according to clarm erel I'gase 1S a thernostable
| i gase. 1§ 7betainesret hod according to claim 69, wherein the ligase is from

Thernus speci es AK16%Jéﬁm&m;a%%s%aﬁﬁnwfoghm&ﬁexﬂfkgﬁ&w the

| igase is from Thernus aquaticus, Thermus_them ophilus, Pyrococcus
furiosus, oPndigRreotldedemapstites thatpddition of NaGhinhibys He clsrwresgeaction| 4t m 69,
wher ei n t he 5b kM IOL8EEAkAVAZe FeB@ion! i® AMBsXdokipTetOl9 FIAbIRA, 1 IBHSWs 1O
U el SRRl K SaYaeL D TP B S o 0 O
pol yacr gbanideng ef hetrediplaICR. &% gifients’ dontAnifE tHedd-racG VI (GYT) futkidh M 46,
\é\? Z E: ? 'r 2 D ﬁ glr gvsalg glge%%ggﬁb%g'aée,s andthd }eggio%%as %Xtﬂ%ﬁ W0fat53RE lfc|>ralr Hou? ?nl a
modified optimal reaction buffer (2.0 M betaine, 10% DMSO) with 100 1M Tma
endonuclease V and varying concentrations of KC1. The results show that the effect
of KCl is indeed similar to that of NaCl, and that in the presence of 50 mM KCl, Tma
25 endoV cleavage activity is almost completely inhibited. Therefore, in the ligation step
of this invention, the Tma endoV cleavage activity is essentially eliminated. These
results confirm that no additional salt should be included in the reaction buffer.
The above analysis suggests that when PCR fragments are used as
substrates, the addition of 5% DMSO and 1 — 1.5 M betaine to the reaction can
30 significantly enhance specific cleavage activity of Tma endo V, while the addition of

salt should be avoided.



75. A nethod according to claim46, wherein the ratio of the nutant nucleic
acid sequence to the normal target nucl eotide sequence is in a range of
1:20 to 20:1. 25 76. A nethod according to claim46, wherein the pol ynerase
chain reaction extension products have a length in the range of 50 by to

1, 700 bpvOPF443% nmet hod according to claim46, wherein PEEUSAUBHAIC| ease
preferentially cleaves m smatches within the heterodupl exed products
selected from 30 the group consistingsf- AA, GG T/T, AG AC GA df,
TG T/C, CA and CT. WD 02/ 44335 -106 PCT/USQO /44922 78. A rmet hod
according to cl ai m 4@singhigs iwnogtin:l edad@stkn@ilists, Ahigdesotist bffhk wiai cks or

cl eaves at | one of the heteroduple .0 fornmed faqr. any single
base nut ar i%&&r"ﬁ%i‘%‘?“ﬁ‘ﬁ??ﬁf m‘ﬁg ﬁ&%ﬁ%ﬁ%ﬁ%%ﬁ ST EPMANIDE | ected from
the group ewKiatGIDW—aRa@iatios Bigwed Ty Mlibesd expefifths, Mﬁﬁctﬁi@%ﬂl on of the
m smatch is derli nd_ sh L n_u 79. A d according to
cl ai m 46, \m %(P?\ali‘ﬂgfi@ﬁ ﬁ&%%?&%gﬁﬁ‘ﬁgf‘@?%ﬂﬁ?%% g'¥%Qves one,

two, and théﬁﬁalhaﬁ&rddﬁﬁlékéd Paifncnts ddatabi Gm&mﬂmnnﬁfmwﬁésﬁcﬁdﬂm exed
products. o rding.to claim46, rein said.rethod

i ot ngu sitdevake P {5 and BFeins wlavers oibated prod e P RRfeg FoePom o

pol yror phi s&BIiSWtDIéArseqmad:mg spyetuss eglthe emourdt sf Bléavage petihadvaaccor di ng to
D 200 WG s QIS Eh OFhRiyeis BORAE Rl Ao Blep A LNERLPT ST |

di stingui sh I'n nmor Ssuppr e550r gene, ©oNnco repli cation or
repai r genevesthe hguntimaentrsgc &onghr nyub@w edmieglito apiyadesireble inoregemef i s

sel ect g9 2Qy Cg%&@ﬁklﬁ?ocﬁﬁﬁuﬁh&@f&?é it reﬁedo% coh@ﬁgns 572 bhadWe 1 1 DL,

Cyclin El, survi vin,_ HSP27, HSP70 53 21 ~"x4 p19’\0 pl5~4b,
p27, Bax, gasmhﬁtefmpla?@@é@amenﬁéﬁﬁhwbs&@HBﬂ@actEpB’Bffar coptamng 1@ Sea,

Ron, c- Ret ,;mNGEbES 4)T Tslfﬁvt 1R mVEDER, 2 exog fox. Ak MFI t-1

(VEGFR-1), Fl k-1 (VEG- Ra PDG-R 3 R— G-R- 2, FGFR- 3,
FGFR- 4, ot hstains ghds r@‘? &%anzsclmaﬂa%t tbhs, (3,-catenin, Wt(s),
Akt, Tcf4, c-Mec,: n- ew§p>NALi/yas¢)L&es)+ﬁdira:&strdtbsrtnaﬂ1d‘h ting Jun, c- Fos,

P13K) Src MEK, ,E erin TC3RI Smad?2,
Snad4, é“fg . EGS%E@QP& a‘gﬁ@@h ﬂﬁ\%ﬁ& 5 "ﬁﬁfﬁ? S ﬁ’ﬁr@lé? hPNVB2,
and hI\/BHS edfo V&nzﬁnmmﬂca(fmgmdnusgretwathﬂubsu%qs Nblerthelnsstmn endonucl ease

et or odupl TER ORE iR Bl o3 Mol B R Rbr BT D e o

base pairs signal-ni smat ched or one base beyond the mismatch and generates
ends which are suitable for ligation when nicking perfectly natched DNA
84. A nethod according to claim46, wherein the, ,endonuclease is a 5

t her mosA0ablExample 14 - Idgation RractiomCendition mith NAD, DNA Ligese| eaves
het erodupl exed DNA at AA. GG T/T, NG AC GA GT T/ A, or
C/ T ni smat ched base HHFPB“%?T figR Byffes fonimrak taTe ligase is 204 Ms ég?ﬂ’ mat ched

or one bases. QGS)&ﬁNﬂM%UE 50 SIVEKCH) 19R6MJBTIE Nah RENADA 2 oiia BBA € Tetig,iTglet € f or
|'i gati on when |ck|n rfectlg@qc@g%mo 85 A t hod according to
claim 46, \irerger ﬁ?i’(?ﬁl?ﬁf’ £} ty YBHECPEAEe whi ch
preferesti aAKy6DLI” M&lehrAmﬂeR@§7ﬂ_l884%a(m99anﬂubleisdaemhm jplcenpofatedteyd f or any
single basg refore tn%é ' Aledd p.]B 8*‘ %Q?éaggéf Thxnfe %r%g} th% Eﬁéc?v cleavage were added to 2

pl of 10 x supplemental buffer (200 mM Tris-HC], pH 8.5, 12.5 mM MgCl;, 500 mM

KCl, 100 mM DTT and 200 p.'yml BSA), 1 pl of 20 mM NAD", and 2 i of 10-60 oM

Tsp. AK16D DNA ligase. The final concentration of the mixture is: 20 mM Tris-HCl

30 pH 8.5, 5 mM MgCly, 50 mM KCl, 10 mM DTT, 1 mM NAD", 20 pg/ml BSA and 1-6

nM AK16D DNA ligase. The mixture was incubated at 65 °C for 20 min and terminated

by adding an equal volume of GeneScan stop solution (50 mM EDTA, 1% blue dextran

and 80% formamide). The reaction mixtures were then heated at 94°C for 2 min. and



havi ng gRcg, rcRc, cgYc, or ~ sequences, where the position of the m smatch
is 15 underlined and shown i n upper case, and generates ends which are
suitable for ligation when nicking perfectly nmatched DNA. 86. A nethod
according to claim46, wherein the endonucl ease is a thernostable

endonuc| Qageasdsch preferential ly nicks or cleaves het eppguRéened DNA 20
contai ning one, twd, and three base insertions or deletions, at a |ocation
where the base pairs are m smatched or .gne base beyond the unpaired bases,
and gener ates ends w uch are sui table Tor Iigati on when ni cl png DNA at

per f ect match thod accon di.n rei

endonucl eas& esd°§l’2"5 ;?Z ”éﬁ %ec‘f’%rgsc?de °nt %/a #eélﬁté“nlpﬁ%acrn TS or

cl eaves at gﬂasd ehaeoﬂlneteecd)ﬁbumhem mm77®qnmc¢rl(ﬂghmmmt)ahédthases
better than Id t e end nucI od accor aj m 87,
wherein one %Fe ge&&‘l’(ﬂéaﬁmﬁe@gﬁéaone (?wetrg (ﬁipkexed
DNA is an " anefhﬁnsef 456\°Gnét-mm and ARTdwerg thedhokaacent g%up\htbeﬂezimtommdof t he

hed f dupl d N G VO
T e 05 ARG o ! TR RS Py e, 1,
t he endonuc ABAPNA sequemnet ATiR. Ehedeforecit canshe conélndedd tlﬁtethen‘BE'B@ﬁ)ehdl(grBd:n}a

h ;
(3 & thor GebiBl baiibyefe GEfQMUIRbLIE o AAE ol PAMAIGRI IS LERREE LTI |
change; (5) bands RS froRgis: botReesitand r SimeFRAMEA. Wbeled Ganefisan M@)ecahr §128K
resi due chapggiad 00 @& ﬁﬁﬁ# wis 1&%@&%& foisaine g&h@:@%lec(lﬁz} w%{khm&ﬁ RB8E

resi due change; (9) .an resi due change; (10 E89A reS| due
change: 19 11progugtgeguld Eegqhmae@w comm&eewﬁ fheanehility of ang%ze St&;.ls}ard%lt

resi due chapeavagé prdduéts EEARHRIGeadSiah aed s o reisd esions2) of3.689R or E89K 10
resi due change; (1S) a E89T or E89S residue change; (16) a HL16A residue
change; (17) a H1il6L, H116l, H 16V, or H 16Mresidue change; (18) a H
16K or Hl16Rxampiediss- Déeétiph of{ Odiond 2HhAAN MatakibdSip Kaas Gere.change; (20) a
H116T or H1165 resi due change; (21) a K139A residue change; (22) a K139L,
K1391, I{d39V or KlBQMermte@yefmhangmsca@ﬁﬂgthbﬂﬂdﬁdoVMIdL@Dh@nge (24) a

K139N or 2 ue change;
(26) a Ki 39 gg %%Fggs%k %eégllﬁgl%%c & °§cf%l<1]23mgi§,&m ) gue crlggnge (28) a
D43E resi dueen;h&hgemm(lzls)\fsp@p@mesegntdgmgmmtgm i @@pn a2 BadEEweRSsi due
change; w%@%?ﬁ%&@ﬁ,}ﬁeﬁ&gﬁ R9Ston{ TRk cANA ¥t AS . CRAAAG are33) an
F46L, F461, F46V, or M resi due change; (34) an R118A residue change;
(3S) an R118sted itEaple 3 pufollowsior R118M reS|due 20 change; (36) an R118K
resi duegghange; (37) an R118N or R118Q residue change; (38) an Rl 18D or R
| 8E residugapieange; (39) an R118T or R 18S residue change; (40) a F180A
resi due change; (41) a F180Y residue change; (42) a F180L, F180I, F180V, or
FI 80M r esi duecmhangep; ( 4 8pnoyp€B3A | eRaticlofomehangdd tyked4) a GB3L, G331, G33V,
or GB3M r espgHe—thaRge T 45)—a—83K—-or+—B3R-+estdue—ghange; (46) a GB3N 2S
or GB3Q res %mharge t%’47) a B3D or GB3E residue ghange; (48) a G33T or
&35 resi dueswtlaﬂge <§149XG-&G) [ T79A resi dueoghange; (§O an 179K or [179R
resi due Chaﬁ% ap-tL 179N or! 11790 res;due_c.ha.nge; (S2) an 1179D or
nge

| 179E resid dl?%@%"%?n 1179[T or 1179% residue |change: (S4) a D |0A
resi due chafifgige 0T (GPID @AJL2oA TESI due chgpge. 30 9l. ~ A thernostable
endonucl easgswikzoch ek &iNG-af T Y NI CKs -or cl eaves hat erodupl exed DNA at a
| ocati on whp$#8base |pairs are m snptched or one WD |02] 44335

PCT/ USO1/ 44822 -_ 109 base heyond the nmisnmatch and gdnerates ends which are
sui tabl e fo&hgsb@au%p\mﬁmp@tﬁﬂmsperfectly mat ched DNA. 92. A

t her noseabl &eten eb:umlmaserﬂmahcpr@hsm@ﬁhcﬂdmcm ckqQ. IDrNcCiBaves

het er odupl egrddorBighottem stgn § G'WF GA GT, T/G T/C CA or
C/' T mi smat chsy nESECAMATESTrA q’tﬁ:ﬁ%" STATCALER I 93 s are ni smat ched
or one base beyond the m smatch and generates ends which are suitable for

| i gati on when ni cking perfectly matched DNA. 10 93. A thernostable
endonucl ease which preferentially nicks or cleaves at |east one

het er odupl ex formed for any single base nutation or polynorphi sm except

t hose having gRcg, rcRc, cg_Yc, or gYgy sequences, where the position of
the msmatch is underlined and shown in upper case, and generates ends
which are suitable for ligation when nicking perfectly matched DNA. 15 94.
A thernostabl e endonucl ease which preferentially nicks or cleaves

het er odupl exed DNA contai ni ng one, two, and three base insertions or

del etions, at a | ocation where the base pairs are m smatched or one base
beyond t he unpaired bases, and generates ends which are suitable for

| i gati on when nicking DNA 20 at perfect matched DNA. 95. A nutant

endonucl ease whi ch preferentlally ni cks or cleaves at | east one

T T T T N . T Y I T . I o R Y




endonucl ease. 25 96. A nutant endonucl ease according to claim95, wherein
one of the m smatched bases in at | east one of the heteroduplexed DNA is an
"A". 97. A mutant endonucl ease according to claim95, wherein one of 30 the
m smat ched bases in at |east one of the heteroduplexed DNAis a "G'. WO
02/ 44335v0 014035 PCTI USO | 44922 98. A nutant endonucl ea®eTiUShr/4M922Ther not oga
mariti~na containing either: (1) a Y80A residue change; (2) a Y80F residue
change; (3) either a Y80L, Y80I, Y80Vsgr. YBOM residue change; (4) an 888A
resi due change; (S) an 888L, 888l, 888V, or 888Mresidue change; (6) an
888K residue change; ngicﬁqeasummmo@ﬁg&tr%wmcnmnm@wé@ey@g 888D or
888E resi due chang éQ) an 888T or 888S residue ch anﬂ (10) "a E89A

resi due chafdggonp AmplTREQNA moBaneragegand, thep, 3030les g9 @ef"éhfaﬁﬂ?e@o(lZ) a
EBID resi dug sopRaf; A fihd)ex@nfie? VaPtheFBARrhRA AHHECRAN I8N, Awd.@p5898 or
E89K residue _change; (1 S) a EB9T or E89S residue chan%' 16) a . H 16A
resi due ch&t&eiragment frgmgenqrgic DNA ps thenmiged with thepyapmt PCR e’PB“’change
(18) a Hll(ilfat%oﬁlﬂ-fsﬁlJr&é"t&l%&t@%Q@NA% ra|§g-]1 oPprotéldtéX el due change;
(20) a H 16T or H116S resi due change; (21) 9A residue change; (22) a
K139L, Klsgﬂdemgmg/mbeIKWw@ymdé rdwﬁﬁ@&premys Thisrewlion w8s due change;
(24) a K139N. 8heKIBRIAC 5 | Hhih £113RE6°C bﬁnmﬁan%tgéﬁ%ﬁlﬂa@ét@ue change;
(26) a K139T or K139S resi due change; resi due change; (28) a
D43E 1 S r Ssteroduplexsfmpments ygere @emfor_@sdx Vbsat@aéh@naﬁgeat%‘sé)foal min, OSE

resi due Ch%@@@foﬁ@mﬁ,%ﬂtﬁé@&dﬁ%ﬂﬂ%t&%ﬂﬁ@mpéﬁ%}c Q‘Hefé‘ﬁ\fra higue change;
(33) an F46L, F46l, F46V, or F46M resi due_chan °&34) 18A resi due
change:10( 3&pnsrpted from th emw%ﬁ%ﬂw“%%ﬁ’é%%&@r E@“Eﬁﬁ’ﬁ@é upmed an 8118K
resi due changretypé BCR fdgedntd BN or Rl 18Q resi due change; (38) an 8118D

or R118E resi due chan an_8118T or_ 8 resi due C .a(40) a
F180A resi due change qf%%g%v W%gqeﬁffg%?ﬁéﬁﬁ’g §°‘f§1%?fg°e”9180|,
F180V, or IEMGKEP%MUE&N&M@H&%&c@SAmMM@B,&%W (5 a &B3L,
&3, B3V, ot resi K or, (8 ue change;

(46) a G33N° We%@cvﬁl‘%@# Z‘@gﬂ%ﬂ%“%ﬁ% E%‘%Esefgg B8 change;

