METHODS AND COVPOSI TI ONS FOR | MPROVI NG EFFI CI ENCY OF NUCLEI C ACI DS

AVPLI FI CATI ON REACTI ONS CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 0001] The
present appl2ooasian cl ai s benefit of priority to US Precirdaisemalo2dat ent
Application No. 61/143,350, filed January 8, 2009, which is incorporated by
reference in its entirety for all purposes. FIELD OF THE | NVENTI ON [ 0002]
The present invention relates to nucleic acid anplification reactions. The

el | s MR HDAND O OIS AR IREPRAVING IV EICIENCSE | o
duri ng T eacti onscRNUE IFRR A GABSRIAR (FICATIONGELRIIPAGY Nucl ei c

acid anplification reactions, such as ynerase chain reaction (PCR), are
general ly tenpl at e-dependent reactions in which a desired nucleic acid
sequence is anplified by treating separate conplenmentary strands of a
target nucleic aci d GROSSeREEXRENEESITO RELo{ TR MRPIEOAITHENSr i mers. The
primers are extended to form conpl enentary priner extension products which

act as t pIRLpt Ghe HRse bh&siodicH8mt BendB SF Blggr\}ggﬁ '({%jhlgroaﬁioﬁa}sleﬂ&ﬁnce' I'n

such processes, the nucleic acid sequence prinmers on the

r espect i fepibrnog toahdld 43 856 diled fanpetyy8, 2009, whieldis iBRIrpFraSUMynE¥rddee THE

| NVENTI ON {r(e)tgf(%éqal ccordingly, the present invention provides nethods and
f

conposi t FEHS ng the efficiency and the specificity of nucleic

acid synthesis and anplification reactions. [0005] In one aspect, the
present invention provides a nethod of anplifying a target nucleic acid.

This met hod i ncludes incubati P&Eﬁ%ﬁfﬁgﬁﬁ\;ﬂﬁ@ﬁ acid with a reaction
a ny

m xture that includes at |east one priner, rid pol ymerase, and an
osrmi te Iglna fhurther .aspect, the incubating step is conducted under
condit i oHQ0Zhat hperssent ByRHEPR rlates inusteis prid amplEraiion resctions Ghopresané

hybrid pel¥RImASRompaksds Bbdd poltht BPRe: '

conprises a pol yn%rpgses omsrli: rpoa)hhé Igser&@ i ?\Flgqgg%?mtgfg%%??fn%ﬁ%d?urt her
aspect , areconmpositions forpedicingesonaspetificfaorplificatidn duatnigweadBGRs such aaPGRxenpl ary
aspect, the kit includes: a hybrid polynerase with reduced exonucl ease

activity, dNTPs, a buffer ghaekdroUNecoFrIMERSVRARTIGRd directions for using
the hybrid polynerase in a

[0003] Nucleic acid amplification reactions, such as polymerase chain reaction (PCR), are
15 generally template-dependent reactions in which a desired nucleic acid sequence is amplified
by treating separate complementary strands of a target nucleic acid with an excess of two
oligonucleotide primers. The primers are extended to form complementary primer extension
products which act as templates for synthesizing the desired nucleic acid sequence. In such
processes, the nucleic acid sequence between the primers on the respective DNA strands is

20 selectively amplified.

BRIEF SUMMARY OF THE INVENTION

[0004] Accordingly, the present invention provides methods and compositions for
improving the efficiency and the specificity of nucleic acid synthesis and amplification

25  reactions.

[0005] In one aspect, the present invention provides a method of amplifying a target
nucleic acid. This method includes incubating the target nucleic acid with a reaction mixture
that includes at least one primer, a hybrid polymerase, and an osmolyte. In a further aspect,

the incubating step is conducted under conditions that permit amplification of the target



nucleic acid anplification reaction. [0007] In sonme enbodi nents, the
i nvention provides for a nethod of anplifying a target nucleic acid in a
sanpl e. IwoO=omaseanbodi ments, the method conpri ses i ncub&Cirng2eiaiodo3rar get

nucleic acid in reactiaon m xture .co iSinhg: at |least one.prinmer, a
nybr i o poiaterad B S el herais J el diaiharfron B D B Bradsus ona

bi ndi ng &Rfises a pHIYnRPasd denbinvadsEbRAlBAdihE @Bhlie group consi sting of
sarcosine and heparin, in a sufficient anount to inprove efficiency of the

acki ng LS o hE RSP bkt ing 880! R RRERNICR B BT e e

perm t a¢Rehipldrg aspeer) tef kisicthdbaag8brid polyeetasaGiith Riusdi etohydidsel a@plityrer ase.
[000%] In some enbodi nents, the additive is sarcosine, which is at a

concent ré THn aduiferthst inglidessoocasive. groloborctiors ©pkEng Hsduivne molymarass ingbr i d

poIynerqﬁﬁkggggé%ﬁ@ﬁgﬁFﬂHﬁ%&%gﬂ'in an exonucl ease domai n such that the

pol ynerase su y l'ac a 3'-5 exonuclease activity. In sone

enbodi e the hybrid pol ynerase conprises Fam |y B-like polynerase
t hat sub@béﬂti Lﬁwnq%{e H@ér.ﬁ@a.t,{le H@(gn%owwd%fa?rraéeﬁllw AP Ing ffatesht i al

ack 0N nRieke adld X QAL AP LACLIYdithonts (e AERIRAMARNL S, the hybri d

pol ynerase conprises a pol ypeptide sequence that 1s substantially identical
to SEQID NO.2, i..e., is at least 65% 70% 75% 80% 85% 90% 91% 92%
93% 94%“‘%%@%%?”5?%&%8%‘: AT O PRAVE CORRIINGRaci d sequence identity
across the polynmerase domain (i.e., all but SEQID NO 3) or the entire
sequéhce of SE@ lp®tN® primen some enbodi nents, the hybrid pol ynerase
conprises SEQ ID NO 2. [0010] In sonme enbodi nents, the sanple conprises an
anplification hhbibtd pelymende ehapeiifg 8 PoBhictaseldopfaid 4R Sat@bRgbes BHded to
the reaction mxture in an anount such that the inhibitor is at a

concent riindigs demgbped of i nhibiting wildtype Taq pol ynerase and wherein the
hybri dpol ynmerase anplifies the target nucleic acid. In sone enbodi nents,

t he sanpl e is sehdiitiedselacomt fodroditt goup nérmisting ©ff karcavingd addeparimliea. [ 0011]

I n some enbadi nents, the hybrjd pol rase._.l.s conpl exed wifh aone or nore
ant | bodi SLTHPHGIAGt 1 IHRR g SeRy SRe AU G ORCUASAET N SsieaB 10Th sone
enbodi MeRnSprardd e 2ABAIHRANIXARERIkBEIhPadie®y chain variable region and a
i ght chain variable region, wheréin

wherein said incubating is under conditions that permit amplification of said target nucleic

acid by said hybrid polymerase.

[0008] In some embodiments, the additive is sarcosine, which is at a concentration of less

than 600 mM.

20 [0009] Insome embodiments, the hybrid polymerase comprises a mutation in an
exonuclease domain such that the polymerase substantially lacks a 3°-5’ exonuclease activity.
In some embodiments, the hybrid polymerase comprises a Family B-like polymerase that
substantially lacks (e.g., has a mutation resulting in a substantial lack of) a 3°-5” exonuclease
activity. In some embodiments, the hybrid polymerase comprises a polypeptide sequence

25  that is substantially identical to SEQ ID NO:2, i.e., is at least 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% or greater amino acid sequence
identity across the polymerase domain (i.e., all but SEQ ID NO:3) or the entire sequence of

SEQ ID NO:2. In some embodiments, the hybrid polymerase comprises SEQ ID NO:2.

[0010] In some embodiments, the sample comprises an amplification inhibitor and wherein
30  analiquot of the sample is added to the reaction mixture in an amount such that the inhibitor

1s at a concentration capable of inhibiting wildtype Taq polymerase and wherein the hybrid

2



the variable regions conprise conplenentary determ ning regions (CDRs),
wherein: (a) the light chain variable region CDRs conprise SEQ ID NGO 22,
SEQ | D NOW020102080018EQ | D NO 24 and the heavy chain var iPEhimszomgiZ(Bm CDRs

conpri se EQI SE SEQ | r 27 th

charn veREBTES EpITiEs RS Trc Qb ide o FamNerDadinsply 18 skepsds Sde St | o
NO 30, a@&ntbm%dt}ﬁmct%m&fé@als@{q RBsregion CDRs conprise SEQ I D NO 31, SEQ
I D NGO 32, and SEQ I D N033 or (c the | i ght chain variable regi on CDRs

conpris D NO 34 and SEQ 1D NO, 36, and the heavy chain
var | abl WL off hechimrue Bebiy R TR or e s ok el D R 3o,
[0012] | 4ntibOdies diamRBliss st idlg the aubiengdy. | Thisbikietibotiindhed, @t ed i n

real -tinme. [001 ] In some enbodi nents, the heterol ogous DNA bi ndi ng domain

i s substamibpdy eqmprifeneiheayy ghein varible ragion aad ¢ lighghapeariabsogignogh@ein, 90%

O1% 9204, 93t %0, I 8O S R0 B0 A OE AERTLE) 10,55 1D O3

[0014] In sone e Cat 1 on ni1s’performed with
extension times of less than 1, 2, or 4 seconds 0015] I n_some

enbodi ments, t &Fyﬁ%@%@‘éﬁ@b]@fﬁgeﬁ%@%ﬁﬁ@ AN %%Séq;%w B DNA

pol ymer [

pol yrer a5 QREGHID 1907, SRAUAEE it Db B ARt RS

al so pr avOd¥s SEQriDrE@xia, and SEQtIﬂDrN@ 27| |0r some enbodi nents, the reaction

m xture conprises: a hybrid polynerase, wherein said pol ynerase conprises a

pol yiger ase dongf)n @BHR: dMaIEIRaBRALS PN G SPPINGIg ayE@ Yl tive
sel ected fromthe group consisting of sarcosine and heparin, in a

suf fi ci NO:29renhbEQJDi NQr3dy endethe iheineynehpino¥ariahle raglpnﬂfvltmqrmmmé&@ Idn by at

| east 1 Jre | acking the additive. [0018] In
sone enb%@gﬂ'gﬁﬁ?eﬁtlﬁﬁ @e ‘?S{SQO®M¢9 °Furt her conprises at |east one

ol i gonucl eotide prinmer. [hé019] I n sone enbodi nents, the additive is
sarcosi ne, whith ithe Aghtrhabnasiableaegion CHIRY eosaprise SE QBB NS4, SEQ ID

NO:35, and SEQ ID NO:36, and the heavy chain variable region CDRs comprise SEQ ID
15  NO:37,SEQ ID NO:38, and SEQ ID NO:39.

[0012] In some embodiments, signal from the amplification is detected in real-time.

[0013] In some embodiments, the heterologous DNA binding domain is substantially .
identical to (i.e., at least 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% or greater) to SEQ ID NO:3.

20  [0014] Insome embodiments, the amplification reaction is performed with extension times

of less than 1, 2, 3, or 4 seconds.

[0015] In some embodiments, the polymerase and exonuclease domains are from a Family

B DNA polymerase.

[0016] In some embodiments, the reaction mixture further comprises a double-stranded

25  DNA binding dye.

[0017] The present invention also provides for reaction mixtures. In some embodiments,

the reaction mixture comprises:

a hybrid polymerase, wherein said polymerase comprises a polymerase domain and a

heterologous DNA binding domain; and



[0020] In sone enbodi nents, the hybrid polynerase conprises a nutation in
an exonucl ease domai n such that the pol ynerase substantially lacks a 3' -5
exonucl ea®© 2000a80410y. |1 n sone enbodi nents, the hybrid peCyrsc@asm2@onpri ses

a Fam |y B-l.ike pol rase that substantially. |ac e. 0., has.a mutation
resul ting aidﬂlt]é'eéﬁﬁg¥gﬁtp%&‘e EEEP C(S’P?lSténgSQfl-sgmo R ﬁﬁ%ﬁ%[{aa?g’ A Slu\?iﬁ %@?‘ In some
enbodi memicunt gy dfflciefdyysRh@s@pLacaioh 3&&tian bohyReptiDdecaesuanoe t hat is
substantially identical to SEQID NO 2, i.e., is at least 65% 70% 75%
80% 85%rawionymighus lagkioy tlezadditoe, 959 96% 97% 98% or 99% or greater

am no aci d sequence identity across the polynerase domain (i.e., all but
SEQ I D NOVE] ol sohe egfiiddirgerseqhereacticaf mBhe ftiNOc@mptisesaovastembodi ment s,

t he pol ynerase conprises SEQ ID NGO 2. [0021] In sone enbodi nents, the

i xt ar e VgRPHGleAile BHMEi quot of a sanpl e, wherein said sanple conprises an
anplification inhibitor, wherein the inhibitor is at a concentration
capabl e [0019]nhinbiotrieragniwidirdéntpehd adylithad iy sacadae, whiclsismba eodyediratemt of lesshe
sanpl e iE sa! ected fromblood or intact cells or food sanples. [0022] In
sone entBy ;> the hybrid polynerase is conplexed with an anti body.
[0023] In some enbodiments, the antibody conprises a heavy chain variable
regi on dARY | Inglomecdnatiadiments,dhd bytrspaymembesamnprisch e nwgaticahenr egi ons

R e R e L g
NO 24, andoimBenitamyertd)@dhybaidipabhiera@AoaiprisEs Feailp B-Sie: Sfntlsd\NBa5, SEQ

I D NO 26, and SEQ I D NO 27; or (b) the light chain variable region CDRs
conpri seubs@tialyNmks éc-c sbe 2 mukbopgesuling i8Eubsangal gk o theXaaealsase hai n

vari abl e _r.eqj o ' = D
NO. 33: &CPWT ﬁ“esgﬁgg%“?gocrﬁﬁé%‘ﬁgﬁg‘lfzgé%ﬁe%?@gf’éﬁe %S%A%% ?ﬁ?’%@%@%ﬂ@%ﬂ‘ﬁ% 34,
SEQ | D N@u3b sutanatifEd deiti dO:SSEQADAN O i.be iyt lelnh 390 VA%, 81506 808gi86%, CDRs
conprise §E% LD NG 37, SEO | D NO 38 °an§$j’7c‘EQ,5}éP NO 39. 0,024%, In sone
enbodi mefle, P1hd2he 08V P8ge 93 YR0V% P idi $37° @8 Fa7aPTi Bederenian ftid spqrentant i cal
to (s e; Yy B3 B 10000, 92%n 1193 %6qu i %0f 95%
96%1597%de@§%5§?§§9‘8§/?§’?“§?§%td§r fin @QSQE%%?%S%%Q?N[@(%%] iz uctiof
enbodi nesEQ IDMN@:2pdh yoee asbodinttnesy theyolpasesedmmygirisss AEQ IDrM2a Fani |y B DNA
pol ymer ase.

[0021] In some embodiments, the mixture comprises an aliquot of a sample, wherein said

sample comprises an amplification inhibitor, wherein the inhibitor is at a concentration
capable of inhibiting wildtype Taq polymerase. In some embodiments, the sample is selected

20  from blood or intact cells or food samples.
[0022] In some embodiments, the hybrid polymerase is complexed with an antibody.

[0023] In some embodiments, the antibody comprises a heavy chain variable region and a
light chain variable region, wherein the variable regions comprise complementary

determining regions (CDRs), wherein:

25 (a) the light chain variable region CDRs comprise SEQ ID NO:22, SEQ ID
NO:23, and SEQ ID NO:24, and the heavy chain variable region CDRs comprise SEQ ID
NO:25, SEQ ID NO:26, and SEQ ID NO:27; or

(b) the light chain variable region CDRs comprise SEQ ID NO:28, SEQ ID
NO:29, and SEQ ID NO:30, and the heavy chain variable region CDRs comprise SEQ ID
30  NO:31, SEQ ID NO:32, and SEQ ID NO:33; or



[0026] In sonme enbodi nents, the reaction m xture conprises one or nore
di fferent deoxyribonucl eotide triphosphates. [0027] In sone enbodi nents,
t he reactwonrrorvosoune further conprises a doubl e- st randeaCDNA2di0/0203ny dye.

[ 0028] The presen on al row t he
kit conprises: ?i @Bﬁ}gﬁt%@‘&%ﬁaggé %Wﬁpélsﬁgmgef%%%gﬁ?and a
het er ol agows;, BNASBONH NO: $0BR the h@ﬁk@z SR ableMBgid 8 ICTsR LebnkgrRSHILIYr oup
consistin sar cosi ne and heparin,” in a sufficrent anmount to inprove

ef fici eﬂ&%&?f SER 1&hYOi 3§, ead SER IIDsH@ﬁ%n by at |east 10% conpared to a
reaction mxture lacking the additive. [0029] In sone enbodi nents, the

hybrid pobR4Er BESSEOHIddS@Ents, tﬁuhaéﬂomgdu@m emmgcdoe@slelmmmlaslych that
t he pol ynerase substantially | acks a 5' exonucl ease activity.

enbodi neierficat toei-py Birlpapt éé%y ﬁ@ﬁagéﬁc%rﬁ‘/@s%a@ﬁdrﬁ’ 1278 IB V4o P?ﬁe?@é’e

that su o o tation resulting in a substanti al

| ack of ;)9%/3‘ gﬁp}ggé,%ﬁ Fegag)e%asc (?g?tl\g)g?n sone enbodl ments, the hybr| d

pol yrrerase conpri ses pol ypepgl de sequenc that ubstanti_ al | nt| cal
to SEQ |l|9 %fd [n yome embadingents. e polgBsyase gug exasel By OTIEER arg o %E%ﬂ H2%
93% ﬁ@/ 5%7% 98% or 99% or greater am no acid sequence identity
across t e pon rase domain (i.e., all but SEQ ID NO3) or the entire

seqguence SEQ | D NO 2. odi nents, the hybr ol

conpri sd gé@ %N@ef }f%@@]‘t&ItH%%‘% %WHSH%%F@HWSC%%@%“E &ﬁm%"r conpri ses
an an i bc%)(yﬁb&{ucleétﬁ@@gih ghate@r the hybrid polynerase.[0031] In some
enbodi nents, the antibo y conprlses a heavy chain varlable region and a

i ght ch vari abl e r erein the r Ie r

conpl enaiP2A, B &R AP 5 e Ra et B LA o pRb T oS,

var i abl eDNegbhiadin&lys. corrprl se SEQ ID NGO 22, SEQ I D NO 23 and SEQ | D NGO 24,
and the heavy chain variable region CDRs corrpri se SEQID NGO 25, SEQ ID

?S’nf)?.blse M ARl S el P B s TS B SRR R PR R st v
NG 33; - of P ORGP e fOrDAAE BV HEIE ARG FrGBASEDIEy U S o f: 34,

SEQ 15D domain; and

an additive selected from the group consisting of sarcosine and heparin, in a sufficient
amount to improve efficiency of an amplification reaction by at least 10% compared to a

reaction mixture lacking the additive.

[0029] In some embodiments, the hybrid polymerase comprises a mutation in an

20  exonuclease domain such that the polymerase substantially lacks a 3°-5’ exonuclease activity.
In some embodiments, the hybrid polymerase comprises a Family B-like polymerase that
substantially lacks (e.g., has a mutation resulting in a substantial lack of) a 3°-5” exonuclease
activity. In some embodiments, the hybrid polymerase comprises a polypeptide sequence
that is substantially identical to SEQ ID NO:2, i.e., is at least 65%, 70%, 75%, 80%, 85%,

25 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% or greater amino acid sequence
identity across the polymerase domain (i.e., all but SEQ ID NO:3) or the entire sequence of
SEQ ID NO:2. In some embodiments, the hybrid polymerase comprise SEQ ID NO:2.

[0030] In some embodiments, the kit further comprises an antibody that is specific for the

hybrid polymerase.



NG 35, and SEQ I D NO 36, and the heavy chain variable region CDRs conprise

SEQ I D NO 37, SEQ ID NG 38, and SEQ I D NO 39. [0032] In sone enbodi nents,

t he het erwDagus0DNA bi ndi ng domain is substantially identriusaé10oe03¢i.e., at
70% 75% 80% 85‘V 909

| t 65 1% 929 o 4% 95 96% 97(V 98%
or 900 dPD3 o adnsoTne symesdbsnpaseaips’ Snbol amprirey sy bt Eeidnpd
pol yner Asght aRdn Qéﬁ'ﬂﬂ@fe%ﬂﬁ? V\ﬂl@f@ﬂ e varishlk kD11 c%ﬁ{ﬁrllsé' c&nﬁufheﬂ@f}y”ﬁr ase.

[0034] In some enbodiments, the kit further conprises one or nore of: one
or nore @témemlegregzl@rlﬁ)(@&ﬁdnmdr@@tl de triphosphates; a doubl e-stranded DNA
bi ndi ng dye; and an oligonucl eotide primer. [0035] The present invention

al so provides {gr tﬁBhlgﬁtOdh@hﬁﬁbriaBIelrEgldﬁ ARy aﬁnmlse@mylmmemz iISHQ IDfor a
protein consisti ng@of SEQ I D NO 2, wherein the anti body conpri ses a heavy

chai # amiO23, agchs HB NOw4k prgbihe heagi ghain vm@b@i rﬁgltoné? soapprEse SEQ Bhs
conpris whe the |ight
cthnI VS[FIIBS%%? gl on ?(%Elgc? We @'I%@?I D NO 22 SEQ IreDI &O (22) ang SIE% | D

NO. 24, and the hea aln varj le re |on Q 25 SEQ
ID NO 26, and $BQ Liighs in GrieBle reien CQ{IH%ﬁSﬁ %N%%S&[Q _

conpr i sengEQ Ly %ﬁ@mé’%@ Ly %’Qh%gvg alxsh éEleeQegl%%%R%ﬁ Cha' n
vari abl e region rise SEQ ID NO 31, SEQ D NO 32, and SE IDNO33

or (c) tNe: 31| §B0 H)lNQﬁZgandSEQeIDHQI:bhOCDRs conprise SEQ ID NO 34, SEQID
NG 35, and SEQ I D NO 36, and the heavy chain variable region CDRs conprise

SEQiloD NG 37, &5Q Pk} cHiin ARRbRELE ABRS&HMERRIFQ ImN@m& ogi rrent S,
t he heavy chain and i ght chain varrable regi ons conpri se: B gi | D
@E@el

14 and SIEQ35DaNUSEQSD N@s’gﬁeand the|hgavy ¢hairsr@ably mgon LDRnep
respecti | D NO 20, respectively; or (d) SEQ
I D NO 17I¥I§n% §E§ﬁ®§§é§fw§§@p@?& vel'y; [0037] The present invention also

provi des for an isol ated pol ynucl eoti de encodlng a onpeptlde conpr|5|ng a

heavy chi@032lor In 5o crabedimenisy the Beteralegsus HNA beidd abpatantiall
identical to (i.e., at least 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

15 97%, 98% or 99% or greater) to SEQ ID NO:3.

[0033] In some embodiments, the polymerase and exonuclease domains are from a Family

B DNA polymerase.
[0034] In some embodiments, the kit further comprises one or more of:
one or more different deoxyribonucleotide triphosphates;
20 adouble-stranded DNA binding dye; and
an oligonucleotide primer.

[0035] The present invention also provides for an isolated antibody having binding
specificity for a protein consisting of SEQ ID NO:2, wherein the antibody comprises a heavy
chain and a light chain variable region, wherein the variable regions comprise complementary

25  determining regions (CDRs), wherein:

(a) the light chain variable region CDRs comprise SEQ ID NO:22, SEQ ID
NO:23, and SEQ ID NO:24, and the heavy chain variable region CDRs comprise SEQ ID
NO:25, SEQ ID NO:26, and SEQ ID NO:27; or



[ 0038] The present invention also provides for an anti body conplexed with a
pol ynerase, wherein the antibody conprises a heavy chain and/or |ight chain
vari abl e wegbmmsesodi scussed above. BRI EF DESCRI PTI ON OPCTHE20RANBRGS

[0039] FIG 1 o] .he effect. of sarcpsi;ne on ef LLa A CR
reaction [0040(]%5]F\IQ% hg‘tscﬁ?)%svag Fif?gl%%ﬁﬁéﬁ °8H¥P\?é%§?§rlﬁﬁg§c% §§9q(§)ont ai ni ng
di f f er enOQONGRIMEQTDANG: 30! arlteBahbdvytcPainh@siabirtglom CORBRKipRiseédHeAD [ 0041]
FIG 3 shows anplification curves for different hybrid polynmerases with
change QHDQAnQEBﬂEUﬁ@iﬁewgiSﬁQﬂ@ﬁﬂ@ﬂétQ?e. Amplification curves for 25 pg,
250 pg, and 2500 pg input DNA are displayed. [0042] FIG 4(A) shows the

am no aci d sequgnaie Dfhtaha@xafpblaiygibly ODRE doalpyive SEQED Nhad4, SEQ) iles a DNA
bi ndi ng domain. FIG 4(B) shows the am no acid sequence of an exenpl ary DNA

bi ndPng NEai #IEQIPEN Béser thy hegyyohampyarphieresrr 6 HEEsOmPERPEQ bb4 3]
Unl ess q@5bae§%§“hﬁﬁ®tﬁ@an@§ﬁgﬁ @@ | and scientific ternms used herein
nly

have t he sane aning as$ co understood by one of ordinary skill in
the art ich this inyention belongs, All.publicatigns nmentioned herein
are § nodbBHint Boms oy orie: be beee Fai SHJIUFHIS S ks SrRg g

di scl osing devices, fornulations and net hodol ogi es which are described in
t he publi cati o@) arSEQAD NO1i#ghd SEE UBNO: 1§ repactecty;on with the presently
descri bed invention. [0044] Note that as used herein and in the appended

claims, the siggulsrQiONG:15and SEQTD NaRW, répectiveng! ude plural referents
unl ess the context clearly dictates otherw se. Thus, for exanple, reference

to g’é pol ymr?@:ﬁ; %@ﬁﬁoz\léq6%ﬁ§§%@fmm2dﬂréﬁ%tﬁl forSUCh agents, and

ref erence to i'nc es re ericé"t o equi val ent steps and
met hods known to those skilled in the art, and so forth. [0045] Were a

range of val ue)i SER VN7 and SEQ UhN& 2t seweethly:each i nterveni ng val ue,

bet ween the upper and lower |imt of that range and any other stated or
i nt er venio0dy7]valhepicpert hatentoasled proxitge forsandndatep aslyedcledtideiemcodivg anvent i on.

The upper .and .lLower lLimts of these snaller ranges may i.ndependently be
ol uaecaPepHLS Erprune § Brrge et R e Y B Ee S8 NSy O
invention, subject to any specifically excluded limt in the stated range.
Wher e t HO038]at Eble prasrpe invieotiomaso prawidss feramtengbodsheomplazadswith apglysnesssel udi ng

et ki%r bv%e@ein the antibody comprises a heavy chain and/or light chain variable region as discussed

above.

BRIEF DESCRIPTION OF THE DRAWINGS
[0039] FIG. 1 shows the effect of sarcosine on efficiency of a gPCR reaction

20 [0040] FIG. 2 shows amplification curves for reactions containing different concentrations

of heparin to those with no heparin added.

[0041] FIG. 3 shows amplification curves for different hybrid polymerases with change in
annealing/extension temperature. Amplification curves for 25 pg, 250 pg, and 2500 pg input

DNA are displayed.

25  [0042] FIG. 4(A) shows the amino acid sequence of an exemplary hybrid polymerases that
includes a DNA binding domain. FIG. 4(B) shows the amino acid sequence of an exemplary

DNA binding domain.



of those included imts are also included in the invention. [0046] In the
foll ow ng description, nunmerous specific details are set forth to provide a
nor e t horwoghiunsoenst andi ng of the present invention. HpeEseq10i0203% | | be

apparent to one I may be
practiced mﬁthoagﬁgiﬁtb])%ﬁ?%ﬁﬁgaitgggﬁbﬁggﬁfﬁgﬁgg?gphgyﬁﬁﬁhgﬂ§

i nstances, wel|-known features and procedures well known to those skilled
in the e{09431avb1n1¢@1 deimed othsswispdlteehnien! ded sctlelta”wdmlwgé betehghayp ghe
invention. |t mﬁ be a e.ar these

i 11 ordmerhstriess SrBREM Bl hEBL el By ke S DS ot 6 Hhlenh

Def i ni t iigientiod @dibhgdNABpabHEtions thepti i \Hetsin al 1hcdrp&hf¢d¢1afenﬁbjdr£@‘eﬁdﬁ ific
ternms used herein generally have the sane neani ng. as commnly understood by

one &f derthsaugposk pf flescribingang disclosingiderises, ﬁ@@qlﬁmen%meﬁeldewé’«s which
Gener al l%e désl&ﬁb ecu? gﬁ%lﬂ:raﬁo Eﬁ(gwﬁﬁh%l% (e steﬁ'?n &&B@Etﬂ;ﬂ%ﬁfhg{ gﬁngHﬂ)‘?s in

cell culture, gene ICs, orga em stry, and nu I ¢ acl
chenistnksaﬂﬁdhyhmmﬁnzatlon descri bed bel ow are those well known and
commonly enployed in the art.Standard techni ques are used for nucleic acid

and pept [H@@%]S yﬂt)ﬂ:ecﬁétsas wldendr&nhRkE %‘&ﬁ: a E%héﬁﬁ QLEHYRS SiAEROBR]E & * Yan,"

perforne cording to conventional ne in the art and vari ous general
r ef er encad "(lsd éndjedegylatal yeferSatvonpokthe tcontext MR FClEIARS CheNVING: Thus ABORATORY

MANUAL, 2d ed. 989 | d, Sprin Laboratory Pre rLin

b B RAPLE GHIPEHC ' " RObRSR e SHICHAD BPPOBY PLPGBRG 8] SichiRers APd o
pr ovi dedetdisRuabont nicfhodl" GRAHIER méfereﬁbetmﬁﬁm%n%ep@amahb@sr lgiownedhdsee
| aboratory procedures in analytical chemstry, and organic synthetic

descri bediltssl iohears anfegéoriel | known and commonly enployed in the art.
St andard techni ques, or nodifications thereof, are used for chem cal

synt hese0asld Wirm £alngabalyaesis ptdoded] it Thendegstond fhyiodaichl imetvyieg asee, i s
used herein to describe a polynerase that conprjises apino acid re3|dues
from nul lteitwﬁel tharepRr 8¢ éﬂ}ef‘rrde%ﬂ of Bt Tangpend Ay e Stater OTdBIFHYNEE oD

pol yyger atflgt :{%E@faﬂg% ?ssen\ggllém#)%s%éd %at ﬂ#@ﬂtl&? WPlll e£ D0 RLvel itk ©F {Hes@ybr id

posi tion ers Ion t ers bet an parent sequences,
subsequ emm}m rdn@eSMhy Adepedddntly pe ir@hidjedm teasinatlef mngest andamatsar al | y
occurring pol

ase, A "wild type pol ynerase.a a equence” refers
Lo the netclmatese! Babi e it eafivh b aeRo Sag sencisaly godayedlifiay fygtated
pol yner aggos eMHeRGRe §felrEndeAn@udd @R lor BAHLYITRAARSitS SHMRRA €Rclulip lefRér BHHIR

of those included limits are also included in the invention.

20  [0046] In the following description, numerous specific details are set forth to provide a
more thorough understanding of the present invention. However, it will be apparent to one of
skill in the art that the present invention may be practiced without one or more of these
specific details. In other instances, well-known features and procedures well known to those
skilled in the art have not been described in order to avoid obscuring the invention. It will be

25  apparent to one of skill in the art that these additional features are also encompassed by the

present invention.
Definitions

[0047] Unless defined otherwise, all technical and scientific terms used herein generally

have the same meaning as commonly understood by one of ordinary skill in the art to which
30  this invention belongs. Generally, the nomenclature used herein and the laboratory

procedures in cell culture, molecular genetics, organic chemistry, and nucleic acid chemistry

and hybridization described below are those well known and commonly employed in the art.



