Sso7- Pol ynerase Conjugates with Decreased Non-Specific Activity

CROSS- REFERENCE TO RELATED PATENT APPLI CATI ONS [ 0001] The present

appl i cat iwo 201238 7benefit of priority to US Provi si onalPCPatSeen2/024739
5Application No. 61/473,682, filed April 8, 2011, and to US Provi sional

Pat ent Application No. 61/499,873, filed June 22, 2011, each of which are
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THE | NVENTI ON [ 0004] The present invention provides for an Sso7 pol ynerase

wherarns e O R R Y o brr eepondi g to ka8

of SEQ | D N@oR}i sNuuddic @5d amsplifieat{oyeacaoid/sach as the polymeddse almimeadion (PCH), t he

Sso7 donmin_corre ndi to RA3 of. SEQ I D, NQ 2 i.s not arginine. (R,
ohor om0y cark ST TR AR e e tiomar izt A st Fudhl o RalBFst | o

activity coapglifed by acaing dpamrendospleindetatyiscalds obntarget nucein) aagatith apregdess N i N
whi ch the aniino cid of . the Sso% . .
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

15  strands is selectively amplified.

[0003] The activity of a polymerase can be improved by joining a sequence-non-specific
double-stranded nucleic acid binding domain to the enzyme, or its catalytic domain (see,
e.2.,W00192501). Such modified polymerases exhibit increased processivity in comparison

to the unmodified enzymes.

20
BRIEF SUMMARY OF THE INVENTION
[0004] The present invention provides for an Sso7 polymerase conjugate protein

comprising an Sso7 domain linked to a polymerase; wherein:

an amino acid of the Sso7 domain corresponding to K28 of SEQ 1D NO:2 is not
25  lysine (K); and/or

an amino acid of the Sso7 domain corresponding to R43 of SEQ ID NO:2 is not

arginine (R),

wherein the conjugate protein has a decreased non-specific amplification activity compared

to an otherwise identical control conjugate protein in which the amino acid of the Sso7



domain corresponding to K28 of SEQID NO 2 is lysine (K) and the amno acid
of the Sso7 domain corresponding to R43 of SEQID NO. 2 is arginine (R).

[ 0005] | weane/Bsd10di nents, the non-specific anplificatipom/sedizwes7y of the
Sso7 pol ynerase conjugate protein is reduced by at |east 10% conpared to
non-specific S5anplification activity of the control conjugate protein.
[0006] |n sémainepsstionding © K8k SERITRAN @ isdydre Epandsipmige st Al ‘g%ﬁﬁoé’spondi ng

to K28 of S&Qlénl%dﬁ%p%nalﬁgmmloygﬁgq])ﬁ\!@zls PRI enbodi ments, the am no
acid of the Sso7 domain corresponding to K2 EQ ID NO 2 is selected
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(M, Isoseu%@ﬁacstlogma S5 0€ bl LB ORR (M, argini ne (R), valine (V).

tryptophan si ne I'n sonme enbodi ments, the am no
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to R43 of SHER IIDNNG B npslyged ot bsofe ombedigergy, Supmipresidet thedsef damaimi ne (A) ,
15 Cyt osl neco(n%gponé’igg %rﬁi G f@%qu(NE& 2 15@(31&%‘(@ rgrrl %‘ gﬁo&;%sw‘? ngﬂeﬁ}leﬂ@kne (F),
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(e.g., at least 60, 75, 80, 85, 90, or 95% identical to the first 58 or 60
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[0010] In soO nerase 1s su antia at | east
60, 75, 80, cBBspon@bg @R43eH SEQ‘!@N@@MSﬁbabd ﬁmﬁ@@rdtﬁcmsaﬁg@ﬁal@E@(AD NO: 34

or SE0 1D NG es eBBTE TP Eh RS T RPN ERERE, ERERL AP RsciiR, | N 22
p(r)rL yger ase @bneédlenchragh) ek, lgucgiedbl, eleth]a;ﬂan'éMawae@igirie\le , plutanmines(@e

t . . .
S0some enbodiment eV A3 ARTR: '?WBF%H‘E%“AWMS‘%@? AR e 0 omai .
[001.2] | n S@HFS € nOdr}derrgr%o%imenPhthQ olylggrasae sgbsga?ggﬂ qaék% a% g’% %legsepm ynerase