(48) a 131Ihrerrea@ﬂ&5muetenedus utduhatgcbat 6540 Yordrhdut d8dwastsmiingedbpadiging (SO an

| 179K or 9 S residy c 1) an I 79 1 due change;
(S2) an |1%‘§[5ﬁ ? r"glsnl3 %g]gﬁ%(g‘ehgaf efl\‘l‘f%“lé Zﬁgﬁ@?rem due
change; (SﬁcmpDBmAzseﬁMMgzlgmgmml QMMDMWOD@ynthSEhange 99. A
e RSB el by i 3o A0E 10 R IBE 35° X
nmut ant endand@Veh:smgVaetMtyr (Neng 110 of 2GuinM BRAD Wast ZjalofidoaMARAGDC| ease V

cont ai @ v&ﬁr Tight %tsvkgsua?de‘ﬂa%%n cOﬁlnal Anrgg&a onoPﬁi}O@ud ggwgmv gﬁ@gr ding to

claim €I°n onu ease con arns a V or Y8OM
resi due chamgemMQzis-HCIDH a6t5 wivViMeGh, 66 5M KClcHmM RET: bmdf AR08, wher ei n
t he endonu oghad eLe@ut ant
endonucl ea?e cco§d| ng t arm gg%er el n t gf‘\%%ﬁ%%a%eqf'}ée V cont ai ns

an R88L, RdBt20 mipapd tmmmei\hx@slmwe eahdrvgbunequﬁenqums@msoleh@mﬁGcl ease V
accor di Ng_tanChBTA ﬁ%blﬂ%&@&ﬁaﬁ@@%?&ﬂ%ﬂﬁ&éa’iﬁe¥a&ﬁﬁtﬁkﬁ§e@&B&?K residue

change. 15 105. A nut ant endonucl ease V according to claim98, wherein the

endonu@Seadweated at°6i far2 min. paBeealsd quHse) 3 Bhofdhemiviums gere lopdsd oRtadt ant
endonucl easy, YerRat, g%vggac&&nﬁh@gah%elemh@ﬂe&dtfeﬁ RPobhfapusiease V

contains an R88D or E residue chang(h . A mut ant endonucl ease V
accor di ng ts§ausossrPerkinflmen;ah 1900rolisdehméy 200V and ek iepperdired8 T or R885

resi due chagge. 25 108. A nmutant endonucl ease V according to claim98,
wherei n the endonucl e tal ns a 89A resi due c e. 9.. A nmut ant
endonucl ease V accordﬁ‘?@e‘id(? %ﬁvﬁgeggm‘?/\‘i%é?eeﬁnﬁwfﬁlﬁa"é’ﬁﬁgﬁ{égfwg?gfguﬂfl’(%nt ai ns
an E89130 EaﬂépurE&QMtyISH’anE&QMrh_ﬂﬁnt(‘ﬂiﬂ\chmgﬁlaj&ﬁleiﬂa@eb&ld’smem'lfouﬂdhﬂnnucl ease
V accor di ngy { Saxﬁﬂlébf%?fml‘ﬁ‘\‘zea{nﬁ'cﬂz%‘x‘zﬁQEQf%bS.' 188 Rogin 62 BleHAM 18215590

resi due chang
(blue band, top strand cleavage product) is about 157-160 bp which is in the range of



WO 02/44335 - 112 PCT/US01144922 111. A nutant endonucl ease V according
to claim98, wherein the endonucl ease V contains an E89N or E89Q resi due
change. 5 112. A nmutant endonucl ease V according to claim98, wherein the
endonucl ease V contains an E89R or E89K residue change. 113. A nutant
endonuckgaggadssaccording to claim98, wherein the endopdgiySsmngezy contai ns
an E89T or E89S residue change. 10 114. A nutant endonucl ease V accordi ng
to claim98, wherein the endonuclease ¥ contains a HL16A residue change.
115. A nutant endonucl ease V according'to claim98, wherein the 15
endonucl eage ' 6 i change.
116, A mut SR PSSy sl (Al | She RN IRT iR

endonuc| eaggredn amds brttom sirahtl ¢lesvage prétih@Risrapwind Ud 8 bp avhiph is &80 dlask toA nut ant
endonucl ea ' j [.E] | V contains a
H 16N or el%&%%ﬁ%éﬁéhgkgg&j%%%? g#ltg %E%d%gﬂqgggeeéﬁccor ding to
cl ai m 98, whdatennmutatoms GPTaidcG2A Werraaikoaietested iHdifndlar assayisil ke r esi due

h . 25 I i i , inth
e e R T AP
endonucl easatentitips wereddniya litledessithangBat ol 2¥i An thedeGotiamfdiiadl tase V
contains acfh o?ﬁéth%&hd@@%?ggain obsbRA2 4 id Mf&@%ysﬂ%g@&od 3 121. A

rding t € endonuc

mut ant endonucl’ease V acco % o claim98 wherein t ease V
cont ai ns a Was 3most the sane agthate§ G1ZP, kutdbointeasityiofthe bettogrstrand productyyt ant

endonucl easgs ¥ndh fowe e théde of MR8 two\RatagisN ThE SudatiBR ABPGIRAFE V contai ns
a K139R resi due change. 123. A mutant endonucl ease V according to claim 98,

wher ei 1%t h&etft8dnucl ease V contains a K139N or K139Q resi due change. 10
124. A mutant endonuBigersid démvastedtéel Hod the addifier ot liygdtion eicp dfahfitically

d I V t Ai K139D 39E. id h 25. t ant
R e e L g S
K139T or Kia®ratedfomUdNA samples thhbwaidhombzygouafur cithng dlievet @amgatiénat cor di ng t o

| ai m 98, 0| is . 25 h . 127. A
clalm o5, YA Srd R RLIL B SR X SRIMALOE, FuPAtb fRSBAR TS 127
cont ai 3§ a nDAPECifie cleanage rbagued 128 the'samplesn Bubwith theidditive o¥thedispr di ng t o
cl ai m 98, ‘Miéfeﬁggafs@&?ﬁ%ﬂ%&&h%&' aqqu@yyéﬁéﬁrﬁy%e change. 25

129. A nutant endonucléase V according to clal m 98, whereln the
endonuc| eadeterpzyenye sunplenipths tast o langs of pachet) desspne gbsentesleavagrionuc| ease

V accor di NgsdoBiateld With adtbter¥dipleRi isina@h Sind MBde tRMELd MonRRit@hasthan FA6A
resi due chgg&eeﬁaig 131. A\S{rut ant endonucl eage VYV according tgQ claim 98,
wher ei n t h@&H B3Hen Step\JoE At SPIBTOqSIRRSHIT BUTRAID LeyAsRe Therefgseghp 44335 -
114 P@o/ Uadditiddd figaticadtepAs aBlé eorfedededackphddiRe Y6 ceagdlatignntisBatah m 98,
wherein the eggloq)rlljf‘gl ease, ﬁ/ (gé)at z%i NS, 20 .$F4a§clm,rc g46| .tlé46v, or F46M resi due
change. 5 P33 fOERPOLIET T e aE e s Pimadidravaet °%| ai m 98, wherein the
endonucl ease V cont almsidgionfRi fieAngiesnidmetch kkavpee pidddcts,somet ant endonucl ease
V accordi ng 1 ( | o L ELR A& bS I V108D Barin BR18L
R118I, R118V. %%%W%eeﬂsﬁmgue changé’.él v %j HBef1S Bne'ndiSpedie
samples which migrates above the blue (i.e. top strand) cleavage products present .
25  There are also two non-specific cleavage products, one is blue and the other is green,
which migrate with low molecular weight products and are present in all four
samples. After incubation with 1-6 nM DNA ligase, the non-specific band above the
blue cleavage band decreases in intensity, indicating the non-specific nick was sealed
by the DNA ligase. The low molecular weight non-specific bands are still present
30 even when the concentration of AK16D ligase was raised to 6 nM (See Figure 13).

This suggests that these may be non-ligatable degradation products or, alternatively,



135. A nutant endonucl ease V according to claim98, wherein the

endonucl ease V contains an R118K resi due change. 136. A nutant endonucl ease
V according to claim98, wherein the 15 endonucl ease V contains an R 18N
or R118Q residue change. 137. A nutant endonucl ease V according to claim
98, wher svaozdasssendonucl ease V contains an R 18D or RI1RGEHUSEgHMLAe change.
20 138. A nutant en~lonucl ease V according to claim98, wherein the
endonucl ease V contains an R118T or R1185 residue change. 139. A mutant
endonucl ease V according to claim98, erein the endonucl ease V contains
an F180A reg ?&gﬁ : I to claim
98, wherei nglkoh%ejﬁan o{r%uc %%%ﬁ&ﬂ%%ﬁe%@%%g%%ﬁﬁées Eghc anélg.\ngﬂ. A

mut ant endoingubation at 85°&dn organiegolventsl ai m 98, wherein the 30 endonucl ease V
contains an F180L, Fjﬁ%der%&&%ct&&egge%%ﬁﬁ@io@%s m@ﬁ%;base-m 02/ 44335
PCT/ US01/ 44922 -115 142. A mutant endonucl ease V according to clai m 98,

wher ei n t he meserighee incRcR frgsments serianing E3A cxes] Hatiopnyvefs assaydl undernt ant
endonucl §as garVindGas 4 RitdnP 1Bl BpaDNAh 8t fth thid 0entiof MLUIHGLRFDE V contains
a (B3L, G383l 3V, or. B3M residue change. 144. A nutant_endOnucl ease V
accordi ng t Sleayage frad 1 mmEAkioWild iype MN rdlo SarsRNYX coptmngs&ras G33K or GB3R
resi due chagfationd) G4V, GloDahd G12R81EHPiENERSE, nYed&h OindileNd, redestivalyn 98,
wherei n the_endonucl ease V contajns a G33N or. (B3Q resi due change. 146. A
mut ant endoMyLFBg dus spt gEmytap 'S OPSIOACTRED foffeRsE ity oNer %WSHP%F@&% \Y

cont aij_ns a %&Pg@éfﬁﬁ&ﬁ&ﬁi@bﬂdﬁhk&ag&mal&d {ﬂeﬁ%ct%eﬁamﬂ@@ngeadmﬁcgc#ease&/%
accor di to clalm ereln e e onuc as VY CQO or

oe due 1hayBnton FOR Egtents Contaione Rngiond SaPh I % S 12PafH, 08 wher i n
t he 20 endo®iZAowsescpamtnly midved with wild'§pe PERIfchgments ampatant-thOwild\typet ant
endonucl ease_,. or di t InM .98, i nt ai ns
an 1179K or ?ﬁu}{?gf{ﬁ?’efsj'lﬁ’ Vi lg]h(glrlggmg@ T@@Eﬁ)ﬁ %%Sg%%%%ﬁ%ﬁéyeggccor di ng
to cl ai m 98assaypdrusing theaboxe mentered Jma Epde ¥ and DA ligasp eqoiitions. | 179Q r esi due

change. 151gied 4 $Blvs RIRARIAL @f&énavy%e?ﬁwfcﬂifaﬁhé Qifferétk BadSs milaE -n the
endonucl ease V contains_an 179D or 79E res) due change_. 30 152. A nutant

endonucll8as&ilg typed i The results indicntg dhat gleavage pigpalec gled P2 ont ai ns

an 1179T o phckgRSnd EstinsliantGEA@Yype rali F2p4d 33D for sltkfiree BRTHSAL /FA922 | 53.
A nmut ant endonucl ease V acctglrﬁd,l n tﬁx claim 98, wherein_.the endonucl ease V
g@ﬂg‘. P lpe

contains a MPPRAreAEEthgnd-20n ARGl PAHHOL AT QbEe¥ e YOREYEr di ng t o
cl ai mh9g, fV\Aiteﬁ gmmtrecmmql distirguivh lﬁét%&iﬂs'(gagetﬁaﬁa%s iﬂa?lt@mﬁﬂagge. 15S.
A et ho ot identifyi a pu ic acid.sequence, diff.ering by one or
more i ngl oS B trstty i dpeartthfthe RS oFbebaBil ol B IHRER MvensB 'Y 07 a1 get
nucl ei c2aci dpmexjumatebe 1:20dimitanetdiwild typrpatiodi ng: provi ding a sanple
potentially containing the normal target nucleic acid sequence as well as
the nmutant nucleic acid sequence; providing two |abeled oligonucleotide
priners sui Expmplels Peteetion of Y arigus Hoint Mptatiganinggsy apd VL Gepes. t he t ar get
nucl ei ¢ acid sequence_and _the 15 putant nucleic acid seguence; providing a
pol ymeri se; bl endi ng Th#udwibsversatilifyof endal do seopidiiferent peint mytatigns. ther s, and

t he pol per i&enil@e $fAhépRsdp@inyBmidnSPasGPplidd tb @arini® DNA whtH various point

mutations in p53 and VHL genes. Eleven samples containing point mutations in exon

5,6, 7, and 8 in p53 and 13 samples containing point mutations in VHL were
obtained. The sequence of PCR primers for amplifying exons in p53 and VHL genes
are listed in Table 2A. PCR thermocycle conditions are listed in Table 2B. From the
30 gel image of the 500 bp VHL exon 1 fragment, a smear was observed, extending from
about 180 to 500 bp. This makes it very hard to observe the cleavage products in this
region due to the very high GC content in the middle of exon 1 of VHL. As aresult,
interactions between PCR fragments and other regions of the genomic DNA may



subj ecting the polynerise chain reaction mxtumto one or nore 20

pol yneri se chain reaction cycles conprising a hybridization treatnent,
wherein oligonucleotide prinmers can hybridize to the target nucleic acid
sequence and/or the mutant nucleic acid sequence, an extension treatnent,
wher ei n wéedughy i di zed ol i gonucl eotide priner is extendednusordssrzm an
extensi on product conplenentary to the target nucleic acid sequence and/ or
the nutant nucleic acid sequence to whl,ch the 25 oligonucleotide primer is
hybri di zed, and a denaturation treatnment, wherein hybridized nucleic acid
sequences &, SENB! @b fap1td Aduly B diftded i %&%L&Iﬁ%ﬁféfﬁ@@ﬁrhﬂiﬁé&ﬂoﬁ he

pol yneri se chai n reaction extension products; annealing the polynerise
chai n r eacttd reducethesmeasn Thergfhue tfer theseqcondmognd HEPER enmbifieation, qubobiubt s

potenti al | it Njng. ' oF nd the
mut ant | nucioSh 208 IQHNGichl3% R0 R profgiie AR i Ep A SRRIGP DD
provi di ng &hclingdonditipnseasdisghssehpisviondy.dwt thig tipe firokrly $rroudsatbe

het er odypl gxgdl JNArahatR allPRRALEQN aRBe PRTR W thérOMiBleS MaL Ched base pairs;
bl endi ng t he het erodupl exed products and the endonucl ease to form an

endonuci ease cl eavagEeremicliTy cavtaining#S3 mytalions Wag extrmeted fgBtitErbase

cl eavage r gagplefihdPCR WhBlif&. t idkedubBRIyS WA IR Baph&iteWeRlaliddd & Nni cks or
cl eaves het erodupl exed gq[ oducts at_ a |l ocation one base away, from m smat ched
base pai rs;ﬁaﬁm#iemwgnt% ?@%@dwﬁ@g‘ﬁﬂ%WﬁeﬁrW%i%@H‘%r cl eaved
het er odupl exeal c&itﬁi_diil@tﬂti)e FHI gkﬂehhh?ﬁbﬂ @&onﬁﬁet{e_f&ngamlsmggﬁé; sé egigal i ng |
reactigon mxtyre: _incubating t i gase reseali tion m xture to sea
the ni fed %Li’éﬁ%ﬁﬁ%?%t%ﬂefﬁrg‘mﬁf%- By or @F?mqvﬁr}%ﬁﬁ)gﬁgadé@?@%&iﬂls but with
sg_bst anti ?'df)ﬁgd?éha{semh 3 dbdaae&tzorﬂagm%mamqew _ ewﬁﬁuﬁm_ ﬁrsmﬁs_*tst.lhogat i50ns
adj acen Q.M smat ched base palrs; roviding a polynerise w
exonucl eas crHIERHCR Jras H?"Bﬁﬂ?‘ﬁ@t PnE fﬁ‘b’tog‘ﬁ’("i 2 I%g%i%%éd}sé‘i‘m& wacHygte

Pet fer odupl adeProfimsi K Hetpékiplsed rhymants ﬁge\tﬂ:ldnffoﬂﬁed%tymmm_ & mdareact i vity
oformap i se_.ex e i C radation reaction m xture;

| ncubat | no ¥ PE o s QRS T b e e B R B R BBt ur e 20
under donditions ef f Eot the elebvage rédaeti@i, ths'stapsiad wedction yixtorezonsisied of 100 r enpve
several ba : b Claor Y i 00 i i ‘-5

exonucl easﬁﬁg‘gﬁ%‘éﬁf?%?%@%@‘r%@%ﬁ'%ﬁﬁ 'Z‘}eﬂ\?\n %)%{@él - g i&alé%]}vgi ty;

bl Fndl ng th:e;a:necmmi?,ml % ptoﬁureust_ ;_ﬁ)@nulﬁgndiﬂmﬁﬁadrﬂ_ neaginadease Xtpuotein. t Ee Zﬁ t

pol ymeri se - ctiy e eoxvierni.n . phosphat e
nucl eot i desﬂeé%gH%%(xfﬁe%&snﬁ% de’]‘(;)t{\gli %eéféﬁoﬁﬂshggﬁﬁéégﬁ@g%ﬂg@ %)%#pﬁmri se

m ni sequendisnyg of macdtiononixtirx ta? gl of haxUlimse swpplemeniabbyffer (200enM Tris- sequenci ng

reacti mixt.ur It [Fect | h [ wi t hout
500 B, et B 5 S AL 00 o LA Nl PR B0 NERL 652y
het er odup| é¥ext) 1+l ©6 €tV NATY Gand 2ilrvif 68 eUAK L6 PN A dighseoverpadiidditd S ; WO
U2/ 44335 P 4 - Lty ar [MaTo
mni-s equeflgglnkJ 6“ %;L)ﬁr‘%g?é‘t%%‘%{?&‘ ogéi %ggeg‘%gg FEc ?%%%%}"%? ?gb A s S PH7.6,

5 mM MgClz, 50 mM KCI, 10 mM DTT, 1 mM NAD", 20 pg/ml BSA, and 6 nM

AXK16D DNA ligase. The mixture was incubated at 65 °C for 20 min and terminated

25 byadding an equal volume of GeneScan stop solution (50 mM EDTA, 1% blue
dextran, and 80% formamide). The reaction mixture was then heated at 94°C for 2

min. and cooled on ice. Three ul of the mixture were loaded onto a 6% denaturing

polyacrylamide gel and electrophoresed for 1 hr on an ABI 377 sequencer (Perkin
Elmer) at 1000 volts, 60 mA, 200 W, and a gel temperature of 45°C.