"w | dt ype" sequence. [0052] A "parent polynmerase sequence” indicates a
starting or reference am no acid or nucleic acid sequence prior to a
mani pul atworzowfosvdie i nvention. The termis used interchaogamsbil/omsrh

"starti Par ent nces r ot.ei.ns .ot ei ns
cont ai mfgﬂ%mﬁﬁ#l fﬂﬂﬂ‘ées agg Ugsgl tfé’trﬂg ?ﬁ%@?ﬁ%pﬁﬁ&eém@eé{ga@ UG, éﬁ‘@%s can

al so be grodddutaned %bn@fa‘m}/%ﬁ‘érm&f mcswmg%méﬁvaﬁmarrﬁaﬁbds idon@arnsnd @Fone acid
notifs, protein active Sites y pol ynerase sequence or subset of

pol yrer egsaergbrplRraess (semgemrelﬂy,csembrmg MOLECEY. @@W%t er

pol ypept T, i " f to a

o of o1 n dSRARE TrRy Nag orgd 1 ELPAEE iR T80 ARTRLR beEE €6 12,

enbodi MeSHring HdiBorDNAY biwnglihrg nfb@f@rt&ecﬂ Berdinfyolefiréhcd IWhuEh amhlpﬁdvlchndnds W t h

si gni ficant afflnlt to DNA, for which there is no known nuclelg acjd which

bi nds t dhromah @rtétlédﬁcwﬁu Ehwerﬁetﬁ%ateret%a%hqrem@éﬂhe lebpatoy Prasedyres Han

a0t et JHRAEH AL bR ST MELERR P RRORLEIN Biuanfl  ferent
or " Sso%dnimdey aﬁd@ldgflemh thg agko rmandardjtechrﬁ@midorbnmiﬁngloms dteeecn”; are efe@rfort o
nucleic acid aﬂ ﬁol ypept i de a?ol ynor phi cvariants, alleles, mutants, and

i nt er spetEReCH SRS EE R mig )an ¥%€ an amino aci d sequence that has

greater than about 60% am no acid sequence identity, 65% 70% 75% 80%
85%1090%0048]% TB28rmIBYhriDadskymesse" 19 8%d 1@‘1‘%1 t@8e4cobe 99obyoreragedlagtter amni no

acid sequence identity, preferably over a |on of ..a st about 15, 25,
35, o, rirgaesdnng it aSoSegraR b BHE raBal SREERST Wlbsiq BiRRePSR 90 ot vt o
ant i bodi @snprRe Both PNMELY EmARS 40061 ESDNEbisERgAGHARS! an i mmunogen

conpri sing an am no aC| d sequence of SEQ I D NO 3 and conservatively

modi £1 edyagi aph s, LACLORLH ol ModRERL boaldio b e nuder oatl ngent

hybr i di n conhdr nuIEr ¢ PacH sequence o QIDNO 3

and conssequatcegge)kyugmquefnb@d variants thereof; or (4) have a nucleic acid
sequence that has greater t han about 90% 91% 92% 93% 94% 95% 96%

97%; 5 % A0y, gggfﬁolg@?ta%gg%egﬁgg)?gggﬂﬁﬁ og@tm'l}uégoly Biser ablywi £ a

regi on o I east e nuc es, to SEQ NO 4.
The ter npolymbnasteanhotahidfaehheﬂce’h@tfdfrs 851 dapodliypeptirthesainana a¢1dagcr®m:€s of the
pol ypepti des that have sequence non-specific double-stranded binding

activityypo$po7d- "nbﬁ@e"ﬁi’oWﬁérQ& deQtdrnddecroradd pﬁféﬂt BaI8rasé SQpehce, BPI@IINa

refers to a unit of a'protein or protein conplex, conprising a polypept|de
subsequehabltype” sompshet.e pol ypepti de sequence, or a plurality of pol ypeptide
sequences where

[0052] A "parent polymerase sequence” indicates a starting or reference amino acid or

20  nucleic acid sequence prior to a manipulation of the invention. The term is used
interchangeably with "starting sequence". Parent sequences may be wild-type proteins,
proteins containing mutations, or other engineered proteins. Parent sequences can also be
full-length proteins, protein subunits, protein domains, amino acid motifs, protein active sites,
or any polymerase sequence or subset of polymerase sequences, whether continuous or

25  interrupted by other polypeptide sequences.

[0053] The term "DNA binding domain" refers to a protein domain that binds DNA in a
sequence non-specific manner. In some embodiments, the DNA binding domain is a protein
domain which binds with significant affinity to DNA, for which there is no known nucleic
acid which binds to the protein domain with more than 100-fold more affinity than another

30  nucleic acid with the same nucleotide composition but a different nucleotide sequence.

[0054] The term "Sso7d" or "Sso7d DNA binding domain" or "Sso7d-like DNA binding

domain" or "Sso7d binding protein” refers to nucleic acid and polypeptide polymorphic

9



that unit has a defined function. The function is understood to be broadly
defined and can be ligand binding, catalytic activity or can have a

st abi | i ziwg 2efoicse4i0on t he structure of the protein. [00B6T/USEIOI0Z03@NCY"” N
t he cont ext of reaction of. this inventjon,_ref to the abi.lity of the
componena e Al BHEPRof B BERF ST HPPRISE et LL hasan dHaRy Supadehe

react i onhgadigtdaRR$hanfa®butBBIREho Kid sgueneydémity, 68587040 75Ne sedl Bs%ky of a
pol ymerase enzynme to performits catalytic function under specific reaction

condi t i o109, NBG1988s IBYs 94%, 86Yead%rgdBhf &b en8Y st caenpitiafiisaatidsequenes i ons
are kno i.n the.art and descriped in fur ta | rein. 057
" EnnanodBetifly diErcrbly 819 a 60 hPEledTabdtl 1 805, 38! R br BERMY acdbOB

the 8nzysw®7d kedtiencd STEERED ND 1) BirdUS bin@odds0el G bolgelonslnintibediay, wEsqder uni t
time. [0058] "Heterol ogous", when used with reference to portions of a
pr ot ei n,ageingt FIEBURGESR COMBTiHAS B PRIt sesenaed SEQ FHNE: ddwdi ns that are

not foungd | . of y Pt } . h a protein,
R e S A
pr ot ei nshybkidaages céralitiaikseo a S8eT huchds acid aéquenad & SEQ [IDOED]3 4ntbi " refers to

any nmethod known in the art for functionally copnecting protein donains,
i ncl udi rISFTYHBEEY mpditied vadants Bwrobi Hdmt have S %lﬁﬁw 3o %Fﬂueevcteﬁﬁ%fﬁlaﬁ gic@kleni ng

domaigns, i, 2db p, e6h of, Ugd 0@ Ng 400 A bat LPR; ent
T e g e e R R e e A R
bondi ng; seguehce adehatyyptdfanbly dvenaragin & aglgastaboirb®ly 00nt50genmormnd

bi oti n-avi di n assogjiati . 060] ." Pol r fore s.to an nme, t hat
per o mRHER B 3 QdDUR 4 At H i gpeTaIe) AdlleBEt: ez PafBertgEynd
enconpasggsndid b thd Eo%c‘gitid'e@ it RaRObYRSRE Lo spetehi Ad ARt B@bintAS

pol ynerase activity. 61] "Processivity" refers to the ability of a

pol yner aaséivity. PsavdtliketmpotethstiacledesSacddphdbac’sr substrate and perform

pol ynucl eotide synthesis. Processivity is nmeasured by the nunmber of

cat alsyt i p0ssentBomging refedU6 h @aitiol@ protia@r pesteihedmpldxatorhpkandh pepaide

bi ndi ng event. [0062] "Thermally stable pol ynerase” as used herein refers
to any efvbyerRcRicat compleiapRA¥POpEily prasrRes: PR PiaitthaEpalypsptidg gsqueneesarhere

nucl eot i g Mﬁgﬂ fie atcf%ﬁﬁ?d]ﬂﬁltzﬁ(%.i P ﬁggt%&l H%}lgost@w@é%e Fy‘g%lg]%ieﬁq%@m &hgeand

has an opti activity at a tenperature above er mus
pol ymer als@ihd béiding chialyaicfaativityyoricaDiav oo kigbitizagefiesodrathe dirfictora aftye Ther nus
species, including without limtation Thernus aquaticus, Thernus
br ocki arRIS®™nd Ther nus t her nophi | us; any reconbi nant pol ymerases deri vi ng
from Thernus speci es, and

20 [0056] T"Efficiency" in the context of a reaction of this invention refers to the ability of the

components of the reaction to perform their functions under specific reaction conditions. For
example, efficiency may refer to the ability of a polymerase enzyme to perform its catalytic
function under specific reaction conditions. Methods for calculating efficiency of

amplification reactions are known in the art and described in further detail herein.

25 [0057] "Enhances" in the context of an enzyme refers to improving the activity of the

enzyme, i.e., increasing the amount of product per unit enzyme per unit time.

[0058] "Heterologous", when used with reference to portions of a protein, indicates that the
protein comprises two or more domains that are not found in the same relationship to each
other in nature. Such a protein, e.g., a fusion protein, contains two or more domains from

30  unrelated proteins arranged to make a new functional protein.

[0059] "Join" refers to any method known in the art for functionally connecting protein
domains, including without limitation recombinant fusion with or without intervening

domains, intein-mediated fusion, non-covalent association, and covalent bonding, including

10



any functional derivatives thereof, whether derived by genetic nodification
or chem cal nodification or other nethods known in the art. [0064] The term
"anpl i fi ca0i20r/08e@|0t i on" refers to any in vitro nmeans f@cTmskalopkosrng t he

copi es of. et ence, of..nucl ej c id. Such t hods .i ncl.ude. but
ot |1 m e ing g By ARRSE R ELEtrp ATy BadE AR GO Pact | on
(see U. g PaftibolesintidorB8R1 B:96na0Mifa883a2@8; PCR Protocols: A Quide to
Met hods and Applications (Innis et al., eds, 1990)), (LCR), (Beta RNA

oot | orQVa ISR B R ARRE ik SR B AR AR S B bogs

" Ampl i f yddighucledtigéss THe témns tkPprPhsses bothithé gl lBn@BIpolyipeptideind @rdbintai O that
sufficient to allow for anplification of a polynucleotide if all of the
conpdnenitas pelymdigseraghity-on are i ntact. Conponents of an anplification
reaction include, e.g., priners, a polynucleotide tenplate, polynerase,
nucl eot i [@661] arRtotdssivity'keferd etht abitity afgppollmieragé td yepiacabdupdne flertsmphatean
"exponential" increase in Earget,nucleic,aoid. However, "anBIifyin " as
used her@isHoREHE adseeriosndiolhngCleptideatyniliceis e AE6ESSI N MENGIEHER PY RFNURIREE| ect

tar get SAQuENaR BlaChehtoafildds iRUelbasy Ba QARG bR Gks, Sequenci ng.

[ 0066] term "anplification reaction xture™ refers to an aqueous
solutio rj.sin he vari pous reagents . used to | if t t | ei
2ol d. | BRIl SiHB oo RiRestsR D Mo eret et P sy P BRI | o s,
target neHRicfeofi@é SyntRAE BYURIIRRRI dRutlebRosRRab 8 huclestlSdhidiSthd NG

herein, anplificati'on reaction m xtures nmay also further include

st abi | i ZRNS asradecoplagr anslduis tah yegmpbachiyity g 2 temafefdteieaheye 4N0€- specificity.
Dependi ng upon the context, the m xture can be either a conplete or

i nconpl epe6HNPI' THIr@as ?&@n{e&@@t tefuts 19 K fautiBy A GGA Jpolynedrysasscised eoai ahy
reaction” or "PCR' refers to a nethod whereby a specific segnent or
subsequeheamys speciesy igeludmguithous imiaaeny 7 s pgualiays, heanus broghigasnand | ¢
pr ogr essj ' J : b ; g.,
R g e A e g S A AT R

Met Hidds aydudgpnacddrivatiess theraofs watthat derived dy geA&E. médiéngicargr cR@Ricakact i on
condi ti ons

typically co i either, two or three step cycles. Two step
cycl es H§9@ﬁﬁgﬂgﬂﬁfﬁmﬁFE%%“%&@BWPd?ﬂEM%H by a hybridizati on/ el ongati on
step. Three step cycles conprise a denaturation step followed by a
hybri di z@064ln $hefrhdhnplifdation reactioparedtre temnigatiiro mesnsefor nfudd@ging theong
PCR' refers tqo the amplification of..a f ragnen f kb of. npre in
Cength. i parie Fhumearr e Ao msaen g pey By axkchebimiag: y mer ases
or pol yn®jlaserase chain reaction (PCR), DNA ligase chain reaction (see U.S. Pat. Nos. 4,683,195
20  and 4,683,202; PCR Protocols: A Guide to Methods and Applications (Innis et al., eds,
1990)), (LCR), QBeta RNA replicase, and RNA transcription-based (such as TAS and 3SR)

amplification reactions as well as others known to those of skill in the art.

[0065] "Amplifying" refers to a step of submitting a solution to conditions sufficient to
allow for amplification of a polynucleotide if all of the components of the reaction are intact.
25  Components of an amplification reaction include, e.g., primers, a polynucleotide template,
polymerase, nucleotides, and the like. The term "amplifying" typically refers to an
"exponential” increase in target nucleic acid. However, "amplifying" as used herein can also
refer to linear increases in the numbers of a select target sequence of nucleic acid, such as is

obtained with cycle sequencing.

30 [0066] The term "amplification reaction mixture" refers to an aqueous solution comprising
the various reagents used to amplify a target nucleic acid. These include enzymes, aqueous

buffers, salts, amplification primers, target nucleic acid, and nucleoside triphosphates. As
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m xtures (see, e.g., U S Pat. Nos. 5,436, 149 and 5,512,462) that are
distinct fromthe pol ynerases conventionally used to anplify shorter

product s.wpQOBBIBA0 " primer” refers to a pol ynucl eoti de PeqUS2CIO/0R(3aL
hybridizgs to eqguence on.a target nucleic acid an erves as. a.paint of
"t at Bt ORI it SRt e R P B B NG R R

| engt hs At ad@itivetolopamitd@ficiellcynail etifidep DBpdna@i@tupon ey coxeaxtphe 12- 30
nucl eoti des, in Iegig{?h. The | ength and sequences of prinmers for use in PCR

can be dekityasan basErr 8 somplatepneamplawempldicatigswagfongRixtyrei n the art,
see, e.g., Innis et al., supra. [0070] A "tenperature profile" refers to

t he tenpeoerjur L oiyidertaengialitreadtidn’ e "BER? Federd @hatettaid wiere@nngrtifieg and/ or
extension steps of a PCR aor cycle sequencing reactiqn, A tenperature

pr of Pl e F&Mmen! PERbBAIESE PE2 KagtlcivEb g iiradt PYA- tsmritiedyn 8RIPSTE of 10 to
60 r eDe?ré%x%E&%orPfPéREQI +v@ﬂ kfdbwh %E%Béecﬁ skﬁhf?lrthgﬁrt;ts%apee.é.?ﬁ!%?’ap !4 683 188Ch

of thes orter pro es may typically define a two step or thrée-Step
cycl e. Seldectd3dg020indPCRfpetoadlsr & Guridd tol Methsd basiespmivatiarsi bmss et al., eds,

consi dergtions knpwn those of skill jn the art, .see, e.qg,, Innis et al.,
supra. 1124 %efﬁ@pl%aap&@arew@a cgrdifatypisally FRPRAT cithRc v e SWPCYHES
requi 1 edrko aBaies R cAMhhihiARhisRP HRAMCLy hyEridiDiRh/ MBI ubp TRAOLN 1S
reduced conpared to conventional polynmerase mxtures. [0071] P

"sendi t i st gytlasebmpsise odedaturatdorn steryfollowadblyiafhybadizatigrestemindlosied byei d t hat
is present in | ow ﬁé’ﬁ%’t nunber. "Low copy nunber" refers to 105, often 104,
103, 102°PHGF ®P-copi es of the target sequence in the nucleic acid

sanple to be anplified.[0072] The term "pol ynerase priner/tenplate binding
speci fi cl0P§8] asLansd - Rerckirnta the emplifieationeofadPNAt agntenhohd kly pemgseint o

di scrimyn . Leet | i t 1

or i mer (e ooy PER 1 RGBS SRS
speci fi chixyires (beé, bl S, CHNPax Nok &5,436314%amdrb, § 14629 sted arhdidtidcy frof the pol yner ase
of the invention to discrimnate between matched priner/tenplate and

mi sngt c YUY IBRIRFRSCOBRRBOBRBUSCH 1@ iphly horet odushi | d type pol ynerase. [0073]
A "tenplate" refers to a polynucl eotide sequence that conprises the

pol ynucl [8069]deAt"priber amfdrs fd &polyfuchtitidd sbquepcd tiret hytbyldrzed izasdquancsi dnes .

Thus, a "target .tenpl ate"” conprises the target pol ynucl eptid equenc

{anked BEchiilsit FORend Roref B pant of ighatiS AEpclie G §mifoas hrimels 69hte s

used her&igdvarie 18 gthPsldhre BRENRsOMNAN SBNOelestidrd |i@ie%?ﬂ@ﬁﬁ%§am¥)le 12-30
S,

doubl e- stranded, or nore highly aggregated hybridi zati on noti and any

cheni cal nueksdtifless it ieogd. (Ihedength and sequences of primers for use in PCR can be designed

20  based on principles known to those of skill in the art, see, e.g., Innis et al., supra.

[0070] A "temperature profile" refers to the témperature and lengths of time of the
denaturation, annealing and/or extension steps of a PCR or cycle sequencing reaction. A
temperature profile for a PCR or cycle sequencing reaction typically consists of 10 to 60
repetitions of similar or identical shorter temperature profiles; each of these shorter profiles
25  may typically define a two step or three-step cycle. Selection of a temperature profile is
based on various considerations known to those of skill in the art, see, e.g., Innis et al., supra.
In a long PCR reaction as described herein, the extension time required to obtain an
amplification product of 5 kb or greater in length is reduced compared to conventional

polymerase mixtures.

30 [0071] PCR "sensitivity" refers to the ability to amplify a target nucleic acid that is present
in low copy number. "Low copy number" refers to 10°, often 10, 10°, 10%, 10" or fewer,

copies of the target sequence in the nucleic acid sample to be amplified.
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Modi fications include, but are not limted to, those providing chem cal
groups that incorporate additional charge, polarizability, hydrogen
bondi ng, wbeotwesatiati c i nteraction, points of attachnmenecans2dmmedd7onal ity

to the i cacid |l gand bases to .t he .nucl ei. ci d ligand as.a whol e.
Such mod P FaHe T neamemasg pegPlemndyet Prapstr Gotfebeo TR b ot ue
(PNAs) , RO g5l herdeotd i depidiihdt€ BétwRBS p&&ecﬁlygmzﬂmgﬁﬂ:ﬁ&hé}hﬁa{egﬁnd o
met hyl phosphonat es), 2'-position sugar nodifications -position pyrimdine
modi f i canismatshe@ppmst tempiates,rAm dnersasefin pabimsaase prowreeplaicdindiag exocycl i c
am nes, bst.itwtion of 4-1hiouridi j Lt - d
5-1 odo- usig%lﬁ%ll& B}é(t: . S%Iéte%%tiaﬁﬁca ?%%gﬁseieg?ﬁyl %% %022@8%?]%%@%? ﬂﬁ’ggt(rlaqnptgi ring
conbisnatdi@isnifate Bemch Atitdis0 PASRE/ tensioe vhd diiftatald prioguanipiixesirand t he
| i ke. Nucleic acids can al so include non-natural bases, such as, for
exanpl e, CORIPRHIMAS Wild fpairPYérdassns can al so include 3' and 5'
nodi fi cations such as capping with a fluorophore (e.g., quantum dot) or
anot her [00T3t yA "[<fp&E" Hifes ted palyhpdéotioe pequbace thhpephprites thenelynpclebedan” are
used i nt erchangeabl erein.to refer to a polyner of am no agid residues.
The t er rf€ P& 5P %{ﬁg féﬂﬁp bbéeliﬂal%%r ALOn i TS daigF! (ROPIAISA FORBTAES
resi due a8kt Bblynfit|EbRl sfeg@éﬂc' € AhnBdB L Hybriafzafos HdsGSPLH HricrAAL YRl | y
occurring a ng fayl(r:xi dl ase Il as to %lﬁgﬁ szj1 occursri ng girrrli né acid polymers
and lQonrmaimeral | y occurring am no acid polyners. [0076] The term "am no
acid" refers to naturally occurring and synthetic amno acids, as well as
am no aqg74nah9dsedaideifMnioleRGEH" FhéfRs DIA [HIGA, SiHfleistr@ndddNdubl@RiRgided,
simlar to the naturally occurring am no acids. Natural I_%/ occurri ng am no
aci ds ar mdre Sichbnegseshiasyhybidizgter motifs sabanyaehopmacd! mpslifigayens Bgieab aci ds
that are, a .modi fied, e g. . F QL LS4, SRR ut amat e, and
o phospﬁ\ég(gltrﬁ?é]%o%,&nnghﬁ%’ glétl %gél%té%‘gés&% g?‘gsb{agldélgﬁpouﬁ(éagg(ﬁ%?){%éve t he sane
basi c ﬁhﬁéﬂrp@bte&idﬂﬂﬁinﬁl@a@gé, poladiabildy) by docgarontiggaciecitnsatic dntetacon,a car bon
atomthat .is bound to a hydrogen atom a_ carhoxyl group, an am nQ gr.oup,
and lan Rogisapattasheent angdrgadiqnnlity tadha r@\s&l%@,lg heent ety @ alr@fl&eied%?mg
met hi oni ul IAUG; Ravie: Rdidiiis - (&8d9- -
norleucil%g?gg%gwglgﬁfi&fe Hpeptt?%gﬁgﬁ%g’lgﬁlgﬁ%}, ﬁeut ret effi n ’%ﬁ 1sama %s?cg
chen cal (PtAshgthosghod&estr gatupmaddificaioos (e . nphaphorothaaates, marhylmhosmhodates) et i cs
refers tg cheni cal coogg)founds éhat. have .a .‘iit ruct uee that is.different from
t he gene?r'é’f’SIE‘ﬂ%ﬁ‘ilg?éFn FEEPLY 'H?Flt’é’ﬂipé(ﬁ‘flﬂ .nﬁt'i‘?odi,l .lcﬁlﬂfm% E OS’ftWH&IFIB?IS. in a
manner  shgdikktidng, Rodiakaticis |aVe>Rﬁ§4él[d AR e 2 RUBRIt@EInthf 4 QLA RNt iRELAST MY
be referred to herein by either their conmmonly known three letter

20 5-bromo or 3-iodo-uracil; backbone modifications, methylations, unusual base-pairing

combinations such as the isobases, isocytidine and isoguanidine and the like. Nucleic acids
can also include non-natural bases, such as, for example, nitroindole. Modifications can also
include 3' and 5' modifications such as capping with a fluorophore (e.g., quantum dot) or

another moiety.

25 [0075] The terms "polypeptide," "peptide" and "protein" are used interchangeably herein to
refer to a polymer of amino acid residues. The terms apply to amino acid polymers in which
one or more amino acid residue is an artificial chemical mimetic of a corresponding naturally
occurring amino acid, as well as to naturally occurring amino acid polymers and non-

naturally occurring amino acid polymers.

30 [0076] The term "amino acid" refers to naturally occurring and synthetic amino acids, as
well as amino acid analogs and amino acid mimetics that function in a manner similar to the
naturally occurring amino acids. Naturally occurring amino acids are those encoded by the

genetic code, as well as those amino acids that are later modified, e.g., hydroxyproline,
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synbols or by the one-letter synbols recomended by the | UPAC- 1 UB
Bi ochem cal Nonencl at ure Conm ssion. Nucl eotides, |ikew se, nmay be referred
to by thewo2ummsomby accepted single-letter codes. [0078CT/USoe19me08dti vel y

nodi fied variants”" applies t oth am no acid and .nucl ei c .acid sequences.
Wih rosBURmar G ienERBaR HOCP P e raarae o R A AT G RIS I TSGR 1 e
vari ant sthitefaQe thets@mlehasie chethicgl GrRtirélss M9 BeOHANE dAMJ 4@d, 1 8la carbon
essentially identical am no acid sequences, or where the nucleic acid does

not encodemdhetanboindde pdydogaenon, acarbesslgioumian pnigeaoupAndgadusiotes .
Because of {16, dBgenerRtH, Ol dhS, HENGHDBE MG oRink IR WA Such
s [ Pere y ‘grven ‘protein. " For

functionarty 1denti’cal “nuc acl ds encode an

| Nst @nc eanaloye heRA@BSIfIETR, grells (c @ aoalbteiUr ahddiRarngeidé backdbhdypb@atiin

al ani ne. Thus, at every position where an alanine is specified by a codon,
t he coddhe 8ame basicgheryrieal structurgyas gmati eercrEggowing gcido dgpis s

W thout ablef gmid¢ c@ﬂﬁ@ﬁﬁg (RP hYREPLH Hfire %?E JHGIA ﬁ?fﬂ(ﬁl(‘?%/e\ﬁ%%% ?%(%Hglgél are

"silent variations, are one speci es of conservative

vari at i amsictubvef an amioab ecid, buti thatFentons é dmaendy sivhilaho e namedly ccpoingpept i de
al so descr. bes, every possible silent variation of the nucleic acid. One of
ski |l widMnp@eidgni ze that each codon in a nucleic acid (except AUG which

is ordinarily the only codon for nethionine, and TGG which is ordinarily

t he 16nl y[08dHonAfono acigpmep hangferrethtoderam by kitker thar goreindnly knowotthies ddtley

i denti cal | e, Accordingl h _sil. ent i ati : | ei id
whi oh oreBHRL & tahy Bep R aE S SRrerEniet bR (HBSEPTpS b Segtinle. (o070
As t 0 amifQeRlatlreSCAHRANERR, N olHesS Kkéwistithdy BERRGIIZE b fidir ddpsthyhigual
substitutions, deletions or additions to a nucleic acid, peptide,

pol ypeptdcdentedsingledettdrgodesquence which alters, adds or deletes a single
am no acid or a snmall percentage of am no acids in the encoded sequence is
a "conseioas]i velonsemeiivdle ehodifiddwdirianthepict lebethagried hqd aidsudldis a¢id t he
substitution of an amno acid with a chemcally simlar amno acid.

Consler vatepyancey hWathiggpestio paricalas necpigiany! ScovRicro sanseyvatively medified no aci ds

are wel 'va@ﬁt‘é’@g@e tb I?l?os@'hhc]]e'ljgl%ms SELYRRL Y&hﬁcﬂ%?%iskﬁt@'a %?Hérﬂi@ﬁlsanﬁhs i n

o0 1
addition to an 0 not exc e polynmorphic variants, 1ntérspeclies honol ogs,
and al | edegbseqiierides dr wdend theo mucleleG83] dokk @ot @rcmie emamdtiorsgid segharcs, tbo a

pol ynucl eoti de sequence encodi one .ar re am acids. The term does not
require %%Sf'ﬁtlaﬁY ity SPILBESN Bekaist s %‘éﬁl&erwﬁ'}ﬁhﬁ T o eﬁ%rgaed in any
one of sipmish bf &RAbndISadéMZaf HRIES aRAOM 8L Y giRePRIYIMC FSOhbHEeSRRUENCE.
[0081] The term "pronofer"” refers to regions or sequence |ocated upstream
and/28r codons GCA, GCC, GCG and GCU all encode the amino acid alanine. Thus, at every
position where an alanine is specified by a codon, the codon can be altered to any of the
corresponding codons described without altering the encoded polypeptide. Such nucleic acid
variations are "silent variations," which are one species of conservatively modified variations.
Every nucleic acid sequence herein which encodes a polypeptide also describes every
25  possible silent variation of the nucleic acid. One of skill will recognize that each codon in a
nucleic acid (except AUG, which is ordinarily the only codon for methionine, and TGG,
which is ordinarily the only codon for tryptophan) can be modified to yield a functionally

identical molecule. Accordingly, each silent variation of a nucleic acid which encodes a

polypeptide is implicit in each described sequence.

30 [0079] Asto amino acid sequences, one of skill will recognize that individual substitutions,
deletions or additions to a nucleic acid, peptide, polypeptide, or protein sequence which
alters, adds or deletes a single amino acid or a small percentage of amino acids in the encoded
sequence is a "conservatively modified variant" where the alteration results in the substitution

of an amino acid with a chemically similar amino acid. Conservative substitution tables
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downstream fromthe start of transcription and which are involved in
recogni tion and bi nding of RNA pol ynerase and other proteins to initiate
transcri pyoan10/qs@082] A "vector" refers to a pol ynucl eorcaaiS2edioeds7when

i ndependent, of the host ck L b i catj an i t
or g SO QS HEIamYBBHEY RERHL s Shy A GhA B oS poHasa AR | gi n

of replifadifioNvarMetd £E 1 LR GOBRE I8 nofetludetgoditéphiRtvafAntdNetekspasied at i on
ter m nat ors, transcri ptl on and translation initiation sequences, and

pr onot eremededsuand dlelesed theainvemionf t he expression of the particular nucleic
acid. [0083] "Reconmbinant" refers to a human mani pul at ed pol ynucl eoti de or

a copy qoosWnPreneih "lcodin3l @rs8 ipplynatlesti ey ilict eadddéiey ore@t nidtét ance, a
reconbi nant "expressi on cassette conprising a pronoter operably linked to a
secofAd potippaciisolhalermepes pasireatire Sirbabtien cadeat ATSAIHBE @EY)ISEEeHse £ t he

second pol ynucl.eot | as: the. I ' ' , t hods
presi. LRl P S I P T
Spring Harbor Laboratory, Cold Spring Harbor, N.VY., é1989) or PJrrent
Pr ot ocol [808H NBhetrm aProBIaero §ELeRdP Qs or 3equeBRfloppted yrsreamnd/orn e

(1994-1 9(%%%1‘)5tr92{m A 885 E’tecﬂ’ +BNSdBiGn %ga UhEARE irRbRBd i ?ec@%rﬂﬁ&? ghPhinding
cassette. I'n another exanple, a reconbi nant expression cassette nay
conpr i seffRN A mobineotdedad odmrprateds toningiatchtranswagytianhat t he pol ynucl eot i des
are extremely unlikely to be found in nature. For instance, human

manijpul pegh)r At R EGEI"ABA theSoRnuRlBEHE, tyHEFivaEn SRENAAERD MRYhIst ank or
separate the pronoter fromthe second pol ynucl eotide. One of skill wll

recogni zadrethesonpn isymapatle otplidetsorciar inst onganipm Arefdrredveriery ingdyds phasenids e not

limted tg.the anpl es .above. [ 0084] "pol yneras al y i de” t he

pr esent ﬂlﬁ\}&?‘iﬂgﬂ‘%@ 44 Op'eBt irﬁplic E?‘B?'i ﬁ%tﬁgac%gf)?ﬁ%rg%g @"&ga%g%r#gﬁ?ﬁgé

pol yner asfsRaby RERlkAG s Pahs@i S RnGAdRiah Setiaditition 3tqudara| asl prosbtegdd Nng a
het er ol ogous DNA bi ndi ng domain, e.g., Sso7D. DNA polynerases are wel | known
to t hoseusefil [f¢rééglillﬂilctlh@%b¢ expresseanfithgpaticulporuclsiafdidd to DNA pol yner ases

i sol ated or derived from Pyrococcusfuriosus, Thernococcus litoralis, and
Therisot o@es3iar I'Rédombimnt nietkrs ioethwedrsmamgpulatedrpelyofucledtidyon sadpyae bot h

DNA- dependent pol ynerases and RNAdepengent mer ases such .as reverse

|
transcri %ﬁ%@?‘efﬁx@fﬁé‘&g@nﬁwq@ﬁi P?]é!féu ?Otlﬁqg%%%ﬁﬁ‘éﬁ% ABRR" R RS
known, aéa%&%%ﬁm?ﬂ%ih balbmbidt Opdratly 1inked & a é%c@rmj%%l:ynu i@le insaylihdihdeea Or NO
I ty § h P/ S. S X

sequence simlar ng the various famlie t famly pol yner ases
are si ngprenmokeithmt iy lndted lgouhtatthe sevond polanncleatldeiap tlee repdyofettinganf unct i ons

el g BOLNITSL R B kD SXBONE g AeL ot R0 Biofe %

20  Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y., (1989) or
Current Protocols in Molecular Biology Volumes 1-3, John Wiley & Sons, Inc. (1994-1998))
of an isolated nucleic acid comprising the expression cassette. In another example, a
recombinant expression cassette may comprise polynucleotides combined in such a way that
the polynucleotides are extremely unlikely to be found in nature. For instance, human

25  manipulated restriction sites or plasmid vector sequences may flank or separate the promoter
from the second polynucleotide. One of skill will recognize that polynucleotides can be

manipulated in many ways and are not limited to the examples above.

[0084] A "polymerase polypeptide" of the present invention is a protein comprising a
polymerase domain. The polymerase polypeptide may also comprise additional domains
30  including a heterologous DNA binding domain, e.g., Sso7D. DNA polymerases are well-
known to those skilled in the art, including but not limited to DNA polymerases isolated or
derived from Pyrococcus furiosus, Thermococcus litoralis, and Thermotoga maritime, or

modified versions there of. They include both DNA-dependent polymerases and RNA-
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have a single catalytic domain with polynerase and 3' to 5 exonucl ease
activity, as well as accessory factors. Famly C polynerases are typically
mul ti - subwoizbiomsetiei ns wi t h pol yrreri zing and 3' to 5 eromusSk@aseo3activity.