domai n. inis fromPyrococcus. 2

[ 0013] The priegent i nvention al so provides for reaction m xtures conprising
a Sso7 polynerase conjugate proteins as described above or el sewhere

her ei n. 20 n B)Oﬁm dnb@ok ¢rebakiByentshide Ksd7 dbmaﬁuhﬂubgmhj &@ aglkeadt 690, &NLS,0f or

nore ol i gon nor e
ol i gonucl eo%{f %IO)) %enpca]{m“? er%,‘georlr(u%gla'élbngla Py pcﬂosp Or%o @fd‘ﬂffﬁ” h Of salt,
a DNA bi ndi 8EQ ﬂyBIO Drinaos¢ atbddinzaars, the Sso7 domain is at least 90% 1den‘ucal to SEQ ID

NO:2.

[0010] In some embodiments, the polymerase is substantially (e.g., at least 60, 75, 80, 85,

25 90, or 95%) identical to SEQ ID NO:33 or SEQ ID NO:34 or SEQ ID NO:61. In some
embodiments, the polymerase comprises SEQ ID NO:33 or SEQ ID NO:34 or SEQ ID
NO:61.

[0011] In some embodiments, the polymerase domain has thermally stable polymerase
activity. In some embodiments, the polymerase domain is a family A polymerase domain. In

30  some embodiments, the polymerase domain is a ATaq polymerase domain.

[0012] In some embodiments, the polymerase domain is a family B polymerase domain. In

some embodiments, the polymerase domain is from Pyrococcus.
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[ 0014] The present invention also provides for kits that conprise Sso7

pol ynerase conjugate proteins as descri bed above or el sewhere herein. In
sonme enbosDrmersg4irhe kit further conprises, in the samecomsaoidiot47ey ent
contai ner that contains the conjugate protein, at |east one of one or nore
ol i gonucl eoti de priners, one or nore detectably-Iabel ed 100ligonucleotide
probe, a bufPEH, Hgeregyinyentionpspawyidat BErepdiqrpuyturegcunyrising 8559 st abi | i zer

[0015] In spyfEm&RdeeejiBmed Hotehi S LOMPESIHLO8 LOWRIrE BR&n alnkukEer (when
measured at a concentration of 0.1 that has a change of no nore than

0.027 pH unftRedpesntsgibg kit Sirbeigoamritss pilgshorse! gners pligonueleptids RMER PRI nent s,
the buffer bShaehQEkMY-hhadd J1#6nI0LR FaJRSA Siffcn GuQfostdERpRosphétEsS, Pl PES,
MOPSO, BES, MOPS, TES, TAPSO.  POPSO, 15 BI CI NE, TAPS, and AMPSO. [0016] The
present 1 nvERtPona #tsyDYARIdREDE o 288PHigds of anplifying a target nucl eic
acid in a sanple. In sone enbodi nents the nethod con‘gri ses incubating the
target nucl BP&]acthg praserd invenfiopialsp Prev idefor kissahgh £praRrisg Ssof Py Mersst one

priner; and.2QBa@ provis B AKBIABE P BsdlfiRfehREPUR kiR SfbodRRels! e above or
el sewhere herein, under conditions to allow for anplification of the target

nucl ei ¢ aci @rthgrecpmprises, ji theragme qri3eifEsgnt sepsainer Jiahgpniame thegprjagatarieted; € aci d.

[0017] In spue cidQai SER:S oliddiGclsBRHO A &GO TRE biSRste BetB@byRhASE chain
reaction (PCR). [10018] The present invention also provides for nucleic

aci ds cdhpr Pligonileatigronrohrue P& eleoirieritgsrtgtea(d8Ey): peally preysiddizelonj ugat e
proteins as described above or el sewhere herein. In sone enbodi nents, the
am no aci d 99131hdn Syuerkodiiantsche eenpysitian penirsesedgfior WSpgnppuRdate | s not

l'ysine (K) : conPer® QiR &£ thquEtﬂﬁrPlTa§a cﬁah& AT MR rAfAh §f7 ptl—hﬁ'liéﬁgﬁeg@y@i\&men .
correspondi ng to K28 of QIDNO 2 is selected fromthe group consisting
of serine (BfveenRPeandi3eC( nsomeypmysdipents.te buffenis peiestedpijom tg%sfalﬂl?i c acid (D),

gl utam c aciglsitdnl of AEPRS QIS pliYs, MERGIUBRGINIEPS, DBs, RAPSH MONSH),,
phenyl al ani n ycine (GO, histidine (H), isoleucine (1), leucine (L),