30 A summary of the mutation scanning results by this method are
provided in Table 4. .



detecting the presence of normal target nucleic acid sequence and the

mut ant nucl ei ¢ acid sequence by distinguishing the separated

m ni - sequenci ng products resulting fromsaid incubating the pol ynerase

m ni - sequenci ng reaction mxture. .AE . A5, .A5y .AH@.A5 .A@.Aly .Af . A

. AnS. AQL. WO 029§4335A&S. AS5. AS . An . A[. A@ . Al @Afnf . An,.AnyCcTAls@asd2y . Af @ AHy
AH@ . AS . Al@.A~fl .A?. Aly . AnS . AY . A5@ .AA . Al, .Afny_.A@.AS .AS A
.AHS. A . AS1. A{ .ASR . Ay .A9S . Ayr. AaY . .AYn@ .A@L. A,

.AnS. As@ . AU. AsAf. AA. AIS . A5. ASY . ASay2 . AN, ,.AfE . AH@. Ay

Table 4. Summary of Tma EndoV / Ligase mutation scanning on cancer genes.

: Cleavage
Gene Exon Mutation Surrounding Change £
sequences Top Strand Bottom Strand
X Exon } Gl2v TGGTG G—T -+ ++
-ras
G12D TGGTG G—A + ++
GI2A TGGTG G—C ++ +
G13D TGGCG GA - -
4pPC Exon 15 11307K AATAA T—A + +
ps3 Exon 5 C135Y TTGCC G—A ++ -
R175H GCGCT G—A . -
Y220C CTATG A—G ++ -
Exon 7 S241F TTCCT C—T +
G2458 GCGGC G—A = -
R248Q CCGGA G—A +++ -
R248W ACCGG T - +
Exon 8 R273H GCGTG G—A + +
R273C TGCGT CT - -
R282W ACCGG C—T ++ ++
BRCA 1 Exon 2 185 del. AG TTAGAG AG deletion +-+ -+
A Exon 20 5382Ins.C  ATCCC C insertion + -
BRCA 2 Exon 11 6174del.T AGIGG T deletion + -
VHL Exon 1 P157L GCCCG Cc—T - ++
WIS9A TATGG T—A - ++
G164D CGGCG G—A - -
Y169H CCTAC T—C . +
Y183H GCTAC T—>C +H ++
Exon 2 F190L TTCAG CG - ++
G198 G GGGCT G—T ++ +
L199F GGCTT T - +H+
S200 Ins. E CTAGAGG AGA insertion -+ ++
A220T TTGCC G—rA ++ -
N221del. A CCAAT A deletion B +H-
Exon3 1229P TCTGA T—C - +
R232Q GCGAT G—A + -
R238W TCCGG Cc—=T - +
L259Q TCIGG T—A - +

*: (+++): high intensity cleavage. (++); intermediate intensity cleavage. (+) : low intensity cleavage (-) :no
cleavage observed. ’



A LA A2 A~fe. Af[y .A5SY. Al .Afn@.AELl. Al . Afy. Ay[.A ASE . A5S . Al

AL AT AS@. A CAGE DA AA L A[e. AAS AT AlLA L Ale. An, . Ane. A

Ay, Ay?. A&e. A9. A Ane. Any. AR A AR Afhy. A.. Ae. A. A. A0"hk& Q

| ~yt ni cAYS] cMa] ca] ca] c™a] ca] c™a] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca
Ul cal] cajpabamhsal call cal caU] ca] callca W] ca JQ- <l U-; peruson44922

?mw | ga\ Vi c*YS] c] c*a] ca] cha] ca] cMa] ca] c*a] c™a] ca] cMa] c”a] ca] cal] ca] ca] caV]
cal] ca] ca] ca] c”a] ca] cMa] ca] ca]c”a]calc”g]lcalcralca}!w & ~!'/ Zkw z| vgl fa[V]c]c
aJ cMa] ca] c™a] ca] ca] cMa] ca] c™a] ca] c"a] cgt’] ca]calcalca]ca]ca]calcalctalcalcalc
aj c™a ca] caV] ca] ca] c

" ][ " ] L##&K#L##L#)a}% oﬁgég]gcn‘ca? &4 %f’ﬂa] é‘a]“&' BLY R AERYTE UM% A a] ca] cha] ¢
ajc” g] g a]$c gﬁl]z'b g]mraw out] afa]s @a]ntﬁm]aual]nméxeal]ateem]i .C Bprcadl] of altd] poirjt eréutations

#H##[ $k$ndv 1 & *** A XS] .c a] cal] c”ajc
a] c’[‘a] cal ca‘]°§% ?i% Seoa ’é%“&ﬁ %%%@%5‘]” émf ﬁoﬁtﬁ%sfc;‘tﬁ 1Eﬁ]ncl‘a] I:a] c]‘

] ca] c*a] ca] @fa]tc aveﬁﬁl-ltht; presence of-the mutatlon and the ratxo of mutant to wild type DNA.

ca] cha) %ﬁ’eéﬁg?yv?%ltﬂ%*ﬁ%ﬁﬁ%} G o L L E P

1i 11722222 28u@hiteAvi approq.tmately 1:1 in all of the samples except for

;? z;f Z;f@gﬁ%ﬂf’?ﬁk:cg a§ :C a]ﬂ }lﬁg%vﬁ?]rf&]ﬁ?%a %& afud sek Galalgal cal calc

FFK| LL RitaregS assays were repeated, but erasults for R175H were still

UYUUV$S XX XY} Qﬁ‘q:'_ZI d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] cal ca\/] ca] ca] ca] ca]ca] caJca
] ca] cal] ca] caU] caj ca] ca%cg] cal ca] caLcaU] cal.c %/

Y$Y3YsYzzzq [ 1 A Eta%mﬁ?hlwﬁ?ﬁl bereqosnizgd py|Taw] ca] caU ca
] ca] ca] ca] calismldabew] Tat Gidhenibeainiahmedions salkcak GABDGoaGlscal cal ca] ca]

cal ca] cay lg %)2

#mn{ rmm"rmcrﬁhrf 8'—89’ ﬁ?%@qrps%g%ﬁ?ﬁ'ﬁb@hﬁ)ﬁ%T ca] ca] ca] caV] ca]

ca] caV] ca] caproapdiag sequbea jof edch ahikatioh dor el top\dnd dbttah eidndayd isaddcia] caV] ca] caV

] ca] ca] c\ag,%%léyzuuuuuuuv

YZAVAVAVAVAVA( whivwwEx' xxxyzz| {{{{~xsnhc"XSi d] caV] ca] ca] caV] ca] ca] caV] ca] caV

] ca] ca\A]Sca] ca\/] ca] caV] ca] ca] caV] ca] ca] ca] ca] caV] ca] caV] ca] cal] ca] cal] ca] ca]

ca {| %" |I]|Khks ’ﬂis@lrﬂiulal--lnl dnd }qu}aMlnés}&:}anTérto and Bechlkihnd Milrddva hed@idy.c a] cal] ca

UV] cal] cal] ca caU] cal] ca caj cal] ca

W] cal] caPJ]“‘cat} ] caU]"t'f‘a‘]"ca @%ﬂ“%?u U\/% #a U] caJRest 40" 79EWEDEshF k~zupkf a\

Wa] c] ca] ca] ca] ca] ca] ca] caV]c cajc Ca caV] ca] ca] ca] ca] ca] cal] ca] ca] ca

V] ca] cal ca] caV] ca] caj caV] ca] cal ca

O ' { SH 9&8zupkf [ V]] ca] cal] é’artiﬂ"eé] g Te] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca
1'8X9 &AF} YSC$ kf a\

Lo oy oy B35 CoPB1A ob ETEa] cAEa] ca Ei]ac} Gl oa] ATl caUj Ehrea] caToa) ca

'$ Y @Dg#- VKT a\
gg] gg] gg]/};%] ca’Tca]CgL%Lé?cagfqg‘g] ((:ge?]gca Ta] ch] E:a] C%O}V\!CL](:?L]CC 'f%!a 21:1]02;]] g{aﬂ
Ca] Cav.l Capsz Exon 5
26CUbVCI cds4* h@mgﬂwc’\i&vﬁ@\ V\]]Aeﬁ@aa] caj c&]:Am] caj caU]d;aﬁ ca] ca] C@;] Q&] ca].ca] cajc

a] cal] ca] ca] cal ca ca] cal ca] ca] caV] ca] caV] ca] caV] ca] caV]
Q' 1v1X$ a%!:e’k v%%a] c% ca] Ca% Ga] ca] c a] ca] c%faccaurt‘a] caV]
ca] ca] ca] S cal a] C cajc ca] cal cdl vedUA{ V, Xkfg\W1]1]

ca] ca] ca] ] ¢ ca] aabwa] cabeey call cadlaal ca) e ajsa] cal chalfale alaal caV]
ca] caV] cabwa] cexpcan] cakmayca cogeT CCAGT G—A G:T, A:C
Va2TnP/ 4_¥i% ke JAZRH a\ £F/] ca] c¥gG2a] caV] cade@] caV] caA'e&Ta] caV] ca] c
a] caV] ca] E"é\/} c%f]"tg] caRt4§ ca) ] ca] cB?tQ]Géa] caa cav]‘t!a] caq] c? ] ] W ]
TCOBW (- Qui36" / @y | gbidke” ZUkbardN | ] caMdel ca] caV]gg] ca] ca] caVhgal ca] chal ca
] caV] ca] caV] ca] caV] ca] ca] c”a] ca] cal] ca] cal] ca] caV] ca‘} caV] ca] ca] craNR2yf

t % kor ~xsﬁﬁ3d"Y%PEa7] W | $3tFal] cdfFe4d ca] cademVd cal cajadd cal ca] c&T-é#] caltal cal c
a] ca] cajc %:E al ca] galgal c ca] ca\j gal caVlca I
cot x' } zupkla\ ﬂ,ca] ca ga] calrggddal ca] \/] caj cag;c%ca] ca]é:,a]:‘(;;a] ca] ca] ca]
ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca"] cal ]I E3X ds%

"}xsni cMYSKf U] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca
U\/] cal] ca] caU] ca] ca] c*a] caV] ca] caV] ca] ca] caV] ca] ca] ca] ca] ca] ca
Crr{H# $0&&F T o' ((((()W) 2+
+(+-+| ++++, 0, v, , --{vqgl gb] Wkf U] c] c*a] ca] ca] ca] ca] ca] caV] ca] ca] ca] caU] ca] ca]c
aJ cal c”a] ca] caU ca U] c”Ma] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca
--/C{///p00021:1J1\111111111112; 23222

3} wr ngb\ W gb] VKf U] c] caV] ca] ca] c*a] ca] caV] ca] cal] ca] cal] ca] ca] c”a
U c”a] ca] ca] c”a] caV] ca] caV] ca] ca] ca] caV] ca] ca] ca] ca] caV] ca] ca
3Y8N3R333333333334MAQUAWU4444455" 5( 5wh55566{ upj e_ZTIl gb] Vkf UV] ca] caV] ca] caV] ca
] ca\/] ca] ca\/] ca] ca] c”a] caV] ca] ca] c”a] cna] ca\/] ca] ca\/] ca] ca] cal] caU] ca] caV] ca]

. R Y . T Y YT .Y Y YT YT STY ST YY"




U] c”a] caU] ca] calU] ca] caU] ca] cal] ca] cal] ca] ca] c”a] caU] ca] cal] ca

W] cazyyyyyyyyl { M{{{{{{{lU Y] |

Frarm|}}}}~Q-~}w ngb] X] c] caU] ca] ca] caV] ca] ca] caU] ca] caU] ca] ca] ca] caV]ca] c
aU] ca] caV] ca] ca] c™a] ca] ca] caV] ca] cal] ca] cal] ca] cal] ca] cal] ca~\ S>, 73C$) y;

sl #, O] w Rihg 0244888UV] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] capcanbaaher] cal c”al ca
V] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca]ca]caV]ca

0" "<--1cVYA@ | w mhc] X] caU] caV] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] cal] ca]ca]ca]c
aV] ca] ca] cal] ca] ca] ca] calU] ca]ca U c”aJcaJca] ca]ca]ca]ca

NS48{ ~ vmgKOn Yz ¥ xsniviaT] 1 calGavh cal salgabeal cal Gaksal cal cadbeakcall cal ca
U] ca] ca] ca] caU] ca] ca U] c"a] cakquandds Ca] CBéqaéia@d ca] caV] ca] ca] ca HvVgxa

*| z| {uoi d*YS} xsni d*YT] U] ca] cdWpca] cal] )] calU] ca UV] caU] cal] ca

WV] cal] cal gcaV] cal ca] c ca]c ]caU]c
U] c”a] ca V%g] U‘%leﬁ?] ca a%LSESBFE] | vl g[ VPI }_\Eal)] cal calr],c@] caj:ca\/] ca

] ca] caV] ca] caU| ca] cal] ca] caU] ca] ca] cal] cal] cay] ca W] cal] cal] ca

Ul cral] caveia] caxn €l FLW2AT W vpiREes Vi U] cath®a] ca] ca]@akcal] ca] 6aV€a] catd] cal c
aU] ca] caUpéh] c&dpea) c&Vea] ca?UF‘E‘a] cal] d@<aV] ca] ca®faa] cal] c8fct¥] cal'can
(9=v] (5<>,94 VO ZTc Unsah call dakga o AGOT. 4

W] ca] caVhes] caleal cablgal caldmabcal] caged) cal catfaal cal ca] aaleal caM] cal ca
] ca] ca] ca] cal cal]ca @vx

agvx! xz" b&fypkferty e XY | cd8F ca] ca]TEY ca] caU|£APcaV] ca] €4 Ta] c&U| ca] ¢
aV] ca] caU]vcxa] c%?{ ga] cg}&ca} caéll ] cay] ]:EAaU] cal ca(\}_/Lca] caZ"kZé"éEq] 04>{t nid
L ¢al cajfall ¢ dﬁ

"YTj e_ZTclg £ cay cg,

U] c*a] ca] c ca\/] cal caV] cgﬁ cal ca] cal] ca] cal] ca] cagl] cal ca] caLf] ca] ca

U] c"a] ca&xusEKERERW | v~y snite8YGc| ca] dalrsaV] cal] cageaV] ca] capeadfcal t&] cal ¢

a] c*a] ca] YALc &ed] caGlBaU c JE4Tca) ca?Céd] cal ca\/] @afcaV] ca] EdI€a

DI 6: @yt oiyghy ZUgl L ¢a] cahsal ca\dagl cal caegal cal cal] ;I] ca] caVLg,a]ca] cal ca] ca

] caV] ca] caMicaksay] cahesd caV]@abaaV| cajeeagLal ca ! 0 C?<} XSRiAT:TS +

Ul ]c"a] (L:J]a] (M]:ca]]am]:ca] cm<]7&aU] cahral] ca]#amrc]a] ]c]a] ca,]-eg] gga] ca¥jacufca] ea] cal]

cajca U c”a]ca] caV]ca ca a XSni

WV] ca] ca] @g% caj cCEaVJga] }:Yg %a] ca \ﬂé‘g] calca ca‘]caU] ca]'Ea ca] caU]Tca‘U]ca] cay] cau

]Uc/ja] cia\/] ]ca] ca] i:g]ﬁé:g\/] ca] caU] ca] cg] Q@]D} YR nT g ]\/cS]CJ éﬂ%snl d Z 5@]'&@ d]*
calca a nda ca calc caljcalc a] cal] c

] ca] ca] ca] V] c &4 Xgﬁi} ca] 987 kP upj e_ZT#r8 ]z Y Hodfeal ca

WV] ca] caViggl caVimal cah@all cacddbcal] cackhd call ca 1 T:G, C:A

U]dc;aJ] ca] oaf.ca] aadnaa] vassfica) cadraaV] ca] caghcal cal car}-ea] cal caU]rmae;a{j n=~\AA~yt o]

[

W] ca] ca] c&fcaVv|B%caft%} ca] c&<€9V) ca] 6@5%\/1 ca] ca¥e3] caVv] caftafCay ca] cay

ca] caV] Ca]P@'s'iV] Ccah&aV] eadssaV] cedoee o T CA, T:G
Exon 3 1229P TCIGA TCCGA T—C T:G, CA
P53 Exon 6 R196C TCCGA TCIGA Cc—T C:A, T:G
P53 Exon 7 R248Q TCCGG TCTGG C—T C:A, T:G
VHL Exon 3 R238W TCCGG TCIGG C—T CA, T:G
P53 Exon 7 R248W ACCGG ACTGG T CA, T:G -
P53 Exon 8 R282W ACCGG ACTGG =T C:A, T:G +
VHL Exon 2 A220T GGCAA GGTAA C—T CA, T:G
P53 Exon 5 Cl135Y GGCAA GGTAA Cc—T C:A, T:G
K-ras Exon 1 G13D CGCCA CGCCA C—T CA, T:G
VHL Exon 1 G164D CGCCG CGICG C—T C:A, T:G
VHL Exon 2 L199F GGCTT GGTTIT C—T CA, T:G
P53 Exon 5 R175H AGCGC AGTGC T C:A, T:G
P53 Exon 8§ R273C TGCGT TGTGT CoT CA,T:G
P53 Exon 7 S241F TTICCT TTICT C—T C:A, T:G +,
VHL Exon 3 R232Q ATCGC ATTGC C—T C:A, T:G +H
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K-ras Exon 1 GI12A CACCA CAGCA C.C, G:G
K-ras Exon 1 Gl1a2v CACCA CAACA C—A C.T, A:G ++
VHL Exon 2 G198G AGCCC AGACC C—A CT, A:G +H+
VHL Exon 1 WIS9A TATGG TAAGG T—A T:T, A:A -+
VHL Exon 3 L259Q TCIGG TCAGG T—A T:T, A:A +H+
APC Exonl15 II307K AATAA AAAAA ™A T:T, A:A +
Purine (G or A ) containing strand
VHL Exon 2 F190L CTGAA CTCAA G—C G:G,C:.C ++
VHL Exon 2 F190L TTGAG TTCAG G—C G:G,C:.C -
K-ras Exon 1 G12A TGGTG TGCTG G—C GG, C:C +H
K-ras Exon 1 GI2A CAGCA CACCA G—C G:G,C:C +
K-ras Exon 1 G12vV TGGTG TGITG G—T G:A, T:C =+
VHL Exon 2 G198G GGGCT GGTCT G—T G:A, T:C +
VHL Exon 2 G198G AGACC AGCCC A—C A:G, C:T -+
K-ras Exon 1 Gl12v CAACA CACCA A—C A:G,CT ++
APC Exon 15 I11307K AAAAA AATAA AT AA, T:T +
VHL Exon 1 WI59A TAAGG TATGG A—T AATT +H
VHL Exon 3 L259Q TCAGG TCIGG A—T AATT 4+
VHL Exon 3 L259Q CCAGA CCIGA AT AA,TT ++
VHL Exon 1 WI159A CCATA CCITA A>T AA,T:T +
APC Exon 15 I1307K TTATT TITITIT A AATT +

Previous assays with double-stranded oligonucleotide substrates
demonstrated that every point mutations can be detected with this method (Figures 3
5 and 5, Table 4), with mismatches containing cytosine to be the least efficiently
cleaved. Even though all four of these mutations generate heteroduplex PCR
fragments with cytosine mismatches, so do the vast majority of the mutations
surveyed. Therefore, the presence of a cytosine mismatch is not sufficient to explain
why these four mutations were not detected. Instead, the data suggests that flanking
10  sequences need to be taken into account. Analysis of the surrounding sequences of
the four mutations which could not be cleaved by 7ma EndoV gives the following
consensus sequences: gReg, rcRe, cgYc, and g¥gy. Thia position of the mutation or
polymorphism is underlined and shown in upper case, the last two sequences listed
are the complements of the first two sequences (where R and Y stand for a purine and
15  pyrimidine base, respectively). In a very preliminary analysis, the 1™ 100 random
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mutations was detected in all of the samples no false positives were detected in the
wild-type or tumor samples. The cleavage activity was higher in the presence of 1.0
M betaine than that in 1.5 M betaine (Figure 10B), presumably due to the AT rich
nature of exon 15 of the APC gene. Therefore, the amount of betaine may need to be

20  adjusted, and the GC- content of the region amplified may act as a guide.