I E. h f b d. |
L A e T

di ff er endepbadent DNB\ pllyiidRisasas knShA NDbMFEMBSERI] 3nto amidiesl ASB A, | THRré cat ed
in nuclear replication, and a fam|ly A pol ynerase, poI ynerase g, is used

for m t o8 Mhigernne seopgnce siphijaciay poang teverionsfaasliest Nbpeh w@ﬁm%ewm érude

Do EL R o bap e BRI CREAD SRR bl ignsienvel e
phage and 3Vexdalucleade) taiiap &isd 5 RNA mhyﬂwsaae@v@amahﬁlymI@o@mmdﬁmoanﬂ

RNA—dependent 0085]  Pol ypept.i de pol ymerases of the present invention have
pol ymer a¥¥e a¢in walmsii%alpweﬂae@y%raa%rm (X} qx@wil%se AHEIe RS el 95 of t he
pol ypept}] ymer ase

Dol ypopt 1 aEsog e 8. MEIRTL phiERlspe et ilealt AR pORIE PRLY T o
conpar edpdlymeitidg ayp@ tp 6l qmsandsefss activitjndnds sa}j,sthtbe sypes b€ DNYe pelymerds@086]

he SeqUBHESSH! W SOt Tt R Ha g 1 Gendy b s giGert BTy T ¢ he

t wo l%eg;%&g{é%ub Relld) ﬂlréé‘&‘f?fe}/@ﬁ?gpnﬁi}’ Eg»%f%ﬁé?éseWNmﬁg&%&%%P@dﬁﬂﬁétaﬂi

descri l'ow. The terns ent’i c or percent entity,

cont ext igdplicuted O nuddéa réplich@ors aAd b dsmidy Amdlyrneﬁge gelysegaseceised Rker to two
or nore sequences or subsequences that are the sanme or have a specified

per cent agdogongrplddNAcrRliGagen.deher ypen g€ PAGY Pelemeraset inglude phagesane, when
conmpar eSpcﬂ%gel%Lésg@?Hﬂgl , RIgX Iy &ereg Qff ?Héiﬁde%% 118%@@;5@” te}‘g'leé‘fiow

as neas usi ng one o the sequence conparison a or by
manual all, apdriEnbindabatteriab RAA pmispmﬂsem wM\hmlp}mge aMmeJ@onmamaeRm
peptides, it is recognized

identity is used in.r ce to
t hat!> resﬁ(ﬁﬂgerﬁégs,%pgﬁi)@&é{gpg}dgn}%{doéﬁ ‘?p&‘%qenﬁften differ by conservative

am no acid substitutions, where am no aC|_ds re5| dues are subst.l.tut eql f or
ot her an{iOﬂ&S]acPdlypeyiddweLymﬂ'rawsthhelmesenhmmmmn hawepelrym'ewee getivgty, &ieg ge or

hydropho ICIt and t efo e do ha e cti Qng erties of
the ol Bt gaPtoclliEhc bE oGPl FrPRSRulisot BE P RTin PSR 65 e
percent peAMAIIC %oh@%lﬂyrhé’rageﬁp/olﬂ%pﬁdky@ﬁtﬁ@' i@ ekt Brb e pdlpheradte
conservative nature of the substitution. Means for nmaking this adjustnent

are wel | ackiNByas eempaied to wild Sloelpolymerases i the aysayp dedcribed hgrsing nvol ves scori ng
a conservative substitution as a partial rather than a full m smatch,
t herx®by [0086leaSivoguiclei: Juid sRNERGS of polypetiles aershidity be Thleatical 'Of tiex arrpl e,
where ansequence of nucleotides or amino acid residues, respectively, in the two sequences is the
same when aligned for maximum correspondence as described below. The terms "identical"
or percent "identity," in the context of two or more nucleic acids or polypeptide sequences,
refer to two or more sequences or subsequences that are the same or have a specified
25  percentage of amino acid residues or nucleotides that are the same, when compared and
aligned for maximum correspondence over a comparison window, as measured using one of
the following sequence comparison algorithms or by manual alignment and visual inspection.
When percentage of sequence identity is used in reference to proteins or peptides, it is
recognized that residue positions that are not identical often differ by conservative amino acid
30  substitutions, where amino acids residues are substituted for other amino acid residues with
similar chemical properties (e.g., charge or hydrophobicity) and therefore do not change the
functional properties of the molecule. Where sequences differ in conservative substitutions,

the percent sequence identity may be adjusted upwards to correct for the conservative nature

of the substitution. Means for making this adjustment are well known to those of skill in the
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identical amno acid is given a score of 1 and a non-conservative
substitution is given a score of zero, a conservative substitution is given
a FCO{G bwowemmsgEno and 1. The scoring of conservati vePSHISROWORI3ONS | S

cal cul ated .according.to, e.qg., the algorith f .Meyers MLle ut er
o i c. 8 aopeay g O rpggonder g SR dpniebnGhy S,

PC/ GENE rhikmaghl ﬂhg&!a?Eﬁ&@sidguﬁab@béhtégmqu&@b identity\USAus, foP BablpldRehdresirin
"substantial identity" of polynhucl eotide sequences neans that a

pol ynucligaticaleancioapeiddegivan g seqre o€ & anthamongenservativg SUbstinios dygidpe @ score

identity.. Exenplar nbodi nent s .i : Ot 16 % _ TQ% 75%
80% 85%?Z@@%?Q@E&§m§§%§ﬂ§§§§m§figgéggg“%%bé%@?%%ﬁggﬁ%é'ggegé?% é&énce
Sequeénceodsirigive RebPit@ns iScalataed hadrdigg &, 8,g., pheilgotthhyoBUAETs &siiiiter,
standard paraneters, as described below. One of skill will recognize. that
Chese. vATQTRMETAPHE. Bislr Sfir4-4l-07 1 3K8) 6408 IBIeEBISAR HE RIpFRBId R NTg

identit%hﬁghg&%ﬁﬁgqaoﬁﬂgqugwb@mhngggfleotide sequences by taking into

account ‘codo egeneracy, am ho aci ‘mlarity, reading frame positioning
and the |ike. Substantial identity of am no acid sequences for these
pur pos es[o%ﬁ rraﬁeyteﬁﬁaﬁ%bs?tgaﬁl]éaﬁtg“%’/a‘étrrﬁq?¥1§}1°g’lf)t1§? SAEELES KRS éﬁ%ﬁml ary
embodi Mep o R61M & Abride§ 33Eq A th40Ms af RYst 0YaeBolbeIBH it .5%&45% 95%
96% 9?55’%%@60# 99&?&%§prébt?5;g mhié% are "suebc‘@tar?tialllyg sim 5%' share
sequéncestaslimerte thchileweleasic 85t, 6h &t %, 8V 18%9p88Yot BPsIai WUYo.H580. 1615,
identic i ffer by conservative am no acid changes. nseryvati.ve am no
nci d SuRDehOSYh R PrrdeIorGr SHUgEatHs 0 PO s PTG
simlar sReLBLAST fsifg SURRRI Shrafet@fsOadRE ik tiovacOds ohgkiil Rgllal i phati ¢
side chains is egC|ne, al ani ne, valine, |eucine, and isoleucine; a group
of ani noeeagnikts thaihesg valuep pan becappyenrigialy adjusted hdgtersning cayegspepsding,gentity

t hr eoni ne; rqu f,.am no I i ) i .ni i de i IS
aspar agi & asae S B EFuRES sfidices BLARRIRL AR USRI,
chailss i#nipbaciylsehdatitpereadidip GaimReositiodinigrayg tiegiiicen ; Substgnital pdentityanl andinaci ds
havi ng basic side chains is |lysine, arginine, and histiégne; éﬁg a group of
ami no acacifsseqHencsy fas ihesa puEesss HIrmglly meantsearereeidentiie olat leasbiny o et hi oni ne.

Exenpl ary, GARS6 MM GerATRR RS U8t 405 FhidTEON SONO8PR, YL 95% 94%, 95%,

val i ne-1euci'ne-i sol euci ne, phenyl al ani ne-tyrosine, |ysine-arginine,
al ani ne-964b,i 985, M&par 99%. Rolygegtides avhiich aei'sibs@antalspauwlagishaegbqteandses.

[0088] One of skill in the art wi.ll recognize.that .two gl epti des.can

2l 50 be MUGHROIAEKSEPE {hef HSiLF eariony VERE Ha T HY pU D Doy Retons e

i Mol oghieglabi BhfBds @ ConddMistive ABRGhdid RISk THNS b fbCo WRESinkRYh AR Bebilfdy loR I

while the am no acid sequences of the two pol ypeptides show )
residues having similar side chains. For example, a group of amino acids having aliphatic
side chains is glycine, alanine, valine, leucine, and isoleucine; a group of amino acids having
aliphatic-hydroxyl side chains is serine and threonine; a group of amino acids having amide-
containing side chains is asparagine and glutamine; a group of amino acids having aromatic

25  side chains is phenylalanine, tyrosine, and tryptophan; a group of amino acids having basic

side chains is lysine, arginine, and histidine; and a group of amino acids having sulfur-
containing side chains is cysteine and methionine. Exemplary conservative amino acids

substitution groups are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine,

alanine-valine, aspartic acid-glutamic acid, and asparagine-glutamine.

30 [0088] One of skill in the art will recognize that two polypeptides can also be "substantially
identical” if the two polypeptides are immunologically similar. Thus, overall protein
structure may be similar while the amino acid sequences of the two polypeptides show
significant variation. Therefore, a method to measure whether two polypeptides are

substantially identical involves measuring the binding of monoclonal or polyclonal antibodies
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significant variation. Therefore, a nethod to neasure whether two
pol ypepti des are substantially identical involves neasuring the binding of
nonocl onawoaniopshytel onal anti bodi est o each pol ypepti de. PCuSpaloyppspt i des

are substantially i.dentical . if the antibodi . ifi.c for.a,first.

ol ypoptiP GETbRIPHIE Tub anlr st dR et Treny e R ket i fha §isPaik SREfe one
third offot herdbbiypbhteltdnd {hesebbicolpdpyine Mithde: affiiiey ot YqePsedBid BRtheal SO
be deened to be "substantially identical" if they show cross-reactivity in

a west eraffibitofor dreafisgspalypaptidecTee nedipsgtidastriwoalsdkbrodasnied te he “aybstanfigbg]
For sequence gopparisaon, typically. on e C r r
sequoncddetiela bRy cR8Y e Bkl Pl e S ARAGR Rt Ro By i,
conpar i Sgwaligeid 4hHhm test and reference sequences are entered into a
conput er, subsequence coordi nates are designated, if necessary, and

sequenc or r r

s B e O R Tt S e b A
sequencewkionpat seg0enceb gerdotparddh eMhanhsing atemetdecoppansnt algetflven st and
identities for the test sequgnces relative to the reference sequence,. based
on the pEBEMSASHBICARRSAES SNCICOHYOR CAMPEISHRPIOYRNGR cRatsipatesaLe a?é%rla r i n,

i ncl ude Eg%m% r jrMous

posi ti oflnsercgges ggfglgcgsehg%%e? e gr oggggé%ﬂ?iagﬁl%ﬁgg 8#&1&?%%1&%5 ngagg%?é%gﬁal |y
abolit0 50paronetbiswhn BOQsedyor dtemsative Ipgraaieoars carOBe designbtedt The6eduenethi ch a

sequence may .be co red to . a reference sequence,of. th me _nunber of
cont i gudWS S ?ﬁgggt?lﬁ? gp clfgae eégwgﬁ%e eléc}eéd%]f[ﬁe?rﬁqrﬁ@e P SGREEC*Met hods
of ali g%ﬂ%RTth%‘%él%!ﬁéﬂ@@&qh@xﬁce?@é@@bhﬂ%r@%@rﬁ/\ﬁdrém&@@vm inthe art. Optimal
al i gnnment of sequences for conparison can be conducted, e.g., by the | ocal

honol ogy, oriy,tthm of .Sm t.h.& Mat er ngn, .Ady A

the- honaloBoi’s i SR aer hab ShRBseip e8P BIcR o § el P g
48: 443 (JHWHOMumbyt dfkents@ins PodifsnsSelcled fidny tH¥elrbgdcwkistraoSHom& Oltb Boan,
Proc. Nat'l. Acad. Sci. USA 85:2444 (1988 by conputeri fogl i npl enent ati ons
of tifeseusariorbausaf tq dhamt 28k omgre nsugtxgbaut LgfophowtA0iIM Which 4 fegrence may

CGenetic f P N ' gg\gfm- Aoy isual
i nspect is%eﬁ&ﬂ{%g%ﬁr]o a}%@%‘%ﬁﬁ%@%%’%ﬁ%‘%ﬁ?ﬁ% ?émz%dlot abl e ?or get er m ni ng
per cent tsegequaees aempiitmpllanbigedqMetbed ssifraligamentyofissqueheesBhASpdrgon atehm
which is igribed in Altschyl et al., J. Nblf. Bi ol .. 215: 03-4210 990) .
Sof t war eVFGrFIER frb‘ihﬁiaﬁg Qatixeet aligament o6 STEICPUBI P IRV AT &Y & TR B the
Nat i onal . Cept &le 15 hBn@iRSGHMIREN Jf REGIHRIW R, v Appviambd 48b 1 9¥ih. go-
v/). This algorithminvolves first identifying high scoring sequence pairs
( HSRZ) Dblyy thd dnmofogyradignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970),

by the search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA

85:2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT,

FASTA, and TFASTA in the Wisconsin Genetics Software Package, Accelrys), or by manual

alignment and visual inspection.

25  [0091] An example of algorithm that is suitable for determining percent sequence identity
and sequence similarity is the BLAST algorithm, which is described in Altschul et al., J. Mol.
Biol. 215:403-410 (1990). Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.go- v/).
This algorithm involves first identifying high scoring sequence pairs (HSPs) by identifying

30  short words of length W in the query sequence, which either match or satisfy some positive-
valued threshold score T when aligned with a word of the same length in a database
sequence. T is referred to as the neighborhood word score threshold (Altschul et al, supra).
These initial neighborhood word hits act as seeds for initiating searches to find longer HSPs

containing them. The word hits are extended in both directions along each sequence for as
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extensive guide to the hybridization of nucleic acids is found |n lessen

probes. eyl TaoPBR e ineeARE AU i lr Bt @h Ry ! ©

nucl ei c F@b@wﬁﬁﬁﬁﬁﬁhze(t&9@3&rget@@6§5q&éﬂc)é, yEicghif h Stemplge mlxmmsﬁ rtuciisadd, e
selected to be about 5-10C._ | ower than the thermal nmelting point (Tm) f

t he Wpedititene ethgesrasennes aSuggreqaniigansars se@isgemdgnanden 4nd tiil v éfféegient
condi ti O @LEnt circumstances. Longer sequences hybridize specifically at higher temperatures.

An extensive guide to the hybridization of nucleic acids is found in Tijssen, Techniques in
Biochemistry and Molecular Biology--Hybridization with Nucleic Probes, "Overview of
principles of hybridization and the strategy of nucleic acid assays" (1993). Generally, highly

25  stringent conditions are selected to be about 5-10°C. lower than the thermal melting point
(Twm) for the specific sequence at a defined ionic strength pH. Low stringency conditions are
generally selected to be about 15-30°C. below the Tr,. The Ty, is the temperature (under
defined ionic strength, pH, and nucleic concentration) at which 50% of the probes
complementary to the target hybridize to the target sequence at equilibrium (as the target

30  sequences are present in excess, at T, 50% of the probes are occupied at equilibrium).
Hybridization conditions are typically those in which the salt concentration is less than about
1.0 M sodium ion, typically about 0.01 to 1.0 M sodium ion concentration (or other salts) at
pH 7.0 to 8.3 and the temperature is at least about 30°C. for short probes (e.g., 10 to 50

nucleotides) and at least about 60°C. for long probes (e.g., greater than 50 nucleotides).
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I munogl ghyd iy r\é@tfén%g &n epitope (e.g., an antigen). The recognized immunoglobulin genes

20  include the kappa and lambda light chain constant region genes, the alpha, gamma, delta,

epsilon and mu heavy chain constant region genes, and the myriad immunoglobulin variable
region genes. Antibodies exist, e.g., as intact immunoglobulins or as a number of well
characterized fragments produced by digestion with various peptidases. This includes, e.g.,
Fab' and F(ab)'; fragments. The term “antibody,” as used herein, also includes antibody

25  fragments either produced by the modification of whole antibodies or those synthesized de
novo using recombinant DNA methodologies. It also includes polyclonal antibodies,
monoclonal antibodies, chimeric antibodies, humanized antibodies, or single chain
antibodies. The “Fc” portion of an antibody refers to that portion of an immunoglobulin
heavy chain that comprises one or more heavy chain constant region domains, CH1, CH2 and

30  CHB3, but does not include the heavy chain variable region.

[0096] The term “osmolyte” as used herein refers to any substance or compound that

affects osmosis and/or contributes to the regulation of osmotic pressure in tissues and cells.
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[0100] In a further aspect, the invention provides methods, conpositions,
r eact i onincreased amount of amphﬁcatlon product.

20 [0100] In a further aspect, the invention provides methods, compositions, reaction
mixtures, and kits for performing nucleic acid amplification reactions that use hybrid
polymerases complexed with hot-start antibodies. Such hot-start antibodies bind to the
hybrid polymerases in such a way as to inhibit polymerase activity at lower (ambient)
temperatures. For example, in some embodiments, he antibodies substantially inhibit the

25  polymerase activity at 50° C, 60° C, and even 72°C, so that substantially no DNA synthesis
occurs during the reaction setup at room temperature as well as during the initial heating up
of the thermal cycler block from room temperature to, e.g., 95°C. These antibodies will
disassociate from the polymerases at higher temperatures, thus releasing the inhibition of the
polymerase activity. Such antibodies increase the efficiency of nucleic acid amplification

30 reactions, because the polymerase remains inactive during initial set-up of the amplification
reaction and prior to the initial denaturation step. Since it is inactive at low temperatures, the
polymerase complexed with the antibody cannot elongate non-specific primer-template

hybrids that may form at the lower temperatures.
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utili ze MOORPERTE REHEE RepHE BEICSYIS- ange, but in the present invention,
concentrations in the mllinolar range, generally 50 mllinolar or |ower,

r esul t eddvhrid pelyweradeschsef eliin Wesprgsent weveafiphi f i cati on reaction. In a further
enbodi nent, nolecules that mmc the electrostatic property of

doubl e- sjoi a21deThPRsét envengdnipietided hithid pagsieiases domrising 4 golyadtase
non-speci fi ¢ binding of the polynerase to doubl e-stranded tepplate nucleic

aci ds. 19preainend p DN brdingedaman nireh hibrid neoireerates 89 HOMAHEE"?Y 3Peduce such
non- SpeCihEﬂeﬁseﬁiy?Qdegﬂvi%{.8%%95%}!‘5.@SQ!eﬁPMFﬁﬁcaﬁlsk PlbGLaRBh fe zgﬁ)%ﬁ)o'ﬁ‘gi;ul 'n

the present 1 nvention e present” i nvention provi ybr
pol yrer a2094/0246558; 2004021 4164 y 2RO | BRETRI0A4/AASH %63 DREV4I003D Ty 200381 62173uch

U's. " pat SRTORAREE 280 Sh ! PP bl TS MG Nos g B B i Sohdfe sipeniamich O
2004/ 0214 154, 3904 P01 8251 RAGAHIREISRT rAUNHAIAR0TR n3ARRAD 93 1TE

2003/ 0148330; " 2003/ 0138830 and U.S. Patent Nos. 6,627,424 and 7, 445, 898,
eaci20of tamdhdgs related to polymerases, hybrid/chimeric polymerases, as well as all methods for

making and using such polymerases.

[0103] In one aspect, the present invention provides hybrid polymerases that lack 3°-5
exonuclease activity. In one embodiment, such hybrid polymerases comprise a double point
mutation in the polymerase domain that provides this exonuclease deficiency. A variety of

25  mutations can be introduced into a native polymerase domain to reduce or eliminate 3°-5’
exonuclease activity. For example, U.S. Pat. Nos. 6,015,668; 5,939,301 and 5,948,614
describe mutations of a metal-binding aspartate to an alanine residue in the 3'-5' exonuclease
domain of the Tma and Tne DNA polymerases. These mutations reduce the 3'-5' exonuclease
activities of these enzymes to below detectable levels. Similarly, U.S. Pat. No. 5,882,904

30  describes an analogous aspartate-to-alanine mutation in Thermococcus barossi, and U.S. Pat.
No. 5,489,523 teaches the double-mutant D141 A E143A of the Pyrococcus wosei DNA
polymerases. Both of these mutant polymerases have virtually no detectable 3'-5'
exonuclease activity. Methods of assaying 3'-5' exonuclease activity are well-known in the

art. See, e.g., Freemont et al., Proteins 1:66 (1986); Derbyshire et al., EMBO J. 16:17 (1991)
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is hereby incorporated by reference in its entirety for all purposes and in
particular for all teachings related to polynerases, hybrid/chineric
pol yrmer aswe,20e@8mab| as all methods for naking and usi n@C3osSkopoOROBAEr ases.
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et ah, Methods in Enzynol ogy 262:363 85 (1995). It w Il be understfood that

pol yrrer J0LPTorE CRREASro WP BT Se i SR o i Bl €
pol yner aggkoli@e §RQUMER a@Eor@inisth BRUEITENONUC 1@ asAll FgtHey efBodinitnd hybeei i c
enbodi ment, a polynmerases of the invention conprise the double

( oi nt
nut at i orpobiaarages ol g invention aprotngndedaea Hereatide swnwhaghmé@wr%é’/péé%ng to
a positiog, " <b ef n t 0 i b r 98,0 1 NO
el d 60 e R Sl P A B e S5 08 B
r ef asenc®Yp edgnemicddentaytn®E@IDNGdquence (e.g., SEQ ID NO 2). Sequence
conpari sons can be perfornmed using any BLAST including BLAST 2.2 algorithm

290N PO rofon A0 sy bl AL,
respect iseghgnee p&bddihg tnSEQfIrNGe?. brbstill frether erthiydtimentp by yirbpe gmsrasts athe
nvent] o BLe enceded b e, el eelL 4o spakencs, accar gl B0 1B 1
encoded o, B85BSR HE 93BYYSNC 94961989,/ 2POH 19890 Y d DO 58 A8Ace BRHrity %0
75% 80% 85% 90% 919% 92% 03% 94% 95% 96% 97% 98% and 99%
sequénceSEQAERIN®y2.t 0 SEQ | D NO 1.
[0106] In some embodiments, the binding domain of hybrid polymerases of the invention
are from a thermostable organism and provides enhanced activity at higher temperatures, e.g.,
temperatures above 45°C. For example, Sso7d and Sac7d are small (about 7 kd MW), basic
chromosomal proteins from the hyperthermophilic archaeabacteria Sulfolobus solfataricus
25 and S. acidocaldarius, respectively (see, e.g., Choli et al., Biochimica et Biophysica Acta
950:193-203, 1988; Baumann et al., Structural Biol. 1:808-819, 1994; and Gao et al, Nature
Struc. Biol. 5:782-786, 1998). These proteins bind DNA in a sequence-independent manner
and when bound, increase the Ty, of DNA by up to 40°C. under some conditions (McAfee et
al., Biochemistry 34:10063-10077, 1995). These proteins and their homologs are often used
30 as the sequence-non-specific DNA binding domain in improved polymerase fusion proteins.
Sso7d, Sac7d, Sac7e and related sequences (referred to herein as "Sso7 sequences” or "Sso7

domains") are known in the art (see, e.g., accession numbers (P39476 (Sso7d); P13123
(Sac7d); and P13125 (Sac7e)). These sequences typically have at least 75% or greater, of
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1:808-81 I@%W?Go%&@%o%ﬁa U!‘?H%Ee%t Rl Y62 B and % 43%898884ch z%ﬁch These

pr ot ei ns na sequence-i ndependent “manner and when’bound, | ncrease
the Tm of hE)NB\y hy:otmréited |:3%) E):&?erenasu:ﬁﬁrltsmﬁ&ty:ﬁmdlltpumes(MAﬁ@ertteulaafor all

Bi ochem stry 8 0077, Bé These p ot ei ns and the ﬁ | ogs are
of ten LSEEIIETHEe & Tt P AT DA SERARACHGS Atsied llrpet % f8¥ed

pol ymer i d YWERERE
(referr Zraﬁ%lgg'ﬁﬂéc?gsluﬁé gécﬁ prag%n?éi%(z}u}eaﬁceglngf%a?&ng%%%n%B%%asfdggknovvn in the
art 10seeqf gengratingbyeskproteinsiambelss d(SEi@@ﬂ’ﬁ?l@ We2004)]1; 169&3&&2@ s%arshy) ; and

P13125 (.Sac’ The sequences ty, have at 5% reater,
of 80 (B9RTPaA byre bRt by ete BT hibatisddh autialer SRl rarTingg,
exanpl e, reRfedSs Zné}g@ﬁgeh}rbrmb@ﬁjsl y has at | east 75%|dent| ty to an Sso7d
sequence. [010 %] In further enbodi nents, hybrid polynerases of use in the

R D L e D R e

2004/ 00898 Ty ta’&@&éﬂuQQQQ&Y&, in 200 Eh62 37 3 5ubddé Aled8SsHikati 30 tBd d88Bacand
U S. Patent Nos. 6,627,424 and_ 7, 445,898, _each _of which is_hereby

i ncdporhridapisgly shihils RER wmplificatient pying yildope Ay pplimseaes ExfRIPieR of such
part| cul ghitiBfy Ebliah GRTUNAS bichahedih RedB) HIRBAARES: ceﬁlx,%a%ﬁcm 1

pol yner ases, a for maki ng ‘and usi ng such pol'yner ases.
Exanpl esAcdordiyplyi the polyymeases ef meon‘mnnsn amdbanetet odl ampﬁf}gmahaiaamd@nhytbﬂe d

roteins are al so dISC| ed.in 0 11605, whi ch. her eby..i.ncor orated
P10t ot arlfegortRitp oG iIRG SyheRhe BIOd S gudre MO e paTrs BdgiiPs Ren |
t eachi nggadiRnahRert. Oh%aﬁ‘eraﬁwﬂmtembrthé pO RlefisBSof thO #RBhtiéae adipt age of

sorre of thefpolyrrerases of the |nvent|on is their ability to
amplify whole cells, including but not limited to whole bacterial, fungal, or yeast cells, e.g.,

in whole colony PCR. In some embodiments, the polymerases of the invention are used to
amplify a nucleic acid in a food sample, optionally without further purification or with partial
purification of the nucleic acid from the food sample prior to amplification. This is useful,
for example, for screening for bacterial, fungal, or viral contamination of foodstuffs.

25  Exemplary food samples include, but are not limited to, samples comprising coco, cheese,

meat, egg, etc.

[0109] In some embodiments, the polymerases of the invention are capable of particularly
rapid amplification due to its improved processivity. For example, in some embodiments the
polymerases of the invention are used in an amplification reaction having an extension time

30 oflessthan 5, 4, 3, 2, or 1 second, and yet amplifying the target nucleic acid, e.g., with high
efficiency (e.g., greater than 90%, 95% or more).
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anplify target nucleic acids in the presence of a substance at
concentrations of the substance that typically inhibits PCR anplifications
usi ng w aoyepw/oBegiopol yner ase. Exanpl es of such i nhi bi t @Cy/Gsads203¢ES

i ncl ude, but a not limted to, blood, intact cells, and food sanpl es.
Accor di ngl y, té@%ﬁ%’é’%ﬁ of the invention can be used to anplify

nucl eic acids in whole blood or serum optionally where the blood or serum
are not [BLHA]f i lapnsekepplandembedimentphybiid palumetasss ofithe inventionhage pe

cel s, TRoTnaPRE RO RS by PRcll Flbhelod Pol BEDIGARRP X Der ©

cells, @o@merhﬁs%&ﬂe@cxﬁﬁﬂd&bﬂeﬁ@@le irfUSOﬂ;@pﬁmmdehwmnNm mﬂ4xbmsases of
the invention are Y nucleic acid jn a food sa
S Rlobblela?

opt | éna|2094931t4ﬁ8ﬁt200691t%§25 oitch et which ipBsrePaInCHperats Q@t. on of the
I
nucl ei Cﬁp@%{g&% P érl?ﬁet%f?&%?@{mts%s Bhd R a;rafrf??lﬁéﬁ}t{ i fé@&}hﬁ’gk rellldSo'h %bﬁ'e‘r eful,

for exa or screening acteri ungal , or vi contam nati on of
f oodst ufotymdraespl ary food sanpl es include, but are not limted to, sanples
conprising coco, cheese, neat, egg, etc. [0109] In sone enbodinents, the

pol yner agepof Atv'aﬁet'yrb‘f?my'n%@as% SarCEPRH &s f 1R HoRidnastie ]IB(ﬁ?I‘ngrase domain

anplificati on due tO I roved processivity. For exa in sonme

enbodi mefthgbrithgolyoleyases afstbs lrozfen‘tuble Anligesitfiveiamilies a6 PN A- demd@mﬁ)lﬂlﬁi cation
rea i on havi n an extens f.less than 4, 3,2, .0 second, and
o ool et 3 Sibaoat flieh e St i Bef& Nt al corrie i link GR00 g
greater siiafird Q%eq%éﬂ/@e%mﬂﬂﬁt@)anﬁﬂ@(ﬁ@%&ﬁﬁs Raniiesn SMoedfhRlily| A peRmeesengtar y
enmbodi nent , hybrl d 1%(lmarases of the invention have a pol ynerase donain

deri ved singaeh %Pli%qi al capsopiasy mybiple @zymatel bstpveneludingpplypesrgsees ases

2004021404 T EOEBL aliGy S Tiex MBI EE AL A bRuBRes SRR 02 e
by ref ertaneea singld dasal @it dorediy Withrpodyrherpsy pEs¥ s Srdonut]dase aatﬁzuﬂyaars well asal |

teachl ngs related to_hybrid pol ynerases. [Q111] A varlet¥ of pol ynmer ases
can 1Be (FSERFSAY a%tonSeggtnﬂa (bB?lb’F’SF?S%ﬁarF epi Pasgéurabﬂr& nso¥ithybri d

pol ymer ‘Fﬁn&fnﬁ fnd ?Y&S"téx‘élﬁucl e hERR JIP‘E?c&WigJeE Bhe@bf 89&9&'%%5@ DNA

pol ymer es are known, al t houg m)st Into I"'i es A, C. There
is |itt|mvebesnfosnd, dﬁﬂAmﬂyma%Mﬁnﬁky A), 1 (fzmily ﬁ)mmddﬂ (faneilw@).i lous

famlies. K Mst f a e sin roteips that can
cont at n cHsrEPf 6By E R REE P oo AP RgFaSs & & anily Hee
exonucl gapficasd inhlcYead Réplivatidr arkd a GHRIAl RAFBerasd, p¥llyinérasEq s hied¥or
pol ynmerases typically
20  mitochondrial DNA replication. Other types of DNA polymerases include phage
polymerases. Any of these polymerases, combinations of all or portions of these
polymerases, as well as chimeras or hybrids between two or more of such polymerases or

their equivalents can be used to form a portion or all of the polymerase domain of hybrid

polymerases of the invention.

25 [0112] Further, in some embodiments, non-thermostable polymerases may also be used in
accordance with the invention. For example, the large fragment of E. coli DNA Polymerase |
(Klenow) (the Klenow Fragment) with mutation (D355A, E357A) abolishes the 3°=>5’
exonuclease activity. This enzyme or equivalent enzymes can be used in embodiments where

the amplification reaction is not performed at high temperatures.

30 [0113] Insome embodiments, the hybrid polymerases of the invention include a
polymerase domain comprising mutations that reduce or abolish exonuclease activity of any
hybrid polymerase comprising such a polymerase domain in comparison to a hybrid

polymerase comprising a polymerase domain that does not have such mutations. In further
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have a single catalytic domain with polynerase and 3' to 5 exonucl ease
activity, as well as accessory factors. Famly C polynerases are typically
mul ti - subwoizoiomsetiei ns with pol ynmerizing and 3' to 5 eromusSk@aseo3activity.

In E. coli hree t 0 ol ynerases have been found, ol ymer ases
" (Fam PbadmERS Ty o e PRRR e B atRiiPlras foedli B b e
di f f er endsilf RFhéyentbdAh¥iTe 'sasieBybrid Yo RALMERIRERPis@an SmidRiEsedliéhck P! | cat ed
in nuclear replication, and a fam'ly A pol ynerase, polynerase g, is used
for nitowkedng ISHONID NEyIZ. cation. Other types of DNA pol ymerases include
phage pol ynerases. Any of these pol ynerases, conbinations of all or

portions of thaselepotidbindnasdomanye! | as chinmeras or hybrids between two
or nore of such polynmerases or thelr equivalents can be used to forma

portion | 1 : . j ri S

Pveri dout Py P a5l R es BY 'l BLY EREBAGS Rlvhifse

pol yner akesaineynjagsed tvea DSI@0binding domadang ®NA bindidedinnie iy 4 proteik;ar aexanpl e,
the larg ragment of E. .coli Pol ynerase | (Kl enow), (the Kl enow

Fr agnent fef{m? Resion ok Hﬁ%@é@%&%ﬁ% pugleigRerd; 18 Aesayenee-gidependepbyppiins) Ss e

acti vit YpinJdial i : i i

e e 1 e SRS E N, BIRaP RS
[0113] Imagbimd serghoali dombtesstranthal tuehi¢ acigol ymer ases of the invention include
a polynmerase domain conprising nmutations that reduce or abolish exonucl ease

acting t yjo@isanyh&VNA indfloyiBlefSf GORYI ths ilVenSéirdte BeRQhINBEASStAHRI N i N
conparison to a hybrid polynerase conpr|5|ng a pol ynerase domain that does
&, L

not haveExamemeneftsach oreseing wcude e peentsd dinis & Hedhapglismiall basic fed ases
conpri se,. tions kn 4he Ic! ease .dopmi n. | il yriher enbodi nents,
cuch hym T Balg0s SEA RSB B ERRGA IR, &y Cullnl PUELIRGR 8510 S20 1

NO 2. Nephysicaaséd 9501031203 dioesi Bsurhfihnletal.| Sreairal Bivbod808e81% 199 kind d
pol ynmerases of the invention co i pol ymer ase domai n conjugated to a

|
DNA' bi ndb R SbiRtHEE SArSAIah Tidbhgb @b h Arehaga it dike ProsPing (Wers sediarieli on
of asproled . 1BRL 16955 18705) 906: S8y & SSGNaBEoIIRPRRAG Ul Ler

oes not exhibit ’a gross preference for a particula
sequencePCBNAdmaldgsnged orgaiCemnreayl. bl Bdctstiolgby 1 8T:680l463 %, $99% vdiestonand ei ¢

gener al | FHRGUAG: 1or 400 esioPBEShFE 3ol Maleethel AfLi4Tae 1O B Znaes

lim ted dqi., BRRh&hEHR8al1050%Nb71223565)DNA

[0116] Sso7d and Sso7d-like proteins, Sac7d and Sac7d-like proteins, e.g., Sac7a, Sac7b,

20  Sac7d, and Sac7e are small (about 7,000 kd MW), basic chromosomal proteins from the
hyperthermophilic archaebacteria Sulfolobus solfataricus and S. acidocaldarius, respectively.
These proteins are lysine-rich and have high thermal, acid and chemical stability. They bind
DNA in a sequence-independent manner and when bound, increase the Ty, of DNA by up to
40°C under some conditions (McAfee, Biochemistry 34:10063-10077, 1995; Gao et al., Nat.