e (F), dl
met hi onthe @WNEa?@*?SaiawaM O.valine (V), tryptophan (W, and tyrosine (Y).
[0019] In sone enbodi nents, the am no acid of the Sso7 domai n correspondi ng
to R4A3 of SH0L4]ID Neprs¢n inyentioarlyp nionile Ry methpdssd pplefifine ditarestpuclei¢ #rad ami no
acid of the ofrad ' el j act ed
From the or B ebas or T e ol o an e P Rt e ki s e R Ly
gl ut am ¢ acing r¢gEyon préngytaranmae (F), glycine (G, histidine 5(H),
i soleucine (1), lysine (K), leucine (L), nethionine (M, asparagine (N,
glutam ne (), satieasoiQrimgrhandoni ne (T), valine (V), tryptophan (W,
tyrosine (Y), and proline (P). [0020] In sone enbodi nents, the pol ynerase
subst angd al b.y | ackSsoap@ym&aseergngntd was®ms acdesaribey aboy @@l where soem,
enbodi nents, the Sso7 domain is substantially (e.g., at |east 60, 75, 80,
85, under conditions to allow for amplification of the target nucleic acid with the primer, thereby

amplifying the target nucleic acid.
[0017] In some embodiments, the method comprises a polymerase chain reaction (PCR).

[0018] The present invention also provides for nucleic acids comprising a polynucleotide
25  encoding a Sso7 polymerase conjugate proteins as described above or elsewhere herein. In
some embodiments, the amino acid of the Sso7 domain corresponding to K28 of SEQ ID
NO:2 is not lysine (K). In some embodiments, the amino acid of the Sso7 domain
corresponding to K28 of SEQ ID NO:2 is selected from the group consisting of serine (S),
threonine (T), cytosine (C), proline (P), aspartic acid (D), glutamic acid (E), asparagine (N),
30  glutamine (Q), alanine (A), phenylalanine (F), glycine (G), histidine (H), isoleucine (I),
leucine (L), methionine (M), arginine (R), valine (V), tryptophan (W), and tyrosine (Y).



1090, or 95% identical to the first 58 or 60 am no acids of SEQ ID NO 2 or
to the full-length of SEQ ID NG 2. In sone enbodi nents, the Sso7 domain is
at | east WOuiadsstircal to SEQ ID NO 2. [0022] In sone erbodiso®nios473e he

pol ynmerase is substantially (e.g., at |east 60, 75, 80, 85, 90, or 95%
identical to SEQID NO 33 or SEQ I D NO 34 or %ID NO 61. In sone 15
enbodi nent s[0%He IpsrPrirbedincabnie paie agtof hpSwd dsBaigrosEeydmenoR3icor SEQ
D NO 61. [ 9633 ND®ispbesgRhe tmvmdnmnﬁbmeﬂg aivd H88o 4R ofdheCBbY a&RaPr i Si ng
a reconbi nant expression cassette, the expression cassette conprising a

promot er operEBPding ik of SEQ IBNGrA ifcrlseied fem diesprgnsistisg ef2lasdiey fbr ase
conj ugat e péﬂ&sﬁiem@) aspaflR 6 mb)egluaamcv&lcpmz) PhSSMULRNLR (h)egmlne (HmidRigonme

enbodi ments, the amno acid of the Sso7 domain correspon mgﬁtjo K28 of SEQ
ID NO. 2 75 BtisplgusingdDIxgine (o '%Wé (ehsiopEs(4), LR NS ENETINGOt ho Ss07

domai n cor r%ﬁ@mltﬁgoﬁxﬁh K28 anfe (S;Ebe@pr}m(ﬁf)I@ro&gé @?t &d pfaiiaehe group

consisting of serine (S), threonine (T), cytosine proline (P),

aspartic acjodzd)Din sGhdAtHafimAG! He F&}me@&@%s@&w@ 60 & 395 Ub@RINSe( D |
al anine (A), phenylalanine (F), glycine (G, histidine (H, isoleucine (I),

25l euci ne (tC}IVlfbhet hionine (M, arginine (R, valine (V), tryptophan (W,
and tyrosine (Y). [0024] In sone enbodi nents, the amno acid of the Sso7
domai n cor r B8pdndinngme eniRYBneayfs, BESA7PonNands jubstendiellntegi. it et 6RY5. 80n850ne

embodi meait Se(, BP% /g)gbéﬁgceﬁ‘?d e Bist 3% 6@%87noda@ﬁ§bﬁ5}§(?fﬂ ﬁé@od?% fﬂg lePlex%%ﬁofOf SEQ