Example 18 - Detection of k-ras Mutations in the Diluted Samples

In order to determine the sensitivity of this invention, PCR fragments

25  containing K-ras exon 1 mutations, G12V, G12D, and G12A were used as templates,
and the mutation detection abilities of the present invention were assayed in different
ratios of mutant-to-wild type DNA ranging from 1:1 to 1:100. The initial ratio in the
G12A assay was 0.7:1, because the mutant-to-wild type ratio in the genomic DNA
containing the G12A mutation was 0.7:1 and the pure mutant G12A was not

30 available. The sequences of PCR primers are listed in Table 2A, and the PCR
thermocycle conditions are listed in Table 2B. In order to remove Tag DNA
polymerase, 1 ul of proteinase K was added (20 mg/ml, QIAGEN) for every 12 pl of
PCR products. This reaction was incubated at 70 °C for 10 min and at 80 °C for 10
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et kNI el i 0%
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1004 0T A 3 Bl b SR b bl 5 O
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10%23z3& ( IsNHEPES (pH 7.4), 1 mM DTT, 2% glycerol, S mM MgClp, 5% DMSO, 1.5 M
betaine, 100 ng PCR products, 500 nM, and purified Tma endonuclease V protein. The
reaction mixture was incubated at 65°C for 1 hour and was terminated by adding 15 pl of
reaction mixture to 2 pL of 10x ligase supplemental buffer (200 mM Tryis-HC], pH 8.5,
15  12.5 mM MgCl,, 500 mM KCl], 100 mM DTT, and 200 pg/ml BSA). Next, 20 mM
NAD" and 2 pl of 60 nM AK 16D DNA ligase were added to bring the final
concentration of the ligase reaction mixture to 20 mM Tris-HCI pH 7.6, 5 mM MgCl,,
50 mM KCl, 10 mM DTT, 1 mM NAD", 20 ug/ml BSA, and 6 nM AK 16D DNA ligase.
The mixture was incubated at 65 °C for 20 min and terminated by adding an equal
20 volume of GeneScan stop solution (50 mM EDTA, 1% blue dextran, and 80%
formamide). The reaction mixture was then heated at 94°C for 2 min. and cooled on ice.
Three ul of the mixture were loaded onto a 6% denaturing polyacrylamide gel and
electrophoresed for 1 hr on an ABI 377 sequencer (Perkin Elmer) at 1000 volts, 60 mA,
200 W, and a gel temperature of 45 °C. Since a TAMRA labeled GeneScan Molecular
25  size standard 500 was loaded on the same gel, the molecular weight of cleavage products
could be estimated by comparison to the mobility of size standard using the GeneScan
analysis software versions 2.1 or 3.0a.
Figure 14 shows the amount of cleavage products for the different ratios
of mutant-to-wild type DNA. The peak area was measured by the GeneScan software
30  (v.3.0) and was used for determining the relative fluorescence intensity. Cleavage
signals generated wild type homoduplex were used as wild type controls. Background

intensity was determined by measuring signal intensities directly above and below the
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background signals for the average top strand cleavage products, bkdg-bottom stands for
the average background signals for bottom strand cleavage products.) The mutation,
10  nucleotide change, and the mismatch base pairs are indicated inside the graph.

These results indicate that the present invention is able to consistently
distinguish cleavage signals from background signals in mutant to wild-type DNA
ratios of at least 1:20 for all three mutants. The present invention has been able to
detect cleavage signals in mutant to wild-type DNA ratios as high as 1:50, but this has

15  not been observed in all cases studied. Therefore, the present invention is limited to a
sensitivity of 1:20 (mutant-to-wild type DNA).

Example 19 - Detection of Small Deletion, Insertion in BRCAI, BRCA2, and VHL
Genes
20
In order to determine the ability of the present invention to detect small

deletion or insertions, it was applied to samples containing an AG deletion in exon 2
or a C insertion in exon 20 of BRCA 1, a T deletion in exon 11 of the BRCA 2 gene, or
either an AGA insertion or an A deletion in exon 2 of von Hippel Lindau (VHL) gene.
25 The sequence of PCR primers for amplifying exon 2 and 20 in BRCA .,
exon 11 in BRCA2 and exon 2 in VHL are listed in Table 2A, and PCR thermocycle
conditions are listed in Table 2B. Since the mutations are heterozygous in the sample,
it was not necessary to add wild-type PCR fragments. In order to remove Tag DNA
polymerase, 1 pl of proteinase K was added (20 mg/m], QIAGEN) for every 12 pl of
30 PCR products. This reaction was incubated at 70 °C for 10 min and at 80 °C for 10
min to inactivate the Proteinase K. Heteroduplex fragments were then formed by
heating the mixture at 94 °C for 1 min, 65 °C for 15 min, and then cooling down to

room temperature.
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109 () - 110%Rkie rdaction’ nyixdud @as incubated at 65°C for 1 hour and was terminated by adding
5 15 pl of reaction mixture to 2 pL of 10x ligase supplemental buffer (200 mM Tris-
HCI, pH 8.5, 12.5 mM MgCl;, 500 mM KCl, 100 mM DTT, and 200 pug/ml BSA).
Next, 1 pl of 20 mM NAD" and 2 pl of 60 nM AK16D DNA ligase were added to
bring the final concentration of the ligase reaction mixture to 20 mM Tris-HCI pH 7.6,
5 mM MgCl,, 50 mM KCl, 10 mM DTT, 1 mM NAD", 20 pg/ml BSA and 6 nM
10 AK16D DNA ligase. The mixture was incubated at 65 °C for 20 min and terminated
by adding an equal volume of GeneScan stop solution (50 mM EDTA, 1% blue
dextran and 80% formamide). The reaction mixture was then heated at 94°C for 2
min. and cooled onice. 3 pl of the mixture were loaded onto a 6% denaturing
polyacrylamide gel and electrophoresed for 1 hr on an ABI 377 sequencer (Perkin
15  Elmer) at 1000 volts, 60 mA, 200 W, and a gel temperature of 45 °C. Because a
TAMRA labeled GeneScan Molecular size standard 500 was loaded on the same gel,
the molecular weight of cleavage products could be estimated by comparison to the
mobility of size standard using the GeneScan analysis software versions 2.1 or 3.0a.
The gel image showed that the cleavage of the AG deletion mismatch
20 of BRCA I was very strong, but the cleavage bands associated with the C insertion of
' BRCA I and the T deletion of BRCA 2 are faint (Figure 15). A non-specific band
below the cleavage band of the T deletion was removed after ligation, which indicates
that non-specific nicks can be sealed by the ligase. For the VHL gene, the cleavage of
the AGA insertion is very strong, and the cleavage of an A insertion is also good
25 (Table 4). These results demonstrate that endoV can recognize and cleave a two to
three nucleotide insertion or deletion efficiently. It also can detect a one nucleotide
insertion or deletion, but the efficiency was observed to be less than that of a two or
three nucleotide change.
A comparison of lanes 13-18 with lanes 19-24 demonstrate the
30 advantages of using a DNA ligase step for distinguishing point mutations in the p53
gene when using clinical samples. Significant background signal in lanes 13-18 is all
but eliminated in lanes 19-24 allowing for unambigiious detection of mutant signals.
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The ability of the present mventlon to mutation scan on longer PCR

5  fragments was determined using a 1.7 kb PCR fragment from the p53 gene. The
sequences of the PCR primers used to amplify this 1.7 kb segment are listed in
Table 2A, while PCR thermocycle conditions are listed in Table 2B. In order to
remove Tag DNA polymerase, 1 pl of proteinase K was added (20 mg/ml, QIAGEN)
for every 12 pl of PCR products. This reaction was incubated at 70°C for 10 min and
10  at 80°C for 10 min to inactivate the Proteinase K. Heteroduplex fragments were then
formed by heating the mixture at 94°C for 1 min, 65°C for 15 min, and then cooling
down to room temperature. The PCR fragments were then washed twice with 10 mM
Tris pH 7.5 and excess ANTP and primers were removed by a Microcon 30 filter
(Millipore) centrifugation step before endoV cleavage reaction. This resulted in the
15  buffer condition changing and the volume being reduced to half of the original
volume before washing. Therefore, the DNA concentration was increased two fold to
about 10-20 ng/pl. The Tma endoV cleavage reaction was performed at 65°C for 1
hour in the buffer containing 10 mM HEPES (pH 7.4), 1 mM DTT, 2% glycerol, 200
ng PCR heteroduplex fragments, 5 mM MgCl,, 1.5 M betaine, 2% DMSO, and 500
20 nM Tma endoV. After the endoV reaction, the fragments were washed again to
remove betaine and DMSO. The ligation was performed at 65°C for 20 min in the
presence of 1-6 nM T'sp. AK16D ligase in a buffer containing 20 mM Tris-HCI
(pH7.6), 5 mM MgCl,, 50 mM KCl, 10 mM DTT, 1 mM NAD", and 20 pg/ml BSA.
This procedure was performed using genomic DNA containing p53
25 R248W (C—T) as the template, and 400 bp, 800 bp, 1.2 kb and 1.7 kb fragments
containing the R248W mutation were amplified. This assay demonstrates that the
invention can detect mutations in PCR fragments up to 1.7 kb in size and potentially
higher (Figure 16). Top strand cleavage (TET labeled) was also observed in these
assays.
30
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PCR thermocycle conditions are listed in Table 2B. PCR fragments containing p53

R248W(C—T) were mixed with equal amounts of wild type PCR fragments. In order
to remove Tag DNA polymerase, 1 pl of proteinase K was added (20 mg/ml,
QIAGEN) for every 12 pl of PCR products. This reaction was incubated at 70°C for
10 10 min and at 80°C for 10 min to inactivate the Proteinase K. Heteroduplex
fragments were then formed by heating the mixture at 94°C for 1 min, 65°C for 15 ;
min, and then cooling down to room temperature. The PCR fragments were then
washed twice with 10 mM Tris pH 7.5 and excess ANTP and primers were removed
by a Microcon 30 filter (Millipore) centrifugation step before endoV cleavage
15 reaction.

The Tma endoV cleavage reaction was performed at 65°C for 1 hour in
the buffer containing 10 mM HEPES (pH 7.4), 1 mM DTT, 2% glycerol, 200 ng PCR
heteroduplex fragments, 5 mM MgCl,, 1.5 M Betaine, 2% DMSO, and 500 nM Tma
endoV. After the endoV reaction, the fragments were washed again to remove

20  betaine and DMSO. The ligation was performed at 65°C for 20 min in the presence of
1-6 nM Tsp. AK16D ligase in a buffer containing 20 mM Tris-HCI (pH7.6), 5 mM
MgClz, 50 mM KCL, 10 mM DTT, 1 mM NAD", and 20 w/ml BSA. After ligation,
the mixture was incubated at 65°C for 20 min and then washed to remove salts.

The nicked heterduplex products were excised several nucleotides back

25  from the nick 3’ ~* 5° with DNA polymerase I Klenow fragment. The reaction
mixture (40 pl) contained 120 ng DNA from the ligation reaction, 1x E. coli DNA
polymerase I buffer, and 20 units DNA polymerase I Klenow fragment. The mixture
was incubated at 37°C for 30 min. The product of this reaction was subsequently
used as substrate for a sequencing reaction.

30 The DNA sequencing reaction contained 30 ng DNA from the Klenow

~ fragment reaction, 20 uM dNTP, 20 uM ddGTP, 224 uM ddTTP, 22 uM ddATP, 32
pM ddCTP, 1x sequencing buffer, and 1 ul of Tag DNA polymerase FS (Perkin
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dRhodamine Matrix. The data was analyzed with GeneScan analysis (v.3.0a). See
15 Figure 16B. _

For comparison of the sequence results, standard dRhodamine DNA
cycling sequencing was also performed. The DNA template for this sequencing
reaction was PCR product which was amplified with uniabeled PCR primers. The
sample was then washed twice with 10 mM Tris pH 7.5 and excess primers were

20 removed by a Microcon 30 filter (Millipore) centrifugation step. One of the
unlabelled PCR primers was then added to be used as a sequencing primer. Standard
DNA sequencing was performed using an ABI Prism dRhodamine Terminator Cycle
Sequencing Ready Reaction Kit (Perkin Elmer). Twenty pl of the reaction mixture,
containing 8.0 ul of terminator ready reaction mix, 6.0 pl of PCR products (10 ng/l),

25 1.0 ul of each PCR primer (3.2 uM), and 7 pl of ddH;0, was incubated in a PE Gene
Amp PCR System 2400 thermocycler for 25 cycles of 96°C for 10 sec, 50°C for 5
sec, and 60°C for 4 min. After the reaction, the mixture was precipitated by adding 2
pl of 3 M NaAc (pH 4.6) and 50 pl of 95% ethanol, it was placed on ice for 10 min.
After microcentrifuging for 15-20 min at maximum speed, the pellets was rinsed with

30 70% ethanol and dried. The pellet was then suspended in 4 pnl of DNA sequencing
loading buffer (5 mM EDTA, 1% blue dextran, and 80% formamide). After heating
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sequencmg analysxs software (v. 3. 0)(see igure 18)

The sequence results for the bottom strand are shown in Figure 18 B
(micro-DNA sequencing) and Figure 18C (standard DNA sequencing). The position
where G (blue color) and A (green color) peaks overlap indicates the position of the
10  mismatch, and shows that the mutation is G—A (C—T for the top strand).

Example 22 -~ Detection of K-ras G12V Mutation in PCR Fragments Containing 7-
deaza-dGTP.

15 In order to explore the possibility of using nucleotide analogues with
Ima endonuclease V, the same concentration of 7-deaza-dgtp was used instead of
regular dgtp in PCR reaction mixture. The PCR reaction was setup to amplify &-ras
exon-1 using genomic DNA from 2 cell line containing wild type DNA (ht29) and
mutant DNA gl2v(g—t) (sw620). The PCR primers and PCR program, Tma cleavage

20 and Tsp.DNA ligation conditions were the same as the standard conditions. To
compare the cleavage products from the PCR fragment containing 7-deaza-dgtp, the
cleavage products from PCR fragments containing regular dgtp were also loaded on
the same gel.

The 7 position in 7-deaza-dGTP is a carbon instead of nitrogen

25  (Figure 17A). The PCR reaction was setup to amplify K-ras exon-1 using genomic
DNA from cell line containing wild type DNA (HT29) and mutant DNA G12V(G—T)
(SW620). In comparison to the cleavage products from the PCR fragment containing
7-deaza-dGTP, the cleavage products from PCR fragments containing regular dGTP
were also loaded on the same gel. For the heteroduplex PCR fragment containing 7-

30 deaza-dGTP, cleavage of the top strand containing (G—T) mutation was inhibited,
while cleavage of the bottom strand containing (C—A) is still present (Figure 17B).
This result indicated a possible contact between Tma endonuclease V and N-7 in
Guanine. While the use of 7-deazaG did not allow for cleavage of the refractory
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Wild type Thermotoga maritima Endo V can identify approximately
10  98% of the SNPs found in the human genome. To identify the remaining SNPs, or to
achieve a more robust signal on existing SNPs or mutations, modified or novel EndoV
enzymes may be required. This may be achieved by either introducing mutation(s)
into Thermotoga maritima Endo V to alter its mismatch base specificity or by
utilizing an Endo V from a different organism that has a different mismatch base
15  specificity. A mutant Thermotoga maritima EndoV or an alternate Endo V could be
used in the same reaction with wild-type Thermotoga maritima Endo V, to expand the
repetoire of sequences which can be recognized in this assay.
Primary sequence alignment of different eukaryotic, prokaryotic, and
archea EndoV orthologs revealed a few residues which appeared to be evolutionarily
20 conserved. Nine different site—specific mutants (D43A, Y80A, R88A, E89A,
D105A, D110A, H116A, H125A and , K139A ) were constructed, and 5 of these
(Y80A, R88A, E89A, H116A, and K139A) appear to have useful altered specificity
(See Table 7).
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Tma endoV wit D43A Y80A R88A E89A D105A | DI10A | HIIGA | HI25A | KI39A

Mutants

Cleavage /A

MSClz 4 /- et/ /- w/- /4 -/~ /- M+ A/

MnCl, + -I- +/- +Hiw +- ++ -I- +Hw +H ++H-

Binding VA

MgCl, ++ + - + - +—+ ++ + +H+ -+

CaCl, ++ ++ - 1/2+ + ++ ++ - ++ ++

EDTA 1/2+ ++ - - + 12+ + - . -
Catalytic 02, 06 N1 Catalytic| 02,6,N7 | Almost | 02,6 N7

Predictions wt Mg Stacking | H-bond | H-bond wt Mg H-bond wt H-bond
binding Accept. Doner? binding { Accept. Accept.