25  Struct. Biol. 5(9):782-786, 1998). These proteins and their homologs are typically believed
to be involved in stabilizing genomic DNA at elevated temperatures. Suitable Sso7d-like
DNA binding domains for use in the invention can be modified based on their sequence
homology to Sso7d. Typically, DNA binding domains that are identical to or substantially
identical to a known DNA binding protein over a comparison window of about 25 amino

30  acids, optionally about 50-100 amino acids, or the length of the entire protein, can be used in
the invention. The sequence can be compared and aligned for maximum correspondence
over a comparison window, or designated region as measured using one of the described

comparison algorithms or by manual alignment and visual inspection. In some embodiments,
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bi ndi ng proteins Sso7d and Sso7d-like proteins (see, e.g., Choli et al.,
Bi ochi m ca et Bi ophysica Acta 950:193-203, 1988; Baumann et al., Structural
Bi ol . 1: 396-28@80m994; and Gao et al, Nature Struc. Bi oIPCTEISi@B/OT(BGl 1998),

255: 1673054 BB Bnlfried 0 b Aoy S0 TnR  oduie B B&i‘?m"'

honol 0gsg00s %%,@5%),1&%@@1 Rhuddlce thedeof BACH #TetyobOfitadiis 1551%185@5%%11
Shanpbo and Steitz, Cell:99, 155-166, 1999; Felice et al.

J. M
Bi ol . 29ipmaiyhav beendescrirpdiirzhgnd ePatant Ap@C@%%NP%Q@QS/Q%Sﬁé?@sd 10712
1995). %2@ ?éé;?d and Sso7d-li ke proteins, Sac7d and Sac7d-1i ke proteins,
e.g., % b, Sac7d, and Sac7e are small (about 7,000 kd MN, basic
chronosonal _proteins from t he hypert her nophi |l i c ar chaebact erj a Sul f ol obus

sol f at arl0&1LE ahbe BMijekequeingars arehacabhistoaes thal sharetosaqlogy bt imamppeegcid
:DKIZI .”e r§e &n@@a%ﬁ% dg&tgﬂa \Rfﬁ'ﬁ Elﬂ&k‘ otﬁ%éf’g@%ﬁx Q@H& letlﬁ)tu Hﬂ tlo'lﬁtléraﬁg Jﬁ%}éil i nd

in a equence I'ndependent namnher an rease t 1 of
DNA by upith DMAQCThmHMf famiile of prodéihs fonm :(teMieAﬂmmrs Bi smdthm atdrsgveral HMf

34:10063- 10 1995 t. ruct. Biol 9).: 782- 86 199
These prllﬁ’t“éﬁq % %ﬂ%@?ﬁ%@%)@ﬁ@ SB%ql‘FS;ﬂetgeIM%‘g%H)ﬂE ‘?“?"1\9137’ )
stabil i Zpdnec&@ﬁgogﬂaﬁl EN B TRL SMAL BithilyRSMRERIN! GRe Jéﬁé& ROFR [ﬁQR7;Q>‘1}|rrh¥1§seDNA
bi ndi ng ‘domai ns for use I'n the I nvention can be nbdified based ‘on their

s equénc eorraomrbINeg ynadafyBrendtay m€ ypthcalovyintridiite ﬂunmiswgy,d@mnhmlw ibtagt abalite of
identical to or su nt i i i rotei.n over
= conpars SR oN b Aoas St DA S and Bl i BRRiaProy tout TebeTHH St no
aci ds, ahe HhiericemutthikefpréttR @R c8vAERLLinked ¢atthede tetmathsiol Thh®NAvVent i on.
The sequence can be conpared and aligned for maxi num correspondence over a

conpar i SEymETsh e e-ofia deesiigH anedifi¢asighotndabusisayoyedie percagsigheoidhe t he
descri bed CO”}ga“ son algorithnms or by manual alignnment and vi sual

i nspecti on "+>%onme enbodi ment's, t he DNA pol ymer ase corrprl ses SEQ I D NO 3
or a substantlally (h@ ,. at | east 60% 70% 80% 95% iden ?
sequencd ﬂh%]r ebertaip ]a%"lhé’tr@mﬁ?ehﬁﬂ‘?‘étﬁbﬁﬁ‘ée ‘?%WW‘S&%"F“&PM RoPRE "Hyhave

been des A &b i PR 1%9{2@?;9%6%391 ek
2007/014 9 thdgﬁc‘??f %‘lmm-l |[§@ r teélrns grelarc Saea stones 't hat share
honol ogbeIbJAhad BeidndA00%tid 0skqleices and in structure with eukaryotic H4
hi stones, which are thought to interact directly with DNA. The HM famly

of prot eipd$9)f OnAURiAR BNAI BIBdifg UBmARK Yhitfle fRRSe HEUE identi® can be identified
by homology with known DNA binding proteins and/or by antibody crossreactivity, or may
20  be found by means of a biochemical assay. DNA binding domains may be synthesized or

isolated using the techniques described herein and known in the art.

[0120] Sequence non-specific doubled-stranded nucleic acid binding domains for use in the
invention can also be identified by cross-reactivity using antibodies, including but not limited
to polyclonal antibodies, that bind to known nucleic acid binding domains. Polyclonal

25  antibodies are generated using methods well known to those of ordinary skill in the art (see,
e.g., Coligan, Current Protocols in Immunology (1991); Harlow & Lane, Antibodies, A
Laboratory Manual (1988)). Those proteins that are immunologically cross-reactive binding
proteins can then be detected by a variety of assay methods. For descriptions of various
formats and conditions that can be used, see, e.g., Methods in Cell Biology: Antibodies in

30 Cell Biology, volume 37 (Asai, ed. 1993), Coligan, supra, and Harlow & Lane, supra.

[0121] Specificity for binding to double-stranded nucleic acids can be tested using a variety
of assays known to those of ordinary skill in the art. These include such assays as filter

binding assays or gel-shift assays. For example, in a filter-binding assay the polypeptide to

27



honol ogs have been identified fromthernostable species (e.qg.,
Met hanot hermus fervidus and Pyrococcus strain (B-3a). The HM famly of
pr ot ei ns,wonew/sedtined to Taq DNA pol ynerase or any DNA moditdSgémg2@nzyne

o1 § de- ol Bris b Ran e RERL tidnboier ST PRASs W R i o Jf Ty ™ 1
exanpl e, piiecitherabileindede sRigRt fiaRdéR in B approptientbuffet.i Theadidtaetine N
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crossre I\Vi . i inC 1
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descriptions of various formats and conditions that can be used, see, e.g.,

Met hods | I 1, ,Bi : i i i l. i i1.:.ed.
Yoo3) - i Ehipd mal SRCISTsp T it cih By 1 B hcie
bi nd1i5ngkztdidsdﬁlaksb@zhﬁlbé—aﬂifépdqdancﬂaﬂﬁcn,a@i,dsbimﬁﬂg HBembiastfele insemgpnaindsr | ety of
assays known to those of ordinary skill ip the art. These include such
assays adoubia-steanded pienleig agids W8 aienyasans \‘nﬂtya‘%‘ga@‘@fe £8P E&S’(‘éﬁ‘rﬁ}‘ eicjafidy
filter-bhndi: j g ranBinadi AGE M to
oubl e ohRChRE: BERCUohAR A MARRhLL F0-RREnRACEIRR] (lAlGRBIRE bildeiB Lty
doubl e- sthe amde dudeotgiernghpositioartoe d diffarentheckpprcapsdqaemceb INdnegpecifih dinding ur e

is filtered through .a ne . 9., ni I whi.ch i t
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the Jg | tgy sih@lePéi‘%h&éiﬁdé?ei@&ciH Bidaatiitédbihdiag a \Axﬁ hgeq)n{dbﬁitprsmmsgays Bamdi ng
1 C

can be quantified by a conpetition analysis in ) .
be performed as above using competitor DNAS of the same nucleotide composition, but

different nucleic acid sequences to determine specificity of binding.

[0123] Sequence non-specific double-stranded nucleic acid binding domains for use in the
invention can also be assessed, for example, by assaying the ability of the double-stranded
25  binding domain to increase processivity or efficiency of a modifying enzyme or to increase

the stability of a nucleic acid duplex by at least 1°C can be determined.

[0124] A binding domain of the invention can also be identified by direct assessment of the
ability of such a domain to stabilize a double-stranded nucleic acid conformation. For
example, a melting curve of a primer-template construct can be obtained in the presence or

30  absence of protein by monitoring the UV absorbance of the DNA at 260 nm. The Ty, of the
double-stranded substrate can be determined from the midpoint of the melting curve. The
effect of the sequence-non-specific double-stranded nucleic-acid-binding protein on the Tr,
can then be determined by comparing the Ty, obtained in the presence of the modified

enzyme with that in the presence of the unmodified enzyme. (The protein does not
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bi ndi ng of | abeled DNA is conpeted by the addition of increasing anmounts of
unl abel | ed DNA. A pol ypeptide that binds doubl e-stranded DNA at a 10-fold
or great ewoaﬂfd/usbstlp t han singl e-stranded DNA is defi nedPOErusze1omg03al
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double stranded or singlestranded unl abel ed DNA, and quantifying the anount
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but a different nucleic acid sequence. Non-sp eC|f| C blprﬂ%?ng ca sayed
usi ng meRTRER GGeXETE$ affor’f‘éhetsﬁﬁllonﬁﬁe%a@rth%‘%l@ ‘F%F Q& £BY r%eaa% r anded
VS. sin -stranded nucleic acid binding. Filter binding assays or gel

mobi lity shift assays can be perforned as above using conpetitor DNAs of

the same nucleqgtide. co ;OSItIOﬂ Eut di f.ferent nucleic acid sequences to

det i ne spec R ROIVIRETQNeS 0 BWERIHOS e uence non- speci fi ¢

doubl e- stranded nucleic acid blndlng domains for use in the invention can
al so be H426lsspaymemsesexidhpinyentign ars gamraﬂ@/ prieduceditiyi jpining a polgmerase

doubl d ffi f
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at least 1C can be determ ned. [0124] A bi nd| ng domain of the jnvention can
al so be 047k i poléalergsewfrté@tnvagg@sthr@qlw@ﬁéSlaaﬂqq}mgﬂu@ﬁ kngyahinghgigftai n t o

stabi | i 28,49 lp?o<ﬁ1tc r%&%?ﬂg&gfés%b ﬁgllng &%er?érgyetdo in B agﬁf&@ﬂ? ly ﬁd a

mel ting curve of “a pri nplate Cons ct” can t ai ne
pr esiencebiadingldemnatearetleqeribtdifor dyantpbe)iin O $. rRgteni & pphicaaios PubAcetindiost he DNA

he- m dpatUstOLGH PronRTena: cuful FHRE DodtIpl & EnbPRullDsRcilibdhue 71

doubl e- Sﬁd@ﬁﬁ%@lf‘y%@ﬁ.m@%@ B0 Ngs s HEUTS. PRtehNRod B 3M2lhen 7085 898,

det er m ned by corrparl ng the Tmobtained in the presencé of the nodified
enzyme wdch of médchiinhereby prregenaed bY retferenceninotsichtiretly fmallperpos@handgnot ei n

d t f t t h b '
over xR B BRI O AR an A RGBT Rt T dles
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[0128] Chemical methods of joining a DNA binding protein to a polymerase domain are
described, e.g., in Bioconjugate Techniques, Hermanson, Ed., Academic Press (1996). These
include, for example, derivitization for the purpose of linking the two proteins to each other,
either directly or through a linking compound, by methods that are well known in the art of
25  protein chemistry. For example, in one chemical conjugation embodiment, the means of
linking the catalytic domain and the DNA binding domain comprises a heterobifunctional-
coupling reagent which ultimately contributes to formation of an intermolecular disulfide
bond between the two moieties. Other types of coupling reagents that are useful in this
capacity for the present invention are described, for example, in U.S. Patent No. 4,545,985.
30  Alternatively, an intermolecular disulfide may conveniently be formed between cysteines in
each moiety, which occur naturally or are inserted by genetic engineering. The means of

linking moieties may also use thioether linkages between heterobifunctional crosslinking
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10C or nore, can then be selected for use in the invention. [0125] Novel
sequence non-specific doubl e-stranded nucl eic acid binding proteins of the
i nvent i orwoanioaissobe i sol ated by taking advant age of t reirruSBNAoORI3NTI Ng

activity, for instance by . purification on DNA-cell ul ose col s. The
"col at edtaseBleat naecain opi Bisa i Shoat RER of ke PRl e P e AL
sequencefher2NAvAitE oBRAREaCANE BRERaldRYE&RL | onal means via PCR Proteins
overexpressed fromthese clones can then be tested by any of the neans

describ ove. Produci ol es. of , the i nvention [[Q12 ol yner ases
of e laA: She BRASHENRAPRS ¥ PRARRA P sk Bory APt ismt vt o a
DNA bi ndiofghidl@aRialto kspgs€hHpeptiigl baiioghied B&OEEH MaftticiBahadSepdrdR 7]

pol ynmerases of the invention can be produced using techni ques known in the

art . Svetshadssizest bypvtensiaed prptide syitbesas@musineT r8eqmabIaars anphe r Aiecldigien and a

hopl 1+ catr s e plsg ORI B3 el oy B0 G SRS 22 B B 1680
2004/ 019¢G2fice ADVUIIBBBLORD. RORKAAPR2PIHidcLLOHNYANETAId ROABIQI4B330;
O 5 LR i T Tt T
parti cul i 3 0oLy e ¢ f iC
poIyneré@%g%gggﬁg%f%gggﬁg?g%%éﬁ%%%gg?%%nggﬁ%ﬁg&gﬁgagglng Qﬁ% %o yNner ases.
[0128] Cllem.Sak., 3820623144). Fojuiyinmgpt for Dhibnidtertisymthepis of eplypemidas pol yner ase

domai n are descr.i bed .0., 1n_Bioconjugate Techni S, manson, Ed.
Acaden Soprasalty ggalabl st sUPMERAIGH o BF GRrEPRet Er CAD LN for | he
pur pose Rherailplk BerhiRe a&mmg% BieNBaduPaR@eRs Rbh@ition§l ThesyntdsBed b¥ptfes

t hrough a |inking conpound, by nethods that are wel|l known in the art of

pr ot ei n @hérndrerajeaved fromxthapesen, and puried e bydirepasativedugh perfarmaned lind | t he
nmeans of ,linking the catalyvtic domain and th i ngi.ng .dormi i ses
e het e shrTePReiaRes St aRTR R AR SR Ph SRR PP B P8

f or mat i orhedonddsitioh ©F thel seathkad péllypeptidesler SfBrhahyreof the olypeptids, fial ©8.

O her types of coupling reagents that are useful in this QapacitX for the
present opfERed Bramie giskaalisser segieneivg ipRe the kinanglegradation prgsedueses 985,

Al t er natd uhon PRt STRLEGUAMEESYA bR fTBY ppoen] Rigsly be for med

bet ween cyst el hes 1 n’each noiety, occC y of are inserted by
genetic engineering. Th ans | i.nkj.ng noi eties al so use thioether

7 nicagedObalnelramdics FEBYTTRED PO GHIBEAPHR G DEGEN Se GOmEHEET I | ow pH
cl eavabligingt 98sd liilsSE Srofp. TREGhEInE RSP @A aChBRYRAPLRsdINRKR! et

20  including, for example, succinimidyl-(N-maleimidometh-yl)-cyclohexane-1-carboxylate

(SMCC). The linking group can also be an additional amino acid sequence(s), including, for

example, a polyalanine, polyglycine or similarly, linking group.

[0131] In some embodiments, the coding sequences of each polypeptide in a resulting
fusion protein (also referred to herein as “hybrid” and/or “chimeric” or “chimera” protein) are

25  directly joined at their amino- or carboxy-terminus via a peptide bond in any order.
Alternatively, an amino acid linker sequence may be employed to separate the first and
second polypeptide components by a distance sufficient to ensure that each polypeptide folds
into its secondary and tertiary structures. Such an amino acid linker sequence is incorporated
into the fusion protein using standard techniques well known in the art. Suitable peptide

30 linker sequences may be chosen based on the following factors: (1) their ability to adopt a
flexible extended conformation; (2) their inability to adopt a secondary structure that could
interact with functional epitopes on the first and second polypeptides; and (3) the lack of
hydrophobic or charged residues that might react with the polypeptide functional epitopes.

Typical peptide linker sequences contain Gly, Ser, Val and Thr residues. Other near neutral
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ot her cl eavabl e or noncl eavabl e chem cal |inkages. [0129] The net hods of
I i nking a DNA bi ndi ng donain, e.g., Sso7d, and a pol ynerase domain may al so
conpri se wopemasasb bond fornmed between noi eties that aPeTASpavaresry

synt hesi zed by. st andar eptide synthesis. chem str I .reconbi nant neans.
The. conj HB2eAUgRoRER A MLEPEOds PL L Be TBRRURI s AP FOMF RS hods ¢ 0
synt hesi gRicAMA BN ReREly Snihseans nkds AR tRéseidscRAEd in Mafat@@AR(B85)

pepti des can bé syntheSizéd by solid phase techni ques, such as, e.g t he

Merrifi ePenesH):3U4pHdurhyyehalh 66986) Frschatl. AsrdwheicHSA %2 58c3262; Hise Pat.’

(1953) Tonk P am e sTyR, 05 S5t bARbD e STRGAFEINS nt hesi «

of pd yp&itrétdes: dIbpEpEeEaad Bl paytiaNai thadll Ratiings lapl tb ¢ihkers UThe dskd?E Cor p.
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manuf act 1eABence maysgengretly g fronThéo akowt A amnapcilsgnleedh édn X feh Bd0@miny ed

fromthe,_resi i1 e, o | J i liquid
chr omet o5 Shen B b For 20 il s RUFRIE AL Sanl B BRE LT TR Be

Pri nci pl eguir@Dwhbéh th 88 )ahd sddoad polypestides haveofior-¢mserginhNAetrhmapahinpepidi des or
of subfragnents of the onpepti&E, may be confirmed by am no acid anal ysis
or sequeitelong thag cq be %%@5 teedparpie s fuerdiondl flomainsargmee veabierts igiranse n

Pr ot @] NSsond drdH e AL £ BRI RGPSt PRentifh @983 knind Q4801 10
anot her %ﬁ%% I ment, % DNXP%%E |ﬁ§6d6%§?n€§%d polyﬁ%rase onmai n cgh be

j oi ned vseguenceiandardiggdgo SEQR.IDINO: bi nki ng group can be a chenica

crosslinking agent, including, for exanple,

succi ni modshr ( NinglcaémicapmeRs blids ¥abohrian Enkes AR Kikas, FakPAMRElinkdbe

| i nking group can also be an additional "am no aci d sequence(s), [ncludlng,
for exanpMecther [pdkisae.aniPhE, ejgolBpgeyample, poly(sihyiana glygol) linkrisaee gradalple [ 0131]
I n sone gnbadi nent s, the cadi eqguengesof _each poal. tide in . a

resal 1 norodean i debiert At R RRAe 208y SRt DR R RIR S8 o

" chi reer i Brika@es, selfhyieyldinkpgs! 64 leteraburditiogsltlinkagedi ned at their am no- or
carboxy-term nus via a peptide bond in any order. Alternatively, an am no
acid lin e : I 03 i .

pol ypept e b oOh SR o o IR PP BB B ke R ARG

pol ypeptiodie Hindidg by ekpressing spatvdard/paitibettaits dndrigdisdet biotlinggbrouguch an am no

acid linker sequence is.i.ncorporated. intq the fusion protein. using standard
Fechni qUESITRARS SRR PP er S OB Pes. Sdpth eo yor CLBifiEn e ahmy e
chosen bagegsBfind BRy hrblbavbinsd fo%(@tthgf ﬁ%ox_fgla)antiﬁﬁhfl¢(ﬁgb bt Mt #da8ce@For

fl exi bl e extended conformation; (2) their inability to adopt a secondary
st r udft ur exanpde, A Ibdnding domain-interacting sequence, i.e., a sequence that binds to a

particular DNA binding domain (such as Sso7d), can be joined to a polymerase. The
resulting fusion protein can then be allowed to associate non-covalently with the DNA

binding domain to generate a DNA-binding-domain-polymerase conjugate.

[0134] As previously described, nucleic acids encoding the polymerase or DNA binding
25  domains can be obtained using routine techniques in the field of recombinant genetics. Basic
texts disclosing the general methods of use in this invention include Sambrook and Russell,
Molecular Cloning, A Laboratory Manual (3rd ed. 2001); Kriegler, Gene Transfer and
Expression: A Laboratory Manual (1990); and Current Protocols in Molecular Biology
(Ausubel et al., eds., 1994-1999). Such nucleic acids may also be obtained through in vitro
30  amplification methods such as those described herein and in Berger, Sambrook, and Ausubel,
as well as Mullis et al., (1987) U.S. Pat. No. 4,683,202; PCR Protocols A Guide to Methods
and Applications (Innis et al., eds) Academic Press Inc. San Diego, Calif. (1990) (Innis);
Arnheim & Levinson (Oct. 1, 1990) C&EN 36-47; The Journal Of NIH Research (1991) 3:
81-94; Kwoh et al. (1989) Proc. Natl. Acad. Sci. USA 86: 1173; Guatelli et al. (1990) Proc.
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interact with functional epitopes on the first and second pol ypepti des; and
(3) the lack of hydrophobic or charged residues that mght react with the
pol ypept iwe 2buwsbdional epit opes. Typical peptide |inker PEEJISMO0M203CDNt ai N

can al S0k Arada i ShET) | S Formeh SEH SR R b agu BbeEndteRn fmy be
usef ul I ya] e(oig8ySeeme 2J4i1nmﬁldeWﬁlgrﬁrﬁfqmagiBs&le&ﬁﬁmgiyr& araveawgtand! -
(1985) Gene 40:39-46; Murphy et al. (1986 roc. Natl. Acad. Sci. USA

83: 8258-Wakkgre (1989) Geae 4: Mok and BagB12eae ahr(d92%)) e 8801 1 b gath offwhiblh tsh i s
her eby i. referen i it ntir . for..all ur,poses and in
Do o0 L BESE AR Yo Renk LR e Bof 4T Pl Y iy iar BHAPERS AN
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ani no aéP%‘ﬁg‘éacﬂﬁ’é‘ﬁ Y RE RAGI 1 Sacelaats@@ ¢lpnige; e"@¥esfléﬁ=§é]ln@fh‘éfﬁ‘tl‘é‘h%ﬁ?% ain

li nkers ihid] fddien prsBah ¥deR b dl Ak 6isSare WeR ko lvh s BoSe mﬁgﬂ n @€ bl dhlinker's,

pol yet her linkers, e.g., PEG etc. For exanple, po y?et yl ene glycol)

| i nkér s in¢ladever dxatmipte, theadd Blveanfwadars aPeithamtersyinusrd thepriymicidotide thak a.  These

| i nkers optionall.y.have am de |i.nkages, sul fhydryl. li S, Or.

het r obi TS OHAMIAE HREGHLE FroHds T ceHaR rectanenise ARHe SBRA bi ndi ng
donai N asehiR@d PREASE sl BN sE) d+3aditIORAIGNMIhA 4iRG(Y, BIPIESTI8d BRIat i ve
and positive tails and indirect binding through antibodies and

st r ept avltEPHeBRaus tp ¢reate carenisndy lqegisd resitigfion Bepenlsmigatien quslonnpyues,

SUDra)';Eﬁ%cgﬂﬂﬁkﬁﬁmﬂE al so be joined together through an internediate
i nteracting sequernce or exanpl e, DNA bindi ng domain-interacting sequence,

i.e., a sgﬂyence that binds to a particular DNA binding domain (such as
Sso?q), [BhPlpelhcopdiuperasesplsl pretsnt v entiecande axprestpdi 8iverety b hestieelan

t hen be; : [ - 1 - bi.ndi domain to
generatéﬂgh%%gﬁfFﬁ%?ﬁggg%ﬁ%ﬁﬂ?%bS;ﬁéggggaﬁ%ﬁ¥%%§¥%h%Pg?@%?kgggggeviously
descr i bedkamott edlls sach asthe (8] iGHO thé Hebh yaly lass aod nidklbnis ewdli lings.domai ns can

be obtai.ned .usi routi ne t.echniques in the fjel f reconbi nant .geneti cs.
e o T BRI B P res R A trar RS Srsrde g el A SRR RET B | ne! ude
Sambr ookG@REPrssioh in RMUBGHAR MR Am Y BiehetRt Tedhd¥Riyat/of 30 Mglcel

2001); Kriegler, CGene Transfer and pression: A Laboratory Manual (1990);
and 26ur rleekkel 894 dixampilas ofbretetid that Bie aisefgl/ for expression include, but are not limited

to, Escherichia, Enterobacter, Azotobacter, Erwinia, Bacillus, Pseudomonas, Klebsielia,
Proteus, Salmonella, Serratia, Shigella, Rhizobia, Vitreoscilla, and Paracoccus. Filamentous
fungi that are useful as expression hosts include, for example, the following genera:
Aspergillus, Trichoderma, Neurospora, Penicillium, Cephalosporium, Achlya, Podospora,
25  Mucor, Cochliobolus, and Pyricularia. See, e.g., U.S. Pat. No. 5,679,543 and Stahl and
Tudzynski, Eds., Molecular Biology in Filamentous Fungi, John Wiley & Sons, 1992.
Synthesis of heterologous proteins in yeast is well known and described in the literature.
Methods in Yeast Genetics, Sherman, F., et al., Cold Spring Harbor Laboratory, (1982) is a
well recognized work describing the various methods available to produce the enzymes in

30  yeast.

[0137] There are many expression systems for producing the polymerase polypeptides of
the present invention that are well known to those of ordinary skill in the art. (See, e.g., Gene
Expression Systems, Fernandex and Hoeffler, Eds. Academic Press, 1999; Sambrook and

Russell, supra; and Ausubel et al, supra.) Typically, the polynucleotide that encodes the
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(Ausubel et al., eds., 1994-1999). Such nucleic acids may al so be obtai ned
through in vitro anplification nmethods such as those described herein and
i n Ber gerwoSammsouk, and Ausubel, as well as Millis et &CT/uSedi9870371J. S.

Pat. No. 4. 683,202 PCR Protocols A Guide to Met d.. Aopl i cat.i
i o gt Dol R dos s b 0 et S hidahitaRds ARFroRR shERURRRR, o)
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(1991) 3: 81-94; Kwoh et al. (1989) Proc. Natl. Acad. Scj. USA 86: 1173,
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(21989) J~.;.Cin.. Chem, 35 1 X nde . of :
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Gene 54: OHE: exppicksiBalcohidgeeq@incé such 4986)sobrtEnd8g sitds/iraadpti@f tewhination s
incorporated by reference inits entirety for all _pur(g)oses and in

par t i cul sies pust thg like preslsa orjionpldy Hckged o Cangiructsi thafingdpds,nerydrore potssy one
of skill_ w r ] tn i £l catd nC ht i - e to the
pol ymer acso\ggl)fosfeq ﬁ%g%%légeerh{%ﬁi ﬁgﬁe)rg%slgdéln&\%\%e?}el%ut Pﬁc}ﬂﬁél%ﬁ?ﬂ%ﬁ@ﬁg?&dglﬁ%ﬁogi cal
acti vi t yencGdemhe faiokd pagpdpoidss arayndoeporatdé fardriglalei¢lieixatessivin i clesimed gost
expression, or incorporation of a domain into a fusion protein. Such

modi fi catlons are well known to those of skill in the art and incl ude, for
exanpl e, the addition of codons at either term nus of the pol ynucl eotide

t hatl0encl0d38] t Beprossiati crgtrabsemuendes that aneisdiablé for vex anppaticdanshédhirne added

at the amno,term.nug t.o provide an initiati.on sjt or additional am no
aci ds (eOTbe.n,ObE?d]il??W @?mﬁg g(gglae LiSicRpispsefldp F‘Haﬁﬁ%l‘t@or(‘}?lgﬁsleusgcgm%ﬁfygﬁfI y

| ocat ed dREbI deghéRBs, Siti&S arldetifédhdraihit® heh RS BlersdF trhnseAbiioinkRaiéaNCeES.
[0136] The pol ynerases of the present invention can be expressed_ in a

vari ety aftionadi withieh operiates] aleayyitiEribessinie bigding site sequenses) inplyde suchy east s,
filamentous fungi..and vario J k , CHO
and rioL 2 Sur Y Rt B0k balE pel i A Bt Rt et B R0, o
I N MisCr o8&@ARI(ShEng@re allasatuteed77)n98f DI56gxaePytoplEm () ploaneedsype@ssi on in

Reconbi nant M croorgani sns_ ( Bi oprocess Technol ogy, Vol. 22), Mar cgl Dekker,
1994. ExétasAda el ¢ Paidsies. PR &P, thertaeRiomedsi(BRBPHe fipde FT%ut are
not Iim C i Chi ) , g Wl il | us,

Pocutomgd ,A‘%fi'e%gi 121%{}3 B g%f@?ﬁ?ﬁ%ﬁ%ﬂ?@?%@%@?% prg{%eg PN obi .,

Vi t r eos ciibhdsame divdliRasiteoShoumakeét ab s atoud 98 Likpi2: 1 Bt Tae pariselan brosgoter
expression hosts incl

Tr1 ChodePAkIn ROGHLS) 8 hRERFREST POk BBk OEpEY Hhf LT R PGS eRor o,

%gezé)t aﬁ‘tr‘%ﬁ?r?g@@&l YEnd A Badtidl CUPREdIGh veReSEs iR de pladmds SR as PBR322-H4RA543
plasmids, e.g., pBLUESCRIPT"", pSKF, pET23D, lambda-phage derived vectors, and fusion
expression systems such as GST and LacZ. Epitope tags can also be added to recombinant
proteins to provide convenient methods of isolation, e.g., c-myc, HA-tag, 6-His tag, maltose
binding protein, VSV-G tag, anti-DYKDDDDK tag, or any such tag, a large number of which

25  are well known to those of skill in the art.