ID NO. 2 is sélect fromthe group consisting of alanine oSl ne
aspartic acPiR (IDNO:y| lntsemns embadineensphe SW&?W@I%@W% 9@%)@6@%}&@ ﬁé? g,
hi stidine 3QgH), isoleucine (1), lysine (K), leucine (L), nethionine (M,
asparagine (N), glutamne (Q, serine (S), threonine (T), valine (V),

tryptophan @M\b t saﬁé Qt?bo(ime'n sa{ﬂgg&g}agﬂa&% gﬁgtantia[l?%%g]at iegst %6’% pdl ment s,

t he pol ynerase 'su stantiall exonuc e actiVvifty. [0026] In
sonme enbodi ent %S%XIMUQQGWSE}Q)@N@ Bor SEQIDAHY:BAb] SEQ B YO;61ain jomgst 60, 75,

80, 85, 190 %ié? hgﬁ&%){q&@%e ct()%géég SE%B%I@?B WSE@I[ﬁﬂg@g 0?‘§E6§D0f SEQ ID

NO 2 or to the I'n sone iments, the Sso7
domai n i s alNOtédast 90% i dentical to SEQ ID NO 2. [0027] In sone

enbodi ments, the polynerase is substantially (e.g., at least 60, 75, 80,
85, 90, or 9823 |iTdemrdsodlnvemgioSERp bovINEs B8a onll GEQi$iTE NCc@dbigant SEQs$ith NO 61.

l)::] % Egel En?%g-%g%?ll.iese'xprte&?on%%s){tlfgecroﬁ’l%ﬁsiﬁg? proln%%? OI%FH(Q]}J leg@oaa%oW;mc%%gdé D NO 34

encoding a Sso7 polymerase conjugate proteins as described above or elsewhere herein. In
20  some embodiments, the amino acid of the Sso7 domain corresponding to K28 of SEQ ID
NO:2 is not lysine (K). In some embodiments, the amino acid of the Sso7 domain
corresponding to K28 of SEQ ID NO:2 is selected from the group consisting of serine (S),
threonine (T), cytosine (C), proline (P), aspartic acid (D), glutamic acid (E), asparagine (N),
glutamine (Q), alanine (A), phenylalanine (F), glycine (G), histidine (H), isoleucine (I),
25 leucine (L), methionine (M), arginine (R), valine (V), tryptophan (W), and tyrosine (Y).

[0024] In some embodiments, the amino acid of the Sso7 domain corresponding to R43 of
SEQ ID NO:2 is not arginine (R). In some embodiments, the amino acid of the Sso7 domain
corresponding to R43 of SEQ ID NO:2 is selected from the group consisting of alanine (A),
cytosine (C), aspartic acid (D), glutamic acid (E), phenylalanine (F), glycine (G), histidine

30  (H), isoleucine (I), lysine (K), leucine (L), methionine (M), asparagine (N), glutamine (Q),
serine (S), threonine (T), valine (V), tryptophan (W), tyrosine (Y), and proline (P).



BRI EF DESCRI PTI ON OF THE DRAW NGS [0028] Figure 1. Alignnment of
various Sso7 am no acid sequences (SEQ ID NCS:2, 3, 6, 4 15and 5,

respect i webyp12/B&EAINI TI ONS [ 0029] Unl ess defi ned ot her wipsa/usadiz/oe4zehni cal
and scientific ternms used herein generally have the sane neaning as
commonl y understood by one of ordinary skill in the art to which this

i nventi on bE0¥Hgsin saanhembedingnts; e peiymeiate|sabstanBallysedks Aér&i womKfathe

| abor at ory g%pﬁpcedures in cell culture, nolecular genetics, organic

chem stry, and nucleic acid chem stry and hybridi zati on descri bed bel ow are

those well Igﬂ%}ﬂ Iﬁ@%&%}ﬁ%‘amaﬁt& b&w%ﬁm g;a@stﬁ{ntany étgarm@;s%é echpi gyes are

used for l'el"'c aci pept| synt hesi s. t'echni ques and procedures
are gener aI 96, op@yh)ddantickl scibo fitst FROrtod amone\eeids Pﬁﬁﬁ'ﬂ IDTEPF?OQ!?,O ihe fllhlength of and