? ? ?

5 In addition, this analysis identified two aspartates, D43 and D105, as being the
catalytic residues for this enzyme.

The approach used to develop useful Thermotoga maritima Endo V
mutants is based on creating site-directed mutants at positions that are involved in
protein-substrate interactions. Thermotoga maritima Endo V demonstrates

10 significantly greater cleavage activity with inosine or uracil within either a matched or
mismatched substrate, as compared with mismatches containing the naturally
occuring deoxyribonucleotide bases (dA, dC, dG, and dT). Therefore, one can
increase the relative specificity of the enzyme for a natural base by decreasing the
specificity of the enzyme for inosine or uracil, and/or increasing the specificity for a

15  natural base.

Protein specificity for a substrate typically involves interactions
between amino acid side chains of the enzyme and the functional groups of the
substrate. Interactions involving amino acid side chains and substrate moieties of

different chemical composition (e.g. hydrophobic/polar interactions) greatly



7 109B& ()- XX X$XUX&X8xNB4. 1T$ 7 109B& ()-T$ 7 109B& ()-5W!)'3 T$ 7
109B& ()-T$ 7 109B& ()-T$ 7 109B& () - 8x: X@BxHxIxOxeF. 1T$ 7 1094$ 7
1098& ()-T$ 7 1098B& ()-T$ 7 109B& ()-T$ 7 109B& ()-T$ 7 109B& ()-T$ 7
109B& () - OxQXUxWK[ x] xaxeF. 1T$ 7 1096$ 7 1098B& ()-T$ 7 109B& ()-T$ 7
10988 ()wdb2das39B& () - TS 7 109B& ()-T$ 7 109B& () - axbxgopmgariiaeM - 1 s!
109%"& ()-!'s! 100& ()- YL0%"& ().~ Y&10%"& ()-1T$ 7 100B& ()-5W!)'3
yz{{{| [1[:.1 sl Y110%"& ()- Y 100 ="y& ()- & 10%"& ()- Y+10%"& ()-

g% 1 10%@="a& ()-s \$ ! 10%"& ()-s° NIZ [ gint|Ivus 210% & () -
F109% &

o1 1006 1+ il apdde diang i i <ty creps g ity ot gy gy o
10% & ()- nElio9s @ebific sUpMRIE (JindeShe biizymleSuncHE8941090vEh Bamaticalk0% & () -

S10% & (- fﬁéh%b%c%eﬁ%éﬁlﬁ%fz%@“%éc&t%%i@%@ g s gy gecuprine

*1098 & () - debiyfribbhidkleotieBdstsRare Joss favOedblyf déavpd, thik S9drglyRiugestZu®dE ! f & () - S

10% ! 185() r§39@%%t{3cu$%§ﬁbagﬁ§wﬁ{%%5%y%&? ‘?x{<’§‘| ENA410f f 10f

f10f f sSl@%tage&ﬁ(r)g—t& gregme @0fasition pf énzgme mignkteh bae fteractiogsthe 0% & () -

10% ! f & "8 F10%" & () -
10% 7 {& E)p&%&f?[},d{% AE&LQ’(;Z o Ehte Lﬁt@ﬁ&%ﬁ/ﬁ@%@w ‘]r% " &(%) 0
109 *" (& ( Yeoxyripogucieortide %H%@e@h@as&ee}suceesg fvlthm@en 109%" & () -
\1((()1/590/8&‘ &) ()[?D@k‘ivmw/&b Legmlo /(%1 {IhiiQWA %%fﬁ%?s%ﬁa%{%mwé 2@ 10% " & ()

0 ~ly 0 0 0 -
01004 " 49( ) Joutagis N9F7 GBS PP it m°Prwa TR 100 | G () -

) (%g/‘.@@;f‘% ()@ . ;OW%{b@ue@hai arews@ rétéiQ—é%éu@’e mmiwws[? bl yiiz

0 7 0 0
qe () )1 ey eitapds boriered e @@Q@ e (-
-10%® ! @' (TherefordA@pri@hry gminb acnﬂl@&ﬁdeﬁce(élrgnﬁ&lﬁlmr'c@se('\)ed‘idﬁde[s NA410

100t & (FresR] Pl ta%ne%@ b3 18R oty V“%%' 0

109! &16) - Then09pse ierifpa EndeIymitabq for RAKEEn et CUtalWiul
* &1 109! & BT I
@40%)! & (a)‘%\/)u sad R fednesidal, Qg@tl'%go f&%c nne%%l?ﬁfﬁsloRloRloR

@10YR& () J@mkﬁbm&ewwmmdwmn@@mﬂa =5 Méwlﬁ 10f | f10f ! f

910% ! f & ()Ali %dri:ﬁ@té:)sr E}Pelaﬁﬁﬁj-ﬁ&ah&(ﬁé@l PEDAY \/10%
& () -$#3+t 109 -$t 10% $t10% & $t110%, & \ ] hHVU4 V 1t 10%
& ()-$t 1O%Pe§°{“)‘ aS#B‘ﬂylw %?1‘% feﬁf‘i‘ﬁfﬁg‘&“ﬁ’)t "S‘PE@%“I&“ d@é’é\ﬂ‘ﬁﬁ‘“\ﬁ 1t 10%
& () SUI00 e St TS B L Qo L AL 100 B () SR oy

t 109 t 109 +1 109
#3+) t 109 é”(f’s‘%f’%%"‘g’“( 5(’%9%% 7%‘%?% ﬁ‘”’ée(‘}”’%#gﬁﬁ@a W V #t 10%
& ()-$#3+t W@BKLP@‘O@C&A@W'II&S ij (SRQ. 0PN '30), Phroboérs 8bysyi-(SBEVIM. Nb.#t 10%
& $#3+t t V #t 10%
£ SO oS AI S Ss d

No. 42), Aeropyrum pernix (S ID. No. 43), Clostridium acetobutylicum (SEQ. ID.

25 No. 44), Yersinia pestis (SEQ. ID. No. 45), Escherichia coli (SEQ. ID. No. 46),
Bacillus subtilis (SEQ. ID. No. 47), Salmonella typhimurium (SEQ. ID. No. 48), and
Streptomyces coelicolor (SEQ. ID. No. 49) (Figure 19)). Since the majority of
enzymes utilized in the alignment are putative Endo V enzymes, the mismatch
specificity of most of these enzymes is unknown. As a result, when utilizing the

30  alignment to identify candidate residues in Thermotoga maritima Endo V, one can
either assume that the homologous enzymes have similar or different specificities. If

one assumes similar specificities, then residues that are highly conserved for the
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Table 8: EndoV Mutants, Group 1.

Remove Destabilizing Add Modify Stability
Residue Stabilizing
Residue

F46 F46A F46Y F46(L.LV,M)

Y80 Y80A Y80F Y80(L,I.V.M)

RS8S8 RS8BA RS8(L,LV,M) R88K
RE88(N,Q)
R88(D,E)
R88(T,S)

E89 ES89A ES9(L,LV,M) E89D
E89(T.S)
EBI(R.K)
E89(Q.N)

H116 H116A H116(L,LV,M) H116(R,K)
H116(N,Q)
H116(D,E)
H116(T,S)

R118 RI18A RI118(L,L,V,M) RI18K
RI118(N,Q)
R118(D,E)
R118(T,S)

K139 K13%9A K139(L,V,M) KI139R
K139(N,Q)
K139(D,E)
K139(T,S)

F180 F180A F180Y F180(LL,V,M)

In the examples provided infra, substituting an alanine would be predicted to remove
destabilizing residues for a naturally occuring base at a mismatch. Alternatively,
altering a charged polar residue with a pure hydrophobic residue may increase the
stability or binding affinity of a naturally occuring base at a mismatch. In addition,

10" changing a residue from a positive to negative charge may alter the specificity of the
enzyme, such that a natural base at a mismatch is preferred. Since interactions
between substrate and enzyme may involve complex hydrogen bond networks,
altering two or more of the residues listed in Table 7 may be required to obtain better
activity of the enzyme to mismatches containing natural bases. Further, subtle

15  changes in the catalytic residues, such as D43E or D10SE, may assist in catalysis of
naturally occuring base at a mismatch.

In analysis assuming dissimilar mismatch specificity among some
members of the EndoV family, 2 residues (G83 and 1179 ) were identified that contain
two separate sets of conserved sequence. For example, the residues homologous to

20 1179 of Thermotoga maritima Endo V, are either a polar-charged residue (K) or an
aliaphatic residue (L, I, or V). If this position is involved in making an interaction
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with a DNA base at the mismatch, the composition of the residue (polar and charged
vs. hydrophobic) would influence which substrates are preferred. The conserved set
different from Thermotoga maritima endo V at the given position as the basis for

initial mutagenesis (e.g., I1179K) (Table 9) was used.

Table 9: EndoV Mutants, Group 2.

Remove Destabilizing | Add Modify Stability
Residue Stabilizing
Residue

G83 G83(T.,S)
GB83(N,Q)
G83(D,E)
GB83(R.K)
G83A
G83(L,LV.M)
1179 I179A I179(R,K)
I179(N,Q)
1179(D,E)
1179(T,S)

10
In addition to developing mutant Thermotoga maritima Endo V

enzymes, the cloning of other thermostable Endo V enzymes provides a source of
alternative, but functionally similar, enzymes for use in the present invention. This
invention is capable of utilizing other thermostable EndoV enzymes, or other

15  endonucleolytic enzymes as long as the products are compatible with the thermostable
ligase step of the invention. By utilizing a themostable Endo V with different
substrate specificities from Thermotoga maritima Endo V, the capabilities of the

present invention can be further extended.

20 Example 24 - Mutation Scanning Using a Combined EndoV/DNA Ligase Assay.

An analysis of p53 mutations in colon tumor DNA using a
combination of both PCR/LDR/array and EndoV/Ligase mutation scanning proved
superior to automated sequencing (see Table 10). Of 23 samples shown to have 26

25  p53 mutations by PCR/LDR combined with EndoV/ ligase, 8 samples were missed by
automated sequencing (65% true positive, 35% false negative). Mutation detection in

five samples called positive with EndoV/Ligase mutation scanning, required gel
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purification of PCR fragments, and re-sequencing of both strands with manual

reading. Significantly, EndoV/Ligase mutation scanning scored all four frameshift

mutations, which accounts for almost 20% of the samples with p53 mutations. Such

frameshift mutations are beyond the detection capacity of commercially available p53
5  hybridization chips.
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Table 10: Detecting pS3 mutations in tumor samples: Comparisons of using a
combined analysis with PCR/LDR and EndoV/ligase mutation
scanning to Dideoxysequencing.

Sample #: PCR/LDR Endov/Ligase Dna sequencing, Resequencing of both
(50 total) Universal Array Mutation Scanning Automated Read strands, M | read
53 (5) R175 G2-A (5)R175 G2-A
55 (8) E285 G1-A (8) E285 G1-A ~ (8) E285 G1-A
59 (8) R273 C-T (8) R273 C-T
60 {8) R282 C-T, (5) K164 A-T (5) K164 A-T,
(8) R306 C-T (8) R306 C-T)
65 (5) R175 G2-A (5)R175 G2-A
66 (7) R248 G-A (7) R248 G-A (7) R248 G-A.
67 (8) R282 C-T (8) R282 C-T (8) R282 C-T
68 (6) Y205 A-T (6) Y205 A-T*
71 (8) R273 C-T (8) R273 C-T
73 (8)RrR282C-T (5) Q167 delGT, (8) R282 C-T (5) Q167 delGT*
(8) R282 C-T (8) R282 C-T
77 (7) S261 T-G (7) 5261 T-G
78 (7)R248C-T (7) R248 C-T (TYR248 C-T
79 (7) 5240 delA (7) 5240 delA*
80 (5) R175 G2-A (5)R175 G2-A
81 (5) R175 G2-A (5) R175 G2-A
84 (7) 8261 T-G (7) 8261 T-G
89 (6) Q192 C-T (6) Q192 C-T
90 (6) H214 delT (6) His 214 delT*
93 (5)R175G2-A (S)R175 G2-A
94 (6) H214 delT (6) His 214 delT*
96 (8) R273 G-A (8) R273 G-A (8) R273 G-A
97 (8) R276 C-G (8) R276 C-G
98 (8) R282 C-T (8) R282 C-T (8) R282C-T
(27 samples) No Mutation No Mutation Not determined# Not determined#
Score 15/23 16/23 15726 20/26
(16 known, 4 new, 4 (2 resistant sites,
deletions) observed 6 times)
Percent 65% 70% 57% 77%
Combined 100% 83%
Adjusted 16/16 16/17 15/23 23/23
5 Percent 100% 94% 65% (100%)

* Required gel purification of PCR product to obtain sequencing resuit.

# Sequencing of 5 random samples of 27 called negative by PCR/LDR and EndoV/Ligase reveal no new mutations.

10 Mixing experiments using three different K-ras mutations
demonstrated that the Endo V/ ligase reaction is also a sensitive assay: mutation can
be detected above background when 1 mutant sequence is diluted with 20 wild-type
sequences.

The colon tumor DNA was isolated from non-microdissected samples,

15  with stromal cell infiltration from about 10%-50%. Mutation of one p53 allele is
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invariably accompanied by loss of heterozygosity (“LOH”) of the other allele,
occuring either through chromosome loss or through mitotic nondisjunction (i.e. both
mutant chromosomes migrate to the daughter cell). Thus, DNA from the above
samples would have a range of mutant p53: wild-type allele of from about 90%:10%
5  (for nondisjunction with 10% stroma) to 33%:67% (for chromosome loss with 50%
stroma). When the above samples were reanalyzed for p53 mutations in pools of 3
samples, the EndoV mutation scanning assay could still identify the presence of all
the mutants. Several of the pooled sample bands were even stronger than from
individual samples (suggesting the original sample was mostly mutant DNA), while a
10 few bands were weaker but could still be detected (suggesting the original sample had
substantial stromal contamination). The ability to detect mutations in pools of 5 or

even 10 samples would significantly improve cancer mutation scoring.

Example 25 - Site-Directed Mutagenesis of Tma EndoV.
15

Alanine scanning mutagenesis was performed at nine conserved
positions of Thermotoga maritima endoV to identify amino acid residues important
for its endonuclease activity (Table 11). Alanine substitution at the DDE motif
residues D43, E89, D110, abolish or substantially reduce inosine cleavage activity.

20 These mutants also gain binding affinity to double-stranded or single-stranded inosine
substrate in the absence of a metal ion, suggesting that these residues are involved in
the coordination of catalytic Mg2+. Y80A, H116A, and, to a lesser extent, R88A,
demonstrate reduced affinity to double-stranded or single-stranded inosine substrate
or nicked product. The lack of tight binding to nicked inosine product accounts for an

25  observed increase in turnover of inosine substrate since the product release is less
rate-limiting. Y80A, R88A, K139A, and, to a lesser extent, H116A show reduced
activity towards AP and uracil substrates. Consistent with their location in or near the

base recognition pocket, these residues may play a role in substrate recognition.



110% & ()-" 110% & ()-YZ[\]~ vZ>8" 110% " 110% & ()-" 110% & ()-~ !10%
& ()-~ 110% & ()-~ 110% & ()-5W ! “abcjsvVves” 1A 110% & ()-~ 110% & () -~
110% & ()-5W !-~ 110% & ()-" 110% & ()-sy|1-8" 110% & ()-5W !1~ 110%
& ()-" 110% & ()" 110% & ()-" 110% & ()-1P8" 110% & ()5~ | 10%

WO 02/4433 CT/US01/44922

-81-

Table 11. DNA Cleavage Activity of Nine 7ina Endov Mutants®

Tma EndoV wt D43A YBOA R8BA E89A DIOSA DI110A HII6A HI25A KI139A
Mutants

VA ++ - + ++ + ++ - ++ - ++
AU ++ - - - -+ - + + -

G 4 + - ++ - ++ +H +

TV +H - ++ - ++ - + -+ +

AP =+ - - - - +H+ - + 4+ -

ssl ++ . ++ + + + - ++ + b

* The cleavage reactions were performed at 65°C for 30 minute in a 20 pl reaction mixture containing 10 mM HEPES (pH 7.4), 1
mM DTT, 2% glycerol, 5 mM MgCls, 10 nM DNA substrate, 100 nM purified Tma endoV mutants. The reactions were

5 terminated by adding an equal volume of GeneScan stop solution. The reaction mixtures were then heated at 94°C for 2 min. and
cooled on ice. Three microliters of samples were loaded onto a 10% GeneScan denaturing polyacrylamide gel (Perkin Elmer).
Electrophoresis was conducted at 1500 voltage for 1 hr using an ABI 377 sequencer (Perkin Elmer). ss I single stranded
inosine~containing substrate. The number of plus signs represents the extent of cleavage of inosine-, uracil-, or AP site~containing

10 strand. (++) = about 10%; (++) = about 5%, (-+) = about 2%; (-) no cleavage obscrved.