[0139] For expression in prokaryotic cells other than E. coli, a promoter that functions in
the particular prokaryotic species is required. Such promoters can be obtained from genes
that have been cloned from the species, or heterologous promoters can be used. For example,
the hybrid trp-lac promoter functions in Bacillus sp. in addition to E. coli. These and other
30 suitable bacterial promoters are well known in the art and are described, e.g., in Sambrook et
al. and Ausubel et al. Bacterial expression systems for expressing the proteins of the
invention are available in, e.g., E. coli, Bacillus sp., and Salmonella (Palva et al., Gene
22:229-235 (1983); Mosbach et al., Nature 302:543-545 (1983). Kits for such expression

systems are commercially available.
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Tudzynski, Eds., Ml ecular Biology in Filanentous Fungi, John Wley & Sons,
1992. Synthesis of heterologous proteins in yeast is well known and
descri bedwOrrotosodint er at ure. Met hods in Yeast Genetics, pEnarse@n/02B71 et

al., Col ri Har.bor Labaor at qr 1982) is a,well recaogni zed work
deser i bi 078 EOPPURCEpaRRth 3 90k rdririhaiah Sufciene L ERRF A0 Y Yelhor
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pol ypeptides of the present invention that are well known to those of
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d Hoef . i .1999: | .. . d
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contyol  S8MERCRSusdaRohRVIRE pr&XMEL %%iyﬂ@d&@ﬁx%%&&?of'otﬁ&%%ﬂbﬂ%@ showhhe
nucl ei ¢ ‘aci ds that encode the joined polypeptides are incorporated for high

| evel exgffestive b ekpressicleii qubdryhtistellsel | . [ 0138] Expressi on contr ol
sequences that are suitable for use in a particular host cell are often

obt ai nedjoly1]c! BRh&GodstHEM drit8iulhed ﬁi@ﬁ(ﬁé@%@n b& udddah tieShresenRREMMY used
prokaryotic control sequences, which are defined herein to include

pr onot erBegudated promgiers pan bhadvantapequsdscavspihiedioal ¢ojls wpn be aiovwadehiglor | al ong
wthrib : i ndi L: I . c . ters
hs. the ERSrERs BBt AU of SRR oI dIOR HUGT RIIPIYY cApREBH B0 2
(Chdrdge letteralogoidaprotetns(slOvs/del1G8wthlidS0one sithatidngsy pindpdadiblé prgmotpr ie@ot er
system ( Goeddel et al., Nucleic Acids Res. ﬂ1980f) 8: 4057), th? tac

pr onot erPrePBeksg dhat digects pxpregspiiof angenp whegehe lagel of qypresgion a3 ajiemblgly 21 25) -

d th ) . : UL .
an e L RnbHfeaar 6r\Kc§QelBlgm(inﬁ8 LRis @Rl 1&1%%%3?5%‘@1&‘%@19 a']tﬁk{r] %H:' Onatkdtic or

(Shi mat ake et al ., tur 981) 292: parttcul ar pronoter system
i s not caerehic adnditdortsheghtntvastiipmn factprsaandicheicalspr onot er that functions in
prokaryotes can be used. Standard bacterial expression vectors include

pl asni dsgom;]h 86 PRIBAZ24Ad RARS Baktbds HobtSoel 18, ifduciBl Bl kaRfths Bl ki¥wn ©SKdse of

pPET23D, amda-pha%e derived vectors, and fusion expression systems such as
GST nd skaléin thegrtt dhesatiaglyde dor enaswlh éhalddpromaien dedmbierigphage lambda Py

promoter, the hybrid trp-lac promoter (Amann et al. (1983) Gene 25: 167; de Boer et al.
(1983) Proc. Nat'l. Acad. Sci. USA 80: 21), and the bacteriophage T7 promoter (Studier et al.
(1986) J. Mol. Biol.; Tabor et al. (1985) Proc. Nat'l Acad. Sci. USA 82: 1074-8). These

promoters and their use are also discussed in Sambrook et al., supra.

25 [0143] Translational coupling may be used to enhance expression. The strategy uses a
short upstream open reading frame derived from a highly expressed gene native to the
translational system, which is placed downstream of the promoter, and a ribosome binding
site followed after a few amino acid codons by a termination codon. Just prior to the
termination codon is a second ribosome binding site, and following the termination codon is a

30  start codon for the initiation of translation. The system dissolves secondary structure in the
RNA, allowing for the efficient initiation of translation. See Squires, et. al. (1988), J. Biol.
Chem. 263: 16297-16302.
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proteins to provide conveni ent nethods of isolation, e.g., c-nyc, HA-tag,
6-H s tag, maltose binding protein, VSV-G tag, anti-DYKDDDDK tag, or any
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art. Fo Xpr ion otic C her th C
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Such pr i ®splécatt iRdaobtial Sech VocHi} SeREMnidhdy u:ﬂ:a\iﬁ‘ tﬁzeaetn Klpieda bf e t he
speci es, or heteraol ogous pronoters_can be used. For exanple t he hybrid

trp-| ac ¢ eersmerciallyrveilee forrtheawifiqation epplasmids dpm basteriad fe exa@ple, These

Gescri badsyHieh R (tBEhEY. fim BRAHRLTGRLE MElicIEpRNebE SeifueBlcs B 20 o1
syst éns QMex@km@if&pfbgmbiﬂ Syfe@t ©iagsn 0 THelisolated end pwrificl gasanids tabthen ba,

e.g., E._coli, Bacillus sp., and Sal npnell a (Palva et al Gene 22:229-235
(1983) ; whyaaniplatgd to PNQF%ﬁ@h@fGéamés a4 uée.Eth3‘5anSfRf‘P§elﬂ%r such expression
systens are conmmerci al I y avail abl e. [ 0140] Eukaryotic expression systens for

mlarmal | 0143l | The pcdyp&p,tidamdf ﬂlapmsentdmlremiomcm bettpréssalvntracelluteelyaot caarket ar e
al so commer ci ava bl e. east ctors |nclu a | nte t|n

o aon qobpisiag oy ety Tt SRR on iy Tt I b Vil E" Vhpr i e "
pl asm dsjy ARG oPETBI1E - acE¥PHRRA ﬁ?il‘y;)é?ﬁ&é)ﬁﬁy %@mc@ée@emy ﬁ&%ﬁ@&g}fdolaﬂngnent s

from eukaryotic viruses are typically used in eukaryotic expression
vectlor s prec@uresmoe ge@ambmokmapi | supree Manstes of elctBipslechimdogredO84)s2: #6801 ved

from Eps r ukaryotic,vectors inglude pMG
pAVOO_QIAi ‘ﬁ?ﬂ%f{)/% /feﬁl%% 1§§§)0ng ]l)(‘?alﬁgepﬁ’é “the, [yeRiion ¢! GDer vect or
al I ow ngex@mmﬁﬁla%ne{ dIHRkEdeNS, 1ﬁad@1hg®eoldldtmuaaaenﬂfhogﬂa,eye@warm Fuer
SV40 early pronoter, §V4o | at er pronoter, netallothionein pronoter, nurine

manmar y hlghﬁsreumrmtsc el ivaehess thREGXS, £3FQ endHeLe e@llsldrr@ﬁﬁ%myel;@mwlé e
pl’ onot era%gﬂsf)g}g caR E‘)g %&?B%UE?IQ%H@ 1§Jefcteé\elil a({q‘ nglngO? ?X%S EL&’H as nfo? 9 tic

cells. her “cons ive’or regu pro eré can be used iI’n the
presiént yeavteseils,bacteRalgieliate dugigabogiiser s can be advant ageous because the host
cells can be grown to high densities bef ore expression of the fusion

pol ypept 0 £6) | Snbodifreded, "1’1 he@&‘a?iﬁf%%ﬁfri?i@d%fzcd?éﬁh@&&ét&%&‘é RIced LS
g]r I

sl ows ce SOM8 ons An i'nduci bl e pronoter is a pronoter
that di rddhsar@apcladislgcamrmdmmng;elfae\ptmmtatlhe, dffwigy cdtimax prbewi on is

alterabl e by environnental or devel n fact ch as, for exanple,
t enper at (ﬁu,r%%atﬁgrapé ”Fglﬁi;t(‘iolgﬂpreéégra&fﬁﬁ% @Fet ig5H alix }gﬁcope[sr &8P pti on
factors mptiehen SRinger- 10442 N. For1982), mhtsc@@dwmag ibBsdyatdlady Weistszel | s,
i nduci bl e pronoters are known to those of
20  Guide to Protein Purification., Academic Press, Inc. N.Y. (1990)). Substantially pure
compositions of at least about 90 to 95% homogeneity are preferred, and 98 to 99% or more
homogeneity are most preferred. Once purified, partially or to homogeneity as desired, the

polypeptides may then be used (e.g., as immunogens for antibody production).

[0147] To facilitate purification of the polypeptides of the invention, the nucleic acids that

25  encode the polypeptides can also include a coding sequence for an epitope or "tag" for which
an affinity binding reagent is available. Examples of suitable epitopes include the myc and
V-5 reporter genes; expression vectors useful for recombinant production of fusion
polypeptides having these epitopes are commercially available (e.g., Invitrogen (Carlsbad
Calif) vectors pcDNA3.1/Myc-His and pcDNA3.1/V5-His are suitable for expression in

30 mammalian cells). Additional expression vectors suitable for attaching a tag to the fusion
proteins of the invention, and corresponding detection systems are known to those of skill in
the art, and several are commercially available (e.g., FLAG" (Kodak, Rochester N.Y.).
Another example of a suitable tag is a polyhistidine sequence, which is capable of binding to

metal chelate affinity ligands. Typically, six adjacent histidines are used, although one can
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skill in the art. These include, for exanple, the lac pronoter, the
bact eri ophage | anbda PL pronoter, the hybrid trp- Iac prom)ter (Amann et al.
(1983) Gawo 220/08049¢; de Boer et al. (1983) Proc. PATamOlﬁmosﬂJSA 80:

Bi ol TaBRED" e g ggeourb i el Shell i 5 g Bidinese

pr onot ergoRfdfol B@bryhib‘ﬁ&n%rt@g AcRAe ditafoesacdtit Bc@WAQQHOQ{uhaE €1999}|)_r a.
[ 0143] Translatlonal coupling may be used to enhance expr essi on

strat egy P@@éga@@fdﬁQommsam@mmpmhmdl qhglaflnaﬁ@soei@ernt s Gengia a hi ghl y

ot s iR ol Ladd Wighlo 80T, R SAIRY i Hheh PREER 40 BEAGSGaty

few am rm/aa@blslf@ﬁﬂgmge@ys@tgeramm@hhp}) codon. Just prior to the term natl on
codon is a second ri bosorre binding site, and followi ng the term nation
couon, | 0 20he BTN B G LR Ly ARk Al Bl Pyt om
initiatimnifehtion, allftslbcﬂymemse gridS@e)ini@sposadss aabnfoﬁﬁ%&) substantidBiyalifferehem

263: 162 7 6302.[0144] The anstructl on of p }d\é LIIC| eotide constructs
general | éﬁmal@%%cq prmptiong pt (e cppitiucab pelypeptidep Ip &4t easenit BR¥t%8r i a.  Such
vectors gmmercially
availabfg;g%r t e@%ﬁ%ﬁ??&g??gEQQFQQ%ggﬁ?Qg&%gﬁﬁgﬁg%%g#%gp?%%? exanpl e,
EasylPr e pfalypeptifé mmel:fpbip(ltorﬂm pfafemedRivaforacitian. BMetlecls of &dnemg@hé det(atm)ng from

St t d, Ex t t d d
ur 11 S IHB AR e A6 P HAOMAP BSG 6 bHiT s feathssee e "
pl asm dsy). @993 )us 851t Ohdrh 63t P4BCRI(79; m&%ana%s@@kmm&%ﬁjugf cﬁé}ﬁ

present invention can be expressed intracell ul arlg/ or can be secreted from
32

the cel I4: 58ht38acend Burchnerestpt d$8920 st tPeﬂChe@s @Dﬁ 52032 WD) g Pelingkics al. | for
necessar IP cr1%mtheo en SO' 1b In(:'élhd rc&ucy PRk 5108%|0X§) epottéldel & %me
by pé SR %P 5.0 ' 5alor60

i ncrease ORI N proce et al.

supria. ; MES'[RDB pﬁdtelﬁhs theBlréﬂ)l'ﬂe@ hﬂ@lf@l@x bﬁﬂf@Bé’dntzﬁnm@@Qldlﬁﬂfg&ﬂ@tﬂmﬁk aall L-
Bi o/ Technol ogy (1985) 3: 151). Pol ypeptides of the invention can be

expressedgMfi®a variety of host cells, including E. coli, other bacterial
hosts, yeast, and various higher eukaryotic cells such as the COS, CHO and
HeLa cel Hst-startegetherts nyel oma cell lines. The host cells can be mammalian

cells, insect cells, or mcroorganisns, such as, for exanple, yeast cells,

bacteri alp149| | i soe ribtARheRS] HyBrid 9 ras@é“é?th‘%ﬁﬁ&e@ﬁ@ﬁ%e dsB@iPRlYRERtides
can be purlfled according to standard procedures of the art, including

anmoni uramspliffcatien predwidpi naamQUdnﬂ,y wahtmtlmyPGBI (QRER) mediadem icsuch rutpbificatpiny
gel 2%' ect rtgggso qtecséh ed enefI cwﬁ to emplogrs B6t st Et%odgl tfo creggeo BE génell?erlt%neo
primer dimers and unspecific amplification products at ambient temperatures. A number of
hot-start methods are known. These include physical separation of the polymerase, use of
nucleic acid additives to inhibit extension reactions at low temperatures, and modifications to
the active site of the polymerase. Often, it may be desirable to use "hot start" polymerases. In
25  ahot-start polymerase, a molecule is typically bound to the enzyme at the active site to
inhibit polymerase activity at lower temperatures. The molecule is removed at high
temperatures (e.g., at 95°C) to allow the polymerase to function at the desired point of the
process. The molecule can be one or more antibody, peptide, or a small organic molecule.
For example, hot-start can be achieved using one or more antibody that binds to a polymerase
30  with high affinity at ambient temperatures in an inhibitory manner. The complex is

dissociated in a high temperature preheating step.

[0150] A polymerase may also be chemically modified for hot-start. Heat labile blocking

groups are introduced into the polymerase, which render the enzyme inactive at room
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Purification, Springer-Verlag, N Y. (1982), Deutscher, Methods in
Enzynol ogy Vol . 182: Quide to Protein Purification., Academ c Press, Inc.
N Y. (199Wp)po10Bshabanti al |y pure conpositions of at | ea®CTaAisSouv/ 0937t 0 95%

h it f d 98 to 99% or,. h i . t
b o or  depnbestfge. HsesF Pl PR Raoves SRR ey St on it Rbe TR
pol ypeptthstehe fﬁ%ﬁiﬁhg ActBatddS etbal Rble modHidafiBANIQEIRAS cduplin@d dittabOklY anhydride

production). [ To facilitate purification of the tgol ypepti des of the
i nvent i on acetiicranbydtide tadydse tehidbeseridbelenayme 5o kypubil Be 8rtcsn ced-94Si ncl ude

Feagent & Rvant qoica “ERTEhEBEChmot R v Bl lsdR et HEPRRTE 1. 5

[ epOISt erangn BarticelPIod A8 iteihin@s kedited tsledtistarf @etho@sonbi nant production of
fusi on pol ypepti des having these epitopes are comrercially avail able (e.g.,

Invitro Cayyl j : I SONG3 -Hi s
are sui 'ggg?lg fgisslg)%%flggé# 12%*‘?%%@%??%%%2\%??fa%glé)ﬁ exprgéésti\égn
vect or s mtshgl@ER flat craploge hithrgmasthitdg ekanucheasd arsl opolpmetasd. Ehio nethod is

i nventiqon, and correspondi ng detection systens g{ye k&i)wn tC%Et ho?e of skill
in the aFed ShBrexerfREArimg clqngabiel ilew IgmBRFa ey dnireuging geemesal (Kodak,
Rochest %o&\}lhﬁizf%t?]ons A0ak @efﬁded‘f%maﬁ chfe inftt| ARk SN dsBibld SkoRublRAhE Sdelidhdl G

sequence, I's capable of binding to netal chelate affinity Iigands.

Typil®al liyactviext adpiasermnphiagiredombetovar Upos tapesdtutedngbasenibe carmusEasmr e or

| ess than six. itabl e t chelate affinity. |ligands. that c rve as
the. bl naRRETRLIEES SO PRy ROSTNa e i APD QLR R TT0L EFPISR | ¢ aci d
(NTA)  (Hegtdipdte ithe GAPBBLatidRUEAdHoRATT. O 00B0T BAGUDIRIRR s IRESHyEhispYdatdd byt al
chel ating adsorbents” "I n Genetic Engi neering: Principles and Methods, J .
K. Set| gwfergnge in it entiretyfpralb puoses and gnpastiedla foy alhiearhiabs wlatedbin hot-aigen
(Santa Crlngt'hl &sal'fuxgl:l%lr | facﬁe)s'thitQN]h%%]hy%gizgtfio Séﬁ"o{)%s drl'ud tElefofaqfetaq-l 'éln(For{il%(fig nrze
that aft'er Bio (o]o]] cal expression-or purlnf cat’i on, The pol ynerase pepti de
(s) 1say p@sIeapdahgaifiarionprshesUbrtaat Baddoy oligbheieitided, batwd he native
conformatjons of the constituent polypeptides. In this case, it nay be

necess ar‘i}lgﬁﬂu‘a%‘?}ﬂeéﬁ péditzéﬁ‘lib@?ﬁtthﬁﬁli_a theereseage eka theempuakle é’ﬁﬁquﬁ@?%éll then to
g?u se t %ﬂﬁ%sﬁﬁﬁg%lg %l&cﬁiﬂ&qﬁétﬁ&gfdr Qﬁ@?ﬁ'ﬁﬂ& oPIRf Rlf6n ?IQ)IBE Q5 MRfia g'rlivi\%e%\é:ﬁ%ﬂ()d S

reduci ng an enaturing proterns and i nducing re-tolding ar nown
to those of sk': !I in th§ art (See, Debinski et al. (1993) J . Biol. Chem
268: 14065- 14078LS €3nd Pastan (1993) Bioconjug. Chem 4: 581-585;
and Buchner et al. (1992) Anal. Biochem 205: 263-270). Debinski et al.,
for exanil®2] dbserialeembsligentsolithatinemtiandneratlanel aiiboflics atel ussd emplovidy

D SRS Pl R TP B o o1 ced 1 @ redox it e

[0153] In one aspect, the present invention provides methods for producing and screening

for the appropriate antibodies against hybrid polymerases of the invention, particularly those
polymerases that exhibit both 5° to 3° polymerase activity and 3’ to 5° exonuclease activity.
For such polymerases, it can be beneficial to use one or more antibodies that can sufficiently
25  inhibit either or both the polymerase and the exonuclease activity of the hybrid polymerase.
Important features of antibodies of use in this aspect of the invention include binding affinity

for the polymerase as well as the ability to block polymerase and/or exonuclease activities.

[0154] Hot-start antibodies increase the specificity of amplification reactions, because they
render the polymerase inactive at room temperature, thus avoiding extension of

30 nonspecifically annealed primers or primer dimers. The functional activity of the polymerase
is restored by disassociating the antibody from the polymerase, generally through incubation
at a higher temperature. In some embodiment, such a “higher temperature” is from about 90°

to about 99°C for about 2 to about 10 minutes. It will be appreciated that the temperature and

37



Hot-start methods [0149] In some embodi ments, hybrid polynerases of the
invention are used in nucleic acid anplification methods, particularly
guant i tatwoeoﬂﬂ]ﬂos(quCR) met hods. In such anplification merhusdel/oei37can be

benefi ci al e of. st t hads t. t f
or 1 mer dPHigh 67 S TnBpeloF IS SAFTFHE S BB CUICLD At TR ERpacs can (2
tenper atyfied accdrd i REEnoWn RRAMSEANS pPRIROHS nfsLeffidt@ve mefHbAZT abitting he

physi cal separation of the pol ynerase, use of nucleic acid additives to
i nhi bi t pekteessedn thasaboti-garg methddew t enperatures, and nodifications to the
active site of the polynerase. Oten, it may be desirable to use "hot

start” [oisser eRa®ds fd? sdrebihg f’f&adnhb@dlbé/@ﬁ[s@S@the@ré@hﬂ@ﬂérﬁmh&ndlydﬁ cally
bound to the enzyme at the active site to_inhibit polynerase act|V|t at

| oweb ten@@@tlmoe@ in Theearpshelcan adtinisy- be‘%?é\fedsétasﬁy&rﬁst"@r%r HpGiomal H(SWQ at
950) to fa \}”VIiII;tSTQt Cuoci/grngcrogﬁcqea{sg ugh%?%h Oﬁoraslucfx ?&&ﬁgﬁélragﬁlyp Qhé.'&m&flntto@e

process. e can a smal

organic IDNJAQQUdhfted Eﬁﬂlgestédfpéremltmﬁtmﬁd @mtbemneh&dao Iulneeamdltsa Sf t}g p@i}entnasem)r e
anti body that binds to a polynerase with high affl at anbi en
t enper atQeE8nyceaghusednthys P&V}dlﬁ&?}hﬁsﬁlm%%f%ﬁﬁoéﬁt q é“lép’é‘é’Bé‘rpé‘fTéﬂl 4n a high

tenper at 130 g’a{ﬂ Eft% eft grpor k{oﬁﬁgg @In%)%( %ﬁ%ﬁ@n%s@é&ﬁlt?%f glaem cal Iy

nodi fie star I'ng groups are iIntroduced into the
pol yiger qﬁfkymm/asech render the enzynme inactive at roontenperature. These
bl ocking groups are renoved at high tenperature prior to cycling such that

the enz Y[IU?S(QS Bl R &Y - théBREert &ehBonTBiblvides ahtiatesi tha IittPloGOsRy hélse

citracon nhydr i de or aconitric anhydride to I]g5| ne residues of the
enzyne aneuilmgwnt ot linkigedapta pOi;)eeeresegcommsglgSi%QI RD:25 1 yma sbodifiests, i s

her eby | cor orate gnce in |t ) nd in
parti cul ?a‘i’t Odéﬁsluﬂf E‘iéﬁ%\ Féelr%élﬁmfl %ﬁogt\%}%ép B 9(l:ste ﬁ{oid-sf‘é%g@%%%s% S.

Pat ent Applitgatd %&&Mdd@@&mgrthé\l@nnb%@%flﬂﬁblimepallymrab afd/os®ss5a concept
of hot start” PCR that enploys a thernpstabl e exonucl ease and, a pol ynerase.

Thi sl Snet dxedusleash agidtyorf am@mmﬁwnmrrsms%%ﬁd&@%wt athererpsitoppdlds br es by
i ntroducj imer. A
t her nost A4S a5 Hrif SrselBibie S@hUGRR, BhlilSs ool By Ao BE M o e
or bel ovinhidfrahe sampeslpmtirage adlivitgasdaq pbbfne:xasaum meerbbmbmestsaﬂnei ve and

capabl e of renovi the 3' nodification of t rrrrer it t
parti ci p?d’(t@oiilﬁs twlh%quA@8¥YWa$é§é@F srpmep S%?%i@%gg &meéfﬁe;%é’
her eby | AGQIPOSRLEYoRIbu: AbET FRGHBIO DN pEhicEAL Yoty il TaqRieraRs: din
parti cul ar%sor al F teaé{tn ngs rel alltled to hgt estar(t: rrgt hoc%l%further@?eaches
t hat20whemoteythan % atoonexengles antieodicsede prwideddierain axwelbas sagupmng,

information related to their heavy and light variable regions, including all CDR sequences. In

some embodiments, the antibodies described herein are complexed with a polymerase.

[0157] Insome exemplary embodiments, hot-start antibodies of use in the present invention
comprise light-chain variable regions with nucleotide sequences of about 75%, 80%, 85%,

25 90%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to any one of SEQ ID
NOs: 10-13. Such monoclonal antibodies may in further exemplary embodiments comprise
heavy-chain variable regions with nucleotide sequences of about 75%, 80%, 85%, 90%, 94%,
95%, 96%, 97%, 98%, 99% or 100% sequence identity to any one of SEQ ID NOs: 6-9.

Such monoclonal antibodies may in still further exemplary embodiments comprise heavy-

30  chain variable regions with amino acid sequences of about 75%, 80%, 85%, 90%, 94%, 95%,
96%, 97%, 98%, 99% or 100% sequence identity to any one of SEQ ID NOs: 14-17 and/or
light-chain variable regions with amino acid sequences of about 75%, 80%, 85%, 90%, 94%,
95%, 96%, 97%, 98%, 99% or 100% sequence identity to any one of SEQ ID NOs: 18-21.
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e.g., TagMan hybridi zati on probes, Mol ecul ar Beacon ol i gonucl eoti des, or
two ol i gonucl eoti de hybridi zati on nmet hods, the presence of a thernostable
exonucl ea®o 2b10vospEquUi res a sui tabl e bl ocki ng nmet hod for pCinas3010enas70f t he

det ecti 3 d t tib 0152
cor tai n 100G s Sbotents it b iR Ramanegd i EE4r SEL " o
provi de rbfgn @%pﬁ&ﬁ% tm@am@ﬁ ah@ ADIY ALfoREWY:BEQ@SPN@D2 1 $TQ IDNDLB 0dhd

[ 0153] In one aspec the present invention provi des nethods for produ0|ng

aﬂd scr ¢4ifd Hg N%%,tm@elapmlnmnd@tr@ hgaty ¢hein exiablyaeaion cRprbag sHRELRRS s of
t t
e oy S G5k B SHL SEL LRGSR, BERERBERS NSk ORINEL. RabfLery!

pol yBer asgR enbodfiaéhtd) ehdandbi tahpiises dsghodieivariableregiohicongiiemg ST Iz an
sufficiently inhibit either or both the paolynerase and the exonucl ease

act i vi t YN@fl4and/onpheavy gwuin vasiehlsaegiopsempasing SER 1 MO B BioMsodi es of use
I nt hl S %ﬁ% IB IR% a%qstlbé%e%ﬂd)gﬁldg}ﬁé @‘fﬁ{sbde@q{ lﬂ{ﬁlé génrh%rla%}?{s &SQ@IHOOl yI'TEI' ase

as well as t e a yner ase an or ex ase activities.
[ 0154] Hointsiiaionh vt adotdi ef thenatibadies ddserilsqddaitiiis aplicatdn, dngrebyf inb Boi tirgn
reactions, because they render the poly rrera i.nacti VePﬁ% room teni‘r%gr ature,

thus avdOUTTREFASACENLY Jhe BN BRlYRWEsE E%li ‘F’S? U S R
di maps. Lhesditaghbarah ‘dgg hbﬁé?fa%h ®f c&ﬁﬁn%ﬁ%ﬁ 3A86bdE Joﬁ?ptr@fn?q 1t chaln

di sassocliating the anti mthe polymerase, generally throug
i ncubat i \mlmah]te raglbn gd)mpnstmgrp dght dnag varrbkorgior vhogdiisieg CDRIUEPR2, ahd GhEt3

m nut oo ey SHEMRREL SRS RS opd AN AP sk S R ey ¢ or

i ncubat i @@ %rﬁb&%@é@ﬁ béhpritile CR 1, kyshn, and Ciort ¥efo8oRESHQ I IRD 33£SE@nN be
varied according to known parameters to provi de the nost effective nethod

of acti V&t Ng3& aed §5leﬂi9eNQs%9 respediBly. hot - start met hods. [0155] Met hods for
screening for antibodies of use in the present invention include nethods

knows i nothy ard sonsekdhibcismanth, dhi dnyibb@se prdlifiddicongaiyp, a Bghtwhbih vasiable
functi onal assays ,foﬁég)ol yner ase and/ or exonucl ease i nhi b'S%' an. For such

f unct i orEBIOASEBPEISING hiSdAR2 . @@R%)%M@@’é FQAIPJEREd IO NOF2% 8] | ne
can be oo thaGRo! RsbdevaG! dnthdoh vy BaiR OhER ABRrUonfHRHIC BRPCHREY.

t hus prow ing an est e anount o i nhi bi't1on parti cul ar
ant i bodyandafDR% @s folh»mvseSEQeID NO:HoSEQ MDaN@o}%; red SE@ HhHOe&BQ mespE@asly. In

e e BT 255 LOLSEL L1 005, SEREh b B set ey
a pPolgy MeNasE SRR RhRgcRER BN egion dnPRRIEH@UD MBS, The inventors have
found that antibodies comprising the above-described CDRs are particularly effective in
inhibiting 3°-5° exonuclease activities in polymerases comprising such activities. In some
embodiments, for an antibody comprising the CDRs described in this paragraph is used in
combination with another of the antibodies described in this application, thereby inhibiting
25  polymerase and/or 3°-5” exonuclease activities. For example, in some embodiments, an
antibody as described above in this paragraph is combined with an antibody comprising a
light chain variable region comprising CDR1, CDR2, and CDR3 as follows: SEQ ID NO:22,
SEQ ID NO:23, and SEQ ID NO:24, respectively, and/or a heavy chain variable region
comprising CDR1, CDR2, and CDR3 as follows: SEQ ID NO:25, SEQ ID NO:26, and SEQ
30 ID NO:27, respectively.

[0160] In some embodiments, an antibody is provided comprising a light chain variable

region comprising CDR1, CDR2, and CDR3 as follows: SEQ ID NO:34, SEQ ID NO:35, and
SEQ ID NO:36, respectively, and/or a heavy chain variable region comprising CDR1, CDR2,
and CDR3 as follows: SEQ ID NO:37, SEQ ID NO:38, and SEQ ID NO:39, respectively. In
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the anti bodies inhibit DNA polynerase activity, and/or, when present 3'-5'
exonucl ease activity. In sone enbodi nents, the antibodies inhibit DNA
pol ymer aswoantymsn918' - 5° exonucl ease activity of a pol ymecagas2@o0mpisrsi ng SEQ

I D NO 2 but er,e sition,141 is D ang 143 is E in cases wher.e | ease
activi yors HERUEREES i Bt dermeR ek Chakt b RFERE So MG e SER/ S

pol yner as@:18Ghi Mk hhedly chafh ReIa¥RBEFASE cohPriSiOFBEQMIONONENIA.sollde ant i bodi es
inhibit the DNA pol ynerase and/ or exonucl ease activity of a DNA lpoI yner ase

by at | eagodgoentsthooybpdy cerpprisenatlighheliabt varpRik gelopvemasiangSEQAR y of Taq
go' y”er%@6:1%&%&3h%{alﬁ?ch%ﬁf/\%an'EBférreggﬁgBdJr@{)iMPg@E (@ @re provided herein

s well "as’'seguence ormation re el'r- 'heavy ‘and |ight variable
regiaons, including all CDR sequences. |n some enbodi nents, the antibodies
descPi bd814dr elbe Breent Byygp sqpropidgs fB1anebrmasisotidoausefing @ ERigH exenpl ary

embodi et fudi b it 8l BRdiBaPbe dRtch BablenRRESEN bobBHERE LAD GOMRY | S

light-chain v e regions wthn e-sequenc 0%
85% 90%nre®4IR O&4any 96 the 1249 oLBYMt cBAYUs oy d<kOiBédsabgue nesointbemb bddymewds,any one
of SEQ ID NGs: 10-13. Such nonocl onal .anti.hodies may in fuyrther exenplary
enbodi it %nceeﬁ%mi%ﬁ‘én RUBDYSE R AV, Hebbl ey GGG Gt B PRI B ‘gequences
of _abouts 5% NS94 85%6,30%5,.94%0, 359 . AE%mOdHbodiens AR QORpAGGUENCE

identity to any one of SEQ | . 6-9. ch monocl onal anti bodies may in
sti 1D f wddhienalsughpdyacompmiontd anenn some wpges $ea traplyelratibodydidanp beliglgi ons

wth am no. aci d sequences of .about .75% 80%. 85% 90% 94% 95%. 96% 97%
98% GORGR 100YE HTREEN Rl RIS IPR PRI SPISHAR P RIBS. O T4E95 and) or
l'i ght - CQ@hfgbr%ﬁ;rgltﬁéétﬁ)vé%k&fb‘éd\ﬁblghuél%m, asivell Se A BEIBS(iRfudRObit n65% 80%
85% 90% 94% 95% 96% 97% 98% 99% or 100% sequence identity to any one
of SEQ Ilmnifgdsto bagienial, fupgalgyedsh inssate ormpaEatien cells) spmarising sush ¢x9respigni ded

conpri si | ain variable region conprising CDRI, CDR2, and CDR3 as
foll OWS:CQ%E%e% (Bg%éogg, SEQ I D NO 23, and SEQ I D NO 24, respectively, and/or
a heavy chain vari a| Iﬁbgegi o] g CDR3 as.follows:

n conprising CDRI, CDR2, and 8
SEQIPD NL®Y ‘Brrsntiyo éﬁcrlhﬁﬁh@@e rpriebilptor exaraplecin; et spart’| smplifietion
enbodi MeRlgher LORHAN | RV EHIPHISSEE efhb hﬂé:én@ e/ B RIRL €n b RE QRionall
conpri si ng SeIrEQ D No’ 14 elm%?’gr Sa&heeavfl) chain'v Féiragﬁroe reg[llon c ni?ﬁlf‘ﬁ ng
SEQ | D MBo cb8aprismgsoii AcorRid Arpeiyseragerorarthér reaggnis dopuse sn ngeleik@ci@DRs
descri bed i1 this paragraph is used in conbination with another of the
ant i bodi®¥ 488 ped in this application, thereby inhibiting pol ymerase
activity in a DNA polynerase. For exanple, in some enbodi ments, an anti body
as described above in this paragraph is conbined with an anti body
conprising a light chain
20  Additives for improving efficiency of amplification reactions
[0163] In certain aspects, it may be desirable to include an additional compound as an
additive to improve efficiency in amplification reactions, including but not limited to gPCR.
The amplification reaction comprising the additives can include mixtures comprising
polymerases having or lacking 3°-5” exonuclease activity and optionally including a
25  heterologous DNA binding domain. In some embodiments, inclusion of the additive is
sufficient to increase efficiency of the polymerase by at least 5, 10, 15, 20, 25, 35, 40, or 50%

or more compared to a control mixture lacking the additive.