b R
Lo N, OSSN EL TR S g TPl Bl L S

Laboratory Fpéss, Cold Spring Harbor, N.Y., mhlch i's incorporated herein by
ref erence), which are provided throughout this docunent. The nonencl ature
used her ei n[082Y tIheothadoyedinmnts, pppdemunssshwﬂanaﬂy&naakk@hé%ﬂétﬂySiand

organi ¢ syn r nl

enpl oyed in§¢ﬁ¥&%?S$%§8¥8Q%%?ﬁ#ﬁgk%é?§? ibrﬁ%@@QN%&i %Rgggngydonaln
or "Sso7- Iikmbdﬂﬁknbtmdpwgmd@ﬂammmﬁﬁ$SEQéET«H&hmﬁHKQHbN@ﬁéOtéEQm@Ie|c aci d
and poly@ep&bQQ pol ynorphic variants, alleles, nmutants, and interspecies
honol ogs that: {1) have an am no aci d sequence t hat has greater than about
60% am no acid sequence identity, 65% 70% 75% 80% 85% 90% 91% 92%
93% 94% 95% 96% 97% 98% or 99% or greater am no acid sequence identity

to SEQ ID NO 2; (2) speci gent hybridi zation
conditions to a Sso7d nuc%ﬁ%éﬁ?‘gﬂ@%@\e’ﬁ%ewsgé§ PB%NO 1 and
conservatively nodified variants thereof; 5or (3) have a nucleic acid

0, 0, 0, 0 0,
AR Pt T B LR O S LA T A
t erm i nch udasl Heaspeclivdyh)- 1 engt h Sso7d pol ypepti des and fragnments of the

pol ypepti des that have sequence non-specific doubl e-stranded binding
activity. Sso7-like proteins includpEFbUTIGNS® not |imted to, Sso7d, Sac7d

and Sac7e. " refers to.a n _or e|n
conpl ex, co&@ ﬁ %aﬁggn398@‘Fiﬁeﬂiﬁﬁ?é6U$ﬁé%mgﬁciéﬁ%'“ ﬂSS@V%HS
sequence, omwaﬂﬁhuﬁahemmqpﬁcmﬁhyM9ph&ﬂmxﬂequemmhﬁmmhgsmuhhhﬁmumnﬂnhas a
defi ned fun%tlon

be |igand b Hdi“’r?@“"“me oggg,t(ﬁeklgrgg}lf %lq/eut{g)%eeécﬁgtgrgglseﬁ%er%en and?heqa ora(%lefl ned and can

ave a stabi |zﬁ%g ‘effect on
t he stroet upecefiret hﬁ:epmtm molewblO@Bét]cs "orieh g rcbénoigioy 8iid nuskerncidseemisint h

reference t éljndqp[)rtic&lzatlon gescrabea rbgl%vevlapé th(l)sg%eﬁ (’I%noev%] :LJE! comm%nly employed in the art.
Standard techniques are used for nucleic acid and peptide synthesis. The techniques and
procedures are generally performed according to conventional methods in the art and various
general references (see generally, Sambrook et al. MOLECULAR CLONING: A

25 LABORATORY MANUAL, 2d ed. (1989) Cold Spring Harbor Laboratory Press, Cold

Spring Harbor, N.Y., which is incorporated herein by reference), which are provided
throughout this document. The nomenclature used herein and the laboratory procedures in
analytical chemistry, and organic synthetic described below are those well known and

commonly employed in the art.

30  [0030] The term "Sso7" or "Sso7 DNA binding domain" or "Sso7-like DNA binding
domain" or "Sso7 domain" refers to nucleic acid and polypeptide polymorphic variants,

alleles, mutants, and interspecies homologs that: (1) have an amino acid sequence that has



protein conprises two or nore domains that are not found in the sanme

rel ationship to each other in nature. Such a protein, e.g., a fusion
protein, worhe/13s4irwo or nore domains from unrel ated preceiussoiane4myged to
make a new functional protein. [0033] "Join" refers to any nethod known in
the art for functionally connecting protein 20domains, including w thout