Site-specific mutagenesis was used to generate additional mutations at

R88 (-—K, Q, E), H116 (-—Q, T, E), and K139 (-—Q, E). These mutants

15  substantially lost activity using Mg?" as cofactor. Four of the mutants (R88Q, R88E,
H116Q, and H116T) cleaved certain substrates in Mn?* better than wild-type enzyme
does (See Figure 20, lanes 4 & 6 compared to lane 12, and Table 12). This result is
not surprising since the mutant presumably binds the substrate less well than wild-
type enzyme, and, consequently, there is less non-specific binding and cleavage. The

20 R88Q and R88E enzymes demonstrated a stronger preference for cleaving the G base
in both G:A and A:G mismatched substrate than wild-type enzyme. Significantly, the
preferred cleavage site of the “G” strand is now predominantly at the 3’ side of the
mismatched base (See Figure 20, Lane 1 & 7, Table 12). Wild-type enzyme does not
cleave the C strand in the A:C substrate, while the R88 mutant had medium level

25  activity, with the preferred cleavage site of the “C” strand now two bases from the 3’
end of the mismatch (Table 12).
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Table 12. Cleavage Intensities of various substrates treated with wild-type and
mutant Tma EndoV,

petal/ | wr WT R88Q  R83Q | RBSE RSSE | HI116Q HI6Q | HI116T  HI16T
Mn2+ [ G:++ Attt | G Avidt | G Arat G: +* A ++++ | G A +++
Aw G+ A+t G:+++ | A+ G+ | AR G. A +4 G:
Ardtit G+t | At G d? A 4 G+ttt | Attt G A+t G
A+ G+t A: 4+ G+ | Azt G+ | Arr G: A+ G
C:+ A+ | C A+t | C: A+ C:+ A ++ C:+ A +H+
A+ C: A+t C: + A+ c:+* Arw C:w A+ C:+
T4+ Gidtr | Tiw G: +* T: +4 G+ T+ Giw’ T: ++ G:w
G+H+ T+t |G T: 4 G: +* T: +% G: T:++ G: T: 44
Mg2+ At++e Gi 4 A G: Aw G: Aw G: A ++ G:
A+ Gw A: G: A G: A G: Aw G:
Endo V cleavage 0,1,2 nucleotides 3’ to the mismatch.
{6) ‘ >95% cleavage two nucleotides 3’ to the mismatch.
{5) u 80% cleavage one nucleotide 3’ to the mismatch, 20% two nucleotides 3° to the mismatch
4) ‘ >95% cleavage one nucleotide 3° to the mismatch.
(WT) ‘H 80%-90% cleavage one nucleotide 3’ to the mismatch, equal minor bands, both sides.
3) “ 50% cleavage 3* to the mismatch, 50% one nucleotide 3° to the
(2) “ 70% cleavage 3' to the mismatch, 30% one nucleotide 3° to the
“) ‘ > 95% cleavage 3’ to the mismatch.
N
§FAM——0 _  ceT’ MaGT —— 3
3~ GCA TCA ————— g’ Tet

\n/

Superscripts (1-6) indicate cleavage patterns and relative intensities. No superscript indicates cleavage

pattern was similar to wild-type (WT) enzyme. Overall cleavage intensities estimated based on uncut

starting substrate, (++++) = about 30%; (H+-++) = about 20%; (4+) = about 10%; (+) = about 5%; (W) =
10 about 2%.

Both Tma EndoV H116Q and H116T exhibited almost exclusive
15  activity towards adenosine containing substrates (Figure 20, Table 12, lanes 4 and 6),
with cleavage at the correct penultimate position. There was almost no activity
towards the “G” containing strand, suggesting these mutant enzymes are the first step
towards development of stronger enzymes for specific mismatched sequences. The
change in cleavage site for the R88 and H116 mutants suggests significant plasticity
20  inbinding specific mismatched DNA by variant enzymes, further empha'sizing the
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need for multiple crystal structures to understand non-classical cleavage for specific

mismatches.

Example 26 - Alanine Scanning Mutagenesis

An overlapping extension PCR procedure was used for site~-directed
mutagenesis (Ho, S. et al., Gene 77:51-59 (1989), which is hereby incorporated by
reference in its entirety). PCR products digested with a pair of Ndel and Spel were

ligated to cloning vector pEVS treated with the same pair of restriction endonucleases.

10  The ligated vectors were transformed into E. coli strain AK53 (mrrB-, MM294).
Plasmids containing inserts were reisolated and sequenced on a ABI sequencer using
Dye-dideoxy terminator chemistry to identify mutated sequence and ensure that the
constructs were free of PCR error. Strains containing mutated Tma endonulcease V
(nfi) genes were expressed in 5 ml of MOPS medium supplemented with 50 pg/mi

15  ampicillin (Neidhart, F.C., et al., J. Bacteriol. 119(3):736-47 (1974), which is hereby
incorporated by reference in its entirety) at 37°C overnight. Cell pastes were
suspended in 300 pl of sonication buffer and sonicated 4 x 10 sec at 4°C using a
Sonifier Cell Disruptor 350 (Branson). After removing cell debris by centrifugation,
the supernatants containing Tma endonuclease V proteins were incubated at 70°C for

20 15 min to inactivate host proteins. The denatured proteins were separated from
soluble Tma endonuclease V proteins by centrifugation. The protein concentrations
of Tma endonuclease V mutants were quantified by scanning a 12.5% SDS-PAGE gel
loaded with known amounts of wild-type Tma endonuclease V. Partially purified
proteins were diluted to 1 uM with 1 x Tagl storage buffer and stored at -20°C prior

25 to use.

Example 27 - DNA Cleavage Reaction For Assaying Variant Endonucleases.

The fluorescence labeled deoxyoligonucleotide substrates were
30  prepared as described (Huang, J., et al., Biochemistry 40(30):8738-8748 (2001),
which is hereby incorporated by reference in its entirety). The sequence of a typical
inosine substrate (SEQ. ID. Nos. 50-51, respectively) is as follows:
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5'-Fam-TA CCC CAG CGT CTG CGG TGT TGC GT *GT TGY CAT AGT TTG ATC CTC TAG TCT TGT TGC GGG TTC C-3*
3'- GGG GTC GCA GAC GCC ACA ACG CA TCA ACA GTA TCA AAC TAG GAG ATC AGA ACA ACG CCC-Tet-S°

A nick event at the top strand generates a 27 nt labeled product while that at the
bottom strand generates a 38 nt labeled product. The cleavage reactions were
5  performed at 65°C for 30 minute in a 20 pl reaction mixture containing 10 mM

HEPES (pH 7.4), 1 mM DTT, 2% glycerol, 5 mM MgCl, unless otherwise specified,
10 nM DNA substrate, indicated amount of purified Tma endonuclease V protein.
The reaction was terminated by adding an equal volume of GeneScan stop solution.
The reaction mixtures were then heated at 94°C for 2 min and cooled on ice. Three

10  microliter of samples were loaded onto a 10% GeneScan denaturing polyacrylamide
gel (Perkin Elmer). Electrophoresis was conducted at 1500 voltage for 1 hr using an
ABI 377 sequencer (Perkin Elmer). Cleavage products and remaining substrates

quaﬂtiﬁed using the GeneScan analysis software versions 2.1 or 3.0.

15 Example 28 - Gel Mobility Shift Assay.

The binding reaction mixture contains 100 nM double stranded

fluorescence-labeled oligonucleotide DNA substrates, 5 mM MgCl, or CaCl; or 2
mM EDTA, 20% glycerol, 10 mM HEPES (pH 7.4), 1 mM DTT, and 75 nM of Tma

20 endonuclease V protein. The binding reactions were carried out at 65°C for 30 min.
Samples was electrophoresed on a 6% native polyacrylamide gel in 1 x TB buffer
supplemented with 10 mM MgCl; or CaCl; or 2 mM EDTA. The bound and free
DNA species were analyzed using Fluorlmager 595 (Molecular Dynamics) with the
following settings: PMT at 1000 Volt, excitation at 488 nm, emission at 530 nm

25  (Filter 530 DF30). Data analysis was carried out using ImageQuaNT v4.1 (Molecular
Dynamics).

Example 29 - DNA Cleavage By Variant Endonucleases.

30 Tma endo V mutants were generated through an overlapping PCR
procedure and partially purified through heat-treatment at 75°C for 15 min. The
resulting mutant proteins are devoid of the indigenous E. coli endonuclease V
(Huang, J., et al., Biochemistry 40(30):8738-8748 (2001), which is hereby
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incorporated by reference in its entirety). The cleavage assays were performed using
oligonucleotide substrates fluorescently labeled at both strands. Previous studies have
shown that the wild-type Tma endo V nicks at inosine sites. When the enzyme is in
excess, it cleaves the complementary strand opposite of the inosine-containing strand
5 (Huang,J., et al., Biochemistry 40(30):8738-8748 (2001), which is hereby

incorporated by reference in its entirety). As expected for the wild-type control, a
blue band was observed which represented the top inosine cleavage product and a
green band which represented the bottom complementary strand cleavage product
(Figure 21A). Some lower molecular weight nonspecific cleavage products were also

10  observed. D43A and D110A lost DNA endonuclease activity for cleaving either of
the strands. E89A exhibited limited cleavage of the inosine strand with no detectable
cleavage of the complementary strand. Y80A, R88A, H116A, and K139A maintained
wt level cleavage activity towards inosine strand but lost complementary strand
cleavage activity. D105A and H125A essentially maintained wt cleavage activity

15 toward both the inosine-containing strand and the complementary strand in the
double-stranded substrate (Figure 21 A-C). Mn2* enhanced non-specific cleavage

activity but the overall cleavage profiles of the mutants remained similar to Mg2+
(Figure 21B-C).

20 Example 30 - Binding to Inosine Substrate By Variant Endonucleases.

A fluorescence-based gel mobility shift assay was used to compare
substrate binding among the nine alanine-substituted mutants (Huang, J., et al.,
Biochemistry 40(30):8738-8748 (2001), which is hereby incorporated by reference in

25  its entirety). As previously reported, the wt Tma endo V did not form a stable
complex with the inosine substrate in the absence of a metal cofactor (Huang, J., et
al., Biochemistry 40(30):8738-8748 (2001), which is hereby incorporated by
reference in its entirety) and Figure 22A). Interestingly, the two catalytically inactive
mutants D43A and D110A now formed a distinct complex with the inosine substrate.

30  Although not observed in most mutational studies performed on endonucleases, the
restriction endonuclease Munl does show such a peculiar property, i.e., elimination of
the negative charges at some metal binding residues confer binding specificity to the
cognate sequence (Lagunavicius, A,, et al., Biochemistry 36(37):11086-11092 (1997),
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which is hereby incorporated by reference in its entirety). It is suggested that the
negative charges may cause electrostatic repulsion between the carboxylates and the
phosphate in the absence of a neutralizing metal ion. By substituting the negatively
charged Asp or Glu with Ala, the mutants become capable of binding to the cognate

5 sequence even without a metal ion. A similar notion can be applied to explain the
binding behavior of D43 A and D110A mutants, which implies that D43A and D110A
are involved in the coordination of a divalent metal ion required for catalysis.

In the presence of a metal cofactor such as Mg2™ or Ca2*, most of
mutants showed a binding affinity to the double-stranded inosine substrate

10  comparable to that of the wt enzyme (Figure 22B). Since Ca2t only supports binding
but not catalysis (Huang, J., et al., Biochemistry 40(30):8738-8748 (2001), which is
hereby incorporated by reference in its entirety), the shifted bands represent an ES

(enzyme-substrate) complex. The shifted bands observed with Mg2+, on the other
hand, may represent an enzyme-nicked product complex due to strand cleavage.

15  Apparently, Y80A and H116A no longer bind to the intact inosine substrate at tightly
as the wt enzyme as judged by gel shift data with Ca2* (Figure 22B). Further, the gel
shift data with Mg2t suggested that YS80A and H116 may have reduced binding
affinity to the nicked product as well (Figure 22C). To more definitively assess the
impact of alanine-substituted mutants had on endonuclease binding to the nicked

20  product, gel mobility shift analysis was performed using a synthesized inosine

’ oligonucleotide substrate with a preexisting nick (Figure 23). It is evident from the

gel shift experiments with Ca2* that Y80A, R88A, and H116A failed to bind to the
nicked inosine product as tightly as the wildtype (i.e.wt) enzyme (Figure 23A). Using
the catalytically competent metal ion Mg2+ as the metal cofactor, H116A bound the

25  nicked inosine product about haif as tightly as the wt enzyme (Figure 23B). Y80A
did not maintain bound to the nicked product with a long enough half-life to allow the
detection of a distinct band shift (Figure 23B-C). These results suggested that some
endo V variants such as Y80A and H116A may have affected both ES and EP
binding, while R88A may primarily have affected product release.

30 A time course analysis was performed to assess how the altered
binding behavior changed cleavage kinetics of the inosine-containing strand in a
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double-stranded sequence. When the enzyme is in deficit (E:S = 1:10), the wt enzyme
only cleaved a limited amount of the substrate as it remained bound to the nicked
product (Figure 24). Likewise, the mutant H125A, which showed wt level cleavage
activity and binding affinity, also failed to turnover this inosine~containing double-

5  stranded substrate. The three mutants YS0A, R88A, and H116A, which showed
reduced affinities to the nicked inosine substrate by gel mobility shift analysis
(Figures 23), now were able to release the product and nicked the inosine strand in a
multiple-turnover fashion (Figure 24A). Most prominently, the cleavage reaction by
Y80A proceeded close to completion with an apparent first order rate constant of 0.04

10 min-l. The kinetic analysis, combined with the binding data, suggests that some of
the mutants (as represented by Y80A) have changed the reaction kinetics by
increasing the product release rate constant k3 to facilitate multiple turnover

(Figure 24B).

15 Example 31 - Cleavage and Binding of Single-Stranded Inosine Substrate By
Variant Endonucleases.
To assess the single-stranded endonuclease activity, cleavage was
examined using fluorescently labeled (Tet) inosine-containing single-stranded
20  oligonucleotide. Most of the endo V variants retained wt cleavage activity toward the
single-stranded inosine-containing substrate (Figure 25A). Consistent with the
cleavage results obtained using the double-stranded inosine-containing substrate
(Figure 21), E89A had a significantly reduced cleavage activity, while D43A and
D110A were inactive toward the single-stranded inosine-containing substrate
25  (Figure 25A). The binding of single-stranded inosine-containing substrate also
required a metal cofactor for most of the mutants, D43A, D110A, and E89A,
however, were able to bind to the single-stranded inosine-containing substrate without
a metal ion (Figure 25B), suggesting a similar interaction among the enzyme, inosine
substrate, and metal ion for both single-stranded or double-stranded substrates. The
30 formation of a distinct shifted band by E89A in the absence of a metal ion using the
single-stranded inosine substrate suggests that E89 may play an analogous role in
metal binding similar to D43 and D110 (Figures 22A and 25B).
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The binding pattern of the single-stranded inosine-containing substrate

in the presence of Ca2 is essentially identical to that of the double-stranded
substrate, i. e., most of the mutants exhibited a binding affinity at least as strong as the
wt enzyme. Y80A and H116A again showed lower affinity to the inosine substrate

5  (Figure 25C). In the presence of Mg2+, Y80A and H116A showed an intense lower
molecular weight band with concurrent disappearance of the free DNA band,
suggesting that most of the single-stranded substrate were cleaved (Figure 25D).

Given the reduced binding seen with Ca2, it is likely that these two mutants no
longer bind to the single-stranded nicked product tightly, thereby dissociating from

10  the product. D43A, D110A, and ES9A were unable to cleave the inosine substrate or
cleave at a much re&uced rate (Figure 25A). As expected, they formed a distinct
stable complex as seen by mobility shift gel (Figure 25D). However, they migrated
faster than the wt and other catalytically active endo V mutants. One scenario to
explain the different migration patterns is that the binding of the wt enzyme and some

15  other active mutants may cause bending of the nicked inosine product (Figure 25D),
resulting in a slower migration (iane, D, et al., Microbiol Rev 56(4):509-28 (1992),
which is hereby incorporated by reference in its entirety). D43A, D110A, and E89A
mutants may have lost the ability to bend the DNA due to the loss of the negative
charges.

20
Example 32 - Cleavage of Uracil and AP Site Substrates By Variant

Endonnucleases.
Uracil endonuclease activity of Tma endo V mutants were assessed

25 using A/U, G/U, and T/U substrates. D43A, D110A, and E89A were inactive toward
any of the uracil substrates, which is consistent with the proposed metal binding role
(Figure 26A-C). D105A, which showed wild-type activity towards various inosine
substrates, maintained essentially wild-type activity with uracil-containing substrates.
H125A cleaved the G/U and T/U substrates as well as the wild-type enzyme

30 (Figure 26B-C); however, it had reduced activity against the perfectly base-paired
substrate A/U (Figure 26A). Y80A had minimal uracil cleavage activity. R88A,
H116A, and K139A exhibited reduced uracil cleavage. The degree of uracil cleavage
by these three mutants appeared to be affected by the nature of the base-pair. When
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the substrate contained a Watson-Crick base-pair such as A/U (Figure 26A), the uracil
cleavage activity was lowest. When the substrate contained a mismatch such as G/U
or T/U, the uracil cleavage activity was enhanced (Figure 26B-C). These results are
in keeping with the previous time course analysis of the wt enzyme using A/U and
T/U substrates (Huang, J., et al., Biochemistry 40(30):8738-48 (2001), which is
hereby incorporated by reference in its entirety), suggesting that a uracil in a locally
distorted mismatch environment provides a better signal for base recognition.

AP endonuclease activity of Tma endo V mutants was assessed using
the A/AP substrate. E. coli endonuclease IV is a thermostable 5' AP endonuclease
(Ijungquist, S., J Biol Chem 252(9):p2808-04 (1977), which is hereby incorporated
by reference in its entirety). To prevent the interference of the host AP endonuclease,
the wt and mutant endo V were further purified by HiTrap SP column
chromatography (Amersham Pharmacia Biotech). Using column purified mutant
proteins, AP endonuclease activity was only observed with D10SA and H125A
(Figure 26D), both of which had consistently showed wt DNA cleavage activities
towards other substrates . Under the 65°C assay conditions, the AP substrate
underwent spontanous cleavage, generating a weak background as seen in the control
lane (Figure 26D). Some marginal AP endonuclease activity may be associated with
H116A, but all other mutants abrogated AP cleavage.