[0164] In some embodiments, a polymerase of the invention exhibits low efficiency for
certain targets when used in a formulation that includes certain binding dyes (such as, in one
30  non-limiting example, an EvaGreen DNA binding dye). Such low efficiency may in some

embodiments result in a delay of Ct values associated with low input DNA concentrations.
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vari abl e region conprising a light chain variable region conprising COR
CDR2, and CDR3 as follows: SEQ ID NO 34, SEQ ID NO 35, and SEQ I D NG 36,
respect i webyp10z080d10r a heavy chain variabl e regi on conpPC3iUsg1@DRI371 CDR2,
and as follows: SEQJ.D NGO 37, SEQ,ID NQ 38, and SEQ I D 9, .
respect i Vigihgds %06f%fur}%%é%n@n%f&cﬁ%‘%%ﬁfe%ﬁwaﬁffi Hogp P ep%'e\'ﬁjiﬁmbed
conpri si;AGuAhdriagfall velRé.n vari abl e region conprising COR, CDR2, and CDR3 as
follows: SEQ ID NG 28, SEQ ID NO 29, and SEQ I D NO 30, respectively, and/or

a heavy i.n variable reqgion conpsi.si.ng CDRI ..and .as..foll ows:
aE0 1D NBIET Mt i SRR DG s mamted P gy
enbodi meidiontdfencARt édRd Yo GAPTONE SERichcy] Mmiehabithy 8érh@plecramayihale been
conprising SEQ ID NGO 15 and/or a heavy chain variable regi on conprising

SEQ 1SD Nbowndo imprevE ihedherorad stabiiey lorratinsHaentars BiwhrastyohiH2) 65 wgllepe
above-degcri be ng&s [ arti.cul arl f feGtd i.n.d nhhAi t] ‘-5

exonucl ed}ggea ecﬁ Vi ?“é’?e ?er%&psct)a[bf/fr%rtg#gé%%l%gé%ﬁgéﬁlgét%ﬂ%EB% tilé?&flgs. In sone
enmbodi mesthisadihexts,3mantédurd ¥ymald Mpléctldd@r thap&ids vdtacirt besdiuced bhlising
paragraph is used in conbination with another of the antibodi es descri bed
in this UPHHFBRIN SFONEH Ly GIONHERIEY Hiieates SBth arsxisme derapgatuys, dehydiagatic| ease
activiti : XA ' ' , i . -

above i n&t% ﬁllngl%%r aglﬁqgiﬁﬁrqtés&é}ge? I Hgﬁ?\?\n% an%aarll]t{ch %g{;{? @%Hﬁ%ﬁ@tﬁgﬁ gﬂ"?‘gﬁ%
chail vatondhioas.r &gnolytasafpsé 8i the pfeBilt,invebRan naydnddR3walsot dindivwen SEQ | D
NG 22, SEQ ID NQ 23, and QlD 24, respectively, and/or a heavy chain
var i abl SFOFIEnITERFHIERING GN-etRe i) d%ﬁg RPPRIPPEHIIISEQ | D NO 25,
SEQ 1 D NQutfhyl @9EinSEQuk RilNOs2hemi@A P 8ihila¥ 8 Yetain L0Qlerdifal S2Hch R1pRE nent s,

an antibody 1's”provided conprising a |light chain variable region conprising
CDRl, CDRRwndndm@oRS casvehtibhad\RER GE@ke,INNBrig AcidSERsedcNG93%). and SEQ | D

NG 36, respectively, and/or a heavy chain variable region conprising CDR,

CDR2,  an@166R31ASonvehtiiebuseSEELINDINGE I stPbilRzink Nt s@htorfpuhdd AN 39,

respectively. Insonme enbodi nents, the antibody conprises a |light chain
var i1abl egenewillywbsetigst atgplatvelEtighonentragorma BYD- aHpwavey, iamagthodsafitam e
region c rising. SEQ. Ln.. ] i i ses
2T gt pa it e ERecs SR SRR TR bt RE R OO EIRE| 2F0
vari abl einfpegviag tieaspotioniefifici&ls df Rniy@fizdtion fefith} sddheaspiPERe nWithowteringon al so
provi des for a polynucl eoti de encoding a protein (including but not limted
to an anQUBE&Y agneharisEer @Pl%ﬁ@ﬁww@?g@i}hedwmegieﬁblncﬁfﬁ?@%? thsrrept ee
coRs dim;re ﬁlglp%viﬁgﬁle%@eéyibﬁﬁy bt SRIDEAHONEn@fsed6 HE taRREEIFBOYE of 1HR I9QAE

20 tempiate for reactions that contain low concentrations of input DNA sample. In some

embodiments, concentrations of about 100 to about 1000 mM of osmolytes are used in
methods and kits of the present invention. In still further embodiments, concentrations of
about 50 to about 700, about 100 to about 600, about 150 to about 500, about 200 to about
400 mM, and about 300 to about 350 mM osmolytes are used in methods and kits of the

25 invention. In some embodiments, the osmolyte used in methods, reaction mixtures, and kits
of the invention is sarcosine (optionally at the above-listed concentrations). As shown in
FIG. 1, addition of sarcosine improved the efficiency of the amplification reaction as

compared to control lacking sarcosine.

[0167] In some embodiments, particularly in the amplification of low-copy target nucleic
30 acids, efficiency decreases due to the binding of polymerase to non-primed double-stranded
nucleic acid targets. Binding of the polymerase to the double-stranded targets will prevent
those targets from denaturation, hybridizing to primers, and undergoing an amplification
reaction. To improve the specificity of the polymerase for primed templates, in some

embodiments methods of the invention utilize heparin. Heparin molecules, which are
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t he encoded protein conprises a heavy or |light variable region, e.g., as
set forth in any of SEQ ID NGs: 14, 15, 16, 17, 18, 19, 20, or 21. In sone
enbodi merwe,20tosogpot ei n conpri ses addi ti onal ant i body eo*rmlsnmmzqwand in

SONe cases JjS,a o0 ht, chaj.n

oopoa! adfat PRl S b haes  BE Pt il ikt SR el cfbcl8TBic o o, ¢
conpr i sigigpdriyeofaldave-seasddd e ltidatid Ueeaitida of hSpa\t\Eﬂ dan awithas beigg lingited
(|nclud|ng but -not limted to bacterial, fungal, yeast, insect, or

mﬁmml i dA agaedhglisBHBEe). PEVSDCIrCessPobYRIraTe feas bidingstoghe %@ﬂ%?t@ndf‘@)l&]
T |
e anti| ' x?@ a?esurgﬁ %%Lﬂé? e&riﬁ%%x? gﬁrsn%{i XCIH}ZIQ%LH% IBQJ avaligie! f soI de@fhhﬂa% at hey

anplific on or reac |ng I'n sonme enbo

are provéntediments, hepirin Bpisediahétiodd sd lﬁ‘ﬁmﬁtheahﬁ@tl@n @NﬁbmentRﬂ%np of sbomt ase
or ot her re%gents for use in nucleic acid anplificati.on. ddlt s for
i npr ovi Y ©EPPE BRI lafipther pxcamnleny smbodimans heprress up panetho a3dpect s,

It may %*sqg%er A0LRioh Gt b&fcl #ﬂﬁl(ﬁ'@ o2tk 798Abb P ﬁ@@%guﬂ%o% 2Bl '6bP Vol

i nprove efficiency 1n a cation reactions, including but not Tmted to
qPCR  ThE2SamabodtisOas ab@ut t #atotabont étﬁ@crpimus il Afyta a"c@uaﬁﬁi} tand/ elsout 200 tanaout250

nlxtures onpLisin nmer ases. havi n l.ackin exonucl ease

et Vi 4P B BRERSY R U S HERE 5 456 SETRABRHAP RGBT 1 n
somg jembodiing "B’irﬁmg mhé' Bb9MeRse ?chﬁor@ﬁ‘l‘i'xh% M6ubS-seaddel ¢drBhlhtet O 1 NCrease
efficiency of the polynerase by at east 5, 10, 15, 20, 25, 35, 40, or 50%

trol njxt ddi ti 0164] |
A R L L e AN R

certain targets vvhen used in a formul ation that includes certain binding
dyes (su®h6®ls, Apdisswsedberein, thetnreignieirseriion pravidesditfeehcanpossionsi ng dye) .

such | OVYnglfuhfn%rl]l?/p Hﬁ&e{ré&ﬁ% st%%ﬂﬁb&ﬁ&ta%dr ggc‘ﬁﬁh 3%15‘1}@%9%@9& nidiei¥al ues

associ ate concentrati ons nmeasuri ng
ef fi ci enayd ahplafigadivh Ir@idhaﬂis reeh aiphifiasténkeamions incldde vetHouatinhitdgscr i bed in

further detail below [016 I.n_sone enbodi nent.s, ditjve is_.an
osmolyt SPHEFR A eaH HIGH)] BREY aror St reartion (1 Pk img‘rfef’%cqsﬁ’pr ove
efficiengy £ a%rfrg%sé PlontHASOGHT K EAS 2 bngMﬁlllmﬁen sheuehd A vdfpjsove the

t her mal ity o protel ns (Santoro, Biochemstry, 1992) as well as
decr easeothis kdowh Itcethheet ofsksi abthe atty P@@hraﬁdwea:ha)daseadﬁéﬁ‘sthamané:@ond_m . In

S R T N T
extrenme GEepER}) %dldi@%tlta‘ﬁ%'?@Ra(fqP@R).

20 [0169] As will be appreciated, any combination of the different components described
herein is encompassed by the present invention, as are amplification reactions utilizing any
combination of different components of the invention. For example, amplification reactions
of the invention may utilize hybrid polymerases comprising one or mutations that remove or
completely abolish exonuclease activity, particularly 3’-5” exonuclease activity. Such

25  amplification reactions may further utilize such mutant hybrid polymerases combined with
hot-start antibodies. Some amplification reactions of the invention may utilize mutant hybrid
polymerases comprising the D141A/E143A double point mutation combined with additives
such as sarcosine or heparin. Some amplification reactions of the invention may also utilize
mutant hybrid polymerases lacking 3°-5° exonuclease activity combined with hot-start

30 antibodies and with additives such as sarcosine or heparin. Further combinations are easily

identified by one of skill in the art using the disclosure provided herein.

[0170] Amplification reactions, such as polymerase chain reaction (PCR) methods, show

an improved efficiency and specificity when compositions of the invention are components of
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or salinity and which protect their cellular conponents and help to

mai ntain optimal cytosolic conditions. Osnolytes of use in the present

i nvent i orwoayioaesetiade wit hout |imtation sarcosine, tri reThist@awions7N- oxi de
(TMAO), . di.ret hyl sukf oni.opr.oRi onat.e n et hyl.ghyci i IS
cheni cal® %/h %e??nyqng‘r ITP’ BIC%I arne, & c%seafhscglg%ed%%?egg}lsﬁgélxﬁtggﬁy gf?garv\%oq?%gfrrpr ove
convent ippéthilct FaRrdtddeintdrr giVug kicBorPeoridistidRes €ar &tampld I pificlddl fia]-tilne PCR

conventional uses of osnolytes, the stabilizing effects of such conpounds

are gendeaghipys, g R epduct fhonls dopbloaat gregn c¥elic &ty kaqvgnid theartyfie However

|0 et NoffciBley ! J1Ri PG ER s JPARIRHEBR o el oM LA bEONGRALS RihO BRI OST! Yt €
have been FOURG 10 De effectiv or 1nproving the reaction I cl ency of
anpl 6f i exdthals. Feaetdnwpls, theletpoasntifP@Rpliitdtionutl POH isgeberaliyl détyrmanedediagni sm of
action, jt is possible that the inprovenent in efficiency is the result of

i mpr ovi riBE $WBLAR cessibility of the DNA pol ynerase to the targeted region of
the DNA tenplate for reactions that contain | ow concentrations of input DNA
sanple. In some enbodi ments, coXgenKsatl ods)'of about 100 to &bdout 1000 nM
of osnolytes are used in nethods and kits of the present invention. In

still fufidRex, arhedinBat ot tasenasREdas éth@leQIf, Xabowt ififaltinfReut tafR9, about
100 to about 600, about 150 to about 500, about 200 to about 400 nmM and
about 300cleanleshand E3Bchatfifioioney 9f ths target ampdidichtiomandioigshememiparof cyfles: he
invention. In sone enbodi nents, the osnolyte used in nethods, reaction

m xtigr e§01ANd Iigrévedhentdia dffidieidyl 21d sbécifatchsd B eefisiptabmpeal dfthapresdne
above-listed concentrations). As shown in FIG 1, addition of sarcosine

i npr ovednyeREoBLan by epiliest andrpmaniiied wsingassers knewain g akandgipseiesd 1 o

control ﬂ;ﬁﬁé&id@%f'lscﬁi&sm ne. [0167] In sone enbodi nents, particularly in the
anplification of Towcopy target nucleic acids, efficiency decreases due to

t he bi ndi ng_of_ pol ynerase to non-pri doubl e- stranded nucl eic acid
Lar get 5 JOBRIG HGOBE Sedat s e e gt man PP st B0 g ||
prevent H{GsRab6SH @8¢ionk LANLH r&aﬁlgbﬁédtm th¥RehEbZ | hidRteRfibiBEHodaNd

undergoing an anplification reaction. To inprove the specificity of the
pol yfrer geeethlly rgdy bmewbniteripg dicaserease is Sueresernoel sigealtde e theddinding of RNA-

inventiqn utilize heparj.n. arin nol ecu i ch arenegatively charged,
can be ﬁﬂ‘&#ﬂ%ﬂg&e fontﬁ? ﬁ‘élpbﬁ%%ﬁ%%h fﬁr‘?rﬁxﬁlrngfet gﬁlﬁﬁeepﬁ’ea %9’%18?5?13&5% ic property
of doublyosdsean ARUA Hikdifd 8y bids all HiebleddiahianNDMA AePdtddiios @ moitdrBObY

being limted to a nechani smof action, prevent excess polynerase from

bi ndi ng mepsttee hedrsireass in Hnerserenenibreneaouthe Fyde.sP NBReUPeR hhgeap excitation
pri rred-ta%g%lnng%sﬁo d@g}%%sq(ﬁ\églnlﬁﬁgidﬁsezlilIﬁr\},zr%{bﬁcg%q pl ary enbodi ments, heparin

is used Tn ods and Kits o on at’ concentrations of about
20  [0173] In other embodiments, probe-based qPCR detection methods are used to monitor
amplification reactions utilizing components of the invention. Such detection methods
generally rely on the sequence-specific detection of a desired PCR product. Unlike dye-
based qPCR methods that detect all double-stranded DNA, probe-based qPCR utilizes a
fluorescent-labeled target-specific probe, which detects specific sequences in the amplified

25 DNA.

Ct determination

[0174] In gPCR applications utilizing dual-labeled fluorogenic probes (such as TagMan®
probes from Applied BioSystems), the amount of cleavage product generated by 5°- 3'
exonuclease activity during the reaction is determined based on cycle threshold (Ct) value,
30  which represents the number of cycles required to generate a detectable amount of DNA. In
gPCR applications utilizing dual-labeled fluorogenic probes (such as TagMan® probes from

Applied BioSystems), the amount of cleavage product generated is monitored by
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50 to about 750 pg/m . In further exenplary enbodi nents, heparin is used in
met hods and kits of the invention at concentrati ons of about 75 to about
700, abowoO20/asa@1about 600, about 125 to about 500, abeat/usa@oH203dbout
400, about 175 to_.about .,3Q0, and out ,200 to about 0 L. . O her,

ol ecl dUERGRIE R SERE i s aotied AORAF Aar Rt PbTBRRER (Rgropraddiss
nonspeci § bLoicRes MR 1i0fty.t heRRBIESBSRIcs QediRfRd RS béReatel8 dblerable hatvdatof

tenplate. Anplification reactions utilizing conpositions of the invention
[0168] A3N4i scmeniterchby dynflueisscepes derefertadiie gs thsreypledhicshodd (09 1 Ap et
conposi tions, Fncluding.hybrid I I ase - i i

reacti onan?stodlgillt f)f @gg?&j%ghﬁ%lem?rﬁ a%g’ct glglgg%élﬁtang%fl?l%?%g%(?%#efg%g%@? gﬁgpa uch
anpl isf i Gaidhesa pR@&Ii® Ner dy6led SheriHeYatitionichiel BintdOn@elogaEthasie phdsal By
reaction (PCR), DNA |ligase chain reactjon (LCR), Beta RNA replicase, and
RNA t r ariettingsiganlipigaeily Yessusihasyctowmbgr dygpg thedpgiithmigphass Ofgﬁéﬁ?fcgﬁga as
wel | as . L: I; | n
reacti ontgié Eﬁ%@ Cgﬁﬁy%é%é%}%gﬁ%%%%bzg%h%lﬁgo%%ﬁlﬁ%éﬁ l?ég(?l)ég Mgﬁ%@ﬁgg@dﬁher ein

i ncl ude oaidulmerthelguatitgiof die tageebaferetthastag oif el RER PERtplaryRERhodnal

guantitative PCR (gPCR)..[0169] wll be apprecjate i hagion of
the di ff4sipEniag alf?é}?f%r}hfés}&rqga@ﬁemef ak %@P@gsﬁ%hﬁgffisﬁg%%?a% @ﬁgo Eﬂ%@ém

| NVERLI Oy, AR ég&t@m'nwb@%f QR eaffileals SHckdid 31BECABY BRI HEDNANaOf

di fferent conBonents of the invention. Fo% exanple, anplification reactions
of the i'neentableh amayntafiDNAds typliails 2pofy texkad¥s or ompe Rlsivedpackgroand)mdmat i ons

that re e. or conpl et el bal i sh I tivit ti ly 3" -5
exonuc! cABEeBRAVREYSE A% hE RIS Progars et roniaPY Bb ASPAUR 11 e such
nut ant  hyRrdes oPO} NSRS A86% GORRI Apebabhink thothesieBEdl ndXihBRtnGSificSOsE
anplification reactions of the invention may utilize nutant hybrid
Mrmem th

pol yner afEsienangF SR niycaohdingdy 44 Javet 43 xalge der aegipen Hnowi A ipshD

addi.t.i ves such as, sarcosine or..heparin, S nplification reactions of the
nvent i oRiRg 1Bt AT AR ERERT 5F 15 BT PRer ases | acking 3 -5

exonucl ease activity conbined with hot-start antibodies and with additives
such as sar cosdsuVHio ¢ys ¢ AroCce andedligiencdt i ons are easily identified by
one of skill in the art using the disclosure provided herein. [0170]

Anmpl i fi c@tlVsin Pelyaterasa processivityasanpel memuzd dyehariatyrdactthals knPER)to theishiofls,

show an i npro efficienc d ificity wh it] f t.h
i nvent i off @’vgg]ﬁﬁb%ﬁ%ts q’&%&g@%ﬁsef g%’k’?%ﬁ’!é.sygﬁ?ﬁ‘i%ﬁél g ,g'géft#“%)g‘i?@ﬁ?fff :s
di scuss %cﬁlﬁﬁi@bﬁnb&pbﬁ%cﬁﬁfrﬁ@ abs)fnél@ Sinﬁlﬂg"é%n@f AhOdHGhe S8R RIAb AGHnder

given reaction conditions. For exanple, 1n efficient real-tine PCR
r ead0 ontsmpldte RERxpmptiuet’ EAdMHabelpdisingeras arogeled tagiedudar oadingarized BN it t he

art, t heform a primed template. In measuring processivity, the primed template usually is present in

o 134
Ui ii¢ B Ny il €4

significant molar excess to the polymerase so that the chance of any primed template being
extended more than once by the polymerase is minimized. The primed template is therefore
mixed with the polymerase at a ratio such as approximately 4000:1 (primed DNA:DNA

25  polymerase) in the presence of buffer and dNTPs. MgCl, is added to initiate DNA synthesis.
Samples are quenched at various times after initiation, and analyzed on a sequencing gel. At
a polymerase concentration where the median product length does not change with time or
polymerase concentration, the length corresponds to the processivity of the enzyme. The
processivity of a polymerase of the invention is then compared to the processivity of a wild

30 type enzyme.

[0176] Improvement in processivity can be reflected in the decrease in salt sensitivity of the
polymerase. In some embodiments, a polymerase of the present invention tolerates higher
salt concentration as its processivity is improved due to the presence of the dsDNA binding

domain. For example, a PCR analysis can be performed to determine the amount of product
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efficiency of different kinds of anplification reactions can be cal cul ated
using different nethods. For exanple, the exponential anplification of PCR
i S gener aWbyotasesii ned using the equation Xn = X0 * (| PETHSROLO/0LA3y1 wher e
Xn is tgﬁtnurﬁber of t.t ar get m)iecul est:%]ig1 cycl e.n, X0 s the t| nitik?‘t nunmber
of tar géP BB HELOY T ER RO RHBS Y s %Pl)éﬁe&ubfm?%cmaéeec{ O4hpr's PiP&at i on
and n i olyiferBddTReEaclbn BHLMAS wilVafikl shIFB6REEHIR VNS WHile@ofH fdlpReMs@ntay
specificity due to certain aspects of the present invention can be

i dent i f ipsedusa dingjdeappiotnieef nredusy 2 smds Kihdim poloimerase af the preseaidg¥entivads i n
further detail. bel ow 72} 40 sO odi. > ction
nmet hods egp%cq%dsté)ao utt%e\f\fr%n%?%%\rvhg%{ﬁei Rolrf%rg rlg%ngrhg‘% E ?g rl1 g&ﬁ%e?ﬁ?t%qﬁg? 0 rgég%g nts of
t he Bnvemyingm, etouch detection nmethods generally rely on nonitoring the
increase in fluorescence signal due to the binding of DNAbinding dye to the

anplifi . : DNA
Bi i ng 1052 By AR fonitHaich B oogryrg AR ot A ehs PRASEY by
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as an excitation and em ssion maxi ma, of 494 nm and.521 n specti vel y.
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fl uorogeni c probes (such as TagMan(r) probes from Applied Bi oSystens), the
anount dmpedvedraengirssdaetodyenmont prodpst isa PCR reastsmusingtbe shart PNMEY duri ng

the reaction is de m ne e cl I . val ue, which

repr esenatngez? Cieatnurrggféanoa’f wggg}qéespdorlglgﬁéélee‘&%{e%mg’]egs?#e}l(rgé:g rel(ilgg lzﬁse't ect abl e amount of
DNA. I n gPCR applications utilizing dual-labeled fluorogenic probes (such
2s. aqUAILTS) prorsECR oM bapises saam b aeiBHEy! dormeaS O A Bhceg PERkFEE

pr oduct i L tor : el ed
A L L SR S A

acti vi t yallowseheampléficatibn of & leg angdicon €& kb) ig@rsbodtrextendendctcadsingpazgdoiont  of

an enzyme with relatively lower processivity and efficiency.

[0179] Other methods of assessing efficiency of the polymerases of the invention can be
20  determined by those of ordinary skill in the art using standard assays of the enzymatic

activity of a given modification enzyme.

[0180] Primer/template specificity is the ability of an enzyme to discriminate between
matched primer/template duplexes and mismatched primer/template duplexes. Specificity
can be determined, for example, by comparing the relative yield of two reactions, one of

25  which employs a matched primer, and one of which employs a mismatched primer. An
enzyme with increased discrimination will have a higher relative yield with the matched
primer than with the mismatched primer, i.e., the ratio of the yield in the reaction using the
matched primer vs. the reaction using the mismatched primer is about 1 or above. This ratio
can then be compared to the yield obtained in a parallel set of reactions employing a wild

30 type polymerase. Reactions utilizing methods and compositions of the invention will in may
embodiments exhibit at least a 2-fold, often 3-fold or greater increase in the ratio relative to

reactions utilizing wild-type polymerases and/or standard reaction conditions.
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DNA, as nonitored by dye fluorescence, is referred to as the cycle
threshold (Ct). As the anmpbunt of fornmed anplicon increases, the signal

i nt ensi t ywoOnorog®e®ds to a neasurabl e | evel and reaches aPplratSe@w/o20371 at er
cycl es %ﬂ the . r eactsqi‘o}) enters into a non-logarithm c phase. By plotting
si gnal ifHAEHET P YES A L1¢ HEEREA e nunber during the logrithm c phase of the
reaction, the specific cycle at which a neasurable signal is obtained can
be dedud8i8HndThesprgsandinyghider alsepronisles trantion pixspres Rempasige themof vnarasee

start of the PCR, enpl.ar ods of determinin .are..descrjbed in,

e.g., Heqf&hee]ﬂlvﬁlwonaﬁgﬁhgﬁ?ﬁége @Vﬁ%téqngﬁfe afigglé/.es %%tgte e\g%&ﬁeo% raégr esents
t he nunh@mbhation©r 8Fo beiwd BekebD QENRRAY Shaafteiods iakitplargaunith tle DNA (a
"det ectabl e anobunt of DNA is typically 2x, 5x, 10k, 100x_or nore above

backdr ownedymerage. cflei reacsion piaiuereten SptinBalyFOMEBISe 0RO OLNEKUREI S, gBt echnals e
anount of;. L0:Aa.sS I C ching the
t heor et ioél néé&unﬁ?ﬁaa%n!ﬁ]log#cﬁga I g{]cog%?r?%l?%ﬁﬁar %P G@%&.a%igg%gdr%ﬁ %g%?@a | ower
C val ussthadedDAVIERdiagAyat Aal oh&ipub obidre efhk ahBbsdidd B clescribed hewirecan
anplification efficiency for the enzyne. Assays to evaluate processivity
and ef f i RejiBplEged inthe eapn mbitdSe processivity can be measured by a variety
of nethods known to those of ordinary skill in the art. Pol ynerase

pr ocessikitst gf the iypensdoral | y defined as the nunber of nucl eotides incorporated
during a single binding event of a nodifying enzynme to a prined tenplate.

For 1@gxanpi§2] arponeAPpbdiahe bR invERlioh ProvitiRs &lt€ fbricondidiiap néleRracld neari zed
DNA to form'a prined tenplate. In neasuri ng processivity, the prined
t enpl at enydification eactionss dmsome embediimentsasich il arcledeqmdgnerases handgptipndhas e

The pol i eard & ke Sulfe THE b Ref CafidR A ERREARhG A0R° 0T,

the pol Y@%,dﬁpaﬂ aritl/bradalRsiULId iDSre@RAROXIIRNEY Wi the @Riplificaidnreactiohi): Sivh
pol ynerase) in the presence of buffer and dNTPs. MyC 2 is added to .
i ni ti at ekiONRRYEIH Mebids onsanmorsPriners 36 sisk e dnstuckiens; faycondpeimng yctedg acid

i ni tyizati . i <. At a polynmerase concentration
wheHg tﬁ%&%é |g%@%%%%é§ﬁ“ﬁ%%g?§ esﬁ%ggtc éﬁbe with tinme or polynerase
concentratjion, the |l ength corresponds to the .pracessi Vi of the enzyne.
The. prodR4&ily] 1y Bt Bars/n i Aot I s OP AR T SoH o B P CROHRAPE A5t he
processi i Yyethe aeididy }® SpR TN TR £ nhOitiEleid AMPIAVRNBA bedeoy ReRBtNddsy Ccan
be reflected in the deCrease in salt sensitivity of the polynerase. In sone
enbodi mesvngycted pahy rerastomw reahtope@slatiinsiand egactants. tSokck pdditiendl icgippnents

are described further herein and include without limitation hybrid polymerases, hot-start

20  antibodies, and/or additives such as sarcosine and heparin.

[0184] In one embodiment, Kits of the invention include a hybrid polymerase comprising a
mutation in its polymerase domain that reduces or abolishes the polymerase’s 3°-5°
exonuclease activity. In a further embodiments, kits of the invention include a hybrid

polymerase with an amino acid sequence substantially identical to SEQ ID NO: 2.

25 [0185] In some embodiments, the polymerase will be fused to a DNA binding domain. In
some embodiments, the DNA binding domain will be an Sso binding domain. In some

embodiments, the Sso binding domain is identical or substantially identical to SEQ ID NO:3.

[0186] In a still further embodiments, kits of the invention include a hybrid polymerase
complexed with one or more specific monoclonal antibodies to achieve “hot-start”

30  capabilities. Such monoclonal antibodies may in some exemplary embodiments comprise
light-chain variable regions with nucleotide sequences of about 75%, 80%, 85%, 90%, 94%,
95%, 96%, 97%, 98%, 99% or 100% sequence identity to any one of SEQ ID NOs: 10-13.
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salt concentration as its processivity is inproved due to the presence of
t he dsDNA bi ndi ng donai n. For exanple, a PCR analysis can be perforned to
det er m newohelozsouunt of productobtained in a reacti on ugCmgiSaolpobosner ase of

t he preseni invention .conpared.t wild e polynerase in reaction

i Xt Ur oSN EHPT PP B LG Bh e SRR R oy M s L r i br oduce
si m | ar \3REMBYeQbnPk R HEdledide 30qUENL UL abbiter 00| IR 83SE 9096, Dis, DSBS S6YL,
invention is expected to out per?ormthe wild ty%%]%ogynerase at hi gher Kd

concent rfs. G880, 98%gor 1907nidquee identitetocany[ame pF Dshey- carh be

denonstrat ed, b suring the.abil it f .an [ 1ct .
I ncreas éﬁoréqp}olr%l %ﬁ@?gggﬁg‘gén atélﬁg%rlshte¥ é%egnop 1%9] eﬁfe@%ﬁ?“ﬁgccﬁ?ﬁgﬁ%? é«grga ability
of aR enayiaBlereiPiORiE emMHoaRitiequéitel oBaborin Ab%s 8B618595 006, 3406, BPa9ehd,t y of

t he doubl e-stranded nucl ei ¢ aci d_dupl ex indirectl bﬁ determ ni ng .t he
anmount &7 7prO8&u 0o 0K esequancs 1dedity faany qugofs Osglptragdenligktan be
used to . . P i ho, N tgqof.¥os 12,
or 18- Zﬁ%@%@oﬁegggll n ;fe?%l]aﬁ]r}o ‘%ﬁ %@ﬁ%&%ﬁggﬁﬁk Z?%é%\ﬁ%l geé\?g‘ts%%’tgeé‘n@e%a/%’ur e,
e.g., 5006%,197%,918%, 26% oisli9% eghaneadergifty tocingrony of SEQNIMWNO8Y18-Be. ability of
a nodified or inproved pol ynerase to produce nore product in a PCR reaction

usi ng tNg1§70rin s%ﬁ{er@?boﬁﬂﬂfxﬂgﬁﬂe ﬁ&gg%@%@ﬁgﬂse% M dhH i AR GarpMyBIASE under

t he sane conditions 0178] Long e used as anot her method of
dendfst ratipnigingrtAR &ADRR ouelsdSDRB hy falvavse SEQADENOY22, BER XNl Xk andRENzy me
wth en d, processivity and effici.ency typically allo e

anpl 11 UG DrSRERERY . ST Ehiy sERps Y RS it SRR DR
conpar edchR3 a8 FARARITBEN IDNOEI AREVAIYNOOYE an@ SECEETSNO: 1Y, réspactdlefy. Cinency .
[0179] Orher methods of assessing efficiency of the polynmerases of the

i nvent i cmsambydinientsrthd arsiboby cetpeses aflight ehawavgriabls regionroptpaisipeiCIdB 1 ng

st andar a he zymat.j (VA i j £ {ON enzyne.
0180] BroRer I RSgRA S RS PF TR DIAY RER Rofs. gha SRRUD KRGS
di sansi M Bgieeti ey Warr Atkenechait V4Rl regphabmpeisipk €1, DR X adelRe ds
primer/tenpl ate dg}gl exes. Specificity can be determ ned, for exanple, by
conpar i rigllewe SR HPiNfe:3Yi BHQ IBINQiA8, ek R dRNO Ghercgpeciitielen [esindys a
mat ched ' .G . I ' .
e i e e LA LS R S
mat ched gadi GiRR3 b foilowist REQHD RO BSERLD NO: 3k and SEQ. ID N3G, a¢spectofelyt, he
yield in the reaction using the matched ptiper t he cti usj t he
mi smat ¢ R/ PrailraYy ?}gl%ﬂmbgefeswn&swgsmﬁrﬁ@ﬁa@?@cﬁﬁ ‘Elﬁg aﬁﬁoq@aﬁpéﬁgd to
the jy el gh QbL &, Red) ITNO: PRak IsQ BP9 regrtiwig enploying a wild

[0188] In still further embodiments, kits of the invention include optimized buffer (Tris-

HCI, pH 9.0), KCl, (NH4)2S04, stabilizer, detergent, INTPs, MgCl]2, and DMSO.

[0189] In still further embodiments, kits of the invention include double stranded DNA
binding dyes. Such double stranded DNA binding dyes can include without limitation:

25  EvaGreen and SYBR Green, as well as any other double stranded DNA binding dyes known
in the art.

[0190] In a still further embodiment, kits of the invention include additives to increase the
specificity and efficiency of nucleic acid amplification reactions. Such additives include

without limitation sarcosine and heparin.