' tat i on PERGHBITARE VUSTOR AR ST THBuE UL Vi 1o dosted e,

i ntei n- medi at%eh204)193%M494) 05, CIVA 9Nt 98BS SIOBIASH dddater M Gho GO adRbce Rf2AGH N,

i ncluding disulfijide bonding; r n baondi ng; electrostatic bondi ng; and
conf or mat i oWaﬁ%%%lgpﬁgQ? éreeg*.ﬁ,cQﬁﬂtyg%ﬁwan&ﬂﬁrg%mt%étemimarlm%Oﬁdlaefl?sa? A

associ ati onsso7d Euc[x&)@:%d slei']@ﬂ&l’MEQIIZS mtl@{ﬂaﬁd gglhw@lrvawibgaﬁd st hiefairn ][efers
to any enzymat at cata Zes (0] nucl eot1 de n 0S 0a Ition O

nucl eot i de” Pirt Ve ynyf %%élde%ﬂ'i'e&ge %Kté‘?%grﬁ@?rﬁbanlﬁi&tgggﬁ%’géﬁagg@%%at e and
hals an optim,f%%, '97/’)'61938‘7@99%1 (ir&l?hetf1ﬁlblébtiﬁie&&@\éﬂ:e4&6titly[t@93(5¥D'T\JTj'iElTﬂKH:SI_h

pol ynmerase" refers to mly pol ynerase isol ate rom an er nus
speci es, i nt?f’ﬁEﬂc[ﬁ’ﬂewofﬁﬁﬁﬁenﬂhrﬁs‘?mwﬁtﬁésr?Pﬂgraérafﬂﬁ ‘?fglﬂf's?ob‘?ﬁ%tﬁ’?%th%tr ocki anus,

and Ther m uBavk B&fuemep hbd-tBcifia Byubleat@nddd Bading RO WHE BT aike gditding ilGude! umM
Thermus speci es, . and 30any functional derivatives thereof, whether derived
by genetic ?FBBPW“&‘??F%%SOJP’ %ﬁ@ﬁ%“é%ﬁwﬁndi fication or other methods known in

the art. [0036] The term "anplification reaction" refers to any in vitro
means féf ndf08Hpl HoRging FFéeréE?rﬂ‘é’étO(gF pncg)tegrhqrgoéqtelggm@m@omnsm@w@iy@er&gﬁd_ Such
met hods i nciusetRuétdt, aab@pRRtpolybeptiieskqliehc DRk ¥ PRIASfGBRbdptilERGhdnS WHRER) .  DNA
| i gase chain reaction (see U S. _Pat. Nos. 4,683,195 and 4, 683, 202; PCR

Prot ocol s: Walyiithas ¢ &iRed facionahbe Wpgion datdgseod o hppwady dgfined apdian bg1990) ) |
(LCR), QBet ReaNBintBp|cbGBEE actAfid oRNAhbVeANEBIIzZPE eFEtt bagedrctitebr A TAS and
3SR) anplification reactions as well as others known to those of skill in
the art. [OO8¥™"Anplifying" refers to a step of submitting a solution to
conditions sufficient to allow for anplification of a polynucleotide if all
of the conpBidHt s'Hsteralepous'enban usef Witherefornag o PotiSAD et igingpdigpies that the

anpl i ficati poteireREHRR th A6 B8 dorRaih that BFel i¥BfoSnd i@ tIRGhMB KBS ch@np! at e,
10pol ynerase, nucl eotides, and the like. The term"anplifying" typically

. | i. . .
refers to apfhordkpwENPIHIZPQE e TioN RIGR HetONHIEINGG & BRIE domipdtrer
"anpl i fyi ngunra@sted 5:8RiNaFHRigBd faakela $w FekeEnal Rokinnear increases in the
nunbers of a select target sequence of nucleic acid, such as is obtained

with cycl e RsBengsiROrerelA03R] mdhEd kRLMin AR kringRtidMANy ESREdhS Profint ur e”
refers to an aqueous sol ution conprising S _ , ,
20  domains, including without limitation recombinant fusion with or without intervening
domains, intein-mediated fusion, non-covalent association, and covalent bonding, including
disulfide bonding; hydrogen bonding; electrostatic bonding; and conformational bonding,

e.g., antibody-antigen, and biotin-avidin associations.

[0034] "Thermally stable polymerase" as used herein refers to any enzyme that catalyzes
25  polynucleotide synthesis by addition of nucleotide units to a nucleotide chain using DNA or

RNA as a template and has an optimal activity at a temperature above 45°C.