Metal binding and active site (D43, D110, E89) One of the
significant findings from this study is identification of amino acid residues involved in
metal binding and catalysis. It is known from biochemical studies that endonuclease
V is a metal-dependent DNA endonuclease (Huang, J., et al., Biochemistry
40(30):8738-48 (2001) and Yao, M., et al., J. Biol Chem 269(23):16260-08 (1994),
which are hereby incorporated by reference in their entirety). The enzyme is most

active with Mg2+ or Mp?2t as the metal cofactor. Previous binding studies have
demonstrated that a divalent metal ion is not only required for catalysis but also for
formation of a stable enzyme-substrate complex (Huang, J., et al., Biochemistry
40(30):8738-48 (2001), which is hereby incorporated by reference in its entirety). For
many endonucleases, a few negatively chafged amino acid residues, such as Asp and
Glu, are involved in metal binding (Cao, W., et al., J Biol Chem 273(49):33002-10
(1998); Kim, D.R., et al., Genes Dev 13(23):3070-80 (1999) and Koval, R.A., et al.,
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25 Y80 Alanine substitution at Y80 substantially reduced the affinity of
endo V to the double- and single-stranded inosine substrate (Figures 22 and 25), as
well as the nicked inosine product (Figure 23). Evidently, weak binding helps endo V
dissociate from the product, thereby allowing rapid turnover of the inosine substrate
(Figure 24). The loss of AP endonuclease and uracil endonuclease activities may also
30 be attributed to a weaker binding affinity (Figure 26). These results suggest that Y80
plays an important role in maintaining a stable complex between the enzyme and the

repair-intermediate. Y80 may play such a role by making direct contact to the
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substrate and the product through base contact or phosphate backbone interaction, or
by organizing a network of contacts mediated by other amino acid residues. The
kinetic property of accelerated product release is analogous to R177A in human AP
endonuclease APE1 (Mol, C.D., et al., Nature 403(6768):451-56 (2000), which is
5 hereby incorporated by reference in its entirety). In a DNA-bound structure, R177
makes a direct contact to the 3' phosphate at the AP site to lock APE1 onto the AP site
(Mol, C.D., et al., Nature 403(6768):451-56 (2000), which is hereby incorporated by

reference in its entirety). Thus, a phosphate backbone contact may contribute to tight

product binding.

10 R88 and H116 R88A and H116A exhibit similar properties. Both of
these variants have reduced affinity to the double-stranded inosine substrate and
nicked product (Figures 22-23), which results in a higher turnover (Figure 24). They
maintain wt level single-stranded inosine cleavage activity (Figure 25). The major
difference between R88A and H116A is at uracil substrates. H116A is about 9-fold

15  more active than R88A for G/U substrate and 5-fold more acti‘ve for T/U substrate
(Figure 26). Apparently, R88 plays a more important role in uracil recognition.

K139 Alanine substitution at K139 has little effect on binding
(Figures 22-23, 25). K139A maintains wt level cleavage activity toward the double-
stranded inosine substrate /A (Figure 21). Similar to the wt enzyme, K139A remains

20 bound even after cleaving inosine substrate due to tight product binding (Figure 24).
The main effects of K139A substitution on endo V is at cleavage of non-inosine
substrates. In addition to lack of AP endonuclease activity, K139A has a substantially
reduced uracil endonuclease activity (Figure 26). A more detailed kinetic analysis is
required to understand the precise catalytic role K139 may play with different

25  substrates.

As the first step to elucidate the structural basis of endonuclease V
catalytic and recognition mechanism, an alanine scanning mutagenesis was carried
out at nine conserved positions of Tma endonuclease V. D43 and D110, along with
E89 may coordinate metal ion(s) for the scissile phosphate bond hydrolysis and are

30 part of the active site. Y80 makes substantial contribution to substrate and nicked
product binding. .-While the lack of strong binding to substrate may account for loss of
AP site and uracil cleavage activity, this same property also changes the kinetics of
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! 100/@@&'c(e)1\7i)1é }.nosine-containing substrates, such that the product release step is no longer
rate limiting. R88A and H116A. affect binding steps as well, resulting in diminishing
endonuclease activities toward non-inosine substrates. The tight binding by K139A
limits the turnover of inosine substrates. The lack of AP site and uracil cleavage

5  suggests that K139A may affect steps other than substrate or product binding. A full
understanding of the mutational effects described here awaits determination of the
endo V-DNA complex structure.

Generation of additional Tma endonuclease V mutants at the above
mentioned positions revealed four of these variants (R88Q, R88E, H116Q, and

.10  H116T) which preferentially nicked or cleaved at least one heteroduplexed DNA

containing mismatched bases better than wild-type enzyme in selected buffer
conditions. The R88Q and R88E enzymes demonstrated a stronger preference for
cleaving the G base in both G: A and A:G mismatched substrate than wild-type
endonuclease. The H116Q and H116T enzymes exhibited almost exclusive activity

15 towards “A” base containing substrates. There was almost no activity towards the "G"
containing strand, suggesting these variant enzymes are proof of principle that
stronger enzymes for specific mismatched sequences can be developed. Such
enzymes will improve signal-to-noise in scoring of unknown mutations and
polymorphisms, both in pooling experiments, and for mutations in difficult sequence

20 environments.

Although preferred embodiments have been depicted and described in
detail herein, it will be apparent to those skilled in the relevant art that various
modifications, additions, substitutions and the like can be made without departing
from the spirit of the invention and these are therefore considered to be within the

25  scope of the invention as defined in the claims which follow.



1 10%@Z @& ()-)!) ! 10%@Z@& ()-)-.39=@8B| Z8) ! 10%@@!') ! 10%@Z @& ()-)!)

| 10%@Z @& ()-)!) ! 10%@Z@& ()-)!) ! 10%F@& ()-)!) ! 10%Z@E ()-))
llofyg%&'g)-)BCDEJPVnL*!) 1 10%Z @& ()-)@) 109 @& ()-) @)

1 10%@ @& ()-)@ !10%@Z@& ()-)) ! 10%@@& ()-)5W ! VXZ[ gni %8

| 0% @Z¥Y %244,13((%) | 10u@Z@& ()-)() !100/@@2&'()-)5vv!!) 6%.2%82& 0-)")
| 10U @& ()-)nuz| xBYW ! L0%Z@& ()-)5W!'!) ! 10%aZ@s& ()-)!)

1 10%Z @& ()-)!) ! 10%@@& ()-)!) ! 1098F@& ()-)xV4) !10%)

110%@Z@& ()-)!) 10%x@& ()-)!) '10%@ZX@& ()-)!) '10%Z@& ()-)!)

| 10%@Z @& (PVHAY IS CIMGMEBR: () - ) nL*!) | 10%@ @& ()-)!) !10%@@s& ()-)!)
P10%aZ @& ()-)) '10%x@& ()-)) !'10%Z@& ()-)5W!i8) 10%aZ@& ()-)(!)
1 10%@ @& ()-)() ! 10%@FZ@e& ()-)5W!!) | 10%@@& ()-)!) ! L0%UFT@E& ()-)xBN
1 10%@Z @& ()-)5W!!1) 1 10v@rmetiog)oridgntifying a mutant nucleic acid sequence

differing by one or more single-base changes, insertions, or deletions, from a normal
S  target nucleotide sequences, said method comprising:
providing a sample potentially containing the normal target nucleotide
sequence as well as the mutant nucleic acid sequence;
providing two labeled oligonucleotide primers suitable for
hybridization on complementary strands of the target nucleotide sequence and the
10 mutant nucleic acid sequence;
providing a polymerase;
blending the sample, the labeled oligonucleotide primers, and the
polymerase to form a polymerase chain reaction mixture;
subjecting the polymerase chain reaction mixture to one or more
15  polymerase chain reaction cycles comprising a hybridization treatment, wherein
oligonucleotide primers can hybridize to the target nucleotide sequence and/or the
mutant nucleic acid sequence, an extension treatment, wherein the hybridized
oligonucleotide primer is extended to form an extension product complementary to
the target nucleotide sequence and/or the mutant nucleic acid sequence to which the
20 oligonucleotide primer is hybridized, and a denaturation treatment, wherein
hybridized nucleic acid sequences are separated;
inactivating the polymerase;
denaturing the polymerase chain reaction extension products;
annealing the polymerase chain reaction extension products to form
25  heteroduplexed products potentially containing the normal target nucleotide sequence
and the mutant nucleic acid sequence;
providing an endonuclease which preferentially nicks or cleaves
heteroduplexed DNA at a location one base away from mismatched base pairs; |
blending the heteroduplexed products and the endonuclease to form an

30 endonuclease cleavage reaction mixture;
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providing a ligase;
5 blending the potentially nicked or cleaved heteroduplexed products and
the ligase to form a ligase resealing reaction mixture;
incubating the ligase resealing reaction mixture to seal the nicked
heteroduplexed products at perfectly matched base pairs but with substantially no
resealing of nicked heteroduplexed products at locations adjacent to mismatched base
10  pairs;
separating products resulting from said incubating the ligase resealing
reaction mixture by size or electrophoretic mobility; and
detecting the presence of the normal target nucleotide sequence and the
mutant nucleic acid sequence in the sample by distinguishing the separated products
15 - resulting from said incubating the ligase resealing reaction mixture.

2. A method according to claim 1, wherein the target nucleotide

sequence is genomic DNA.

20 3. A method according to claim 1, wherein the target nucleotide

sequence is isolated from tumor samples.

4, A method according to claim 1, wherein the target nucleotide
sequence is a double stranded cDNA copy of mRNA.
25
5. A method according to claim 1, wherein the target nucleotide

sequence is a PCR amplified fragment.

6. A method according to claim 1, wherein the two labeled

30 oligonucleotide primers are labeled with fluorescent dyes, IR dyes, or radioactive

groups.
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0% @& (Jhglagfl}&eou)ie primers are labeled at their 5° ends.

8. A method according to claim 1, wherein the polymerase is
5 either a native or recombinant thermostable polymerase from Thermus aquaticus,

Thermus thermophilus, Pyrococcus furiosus, or Thermotoga maritima.

9. A method according to claim 1, wherein the polymerase chain
reaction is initiated by adding either the polymerase or metal co-factors at
10  temperatures above 65°C to the polymerase chain reaction mixture.

10. A method according to claim 1, wherein said denaturing the
polymerase chain reaction extension products is carried out by heatingto a
temperature of 80-105°C.
15
11. A method according to claim 1, wherein said annealing the
polymerase chain reaction extension products is carried out by cooling first to a
temperature of 20-85°C and then to room temperature.

20 12. A method according to claim 1, wherein the endonuclease is

Endonuclease V from Thermotoga maritima.

13. A method according to claim 1, wherein the endonuclease nicks
or cleaves heteroduplexed products at a location 3’ from mismatched base pairs.
25
14. A method according to claim 1, wherein said incubating the
ligase resealing reaction mixture is carried out at a pH value between 7.2 and 7.8
when measured at 25°C.

30 15. A method according to claim 1, wherein the endonuclease

cleavage reaction mixture further comprises MgCl, at a concentration of 2-7 mM.
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16. A method according to claim 15, wherein the endonuclease to
heteroduplexed product ratio in the endonuclease cleavage reaction mixture is in a
range of 10:1 to 100:1.

U

17. A method according to claim 15, wherein the endonuclease

cleavage reaction mixture contains substantially no NaCl or KCl.

18. A method according to claim 1, wherein the endonuclease
cleavage reaction mixture further comprises MnCl, at a concentration of 0.4-1.2 mM.
10
19. A method according to claim 18, wherein the endonuclease to
heteroduplexed product ratio in the endonuclease cleavage reaction mixture is in a

range of 1:1 to 1:10.

15 20. A method according to claim 18, wherein the endonuclease
cleavage reaction mixture comprises 50-100 mM NaCl or KC1.

21. A method according to claim 1, wherein the endonuclease
cleavage reaction mixture contains DMSO in a range of 2.5 to 10 volume %.
20
22, A method according to claim 1, wherein the endonuclease

cleavage reaction mixture contains betaine in a concentration of 0.5M to 1.5M.

23. A method according to claim 1, wherein said incubating the

25 endonuclease cleavage reaction mixture is carried out at 50-65°C.

24. A method according to claim 1, wherein the ligase is a

thermostable ligase.

30 25. A method according to claim 24, wherein the ligase is from
Thermus species AK16D.
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26. A method according to claim 24, wherein the ligase is from
Thermus aquaticus, Thermus thermophilus, Pyrococcus furiosus, or Thermotoga

maritima.

5 27. A method according to claim 24, wherein the ligase resealing
reaction mixture contains 50-150 mM KCl to inhibit further endonucleolytic cleavage.

28. A method according to claim 1, wherein said separating is
carried out by using denaturing polyacrylamide gel electrophoresis.
10
29, A method according to claim 1, wherein said separating is
carried out by using capillary gel electrophoresis.

30. A method according to claim 1, wherein the ratio of the mutant
15 nucleic acid sequence to the normal target nucleotide sequence is in a range of 1:20 to
20:1.

31. A method according to claim 1, wherein the polymerase chain

reaction extension products have a length in the range of 50 bp to 1,700 bp.

20
32. A method according to claim 1, wherein the endonuclease
preferentially cleaves mismatches within the heteroduplexed products selected from
the group consisting of A/A, G/G, T/T, A/G, A/C, G/A, G/T, T/G, T/C, C/A, and C/T.
25 33. A method according to claim 1, wherein the endonuclease

preferentially nicks or cleaves at least one of the heteroduplexed products formed for
any single base mutation or polymorphism, except those having a sequence selected
from the group consisting of gRcg, rcRe, cg¥c and gYgy, where the position of the
mismatch is underlined and shown in upper case.

30
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34, A method according to claim 1, wherein the endonuclease

preferentially nicks or cleaves one, two, and three base insertions or deletions within

the heteroduplexed products.

5 35. A method according to claim 1, wherein said method
distinguishes an inherited or sporadic mutation or polymorphism from a
polymorphism in the normal target sequence.

36. A method according to claim 1, wherein the inherited or
" 10  sporadic mutation or polymorphism is distinguished in a tumor suppressor gene,
oncogene, or DNA replication or repair gene.

37. A method according to claim 38, wherein the gene is selected
from the group comnsisting of Bel2, Mdm2, Cdc25A, Cyclin D1, Cyclin E1, Cdk4,

15  survivin, HSP27, HSP70, p53, p21°P, p167*2 | p19ARF p15MNK4 507KP Bax,
growth factors, EGFR, Her2-neu, ErbB-3, ErbB-4, c-Met, c-Sea, Ron, c-Ret, NGFR,
TikB, TrkC, IGF1R, CSF1R, CSF2, c-Kit, AXL, Fit-1 (VEGFR-1), Flk-1 (VEGFR-
2), PDGFRa, PDGFRB, FGFR-1, FGFR-2, FGFR-3, FGFR-4, other protein tyrosine
kinase receptors, B-catenin, Wnt(s), Akt, Tcf4, c-Myc, n-Myc, Wisp-1, Wisp-3, K-

20  ras, H-ras, N-ras, c-Jun, c-Fos, PI3K, c-Src, Shc, Rafl, TGFp, and MEK, E-
Cadherin, APC, TBRII, Smad2, Smad4, Smad 7, PTEN, VHL, BRCA1l, BRCA2,
ATM, hMSH2, hMLH1, hPMS1, hPMS2, al;d hMSHS3.

38. A method according to claim 1, wherein the endonuclease is a
25 thermostable endonuclease which preferentially nicks or cleaves heteroduplexed DNA
at a location where base pairs are mismatched or one base beyond the mismatch and

generates ends which are suitable for ligation when nicking perfectly matched DNA.

39. A method according to claim 1, wherein the endonuclease is a
30 thermostable endonuclease which preferentially nicks or cleaves heteroduplexed DNA
at A/A, G/G, T/T, A/G, A/C, G/A, G/T, T/G, T/C, C/A, or C/T mismatched base pairs

at a location where the base pairs are mismatched or one base beyond the mismatch



10%QZ @& ()-) nL*!) 10%@r@é& ()-)!) '10%z@& ()-)!) !'10%QX@& ()-))
10%ar@& ()-)) !'10%@@& ()-)5wW! iLx!) '10%@Z@& ()-)) !10%@@é& ()-))
Pova@@s ()-)sw!'!l) Howaa@s ()-)!) ! 10%I@& ()-) "& (xBY

| 10%@ @ {40001 1) 1 10%@@E ())1) | 10%@EE () )1) LIOUEEEL, () !)
1100/(@1@1 5 1My z8) 1 10v@@!) ! 10v@r@& ()-)!) ! 1oV <)1)

1 10v@@é& ()-)!) !10%@@é& ()-)!) ! 10%@@é& () -

| 0% @& () - 3 QRSTZaf nL*!) ! 10%@Z@& {92) @) '102’/@@2&'() ) @)
 10%Z @& ()-) @ '10%@@1&'() ). '10%@@1&'() )5W ! fjlmo{iL*!)

| 10%@Z @& (3nd)eeherates)oqgr @ik are suitable(fogdjmagion wher wiglring perfertyqgighed () -) ! )
| LOUT @& (Hrnl1C) ! 10%@Z@& ()-)5W!) | 10%FZ@& ()-)!)

40. A method according to claim 1, wherein the endonuclease is a
5 thermostable endonuclease which preferentially nicks or cleaves at least one
heteroduplex formed for any single base mutation or polymorphism, except those
having gRcg, rcRe, cgYc, or gY gy sequences, where the position of the mismatch is
underlined and shown in upper case, and generates ends which are suitable for
ligation when nicking perfectly matched DNA.
10
4]1. A method according to claim 1, wherein the endonuclease is a
thermostable endonuclease which preferentially nicks or cleaves heteroduplexed DNA
containing one, two, and three base insertions or deletions, at a location where the
base pairs are mismatched or one base beyond the unpaired bases, and generates ends
15  which are suitable for ligation when nicking DNA at perfect matched DNA.