30 [0191] It will be appreciated that kits of the invention also encompass any combination of

the above-described components.
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type polynerase. Reactions utilizing nmethods and conpositions of the
invention wll in may enbodi nents exhibit at least a 2-fold, often 3-fold
or greatewoOionvisede in the ratio relative to reactions RCITIGS20104920871 d-t ype

pol ynmer and/ or standard. .reacti.o nditions. Reaction mxt f the
Povent i JREod 1ty S sBREE v F G BMu IR BT SOrEaEEp it M et
conpr i siAgplithatiobrfRorats idtludd e faluaiibl oRps:t he antibodies of the
invention, the additives of the invention, or any conbination or two or

three thereof. Optdoagld %r%@%@@ﬁéﬁﬁ?% idufOURhgEed Wi th the polynerase.
The reaction nixtures can optionally conprise one or nmore dNTPs, one or
nmore ol i gonucl eotides, a biological sanple conprising a target nuc|eic
acid, and/or a dodﬂ)%NEFK%ﬁ8§é9ﬁmﬁbﬂﬁﬂdpﬁgoﬂ§%$”ﬂﬂ¥=8%2%ﬁ¥ oW IRgPRUIteY t he
antikodi es as described,h | bt&@AnREHh NCl uded in the reaction m xture.
Kits%of the invention ﬁ%f%gﬁ’ln ong aggect, the present invention provides

kits for conducti ucl eic acid | ficati reactions. In sone
embodi nent s, suchW%FG?gFHQFGH%“%%S@%%FH%@EE&gﬁa optional ly dNTPs, and at
| east one buffer. Such kits may al so include stabilizers and other
addi ti vel9193. glt wildpappreciared/that thaatwysicnenplary pmtacebesa behveried fisisg ency of

the anplification,reacti.ons,. ch kits . al.s0 i ude one.or .more priners
ns el T B PRFBRG R abihu kgt 22 bitiediy RARiSE SR FaBE: Mone
usi ng t hee cOMMRORRTbSeBkichbeald dpeeificl} &fdiffereat tathet hedleidapi@st Fort éi(@m?[d?s ent
invention provides kits that include conponents that jinprove the efficiency
and Wpecimpliicaion el lnssrdpgeryciriamps Mpy ;aaugR 1ongst trcubrilog\iunesrag of ntgher
conduct i C i ti on: adi tions and reactants. Such
additioﬁgwgégﬁ%gwggggﬂ%#gQ%%@%??%éﬁﬂghr ﬁ%? herein and i nclude w t hout
limtation hybrid pol ynerases, hot-start antj bodies, and/or, additives such
as sar codidd aHdS wadsaitoed tha: 8&]‘3@?11% @ﬂ%id'i“ﬁ%tﬁfifs%z%?‘gggﬁnt%%fqrnvent i on

i nclude g, fyfik by %é’s@ﬁﬂf’?‘&ﬁ%&ﬁ riovh b AMbAL brthahdbsiih BeRAh%EBI @fEpddoMei n

t hat reduces or "aboli1shes the polynerase’'s 3 -5 exonucl%ase activity. In a
f urt her sgbotidtepesonkskiBedin thhert and erettd ba inahededdathan thelspird apdipyreewsé wi t h

] id.. bstantially identical .to SEQ 1D NO. 2. [0185] |
LS R A s NG L e S
some  enbgghtiRMNS citddBerENArOh&EhNHcOPIRIEY VY FdferBfcedn tiRSCeriratdifsichidomai n. 1 n

sonme enbodi nents, the Sso binding domain is identical or substantially
i denti capwp@eSEQ | D NO. 3. [0186] In a still further enbodi nents, kits of
the invention include a hybrid pol ynerase

EXAMPLES

Example 1: Comparing primer-dimer formation in reactions utilizing hybrid polymerases

20 with and without exonuclease activity

[0195] The tendency of primer dimer formation was compared for two different
polymerases. One is a hybrid polymerase enzyme (A), which has both 5’-3” polymerization
activity and 3°-5° exonuclease activity for proof-reading, and the other is a mutant hybrid (B),
which contains two point mutations (E141A, D143A — SEQ ID NO:2) that abolish the 3°-5’

25  exonuclease activity without affecting the polymerase activity. Four sets of primers (a, b, c,
d) were designed to present different scenarios of primer dimer formation. The

characteristics of these four sets of primers were as follows:

(a) The two primers can form three G-C base pairs near but not at the 3” end of

each primer.
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conpl exed with one or nore specific nonoclonal antibodies to achieve
"hot-start" capabilities. Such nonoclonal antibodies may in sone exenplary
enbodi merwe 20mmsn¢18e | i ght-chain vari abl e regi ons with mragitsediogeossequences
of about 75% % (V 90% 94% 95% 96% 97% 98% r % sequence
identity to an@gone % f&ﬁéog P Sﬁa%ﬁlér%ﬁ%aﬁc? Hh H%Q i'es may in
further exenplary egfgqg@ﬂc@gnts conpri se heavy-chain variabl e regl ons with
nucl eoti de sequences of about 75% 80% 85% 90% 94% 95% 96% 97% 98%
99% or 100% seguenc 6-9. Such

nonocl onal antﬂ'%godl@%ét(érr\goy‘grlngr%é(rgtclﬁlfg}%ﬁ P‘%’ ?’falé§§$hp% ar%ll(}énbodl ment s corrprl se
heavy-chain varjable regions with am no acid sequences, of about .75% 80%
85% 90% 94% (950, Thw04o Brvsrs 5a04orggdses A-10196 BYERSIE BU L AL P reﬂ ny one
of SEQ I'D NGs: 14- 1%?% é} 3 | i ghtchain variable regions with am no acid
sequences of about Y9 80% 85% 90% 94% 95% 96% 97% 98% 99% or 100%

' tit f SEQ |
ol ke by e Rar See renRiied fid Fogheh Sbtee W merase
conpri si (%A% @ at 45 $OR%: 30ARtuERS pﬁﬁné’c@ bhﬁl\é@ dinRE@ ik tPaRe extohSbn, PoMNwelB,

and SEQ respectively, and/or a heavy chain variable reg| on
conpri sityg m ampiifgaticarmooDM3s@that G powsr digmgs fanmyddasng SEQre- N8, and

ot i /BT amPlr b TRORRPE? R ek TN e R IR eT Seq

I D N@ 28;a]uE@ohPGPEZR. araplehicakith, |a@d%@y%ﬂe[@@ﬁfﬁﬁtthélﬁhtyum@ﬂﬁﬁmér dinfieavy
chain variabl e region conprising CDR , and CDR3 as fol |l ows: ‘rﬁ?
nt S,

NO 31, demedsiwmedbe preridcgmon Sier: @ the f?ﬂé@slbéﬁtel (ajajue thehighprsthe ameun

the anti i A

and CorPLrRPR R4 b AP et MRl 1L R A0 BRI gty Wine £

r 63 pgg}?g dk@éﬁrfneﬁ]ﬂbdli’m@ the am it Table 1y Bothahlynéegereprabomurd @IcngeﬁaﬁﬂmgCDRZ
an as foll ows NG 37, SEQ I D NQ 38, .and SEQ | D NG 39,

r espect iRpgssiprt qugbedes ‘iorfggif inhibit fetPRBIME RS AR AIOWPIESIZRTE- he | nvent i on
i nclude optim zed buffer (Tris- HCO, pH 9.0), KO, (NH4)2SM, stabilizer,
det disger019ANTPSmeMyl @): E;uiytnEilVEﬂA)[remB@]i inm létdyblle ehrliet hié corepdred 'tme nts,

kits of the inve |on ncl ude. doubl e trad bl
st r ande P BRBETBR 1:1%/ l%gﬁfefqli’é’? Gfee %ef oﬁfoqm{éa({]&%ﬁgcﬁ%‘j% Crgr‘i’gogYBg
G een, aky'*rmi‘ﬁLdml%ﬁfcﬁ‘Hﬁéd o1ihelikelo bl enesdifreRdedarkdNAbbianst he 3dpesxkn@iusé n t he

art. [0190] In a still further enbodi nent, kits of the invention include
addi t i vesstivigy phpolpmsease fyd) cleaves the 3° mismatched region, and leaves a fully

complimentary 3’ end between the two primers, which can then be used as substrate for the
20  polymerase activity. Conversely, polymerase (B) which lacks the 3°-5° exonuclease activity,

is not able to cleave the 3> mismatched region, and the 3’-mismatched structure cannot then

be efficiently utilized by the polymerase activity for extension, thus resulting in much lower

level of primer-dimer formation. In this situation, polymerase (B) is the preferred enzyme.

[0198] Primer pair (b): when the primers have no tendency of annealing with each other,

25  there is a low tendency of primer dimer formation with both polymerases.

[0199] Primer pair (c): When the primers have the tendency to form complementary

sequences at the 3° end, polymerase (A) gave significantly later Ct than polymerase (B). The

delay in Ct associated with polymerase (A) is likely due to the digestion of the 3’ terminus of

the primers by its 3’-5° exo nuclease activity, which eliminates the sequences that have the
30 potential of forming base pairs with another primer molecule. Although, in general, it is

desirable to have delayed Ct value with respect to amplification of primer dimers, in this

49



specificity and efficiency of nucleic acid anplification reactions. Such
additives include without limtation sarcosine and heparin. [0191] It wll
be apprecwvated/mshad kits of the invention al so enconpasgcans2@omisnat i on of
t he above- de crlb o) 0192] t

el uded i eers tritpRa O s gt PeREROBERIS R b L EBEE o

pr ot ocolwhichabuld n€ddud @nddderablelahPviog ik ép e ;ﬁéseﬁ&cbfftahplatwut 30 seconds to
about 2 mnutes 40 cycles (95-980C for about 1 to about 5 seconds, 60C for

about 1 . [ € 0OCto
about 9&@2?@ %n?{ﬁﬁfﬁPQ%g1gg%§g%kgﬁ%@éﬁﬁ%t&$hﬁk g%%é é%gﬁ%rgggH%¥g$oco
can be vmbleds thesaig praviapair€i)s ldalticak@ovabudsrard disseaet! with aph polyrerasec| ei ¢
acid anplification reactions to optim ze the conditions for efficiency and
specisficity for different target nuchgig pci ds. For exanple, anplification
of | onger target nucleic acids may reqU|re Ionger |ncubat|on ti mes and/ or
hi gher tenper f?ra.l:flfBip\r’:l}pgrgL 2 jgnpmg:lr%ier'si AR APD Sk ,(d)tl\gsip?ﬁllers' %

At
auv
aad hat
under st potd—that atPres I HTEeftS—aeScCtt cu neretfi—ar€ 10t

illustriative purposes that vartous nodi fd ns or Qhangeslln
i ght thereof will be|sugges persons skiljled in ﬂ e _arit and o be
included within the spirit é&nd purvi ew of—tts japplication and scépe of the

appended clains. Al publications, qapplijc cited
herei n jare hereby inchﬁB@éﬁ%ée%& ,%P%?gﬁﬁgﬁﬁ tﬁa@r entlret‘£¥%9wgﬁ

pur pOSGaEnZW“?LEQ I:)&cllél)bgoé -\,unpal% NgTRTTer= dianeer; g or-mat Of. 1'i'04' eactions

utilizi lrgutéhygﬁzlyﬁ,le(gr)l yIBE §5§s W th "-@&‘6!@"1 hiout exga,lﬁl&(g;dbe agtH YL 01951
The t endgHeyppl prime g|7rrer formatgn was conmpgy £d for two [dpgferent

pol ynmerases. One 1S a hybrid polymerase enzyme (A), which has pboth 5 -3
pol ymeri zation activity and 3'-5" exonuclease activity for proof-reading,

and the S a hmuta i ch contains two point nutatjons
(Erara @8, 'rS selitts et tachitbhin okiven BT Ra bl Madten b 6t y
Wi t hout @ftheplekdide bPMeRALYIBELSHAhAaETeYdricYs inAY hntBdfes e al SRS dsshy Was C.
d) were designed to present different scenarios of primer dimer formation.

The charcntleeted nsing abibrihenda frotant detogudeasp defieient) h@bred assdefseriibeghabove that

10 are not complexed with the antibodies. Four sets of primers were used (see Table 2), with set

A and B containing fully complementary base pairs at the 3’ end, and C containing base pairs
near the 3’ end followed by one base mismatch at the 3’ end. With set A and B, the hybrid
polymerase gave 5-8 cycle delay in Ct compared to the mutant hybrid. With set C of primers,
significant earlier Ct value is obtained with hybrid polymerase compared to mutant hybrid

15  polymerase. The overall results obtained using hybrid polymerase and mutant hybrid
polymerase alone are similar to that obtained using hot start antibodies with the polymerases.
Therefore, it is likely that the difference observed between the two polymerases is due to the

difference in the exonuclease activity rather than the presence of antibodies.

[0202] In summary, a polymerase lacking exonuclease activity such as the mutant hybrid
20  described above is an effective enzyme for gPCR applications to avoid primer-dimer

formation/amplification in situations where primers have the tendency of forming base pairs

near the 3’ end and leaving mismatched bases at the 3° end, as well as to eliminate alteration

of primer length/sequence in situations where primers form base pairs at the 3° end.
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(a) The two prinmers can formthree G C base pairs near but not at the 3
end of each priner.(b) There is no tendency of priner-prinmer annealing
based on wbeomvisnEn sequences. (c) The tmo priners can fPorms3olbase7pai rs at
the 3' end. (d) The two priners can hree A-T base pairs near but not
at the 3' end of each priner. [0196] of these prinmer pairs were
pre_in ubated in a-r

30 mnytes to pronoté primer diner fBr mati on and extefsion, foll owed by a
gPCR an:p_l__|_f_|_gaf|nn protocol  so that the pri ner dinerns fornmed duri ng t he

pre-indubation step|were furtheg anplified. The,nunbers indicated |@{Table

| are tlhhe Ct (threshmmmm_ﬂmmmwrtﬁy
correldte with the anount of primer| di mer formed during the:pre-1 ncubat! on

step, ij.e. the smaller the C val ue|l the higher the anount of primer diner
formatijon (higher pninmer dinmer fornption is less favgrable or efficient).
I n the |experinent pr8euuatdhgt Ydneé dat pstipmaitakisendl, bot h 4ep@ychesardenéw/ 1
pre-boynd to corresponding hot-start antibodies to fully i thblt t he
pol ymerijase activity|at Iom1tenperature [0197] Prlner pair (a) Polynerase

(A re .Lfl%l‘rf&d i J.L'+2§, j.vl e—eartier 5\,U||pa| etd—to—pol ylg'f‘i’ ase—{(B—A14
cycle di erence corre ates to >10000-Told difference In the anmount of
ri mer -ei-re etk —s—tHkety—thagt-thedifferencegtises—becavse—the
\ , mutan r1d ?.90 . Y 17 2?.%5 .
3'-5 exo 3 ease ac |V|ty of pol yperase (A) cl eaves e 3' m smatched
regi on, bn—mtm1 7 ||y uuup.iuc.+§gy 3—end betv'§3 ghe HWO—PHEFS;
whi ch dan then L 3 as substrate %or the pol ynerage ‘activity.
Conver sely; po!,“b.uoc BY—whi-eh—acks—the—3—5—exenucleaseactivi-ty—+s

not able to cleave the 3' m smatched region, and the 3'-m snmat ched
structure cannot then be efficiently utilized by the polynmerase activity
for extension, thus resultlng |n nuch Iomer | evel of prlner-dlner

[0198] Priner palr (b): ‘mhen the iy éf h Kp‘no iendency of anneallng W th
each other, there is a IOM/tendeﬁ§§—g£—%$¢aéﬂzdlner formation with both
polynerases [0199] Prinmer pair (c): Wen the EFIHEFS have the tendency to

f or mcortfit&Hentddiiond gpraentareraronductedie, dirssily femaars hyhyid galygerases .
f t t
st gni '%H}dg%eh?h&{ hlst H"%@iw@gé/{%a%ﬁtg @{d Op}]'af‘,g?éits%]egx%dk%g%xoﬂ&a@é‘s%a ed w

pol ymer ase e term nus of the
pri mer s dotivity, wiith wereantm cvngll@adevidcthie vamy howdtae Antthddidsn dthe sambe sequences

t hat have the. o . . . .
fgrmlnatlon composition was used with equal concentrations of either the hybrid or the

mutant hybrid. The performance of the two enzymes was compared in the following two

10 aspects: (1) ability to work with wide range of annealing/extension temperatures, and (2)
ability to quantify wide range of input DNA template. Annealing and extension temperature
range used 1s 56.6°C to 66.6°C. The amplicon is from human beta-actin gene, and the input
DNA template is 25, 250, and 2500 pg human genomic DNA per reaction. As shown in FIG.
3, the amplification curves and the Ct values obtained with the mutant hybrid (right panel)

15  showed less deviation as the annealing/extension temperature changes from 56.6°C to
66.6°C. In contrast, significant spread in the amplification curve and thus Ct value is
observed with the hybrid polymerase (left panel) with respect to annealing/extension
temperature change. In addition, hot-start hybrid gave much lower and more scattered
amplification efficiency over the range of annealing/extension temperature tested, whereas

20  hot-start mutant hybrid gave consistently higher efficiency and is not significantly affected by

change of the annealing/extension temperature. (see Table 3).
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potential of form ng base pairs with another primer nolecule. Al though, in

general, it is desirable to have delayed Ct value with respect to
anpl i fi cavoanioaigopni mer dimers, in thisparticular case, PChaspeiopeosry of the
priners are altered, both in Iength n 3' sequence, which could lead to

undesi rabl e anpllflcatlons in the prgsence of tenplate [0200] Primer pair
(d): this—+s u..a. Br-Her th bas - not as
St hbl o lns AVSSUEBRL parr Qe aLoRGR o CHICRSY B BOBE S DU | t b
both pol ymerases. Tal§M® [0201] To éWQWHaP%’mhether the di PPRXMERAsE
ggtslti‘l’b\(;glfllnécizvcfunt L:. pég/uuzgieél ::InaL %\;v:a:fal \;:gl tio—the ot esefnce of 54,"‘ y e
conductled using a h@ﬁrlicd and a mjﬁ’aﬁ(" (exonuc‘l ease defl cient) hv%)rz%i as
descri bed above thatt4&€Cel not conpfd%%d with the antibodi es. Four9%¥6d of
primers| were used (%8@CTable 2), 96.1% set A and B containing ful9yl%
conpl enent ary base @@m(s at the 372e%d and C contalnlng base pagjy% ear

'_\_1

the 3' : S zfeand B,
t he hybrid—potynerase_gave5-8 \,y e—detay+nC——conpared—to—the ""l""o" nt
hybr| d. -"With-set-C }? 3§:a| rers. ﬁ;én | cant—eatrlier-Ct valueis ?11‘@#%‘ ed
with hybrid polynmer ééécrormar ed t€7%{i‘t ant_hybriid pol yner ase The950Q//eraI I

resul ts obtai ned using h brld polynerase and nutant hybrld polynerase al one
are simlar to £kemplgis: dirimes sSSP AYeSSHAG ) e

pol ynerases. Therefore, it is Ilkely that the difference observed bet ween
the two [0204|meAsglesribed dattiet, Bot digt DINA pﬁl@ﬁemswaﬁe RigeEXATR hﬁ&é@e@@lﬂy vity
rat her than the presence of antibodies. [0202] |In sumar yner ase

| acki ng BXdline PE&ste mintmize 109elsramtedsonr%mﬁﬁtamﬂlﬁﬁwm@dﬁ% bﬁ%}é@ﬁ%ove is
an effe R P %

formati 2[567 ?&‘?}’ F%ﬁngn@slﬁ?\?ﬁgﬁtgﬁg P : BN% %eh&laﬁgﬁfstrﬁérgﬁon ency of

f or mdng rhmsp)ecpﬁn atrspllrﬁﬁzatiomh%@rinmmdimdsé@avasr@vahopﬂhtodﬂew dastmtiat the 3’
end, as well as %o ellnlnaB% % E{atlon of rine | eng egu nce in

it uat | GHECSRERE SYiethsr dhenybridimelinorageres mybppolymerditey encrie °¥&anpl e 2:
Conpar i NI divhifadhle %g}%l%%ﬁht@'aﬁﬂﬁd&ésf at®Rfthile RS r¥ATREAS PERWphicadds Wi hout
exonucl ease activity [ ditional experinents were conducted to
directl ytth & phiy bf prdmprsl \yase}ealgesd woephéxed asntpherhettary tbase paanstak hedi'es t o
mut ant y ackin nucl eas ctivit whi ch

Conp excita RS TR B ar AT F PR TSRS Bt Pl ™
conpesi tqROR Y& mﬁﬁﬂil wrﬁﬂ@naqy adquared ERTDNAlepINGtioh a3 1-08C fh80hyiRicst (9F t he

mut ant hybrid.. The performance of the two enzynes was conpared in t'he
f ol | owi nige teastion in the first step will continue using standard qPCR cycling and detection protocol

and allowed to be amplified. If the DNA polymerase was active at 37-45°C, then the primers
would be extended off each other during the first step to generate templates for amplification
during the second step. If the DNA polymerase was not active or has a significantly lower

15  activity in this temperature range, then only low level of primer extension would occur during
the first step, and the amplification during the second step will result in delayed Ct.
Therefore, by comparing the Ct values obtained with the DNA polymerase alone versus that
with the DNA polymerase complexed with the antibodies, it was possible to assess the
benefit of hot start antibodies in preventing/minimizing primer dimer formation. Table 4

20 summarizes the results obtained using three primer sets that differ in tendency of forming
base pairs at or near the 3’ end. Overall, the addition of hot start antibodies resulted in 5-11
cycles of Ct delay in primer dimer amplification compared to the reactions without the
addition of the antibodies. The extent of the benefit of using hot start antibodies was similar

between the two polymerases.
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was pospdiyreerhse lasldag 3’-5hexonuclease activity, as described above. The effect of sarcosine

10

on gPCR reaction efficiency was evident with sarcosine concentrations as low as 20mM.

Concentration greater than 40 mM gave optimal and similar performance (Table 6). This is

in contrast to published results which showed optimal osmolyte effects at concentrations

above 1M, and suggests that the mechanism of action of sarcosine in the present invention

differs from published observations of the effects of osmolytes. Similar results were

observed with a Sso7-Taq fusion polymerase.
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[0206]

Example 5: Effect of heparin

to no-heparin

Heparin is a negatively charged polymer that mimics the electrostatic property of

dsDNA, and is commonly used for either purifying DNA binding proteins or as a nonspecific

competitor for DNA binding proteins. The addition of heparin may prevent the excess DNA

polymerase from binding to the double-stranded template until a single-stranded primed-

template becomes available.

[0207]

A CBP amplicon was amplified in gPCR reactions from two different input amounts

(5 ng and 0.5 ng) of human genomic DNA template with qPCR formulation comprising a

10

hybrid polymerase, in which 0, 10, 20, 100, 200 pg/ul of heparin was added (FIG. 2, Table 7).

If the amplification efficiency is 100%, the expected Ct difference corresponding to 10-fold

difference in input template concentration is 3.33. When no heparin is added, the ACt

between the 5 ng and 0.5 ng reactions was 4.5, which corresponds to 67% amplification

efficiency. When 100 ng of heparin was added, the ACt between the 5 ng and 0.5 ng
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ATGATCCTGGATGCTGACTACAT CACT GAAGAAGGCAAACCGGT TATCCGTCTGT
TCAAAAAAGAGAACGGECGAATTTAAGATTGAGCATGATCGCACCT TTCGT CCAT
ACATTTACED I BOBEAAAGAT GATTCTAAGAT TGAGGAAGT TAAAAAAAT CACPCT/US2010/020371

e N B ST e T A

GATGT TCOaA AT LR AT TGE@AGT TGTTGACATCT
TCGAATA TATTCCATTT GCGITA CATCGACAAAGGCCTGATACC

AAT CCGAGGGECGAT GAAGAACT CAAGCT CCTGGCGT TCGCTATAGCAACCCTCTAT
CACGAAGGCGAAGAGT TTGGT AAAGGCCCAAT TATAATGAT CAGCTATGCAGAT
GAAGAAGAAGCAAAGGT GATTACT TGGAAAAAAATAGAT CTCCCATACGT TGAG
GI'TGTATCTTCCGAGCGCGAGAT GATTAAGCGCT TTCTCAAAATTATCCGCGAGA
AGGATCCGGACATTATCATTACTTATAACGGECGACT CTTTTGACCTCCCATATCTG
GCGAAACGCGCAGAAAAACT CGGT AT TAAACT GACTATCGECCGTGATGGT TCC
GAGCCGAAGAT GCAGCGT ATCGGCGATAT GACCGCT GTAGAAGT TAAGGGT CGT
ATCCAT TTCGACCTGTATCATGT AAT TCGTCGT AGTATA AACCTCCCGACT TACAC
TCTCGAGGCTGTATATGAAGCAATTTTTGGTAAGCCGAAGGAGAAGGT ATACGC

CGA\TGA\CEATT(Y‘AAA‘W(YY‘AAAPP(Y‘TPAW "‘I\fYY"Tf“TTf‘Y"I\ A A,

ACT( IT

200pg/ul

ATACTCCATCISAAGATCI:AAA@ZGACTMTX
GCTCAGCTCT CTiCHeramiesT

AATGGAA

T

W,

e AC#@M?‘%AT

[ TTEPARS

Heparin

TCTTCCA

CCshag ARSAT CG

T AGAGT BGTTTCT OO

DGCAAAGEEH

NCGAACGEAS

25.2

ACGAACT

GEH

GCCAGABGAACGT G(F /

\TGAACEIOG

[ CTCCGCEB.7

28.8

AGICTT.
TCGTGI(
TCTCCE

SVt oy

CCT [

Cq

TGI TAAA

CCCTG kgl

AGCCAGAAAS
ATCCGTLEAN]

GEECCTCTA
I TATCATT 46X

CA

DCACAACEA 6o

3.60

AACCOCCGA

G0 TECAGAAAL

ATGATGIT

LT CUEGAAG

90%

TAGGCCA

TCTGCT “”%M@ﬁMwwlwwlw
GATTGAAAAAATAATGCTCGACTAT CGCCAAAGAGCGATTAAAATCCTCGCAAA
CTCTTATTACGGCTATTATGGCTAT GCAAAAGCACGCTGGTACTGTAAGGAGTGT
GCCTGAGT CCGT TACTGCTTGGEGEGT CGCGAATACATCGAGT TCGT GTGGAAGGAGC
TCGAAGAAAAGT TTGGECTTTAAAGT TCTCTACATTGACACTGATGGTCTCTATGC

JCoT Il

A AL A ST N
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GACTATTCCGGGTGGTAAGT CTGAGGAAAT TAAGAAAAAGGCTCTAGAATTTGT
GGATTACATTAACGCGAAGCT CCCGGEGT CTCCT GGAGCTCGAATATGAAGGCTTT
TATAAACGOEOCITTIOBTGGT TACCAAGAAGAAATATGCGCTGATTGATGAAGAA  PCT/US2010/020371
GGCAAAATTATTACTCGTGGTCTCGAGA&T;%W@WTTG

CGAAAGAAACT CAAGCTAGAGTTCTCGA CGTTG

AAGAAGCT GTGAGAAT TGTAAAAGAAGT AACCCAAAAGCTCTCTAAATATGAAA

TTCCGCCAGA AP M EATTTAT GAGCAGAT TACT CGCCCGCTGCATGAGTA

TAAGCCGA T GRS TAGCA TG TG T EAEAGAT TR A ABAAZEICGGTTATCCGTCTGT
GAAAATTARASAAATAGAGTAATTEEIT AGA TTAAGATTEXRCEACXICGGACCTTTCGTCCAT
ATTAGCAACCETETAITCTABGCTUIAZAA GAIAA CCCABAYAGTAGMETARGTTAAAAAAATCAC
GACCCAGAAG AT GAGHT G GO S ABATECT CCCECCAA ACHCEG M T CTHTGAAAAGGTAGAAAA
AGGGTTTT@@@ W@@@%WWTCGAACATCCACAA

GCCTCACTA ] % COST AGS s &) W G

T AR NALT AT, GTTGTTGACATCT
gﬂﬁ@ﬁm 'ln m‘”’, ‘% z a“’% AT ACET AAGGCCTGATACC
O.e:t!e'nt Q'V I’:it C‘G‘V"‘ NEE ee Ci“ﬁg‘*'t‘é" TAGCAACCCTCTAT
AT CCT (A C ARG :m'w,_. G TG G EAR AR CAAT TATRATCATCAGCTATGCAGAT

IM L DADYAREEPOPA RAPKGERAITRRERES (h AP AT FEEEATACGTTGAG
GKI VRl VOAERGERKIG GG ol GEB el Red GECSATRIN KRR AR TCCGCGAGA
RYL | 15K GLA SNRATEEG RIAEET ATCNITRRER X EAAOG GYABKRARIT TORKIGTCCCATATCTG
LPYVEVWSSEREM ARBIK T AREKDROA A CTYNEDBADE R AKRAEKITA FLFGCREGATGGTTCC
EPKMORI GCONGAVEVKERI AFGL X RRAT NGOG A EATENC EGKAKBKA AR TTAAGGGTCGT
AKAVEET CEGEE RYAM MSNERAKA TV (< FERERAESRINVEIA MDY SREBE TCCCGACTTACAC
NLVEWFL LW@W@@%ER@@E&ﬁ@%@@P&MX@UX@AAGGTATACGC

R L AN AR e g@@é@@@e@%&mmmuM
EFVVKEL RAGAAQ AATTCTTCCC
EGFYKRG VAR L § * TGTTTCTCGT
EAVRI VKEV O SR Py TACGAACGCA
GWI Gyl ViREAg YOASAYT BN PAUERI ARG CGTCTCCGCG

25  AGTCTTACGCTGGTGGCTTTGTTAAAGAGCCAGAAAAGGGCCTCTGGGAAAACA
TCGTGTCCCTCGATTTTCGCGCTCTGTATCCGTCTATTATCATTACCCACAACGTG
TCTCCGGATACTCTCAACCGCGAGGGCTGCAGAAACTATGATGTTGCTCCGGAAG
TAGGCCACAAGTTCTGCAAGGACTTCCCGGGCTTTATTCCGTCTCTCCTGAAACG
TCTGCTCGATGAACGCCAAAAGATTAAGACTAAAATGAAGGCGTCCCAGGATCC

30 GATTGAAAAAATAATGCTCGACTATCGCCAAAGAGCGATTAAAATCCTCGCAAA
CTCTTATTACGGCTATTATGGCTATGCAAAAGCACGCTGGTACTGTAAGGAGTGT
GCTGAGTCCGTTACTGCTTGGGGTCGCGAATACATCGAGTTCGTGTGGAAGGAGC
TCGAAGAAAAGTTTGGCTTTAAAGTTCTCTACATTGACACTGATGGTCTCTATGC
GACTATTCCGGGTGGTAAGTCTGAGGAAATTAAGAAAAAGGCTCTAGAATTTGT

35 GGATTACATTAACGCGAAGCTCCCGGGTCTCCTGGAGCTCGAATATGAAGGCTTT
TATAAACGCGGCTTCTTCGTTACCAAGAAGAAATATGCGCTGATTGATGAAGAA
GGCAAAATTATTACTCGTGGTCTCGAGATTGTGCGCCGTGATTGGAGCGAAATTG
CGAAAGAAACTCAAGCTAGAGTTCTCGAGGCTATTCTCAAACACGGCAACGTTG
AAGAAGCTGTGAGAATTGTAAAAGAAGTAACCCAAAAGCTCTCTAAATATGAAA

40 TTCCGCCAGAGAAGCTCGCGATTTATGAGCAGATTACTCGCCCGCTGCATGAGTA
TAAGGCGATTGGTCCGCACGTGGCTGTTGCAAAGAGACTGGCTGCTAAAGGCGT
GAAAATTAAACCGGGTATGGTAATTGGCTACATTGTACTCCGCGGCGATGGTCCG
ATTAGCAACCGTGCAATTCTAGCTGAGGAATACGATCCGAGAAAGCACAAGTAT
GACGCAGAATATTACATTGAGAACCAGGTGCTCCCGGCGGTACTCCGTATTCTGG

45  AGGGTTTTGGCTACCGTAAGGAAGACCTCCGCTGGCAAAAGACTAAACAGACTG
GCCTCACTTCTTGGCTCAACATTAAAAAATCCGGTACCGGCGGTGGCGGTGCAAC
CGTAAAGTTCAAGTACAAAGGCGAAGAAAAAGAGGTAGACATCTCCAAGATCAA
GAAAGTATGGCGTGTGGGCAAGATGATCTCCTTCACCTACGACGAGGGCGGTGG
CAAGACCGGCCGTGGTGCGGTAAGCGAAAAGGACGCGCCGAAGGAGCTGCTGC

50 AGATGCTGGAGAAGCAGAAAAAGTGA

(B) SEQ ID NO: 2
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DLRWOKTKQTGL TSW.NI KKSGT GGGGATVKFKYKGEEKEVDI SKI KKVWRVGKM
| SFTYDEGGGKT GRGAVSEKDAPKELLQVLEKQKK* (C) SEQ ID NO 3
ATVKFKYKGEBKEMBISBHD KKVWRVGKM SFTYDEGGGKTGRGAVSE KDAPKEL PQUIEKQMI2(GD) SEQ | D
NO. 4 GCAACCGTAAAGTTCAAGTACAAAGGCGAAGAAAAAGAGGTAGAC
ATCTCCAAGATCAAGAAAGT ATGGCGT GT GEGCAAGATGAT