[0035] "Thermus polymerase" refers to a family A DNA polymerase isolated from any

Thermus species, including without limitation Thermus aquaticus, Thermus brockianus, and

Thermus thermophilus; any recombinant polymerases deriving from Thermus species, and
30 any functional derivatives thereof, whether derived by genetic modification or chemical

modification or other methods known in the art.



15 the various reagents used to anplify a target nucleic acid. These

i ncl ude enzynes, aqueous buffers, salts, anplification priners, target

nucl ei ¢ awoadpi2zzmss4inucl eosi de tri phosphat es. As di scusse@ciraskden24vas ei n,
anplification reaction mixtures may also further include stabilizers and
other additjves to optimze efficiency and specificit %Tupon t he

context, th&OMIxtederpaampaicaiiqnyesction " daifsIR e 1B Y1 A P‘é‘f‘@“‘é % cation
reacti on m xdputk 6f 2Q{L03enceRIMYETEE ase Sxﬁﬁhﬂtﬂo@@ﬁ&lh@fbut Qe notmed tefers to a

met hod wherehy a specific. s subsequence of

doubl e-str a?R%é'EF rgsRiahain ’?a‘é‘r‘?ﬁ&qﬁ)e@\]?\ﬂ 125G ﬁ)‘ﬂ'éetafti“’('? &a $<t§ %8?14 BER s wel |
known to thmg ,638,268KIPIOR Pr&o&(ﬂﬁeA&BﬁldedtS%thcﬂs gnﬁl %ﬂéh&tmﬁﬂ(ﬂnmﬂ@&., eds, 683, 195 and
4, 683, 202 and_PCR Protoco A Qu Met hods an i 0 | nni s et
5 0200 1880 Eelsiter ket er R PPN PyHA R SRR o ¢ her
two or thr e@n@maloay&k@@as a2RdING HeRknoY 6 keodday &iindBhat. ur ati on step

fol l owed by a hybridization/elongation step. Three step cycles conprise a

denat ur at i oot ep'Af] nl(f)wfvlgecdef@fy tcPa RPUFis@lingitnl; @BolBficARo E@Jaltmmfﬂa:yenatos eparate
el ongation step The term "specificity," as d wth respect to

nucl ei ¢ aci %Jl%wﬁ{ 'fi“i’ﬁ“é é‘&tIOB RT a pRlyieleotids it %Oﬂﬂf%@mr’w&aﬁ fhe geapfipyag itaglc

anpl i ficatiosmpspesnt bom aphpRHiEbN&agRe Gichids, e 1hﬂcefsCéi1§dlﬂﬁcle&Qie@é’rﬂﬂéi@t S as
corrpared to non-specific anplification pro uct s. Fecr:fl c anplification

Ct
pr oduct 10 r elpdyraerss, Rupleotidiss. @ad e 86t i e t?i?’oa‘ﬂ}eleféimﬁytyﬁ‘ﬁﬂ Yi'PeE4 fbn wit h

correctly makgdiestiaprihdt®dsinafidethnaIbi atig. Hbwsver, "&rmﬂlfymgresnaaageﬁem&emwe@ce) A
“non-specific anplification product” refers to the nucl eot | de. produced

by anplifi cister W‘Wrt’ﬁcr‘?ﬁs%“ﬁﬁfhéﬁé’ﬂb‘ﬁ? P?@F?Cté?féettseqir'ﬁ‘l‘cﬁl" “uceﬂﬁﬂ? SUPRAES Shr ase
‘i nprove sp&gdifddGiithycycl@kequbd¥igoVvi ng specificity,” as used with respect to
nucleic acid anplification, refers to a detectable increase in the anount

of specifi C[Oﬁ?ﬂTplThfe't&ﬁt"hlﬂﬂl1@3@@“@5&01@&%&%@%&:&&0@n M%L@'s@luﬁ’&i @mprising
anplification as conpared to the anount of non-specific anplification

product § pr&eieeys resgfee.uﬁ?dctp epPlify adHed Aptisie ?Cd%tTft??F igute e MUHES neasur ed

accordi ng tguRRY s lahpHiicatiBe bt GarBdithudIQE adid, Ahd RdlcbQddmibhosphiicée agnal ysi s
or gel analysis. In some enmbodi nents, the. sp eC|f|C|0rf3értof a nuclejc acid

anpl i fi cat | Greupssadtrtherheredn. qupficHiongagin BEmyss PivgliorBrtes fugh ?/%Ia'%}‘ %1% of two