42, A method according to claim 1, wherein the endonuclease is a
mutant endonuclease which preferentially nicks or cleaves at least one heteroduplexed
DNA, containing mismatched bases, better than a wild-type endonuclease.

20

43. A method according to claim 42, wherein one of the

mismatched bases in at least one of the heteroduplexed DNA is an "A".

44, A method according to claim 42, wherein one of the

25 mismatched bases in at least one of the heteroduplexed DNA is a "G".

45. A method according to claim 1, wherein the endonuclease is a
mutant endonuclease V from Thermotoga maritima conmtaining either: (1) a YS80A
residue change; (2) a Y80F residue change; (3) either a YS0L, Y80I, Y80V or YSOM

30 residue change; (4) an R88A residue change; (5) an R88L, R88I, R88V, or R88M
residue change; (6) an R88K residue change; (7) an R88N or R88Q residue change;
(8) an R88D or R88E residue change; (9) an R88T or R88S residue change; (10) a
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15  (40) a F180A residue change; (41) a F180Y residue change; (42) a F180L, F1801,
F180V, or F180M residue change; (43) a G83A residue change; (44) a G83L, G831,
G83V, or G83M residue change; (45) a G83K or G83R residue change; (46) a G83N
or G83Q residue change; (47) a G83D or G83E residue change; (48) a G83T or G83S
residue change; (49) an I1179A residue change; (50) an I179K or I179R residue

20 change; (51) an I179N or I179Q residue change; (52) an 1179D or 1179E residue
change; (53) an I179T or 11798 residue change; (54) a D110A residue change; or
(55) an H125A residue change.
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46. A method for identifying a mutant nucleic sequence differing
25 by one or more single-base changes, insertions, or deletions from a normal target
nucleic acid sequence, said method comprising:
providing a sample potentially containing the mutant nucleic acid
sequence but not necessarily the normal target nucleic acid sequence;
providing a standard containing the normal target nucleic acid
30 sequence;
providing two labeled oligonucleotide primers suitable for
hybridization on complementary strands of the mutant nucleic acid sequence;
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D\ 10% &16) -\ 10% & () - ‘\10%& () - +++++++t X,V 10% & () - &\\10%& ()- \10%& ()-\1
0% & ()-110% & ()-\10% & (}‘ \ 109 & () - +++++++ P4, \ 10% & é%a\w%& ()- & 10%
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polymerase chain reactlon extension products is carried out by heating to a

temperature above 94°C.

20 56. A method according to claim 46, wherein said annealing the
polymerase chain reaction extension products is carried out by cooling first to
50-85°C and then to room temperature.

57. A method according to claim 46, wherein the endonuclease is

25  Endonuclease V from Thermotoga maritima.

58. A method according to claim 46, wherein the endonuclease
nicks or cleaves heteroduplexed products at a location on the 3’ side one base away
from mismatched base pairs.
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L10%" ~&' () 0%-" ~& (2 10%-" ~& 10%: B ()-rst~hL, 410%-" &' () 10%-" ~& () -

10%" ~& () - muggq(a? cuﬁ,glﬁemreg) em&p(lyusi peacguy )yzrto.gzstl Py Fhermotoga

L&10%" 0 ()mdz@%&' ~& ()-10%"~& ()-10%"~& ()-#3+

LhL0410%" ~& ()-10%"~& ()-#3+

LlO%-" ~& ()-10%"~& ()-10%"~& ()-10%"~& ()-hL, 410%"~& ()-10%"~& () - 10%-
~& ()-10%" ~& () - ~#372.L10%hetBoq Jccoiing to Elajiny 69wkt €it Bhe ligase resealing

tﬁ‘ig;{"io;ﬁ‘" Ore %@Jﬁgﬂ)&m@v )co% %5 58 5(vi 080 Thidid nffddr endonucleolytic cleavage.

L10%" ~& () - 10%-" ~& ()-10%"~& ()-10%"~& ()-

hL, 410%y5-& () - 10%"~§5 () - AQ::( oc&acfc)ardﬂt%%%ﬁﬁh% ~witepdin said separating is

L10%" ~& ()-10%"~& ()-")89 <

L&10%" ~& ()Q@U%wﬂ&'l(ﬂnglwmagp?lﬂm)@mﬂ&zﬂdmph‘yeﬁl&@ 410# 010%! & () -

SS/ 10%!' & ()- , &10%l! & ()- 6, & 10%6d!6& ()- 63,

& 109%%d! 6& () - 10%" ~&, ) U4 911098 & ()- | YLON & 0@ 0% & ()-10X

X10X X! 10X X X2! 109 ()A@\?tgqm@mggog O\ hereipysaid %R?%“&g

1098 & () - 9zhfitdd&uf By usink(dbillafy) gel klkORdphiofesis. @L0% & () - dDvU4 Y"lO% & ()-v

Y 10 & {)-Vv YMNI0W & ()-v YMNI0WB & ()-v YMI0W & ()-v YMI0WB & ()-v cGvA4

YA109% &'%% -V VYM10% & () -V

75. A method according to claim 46, wherein the ratio of the

mutant nucleic acid sequence to the normal target nucleotide sequence is in a range of

1:20 to 20:1.

25 76. A method according to claim 46, wherein the polymerase chain
reaction extension products have a length in the range of 50 bp to 1,700 bp.

77. A method according to claim 46, wherein the endonuclease
preferentially cleaves mismatches within the heteroduplexed products selected from
30 the group consisting of A/A, G/G, T/T, A/G, A/C, G/A, G/T, T/G, T/C, C/A, and C/T.



YMNOW & ()-v YMNI0UW & ()-v #3 AYM10%B & ()-v hDvW4d  #3 AYAM10%W & () -V
YN0 & ()-v YN0 & ()-v YAL0W & ()-v #3 A ThLOAYMI0B & ()-v YAL0W & () -V
#3 AYM10%B & ()-v YM1I0B & ()-v YM1I0%B & ()-v YMI0%B & () -V
F*+ -, 349GHAYN1I0WB & () -v (YM10B & ()-v YAMI0B & ()-v YM1I0%W & ()-v #3
AYN1098 &WO) 02(443357 109 & () -v 4567=>?hD+4Y"10% & () #3 AY"RQTAIE1(4§229
YM0B & ()-v YN0 & ()-v YAL0W & ()-v #3 A?DITUVW CHAYMN10%8 & (YM109B &' () -V
#3 A YMI0B & ()-v YMNI0B & ()-v YM10% &de-Vv Y10 & () -v
WKabcdeohL, 4YA10%W & ()-v YN0 & ()-v YMI0W & ()-v #3 AYM10B & () -V
Yr10% & () -v 78. A method according to claim 46, wherein the endonuclease

preferentially nicks or cleaves at least one of the heteroduplexed products formed for

any single base mutation or polymorphism, except those having a sequence selected

from the group consisting of gRcg, rcRe, cg¥Yc and gY gy, where the position of the

5 mismatch is underlined and shown in upper case.

79. A method according to claim 46, wherein the endonuclease
preferentially nicks or cleaves one, two, and three base insertions or deletions within
the heteroduplexed products.

10
80. A method according to claim 46, wherein said method
distinguishes an inherited or sporadic mutation or polymorphism from a
polymorphism in the normal target sequence.
15 81. A method according to claim 46, wherein the inherited or

sporadic mutation or polymorphism is distinguished in a tumor suppressor gene,

oncogene, or DNA replication or repair gene.

82. A method according to claim 81, wherein the gene is selected

20 from the group consisting of Bcl2, Mdm2, Cdc25A, Cyclin D1, Cyclin E1, Cdk4,
survivin, HSP27, HSP70, p53, p21°7, p16™* | p19ARF p15TKe 1o7%P Bax,
growth factors, EGFR, Her2-neu, ErbB-3, ErtbB-4, c-Met, c-Sea, Ron, c-Ret, NGFR,
TikB, TrkC, IGF1R, CSF1R, CSF2, c-Kit, AXL, Flt-1 (VEGFR-1), Flk-1 (VEGFR-
2), PDGFRa, PDGFRJ, FGFR-1, FGFR-2, FGFR-3, FGFR-4, other protein tyrosine

25 kinase receptors, B-catenin, Wnt(s), Akt, Tcf4, c-Myc, n-Myc, Wisp-1, Wisp-3, K-
ras, H-ras, N-ras, c-Jun, c-Fos, PI3K, c-Src, She, Rafl, TGFp, and MEK, E-
Cadherin, APC, TRRII, Smad2, Smad4, Smad 7, PTEN, VHL, BRCA1, BRCA2,
ATM, hMSH2, hMLH1, hbPMS1, hPMS2, and hMSH3.

30 83. A method according to claim 46, wherein the endonuclease is a

thermostable endonuclease which preferentially nicks or cleaves heteroduplexed DNA
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mismatched bases in at least one of the heteroduplexed DNA is a "G".
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F180V, or F180M residue change; (43) a G83A residue change; (44) a G83L, G831,
G83V, or G83M residue change; (45) a G83K or G83R residue change; (46) a G83N
25  or G83Q residue change; (47) a G83D or G83E residue change; (48) a G83T or G83S
residue change; (49) an I179A residue change; (50) an I179K or I179R residue
change; (51) an I179N or I1179Q residue change; (52) an 1179D or 1179E residue
change; (53) an I1179T or I179S residue change; (54) a D110A residue change; or
(55) an H125A residue change.
30
91. - A thermostable endonuclease which preferentially nicks or

cleaves heteroduplexed DNA at a location where base pairs are mismatched or one
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unpaired bases, and generates ends which are suitable for ligation when nicking DNA
20  at perfect matched DNA.

95. A mutant endonuclease which preferentially nicks or cleaves at
least one heteroduplexed DNA, containing mismatched bases, better than a wild-type
endonuclease.

25

96. A mutant endonuclease according to claim 95, wherein one of

the mismatched bases in at least one of the heteroduplexed DNA is an "A".

97. A mutant endonuclease according to claim 95, wherein one of

30 the mismatched bases in at least one of the heteroduplexed DNA is a "G".
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MBOEFZ8Q]) YSQU%E%'OM resild)HaEnR; (4)-abR880residue change; (5) an
R88L, R8BI, R88V, or R88M residue change; (6) an R88K residue change; (7) an
R88N or R88Q residue change; (8) an R88D or R88E residue change; (9) an R88T or
R88S residue change; (10) a E89A residue change; (11) a ESIL, E891, E89V, or
E89M residue change; (12) a E89D residue change; (13) a E89N or E89Q residue
change; (14) a E89R or E89K residue change; (15) a E89T or E89S residue change;
(16) a H116A residue change; (17) a H116L, H116I, H116V, or H116M residue
change; (18) a H116K or H116R residue change; (19) a H116N or H116Q residue
change; (20) a H116T or H1168S residue change; (21) a K139A residue change; (22) a
K139L, X139I, K139V, or K139M residue change; (23) a K139R residue change;
(24) a K139N or K139Q residue change; (25) a K139D or K139E residue change;
(26) a K139T or K139S residue change; (27) a D43 A residue change; (28) a D43E
residue change; (29) a D105A residue change; (30) a D10SE residue change; (31) an
F46A residue change; (32) an F46Y residue change; (33) an F46L, F461, F46V, or
F46M residue change; (34) an R118A residue change; (35) an R118L, R1181, R118V,
or R118M residue change; (36) an R118K residue change; (37) an R118N or R118Q
residue change; (38) an R118D or R118E residue change; (39) an R118T or R118S
residue change; (40) a F180A residue change; (41) a F180Y residue change; (42) a
F180L, F180I, F180V, or F180M residue change; (43) a G83A residue change; (44) a
G83L, G831, G83V, or G83M residue change; (45) a G83K or G83R residue change;
(46) a G83N or G83Q residue change; (47) a G83D or G83E residue change; (48) a
G83T or G83S residue change; (49) an I179A residue change; (50) an I179K or I1179R
residue change; (51) an I1179N or I179Q residue change; (52) an I1179D or I179E
residue change; (53) an I1179T or 11798 residue change; (54) a D110A residue change;
or (55) an H125A residue change.

99. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains a Y80A residue change.
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105. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains an R88N or R88Q residue change.

106. A mutant endonuclease V according to claim 98, wherein the

20  endonuclease V contains an R88D or R88E residue change.

107. A mutant endonuclease V according to claim 98 wherein the

endonuclease V contains an R88T or R88S residue change.

25 108. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains an E89A residue change.

109. A mutant endonuclease V according to claim 98, wherein the
endonuclease V contains an E89L,, E89], E89V, or E89M residue change.
30
110. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains an E89D residue change.
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115. A mutant endonuclease V according to claim 98, wherein the

15 endonuclease V contains a H1161L, H116I, H116V, or H116M residue change.

116. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains a H116K or H116R residue change.

20 117. A mutant endonuclease V according to claim 98, wherein the
endonuclease V contains a H116N or H116Q residue change.

118. A mutant endonuclease V according to claim 98, wherein the
endonuclease V contains a H116D or H116E residue change.
25
119. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains a H116T or H1168S residue change.

120. A mutant endonuclease V according to claim 98, wherein the

30 endonuclease V contains a K139A residue change.
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127. A mutant endonuclease V according to claim 98, wherein the

20 endonuclease V contains a D43E residue change.

128. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains a D105A. residue change.

25 129. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains a D105E residue change.

130. A mutant endonuclease V according to claim 98, wherein the
endonuclease V contains an F46A residue change.
30
131. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains an F46Y residue change.
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20 138. A mutant endonuclease V according to claim 98, wherein the
endonuclease V contains an R118T or R118S residue change.

139. A mutant endonuclease V according to claim 98, wherein the
endonuclease V contains an F180A residue change.
25
140. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains an F180Y residue change.

141. A mutant endonuclease V according to claim 98, wherein the
30 endonuclease V contains an F180L, F180I, F180V, or F180M residue change.
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cuvxzp{10~j azvz77j HHO1#5y| Y mutant endonuclease V according to claim 98, wherein the

endonuclease V contains a G83N or G83Q residue change.

146. A mutant endonuclease V according to claim 98, wherein the
endonuclease V contains a G83D or G83E residue change.
15
147. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains a G83T or G838 residue change.

148. A mutant endonuclease V according to claim 98, wherein the

20 endonuclease V contains an I179A residue change.

149. A mutant endonuclease V according to claim 98, wherein the
endonuclease V contains an 1179K or I179R residue change.

25 150. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains an I179N or I1179Q residue change.

151. A mutant endonuclease V according to claim 98, wherein the
endonuclease V contains an 1179D or I1179E residue change.
30
152. A mutant endonuclease V according to claim 98, wherein the

endonuclease V contains an I179T or 11798 residue change.
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differing by one or more single-base changes, insertions, or deletions, from a normal
10  target nucleic acid sequence, said method comprising:
providing a sample potentially containing the normal target nucleic
acid sequence as well as the mutant nucleic acid sequence;
providing two labeled oligonucleotide primers suitable for
hybridization on complemenfa.ry strands of the target nucleic acid sequence and the
15  mutant nucleic acid sequence;
providing a polymerase;
blending the sample, the labeled oligonucleotide primers, and the
polymerase to form a polymerase chain reaction mixture;
subjecting the polymerase chain reaction mixture to one or more
20  polymerase chain reaction cycles comprising a hybridization treatment, wherein
oligonucleotide primers can hybridize to the target nucleic acid sequence and/or the
mutant nucleic acid sequence, an extension treatment, wherein the hybridized
oligonucleotide primer is extended to form an extension product complementary to
the target nucleic acid sequence and/or the mutant nucleic acid sequence to which the
25  oligonucleotide primer is hybridized, and a denaturation treatment, wherein
hybridized nucleic acid sequences are separated;
inactivating the polymerase;
denaturing the polymerase chain reaction extension products;
annealing the polymerase chain reaction extension products to form
30  heteroduplexed products potentially containing the normal target nucleic acid

sequence and the mutant nucleic acid sequence;
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providing an endonuclease which preferentially nicks or cleaves
heteroduplexed DNA at a location one base away from mismatched base pairs;

blending the heteroduplexed products and the endonuclease to form an
endonuclease cleavage reaction mixture;

incubating the endonuclease cleavage reaction mixture so that the
endonuclease preferentially nicks or cleaves heteroduplexed products at a location one
base away from mismatched base pairs;

providing a ligase;

blending the potentially nicked or cleaved heteroduplexed products and
the ligase to form a ligase resealing reaction mixture;

incubating the ligase resealing reaction mixture to seal the nicked
heteroduplexed products at perfectly matched base pairs but with substantially no
resealing of nicked heteroduplexed products at locations adjacent to mismatched base
pairs;

providing a polymerase with 3’-5” exonuclease activity;

blending the potentially nicked or cleaved heteroduplexed products and
the polymerase with 3°-5° exonuclease activity to form a polymerase exonucleolytic
degradation reaction mixture;

incubating the polymerase exonucleolytic degradation reaction mixture
under conditions effective for the 3°-5° exonucleolytic activity to remove several
bases 3’ to the nick;

inactivating the polymerase with 3’-5’ exonuclease activity:

providing a polymerase without 3°-5 activity;

blending the incubated polymerase degradation reaction mixture, the
polymerase without 3°-5° activity, labeled dideoxyterminator triphosphate
nucleotides, and deoxyribonucleotide triphsophates to form a polymerase mini-
sequencing reaction mixture;

incubating the polymerase mini-sequencing reaction mixture under
conditions effective for the polymerase without 3’-5° activity to extend the 3’ end of
the nicked or cleaved heteroduplexed products to form mini-sequencing reaction

products;
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separating the mini-sequencing products by size or electrophoretic
mobility; and
detecting the presence of normal target nucleic acid sequence and the
mutant nucleic acid sequence by distinguishing the separated mini-sequencing
5 products resulting from said incubating the polymerase mini-sequencing reaction

mixture.