AR LK SBSKIEEVKKITAERH

AAGGAGCTHIRBRINEMES VEEACANCRRENWAAY K PQBY NTIRRSIREHSAMIH HEADIPFAK
Heavy- cﬂthID/IéGLH{N’IEGM@M{LLAM&AEbYFE@&%E@%ﬁB§WW$QﬁEE KD 6 )
ERE EXGETENESOTRSEDCE FEAG RAERAGIKC TIGRDGS
UW@WM@KVEWH@MW@MMW@KVYADEI
GACAGGGTAR A GATIGEAT FRGACAGATTEIA RATEFIGARK EEF BAFAIQ AR RGAPTHED VSRSSTG
MGTWWWM@%%WK%EWENWSLDFR

ey i A SSRGS %F 'IF G RAD ‘ Kﬁfﬁ@ﬁﬁ@lﬁ@ﬁﬁiﬁERQKlm

AAABOATISdT R J.m . i-% ﬁ ee.% % R o
LWL PGLLELEY

GAAGTAAAG CSCSACEA e

CTGCAAGHSTITEFREETA ‘,wi '1' ':3@-‘ REKFYRERS "w’gm aeh ee' EAHLKHONVE

GACACII?@TWWWW ERAEPHYEN RISk GVKIKP

M@T%WNM@@RWMWWX@RW@?GFGYWE
CAGIAGC TGV TRAGSATISY GHESKS ARG GEI R AKX B ARGCEX DASKIH CBARBGRATGETT
TGCTTACTSEERDEARGGRACRIT SESEACTATICE LT QRAGICAKASCG ACACCCCCATCTGTCTATA

>M22- vh( SEQ DNO. 8)

GAGGTAAAGCT GCCAGGAGT CT GEGGCT GAGCT GGT GAGGCCT GBGGCT TCAGT GAAGCTGTC
(C) SEQ ID NO: 3

ATVKFKYKGEEKEVDISKIKKVWRVGKMISFTYDEGGGKTGRGAVSE
20  KDAPKELLOMLEKQKK

(D) SEQ ID NO: 4
GCAACCGTAAAGTTCAAGTACAAAGGCGAAGAAAAAGAGGTAGAC

ATCTCCAAGATCAAGAAAGTATGGCGTGTGGGCAAGATGATCTCCTTCACCTACG
25 ACGAGGGCGGTGGCAAGACCGGCCGTGGTGCGGTAAGCGAAAAGGACGCGCCG
AAGGAGCTGCTGCAGATGCTGGAGAAGCAGAAAAAG

(E) SEQ ID NO: 5
GTGGGG

30
(A) Heavy-chain variable region - nucleotide sequence

>M13-vh (SEQID NO: 6)

GAAGTACAGCTGGAGCAGTCAGGGGCTGAGCTGGTGAGGCCTGGGTCCTCAGTGAAGATTTC
35 CTGCAAGGCTTCTGGCTATGTTTTCAGTACCTACTGGATGAACTGGGTGAAGCAGAGGCCTG

GACAGGGTCTTGAGTGGATTGGACAGATTTATCCTGGAGATGGTGGTGTTAACTACAATGGA

GAGTTCAAGGCTAGGGCCACACTGACTGCAGACAGATCCTCCAGCACAGCCTACATGCAGCT

CAGGAGCCTAACATCTGAGGACTCTGCGGTCTATTTCTGTGCAAGTTCTTCTTACTACGGTG

GTAGTTCCGTCTCCTGGCTTGCTTACTGGGGCCAAGGGACTCTGGTCTCTGTCTCTGCAGCC
40 AAAACGACACCCCCATCTGTCTATA

>M15-vh (SEQID NO:7)
GAAGTAAAGCTGGAGGAGTCAGGGGCTGAGTTGGCAAGACCTGGGGCTTCAGTGAAGTTGTC
CTGCAAGGCTTCTGGCTACACCTTTACTAGCTACTGGATGCAGTGGGTARAACAGAGGCCTG
45 GACAGGGTCTGGAATGGATTGGGGCTATTTATCCTGGAGATGGTGAGACTTGGCACACTCAG
AAGTTCAAGGGCAAGGCCACATTGACTGCAGATAAATCCTCCAGCACAGCCTACATGCAACT
CAGCAGCTTGGAATCTGAGGACTCTGCGGTCTATTACTGTGCAAGAGAAAGGGATAGGTTCG
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CTGCAAGGECTTCTGGECTACACGT TCACCACCTACT GGATGAACT GGGT TAAGCAGAGECCT G
AGCAAGGCCTTGAGT GGATTCGAAGGATTGATCCTTACGATAGT GACACTCACTACAATCAA
AAGT TCAG'IWQQAI‘WIATATTGACT GTAGACAAAT CCTCCAGCACAGCCTACAPGTAAEN10/020371

CAACACC A (3 ﬂ ' ‘ﬂ (5] T AA GGCGGA A ﬂ
s s e e s S

EQIDNO 9)

GAGGT GAAGCT GGAGGAGT CAGGGGCT GAGCT GGT GAGGCCT GEGECT TCAGT GAAGCTGTC
CTGCAAMZ?NHXS@@A@@T@CKCCACUACTGGATGAACTGBGTTMGCAGA&BCUG
X (% G 1( “GCTGTC

W@WM@@@W@M@@GNGWNEWACMT CAA
TCTAT G XA A AT K& A T S AN A CACT KA O T ST CAGS ARG CEACANTGCAACT

CCCCCAT I EHAT Ay & AR vk B g €A@T O Y&t &8t BT T ROT OPT c ARGCEEOL ACEA BETUUEDCE
>ML3VI £ SEH ENXH ED A CTACTCGEEGETCARGGAACCTCAGTCACCGTCTCCTCAGCCAARACGACA

GACATTGI, CTCTCCCTGCCTGI CAGT CTTGGAGATCAAGCCT CCAT
CTCTTGCAA TGTACATAGTAATGGAAACACCTATTTAGAATGGTACC
TGCAGAAACCA! GLT CCTGATCTACAAAGT TTCCAACCGATTTTCT GGG
GTI'CCCAI CAGGGACAGATTTCACACT CAAGATCAGCAGAGT

e@m%ﬁ\%&%ﬁ%&ﬁwmm

' CCTCAT UNMME’W@B&@G@F%WGTCCCCA
mma@ﬂﬂmm@mmmmm@mmmmmmmmcww
GCAGBRACEATE X TAXAACET B ACT GT CAGCAAAGT AATGAGGATCCGT GGACGT TCGGT G
GAGGCACCAAGCT GGAAAT CAAACGGGECTGATGCTGCACCAACTGTATCC >M 2-vl (SEQ ID NO 12)

(B) Light-chain variable region - nucleotide sequence

>M13-vl (SEQID NO: 10)

25 GACATTGTGATGACCCAGACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCAT
CTCTTGCAAGTCTAGTCAGAGCATTGTACATAGTAATGGAAACACCTATTTAGAATGGTACC
TGCAGARACCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTTCCAACCGATTTTCTGGG
GTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGT
GGAGGCTGAGGATCTGGGACTTTATTACTGCTTTCAAGGTTCACATGTTCCGTGGACGTTCG

30 GTGGAGGCACCAAGCTGGAAATCAAACGGGCTGATGCTGCACCAACTGTATCCA

>M15-v1 (SEQ ID NO: 11)
GACATTGTGATGACACAGACTCCAGCTTCTTTGGCTGTGTCTCTAGGGCAGAGGGCCACCAT
CTCCTGCAAGGCCAGCCAAAGTGTTGATTATGATGGTGATAGTTATATGAACTGGTACCAAC

35 AGAAACCAGGACAGCCACCCAAACTCCTCATCTATGCTGCATCCAATCTAGAATCTGGGATC
CCAGCCAGGTTTAGTGGCAGTGGGTCTGGGACAGACTTCATCCTCAACATCCATCCTGTGGA
GGAGGAGGATGCTGCAACCTATCACTGTCAGCAAAGTAATGAGGATCCGTGGACGTTCGGTG
GAGGCACCAAGCTGGAAATCAAACGGGCTGATGCTGCACCAACTGTATCC

40 >M22-v1 (SEQID NO: 12)
GATATTGTGATGACCCAGACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCAT
CTCTTGCAGATCTAGTCAGAGCCTTGTACACAGTAATGGAAACACCTATTTACATTGGTACC
TGCAGAGGCCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTTCCAACCGATTTTCTGGG
GTCCCAGACAGGTTCAATGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGT

45 GGAGGCTGAGGATCTGGGAATTTATTTCTGCTCTCAAAGTACACATATTCCTCGGACGTTCG
GTGGAGGCACCAAGCTGGAAATCAGACGGGCTGATGCTGCACCAACTGTATCC

>M28~-v1l (SEQID NO: 13)
GATATTGTGATCACACAGTCTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCAT
50 CTCTTGCAGATCTAGTCAGAGCCTTGTACACAGTAATGGAAACACCTATTTACATTGGTACC
TGCAGAGGCCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTTCCAACCGATTTTCTGGG
GTCCCAGACAGGTTCAATGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGT
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GATATTGI GATGACCCAGACT CCACTCTCCCTGCCT GT CAGT CTTGGAGAT CAAGCCT CCAT
CTCTTGCAGATCTAGT CAGAGCCT TGTACACAGTAATGGAAACACCTATTTACATTGGTACC
TGCAGAGGG@Q@(HD@&@HCT CCAAAGCTCCT GATCT ACAAAGT TTCCAACCGATT'PT@BS@IO/OZOMI
GTI'CCCA

S CAGEC ‘e; nei f‘gi:niu emr‘f‘ n:i::\- ggg& ,zi: Jﬁﬁ mgﬂukuh‘ ACGTTCG
T oA COCA A T AR A SR AT A S (SEQ I D NO!

CTCTTGCAGATD
TGCAGAGEREAEITEAGT CTCCAAAGCT CCTGATCTACAAAGT TTCCAACCGATTTTCTGGG
GTCCCAGACAGGT TCAAT GGCAGT GGAT CAGGGACAGAT TTCACACT CAAGAT CAGCAGAGT GGAGGCT GAGGAT
CTGGGAABW]ABFF?ECT&E]@EMGT@CACATATTCCTCGGACGTTCG

A E KA ATEETIEGABGAACTIGIATCGGAT { €) T HeepyG aimai ¢
vari abl @meTAMﬁTA/m@mmmmmmﬁm&wmﬁméﬁmV%
EVQ FQSGARLAARRESSVKI SCKASGYVFSTYWWNVWKQRPGQGLEW GQ YPGDGGVNYNG

EFKARATLTADRSSSTAYMQL RSLTSEDSAVYFCASSSYYGGSSVSW AYWEQGTLVSVSAA KTTPPSVY

>ML5- vh (SEQ Jtﬁ) EESGAELARPGASVKLSCKASGYTFTS

(EKGRAT : %ﬁ%&

KFK%T?&%@ %WWWWW >0

2-vh (S Hq%ﬁ&%T%Rﬁ SSTAYMQLSSLESEDSAVYYCARERDRFDGSWFAYWGQGTLVTVSAAKT

EVKLEESERASIRPGASVKL SCKASGYTETTYWNWKQRPEQGL EW GRI DPYDSDTHYNQ

KFSDKAI L TVDKSSSTAYMOLNSL TSEDSAVYYCSRGDYVPI  YANDYWGQGTSVTVSSAKTT PPSVY >M2

8- vh (secmzz}wo SIHQIDNO 16)

EVKL EESGABMREGA S : Y IGRD DRYDEETHYNGD S DTHYNQ

KFSDKAI MMWWMSNW&WW@VW
20 PPSVY

13) GATATTGIGATCACACAGICTCCACTCTCCCTGCCTGTCAGTCT ,'I'GGAGA_TCAAGC_CT CCAT
TP A ACTAIRAAA CAECETATYIEr ATRTICETNCE

>M28-vh (SEQ ID NO: 17)

EVKLEESGAELVRPGASVKLSCKASGYTFTTYWMNWVKQRPEQGLEWIGRIDPYDSDTHYNQ

KFSDKAILTVDKSSSTAYMQLNSLTSEDSAVYYCSRGDYVPIYAMDYWGQGTSVIVSSAKTT
25 PPSVY

(D) Light-chain variable region - putative amino acid
sequence

30
>M13-v1l (SEQID NO: 18)
DIVMTQTPLSLPVSLGDQASISCKSSQSIVHSNGNTYLEWYLOKPGQSPKLLIYKVSNRESG
VPDRFSGSGSGTDFTLKISRVEAEDLGLYYCFQGSHVPWTFGGGTKLEIKRADAAPTVS

35 >M15-vl (SEQID NO:19)
DIVMTQTPASLAVSLGQRATISCKASQSVDYDGDSYMNWYQQOKPGOPPKLLIYAASNLESGT
PARFSGSGSGTDFILNIHPVEEEDAATYHCQOSNEDPWTFGGGTKLEIKRADAAPTVS

>M22-v1 (SEQ ID NO: 20)

40 DIVMTQTPLSLPVSLGDQASISCRSSQOSLVHSNGNTYLHWYLORPGQSPKLLIYKVSNRESG
VPDRFNGSGSGTDFTLKISRVEAEDLGIYFCSQSTHIPRTEGGGTKLEIRRADAAPTVS
>M28-v1l (SEQID NO: 21)

DIVITQSPLSLPVSLGDQASISCRSSQSLVHSNGNTYLHWYLORPGQSPKLLIYKVSNRESG
45  VPDRFENGSGSGTDFTLKISRVEAEDLGIYFCSQSTHIPRTFGGGTKLEIRRADAAPTVS

SEQIDNO:22 VhCDRIMI3T Y W M N

SEQIDNO:23 VhCDR2M13 O I Y P G D G G V N YN
50 G E F K A
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(D) Light-chain variable region - putative am no acid sequence >ML3-vl (SEQ
| D NO 18) DI VMIQTPLSLPVSLGDQASI SCKSSQSI VHSNGNTYLEWYLQKPGQSPKLLI  YKVSNRFSG
VPDRFSGSGEGRDHNISHd18RVEAEDL GL YYCFQGSHVPW FGGGTKLEl KRADAAPTYS S2Mi0 5208171 ( SEQ | D

NGO 19) V ’ \ S DY PEPPKLLI, YAASNLESG

PARF SO B NN HR R R AMIOS0SNE DOWTEGOATKL E| KRADAPTYS 120yl 1 SEQ 1D
NO  20) I VMTQTPLSLPVSLGDQASI SCRSSQSLVHSNGNTYLHWLQRPGQSPKLLI  YKVSNRFSG
VPDRFNGSGSGTDFTLKI SRVEAEDLG YFCSQSTHI  PRTFGGGTKLEI RRADAAPTVS >M28- vl ( SEQ

| D NO R0 B WT-QBPISEPRINEDNRS! SCRSSQEL VIESNGNT VL HAYL QRPEGOSBKL NI YKVSNRFSG
VPDRENGSGSGIDFTLKI  SRVEAEDLG YFCSQSTHI  PRTFGGGTKLEI RRADAAPTVS SEQ | D NO: 22
Vh CORI MI3T Y WMNSEQIDNO 23 Vh CDR2R M 3 QI YPGDGGVNYNG

EFKA 3,S YGGSSVSWLAYSEQIDNO 25
%@M%@%gﬂl\le% ™Y F EF'SEQ IDNO 26 M| CDR2 M 3 K V

SNRFSEQIDNO 27 3FQGS SEQ ID NO 28 Vh CDR

ML5 SYWM@%E@T[S\@@R?’%IW COR2GM S5 H |V E

SEQIOD NO 30 Vh CDR3 M 5 E R GS

DRF D
M 5 K /ASE DNV I3 YhDDRDVE5YS MIN SEQM DNO. 3
SEQIDNO 33 VM CDRBM 5QQSNED

Y

SEQID NO:29 Vh CDR2M15A I
F K G

15
SEQIDNO:30 VhCDR3MI5SE RD R F D G S W F A Y
SEQIDNO:31VICDRIMISK A S Q S v D Y D G D S Y M
N

20
SEQIDNO:32VICDR2M15A A S N L E S
SEQIDNO:33VICDR3IM15¢ @ s N E D P WT

25 SEQIDNO:34 VhCDRIM22T Y W M N

SEQIDNO:35VhCDR2M22R I D P Y D S D T H YN Q K
F S D

30 SEQIDNO:36 VWCDR3M22 G DY VvV P I Y A M D Y

SEQIDNO:37VICDRIM22R S S Q¢ S L VvV H S N G N T Y
L H

35 SEQIDNO:38VICDR2M22K Vv S N R F S
SEQIDNO:39VICDR3M22s @ S T H I PR

SEQIDNO:40 VhCDRIM28T Y W M N

40
SEQIDNO:41 VhCDR2M28R I D P Y D S D T H YN Q K
F S D
SEQIDNO:42VhCDR3M28G D Y V P I Y A M D Y

45
SEQIDNO:43VICDRIM28R S S 0 S L V H 8 N G N T Y
L H
SEQIDNO: 44 VICDR2ZM28K V S N R F S

50
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SEQID NO 34 Vh CDRR M2 TYWMN SEQID NGO 35 Vh CDR2 M2 Rl DPY
DTHYNQKFSDSEQIDNGC 36 Vh CDRS M2 GDYVPI YAMDY SEQID
NO 37 VIWGDRI/MSRA0OR S S QS L VHS NGNT Y L H SEQ PDTNG201882
M2 KV S 9 2 QS.THI PR SEQI 4
Vh CDR %@I]?B{F(Ov@ﬁgﬁcggéhﬁ%%@& % vﬁ %RZ§MZ§ RIDPYDSD
KFSDSEQIDNO 42 Vh CDRS MM GDY VPI YAMDY SEQID NO

CORR MB RSSQSLVHSNGNTYLHSEQIDNO 44 VI CDR2 M8 KV S
RF SSEQIDNO 45 VI CDRB M8 S QS THI PRMAT IS CLAIMED IS: L A

met hod of anplifying a target nucleic acid in a sanple, said nethod
conprising incubating said target nucleic acid in a reaction m xture
conprising: at least one prinmer, a hybrid polynmerase conprising a

pol ymer ase domai n and a het erol ogous DNA bi ndi ng donain, and an additive
selected fromthe group consisting of sarcosine and heparin, in a
sufficient anount to inprove efficiency of the anplification reaction by at
| east 10% conpared to a reaction m xture |acking the additive, wherein said
i ncubating is under conditions that permt anplification of said target
nucleic acid by said hybrid polynerase. 2. The nethod of claim1, wherein
said hybrid pol ynerase conprises a Fam |y B-1i ke pol ynerase that
substantially lacks a 3'-5" exonucl ease activity. 3. The nmethod of claim1,
wherein the hybrid pol ymerase conprises SEQ I D NO 2.

—|U§
3
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4. The nmethod of claim 1, wherein the hybrid polynmerase is conplexed with
one or nore antibodies prior to a heating step during the incubating step.
5. The mewbadioaBoabai m 4, wherein the anti body conpri segCa/use@vp2ahiai n
variable regio [ in variable region, wherein the variable
regi ons conprigg%ggégﬁgﬁgﬁpggggﬂeternining regions (CDRs), wherein: (a) the
| ight chain variable region CDRs conprise SEQ ID NO 22, SEQ ID NG 23, and
SEQ I.D NO 24, and the heavy, chajn variable regi on CDRs conpr,i se, SEQ |

NO. 28, SEQ ID NO 26, and r@@? s ml%flflg&rtargst)m&éc Pl Ht 2 Sananley Wrmgbpg

regi on Q;ﬁﬁngg@prise SEQ ID NO 28, SEQ ID NG 29, and SEQ I D NG 30, and the
heavy chain vari able region CDRs conprise SEQ ID NO 31, SEQ ID NG 32, and
SEQ BD NO 33; or (ioyukahieg kaididrgethmiciziosaid mld eactegi mixt@BRsmposipgi se SEQ | D
NO 34, SEQ ID NO 35, and.SEQ I D NO 36, and the heavy chain variable region
CDRs “conprise SEQ I D NdFé#?téﬂﬁﬁqqﬁmNCISB, and SEQ I D NO 39.6. The met hod of
claim| wherein the hetgyp Qﬂﬂiﬁm%éﬂ it A0TRinBraks d@thaih @ 75%
identical to SEQ 1D NO 3 }?Jrl The rrethg?}qo?%cl aim 1, wherein the reaction
m xt @r e HetarelogoucoNgyr bigding doeinhbed st r anded DNA bi nding dye. 8. A reaction
m xture conprising: a hybrid.polynerase, ,wherein saj.d | yner ase conpri ses
a po:’}ymerase domai n ana%aa(#qgf‘%r%?égﬁgggow gﬁ?‘f?d‘foﬁl lsh%gﬁ??{cogwa aBﬂ additive
sel eqt ecthebh@iih ASuLTCRHP a£O0SH 6 i Pebve e iR Dif iR Anslifhanad teactidbydat least
sufficient ampunt to |np(ove.eff|C|en%%éof_Lhe anplification reaction by at
| east) 10007 epipnired ta sreaciiem@ites lasking fhe afldiEkeng the additive. 9. The

reacty on m xture i . r 1S : . .
ol i gz())nucl eoti de p?‘%}rlrégl?ﬁ s%%nﬁ%gﬁbggs&n:ﬁgg&{%dao&?é}?atép E@ﬁgi;mnﬁgﬁca\%re]ro glsaﬁdsai d
hybrlild petggteuckse acidmyrshisldsbad balyinkeradd: | | ke pol ynerase that substantially
| acks a 3'-5" exonucl ease activity. 11. The reaction m xture of claimS§,

wherein the pol ynerase gconmpri ses. . SEQ | D 1 2. 12. The reaction m xture of
C| ai 8, WhePelx the hyﬁ?qr%etbegyﬂaﬁ‘%é’w crein saldzhybrlla po'iymerase comprises a

2 Family B-like polymerase that substantially lacks a 3°-5’ exonuclease activity.

1 3. The method of claim 1, wherein the hybrid polymerase comprises SEQ
2  IDNO:2.
1 4. The method of claim 1, wherein the hybrid polymerase is complexed

2 with one or more antibodies prior to a heating step during the incubating step.

—

5. The method of claim 4, wherein the antibody comprises a heavy chain
variable region and a light chain variable region, wherein the variable regions comprise
complementary determining regions (CDRs), wherein:

(a) the light chain variable region CDRs comprise SEQ ID NO:22,
SEQ ID NO:23, and SEQ ID NO:24, and the heavy chain variable region CDRs comprise
SEQ ID NO:25, SEQ ID NO:26, and SEQ ID NO:27; or

(b)  the light chain variable region CDRs comprise SEQ ID NO:28,
SEQ ID NO:29, and SEQ ID NO:30, and the heavy chain variable region CDRs comprise
SEQ ID NO:31, SEQ ID NO:32, and SEQ ID NO:33; or

(c) the light chain variable region CDRs comprise SEQ ID NO:34,
SEQ ID NO:35, and SEQ ID NO:36, and the heavy chain variable region CDRs comprise
SEQ ID NO:37, SEQ ID NO:38, and SEQ ID NO:39.

O 0 1 N B W N

— bl e
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conpl exed with an anti body. 13. The reaction m xture of claim 12, wherein
the anti body conprises a heavy chain variable region and a |ight chain
vari abl e wegomvsosher ei n t he vari abl e regi ons conpri se ®CFiSemmeORE7Y
determ ning regions (CDRs), wherein: (a) the light chain variable region

CDRs ;conmprise SEQ 4D . ; SEQ -1 he heavy
chai r% vari abl e regé'on%%@ﬁ%ﬁggi}gﬁ?%% ) %@éygﬁ% g@gm nd SEQ | D
NG 22; odonfdin istdiéeaksi T idehdtal ty SEQaD HOrkgi on CDRs conpri se SEQ | D NO 28,
SEQ I D NO 29, and SEQ I D NO 30, and the heavy chain variable regi on CDRs
conprise SEQ ID NQ 31, SEQ ID NO.32, and SEQ | D NO.33; .or (c), the li.ght
chai d variabl e regi-on (f%ﬁsmﬁ %Pf%‘émSI]EQNh%e P FEACpRINPRIE @TCQWBH%@Q | D

NQ 36, a&@o&bﬁl@st%@!&’m\fﬁbﬂldﬁgd}@m e region CDRs conprise SEQ ID NO 37, SEQ
ID NO. 38, and SEQ I'D NGO 39.14. “The reaction mixture of claim8, wherein the

het er ol ogous DNA bi nding donain is at |east 75%identical to SEQ ID NO 3.
15. The reaction nd.xt urd redctioh aiixiug conparssign t he reaction m xture further

conpr,i ses a doubl e-st.randed DNA bi ndi.ng. .16, A kit co ising: a hybrid
pol yrier ase. conpri of R8BI EraSL e P N Eish Sy PEPSGaNL B bi ndi g
domai3n;  @mchi@Bn@4 Hbtkiolerows DBCA BthdidgdBnidig, doup consi sting of sarcosine and

heparin, in a sufficient anount to inprove efficiency of an _anplification
reactti on by at | eadtaddgvccelepigddpm Begrounpeansisingpkiangosinegaft happring i a

addi td ve, A7 it .of IeR).: LS Al ' ri yirer ase
S L A TR
exonuc| easadeal to\a reyctioh@nixiheldsking die #ldiive. 16, wherein the hybrid

pol ymerase conprise SEQ ID NO 2. 19. The kit of claim 16, further

conpr.i sing an antipody that is specifi¢ for _the hybrid. pol rase. 20. The
kit df claim 19, véﬁerei q%ﬂm%&a90§e}ﬁﬁ?ﬁs€§thgyw el Lae abl o

regi on afighoAudibfe N vari abl e region, wherein the variable regions
conprise

1 10.  The reaction mixture of claim 8, wherein said hybrid polymerase

2 comprises a Family B-like polymerase that substantially lacks a 3°-5 exonuclease activity.

1 11.  The reaction mixture of claim 8, wherein the polymerase comprises
2 SEQIDNO:2.

1 12. The reaction mixture of claim 8, wherein the hybrid polymerase is

2 complexed with an antibody.

—_—

13.  The reaction mixture of claim 12, wherein the antibody comprises a
heavy chain variable region and a light chain variable region, wherein the variable regions
comprise complementary determining regions (CDRs), wherein:

(a) the light chain variable region CDRs comprise SEQ ID NO:22,
SEQ ID NO:23, and SEQ ID NO:24, and the heavy chain variable region CDRs comprise
SEQ ID NO:25, SEQ ID NO:26, and SEQ ID NO:27; or

(b) the light chain variable region CDRs comprise SEQ ID NO:28,
SEQ ID NO:29, and SEQ ID NO:30, and the heavy chain variable region CDRs comprise
SEQ ID NO:31, SEQ ID NO:32, and SEQ ID NO:33; or

(©) the light chain variable region CDRs comprise SEQ ID NO:34,
SEQ ID NO:35, and SEQ ID NO:36, and the heavy chain variable region CDRs comprise
SEQ ID NO:37, SEQ ID NO:38, and SEQ ID NO:39.

O 0 N N B W N

—_— =
N o= O

63



conpl ementary determ ning regions (CDRs), wherein: (a) the light chain

vari abl e region CDRs conprise SEQ ID NO 22, SEQ ID NO 23, and SEQ | D NO 24,
and t he hwawyloaisedin vari abl e regi on CDRs conprise SEQ | PCR@S2&0/038B@Q | D

NG 26, and SEQ ID NO 27; or (b) the light chain variable region CDRs

conmpryi se SEQ ID 8, %@é& : ]5:% . vy chain
vari z;bl e region (N:([?F?g coﬁ%ﬁeé@ I%Beﬁlgg%%@’s e%@tﬁ%b%’tg&%zﬁ&ﬁgg&gll D NO 33;
or (@ thiedihgdbimamhannlexar7sédidenticadicBECIBRN@GSnpri se SEQ I D NO 34, SEQ I D

NG 35, and SEQ I D NO 36, and the heavy chain variable region CDRs conprise

SEQ I.D NO 37, SEQ 38, and SEQ I D.NO 39. 21.. The kit of . cl ai 6,
wherdi n the heter oifgyﬁll;‘hwctmnﬁmxgge G S wheein BS sechebpitumTRG o
SEQ hD N@ndrisé€a ddite Kirindfi N RibAd: dfeur t her conprising one or nore of:
one or nore different deoxyribonucl eot’ide triphosphates; a doubl e-stranded

DNA bi ndi ng dye; and at |east one oligonucleotide prinmer. 23. An isolated
anti Body havi ng bi Hdi ngAspecortarisingy for a protein consisting of SEQ ID

NO 2,2 wherein the a%%bi I%Od(%f corngréosesr.sg haeaé/lﬁm%paaie r%gld a Ii}T%pet 1ch(g;ﬂ n

vari abl e region, viher B TP T HEN AT FABYE r%gEQPo S cSrrp?i sgaélgr‘?p eﬁ%ﬂ%arsy

det enm nNDNQ Hig@ingdsmafRed ., wherein: (a) the light chain variable region
CDRs conprise SEQ ID NO 22, SEQ I D NO 23, and SEQ I D NO 24, and the heavy
chai  vari abl e r egloldiDRselesieg Hiose theRmpYITsausisting oSpeyasperad beparinin &EQ | D

NO 2%; o t ' i Al | ' Qﬁllgg ' SRR,! D NO 28,
SEQ I%D '\%ﬁg@%m;ﬂ% ugtf%nhg?% é;g¥1@géma§§%ﬁgfaf@€t ‘Chai %&O\?la i%gﬁg r eé’ i on CDRs
conproi s ecoifp@rddoN@edtion M ur&laking 2he adiitivsEQ | D NO 33; or (c) the |ight
chain variable region CDRs conprise SEQ ID NO 34, SEQ ID NO 35, and SEQ ID

NG 3§, and the heayvy chajin .vari.abl e regian ..comprise SEQ I D NOQ 37, SEQ
D N 38, and SEQ | B NG ok Sht1ih £6 AR B g oR PP TGRS CETRTERd heavy
chai n anghphilyBIlikeHalymade tAR! Bb&EaP)IakQ AP 153 8xonuclease activity.

1 18. The kit of claim 16, wherein the hybrid polymerase comprise SEQ ID
2 NO:2.
1 19. The kit of claim 16, further comprising an antibody that is specific for

2 the hybrid polymerase.

20.  The kit of claim 19, wherein the antibody comprises a heavy chain
variable region and a light chain variable region, wherein the variable regions comprise
complementary determining regions (CDRs), wherein:

(a) the light chain variable region CDRs comprise SEQ ID NO:22,
SEQ ID NO:23, and SEQ ID NO:24, and the heavy chain variable region CDRs comprise
SEQ ID NO:25, SEQ ID NO:26, and SEQ ID NO:27; or

(b) the light chain variable region CDRs comprise SEQ ID NO:28,
SEQ ID NO:29, and SEQ ID NO:30, and the heavy chain variable region CDRs comprise
SEQ ID NO:31, SEQ ID NO:32, and SEQ ID NO:33; or

(c) the light chain variable region CDRs comprise SEQ ID NO:34,
SEQ ID NO:35, and SEQ ID NO:36, and the heavy chain variable region CDRs comprise
SEQ ID NO:37, SEQ ID NO:38, and SEQ ID NO:39.
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1 21.  The kit of claim 16, wherein the heterologous DNA binding domain is
2 atleast 75% identical to SEQ ID NO:3.
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(a) SEQID NO 14 and SEQ ID NO 18, respectively; (b) SEQID NO 15 and
SEQ ID NO 19, respectively; (c) SEQID NGO 16 and SEQ I D NG 20,

respect i webyp1omsoqid) SEQ | D NO 17 and SEQ I D NO 21, respetitiseeiop20326. An

i sol ated pol ynucl eoti de encodi ng a pol ypepti de conprising a heavy chain or

l'i ght chain variabl,e reﬁ%&g&%@ﬁ%@u@g@r%fgﬁlg@égogém #bre ofAN anti body of

cl ai 23 or claim™Z4 co

2 one or more different deoxyribonucleotide triphosphates;
3 a double-stranded DNA binding dye; and
4 at least one oligonucleotide primer.
1 23. An isolated antibody having binding specificity for a protein consisting
2 of SEQ ID NO:2, wherein the antibody comprises a heavy chain and a light chain variable
3 region, wherein the variable regions comprise complementary determining regions (CDRs),
4 wherein:
5 (a) the light chain variable region CDRs comprise SEQ ID NO:22,
6 SEQID NO:23, and SEQ ID NO:24, and the heavy chain variable region CDRs comprise
7  SEQ ID NO:25, SEQ ID NO:26, and SEQ ID NO:27; or
8 (b) the light chain variable region CDRs comprise SEQ ID NO:28,
9  SEQID NO:29, and SEQ ID NO:30, and the heavy chain variable region CDRs comprise
10 SEQ ID NO:31, SEQ ID NO:32, and SEQ ID NO:33; or
11 (©) the light chain variable region CDRs comprise SEQ ID NO:34,
12 SEQ ID NO:35, and SEQ ID NO:36, and the heavy chain variable region CDRs comprise
13 SEQ ID NO:37, SEQ ID NO:38, and SEQ ID NO:39.
1 24.  The antibody of claim 23, wherein the heavy chain and light chain
2 variable regions comprise:
3 (a) SEQ ID NO:14 and SEQ ID NO:18, respectively;
4 (b) SEQ ID NO:15 and SEQ ID NO:19, respectively;
5 (c) SEQ ID NO:16 and SEQ ID NO:20, respectively; or
6 (d) SEQ ID NO:17 and SEQ ID NO:21, respectively;
1 25.  Anisolated polynucleotide encoding a polypeptide comprising a heavy

2 chain or light chain variable region of claims 23 or claim 24.

1 26 .  An antibody of claim 23 or claim 24 complexed with a polymerase.
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