products, OHR ofer WitHBs loDpliBe SAREhEY &id RRITRAW Cepshdif ddoe tRXpReiteHe TM and
t he ot her the non-specific product with a | ower or higher Tmthan that of

the speci fi BiXFrefpde cither p syRplFE AT WF%?R}?t%a@BIPFﬁFﬁ‘%rﬁaﬁt‘%rh‘“%ﬁe/ pol yner ase
conj ugate having an Sso7 domain with a K28 and/or R43 nutation as described
herein ¥ 1 | [PR&le "Eohmgreschpgirepcticne of TR rPiirsana BAHPY MPEehi RS T ¥act i on of

the specifi gopEQdHGIbsdhane bh&afg@nﬁ)@elels&alﬂe@mquetam hﬁ@l inakhendi@t i 0 of the
yi el d as neasured b¥6the hei ght of the nelting of 15the specific

product oveProgREiRerGRts Wl %W‘i’é’“ﬁ%ﬂ]f’?erfﬁ S'ﬁBéikth%F”’tsFFee Boh-%pEcirY &0pk-btuct )

than the r ekt 88 293;8hdPOR Pt 0EPACIuldeGo Me@n@ﬂ%d@x\bﬁl’cahm MeRetNEEdsf i C
product in a reaction mxture havi ng a control ])égeérase with the wildtype

Sso7 donai n!99%PnEEdpRlers i BdrasEt ‘?"d‘aﬂ']s%eﬁ y ﬁ?ﬂ‘@ﬂ?ﬁF TRt PESS ng an

Sso7 dopmi NTWb tBp & ckeeBav@Rdkiurbd sty tratoned bRs hyalﬁmaﬂl&eqbn@ercﬂlsepwhﬂee have
i mproved anplification specificity of at |east %. 15% @0% 25% 30%

2040% 50% SOV LREigR ferpiyeyion Jemlofigyes t(YzﬂeU%' iza4iop gFigfo Y or great er
i ncrease i nsebm@tere@t]&@.oﬁ gb@tive to reactions in which a control polynerase
having the w | dtype Sso7 domain.

[0040] The term "specificity," as used with respect to nucleic acid amplification, refers to
the likelihood of a nucleic acid amplification reaction producing specific amplification

30  products as compared to non-specific amplification products. A "specific amplification
product" refers to the polynucleotide produced by amplification with correctly matched

primers and template (i.e., the true target sequence). A "non-specific amplification product”



[0042] A "prinmer" refers to a polynucl eotide sequence that hybridizes to a
sequence on a target nucleic acid and serves as a point of initiation of
nucl ei c awodorymsdiesi s. Priners can be of a variety of Ipemgishei2zand3ar e
often less than 50 nucleotides in length, for exanple 12-30 25nucl eoti des,

in length. The |length and uenc rimers far e.in PCR can be

desi gned bd§@&tBHwﬁPBﬁwﬂﬁwg%&PﬁﬁﬁEEX%nWﬁ%gémd?m§W?P¥Ceﬂp? RES&T, see, e.g.
Innis et altempitpra. [0043] A "tenplate” refers to a polynucleotlde
sequence that conprises the polynucleotide to be anplified, flanked by

priner hybrjogigatin@phaid’ %pmegmﬁ@ty" bangpbvihe SRLALE). " SBRINBESsffeo t ar get
polynucleotlde se%uence fl anked ybridi zation sites for a 5 prinmer and

a 3" 30pri nfcleiqag zﬁ&]phi\%aﬂa%é%req%éq%ﬁwctabﬁu’&r@%mé*a36100?1‘@5%0% RNA,

single-sgr amkﬂﬂacat@at;s%act%&a&@@dha REIRRER afbGiadorrGabRgated thydxduli #at i on
notifs, and any chem cal nodif |cat|ons t hereof. Modifications .include, but

are not Hn’i"t"éﬁect‘féf ampiigsHIop PEdHds Big %ﬁ%n%péaﬁmgr%abgm?lrf&eﬂowrﬁ%?fb%né’ﬁe

addi tional ghangeacchimtb Z@t}hétl’ﬁd}’mclm’lﬂ% 0@ &0t lapindithgelt-ehro€inaBshk af gt
i nteraction, §0|nts of attachment and functiopality to the nucleic acid

|i gand basedalypist b spre emprdimss, feispeciticgypie melel *’ﬁHG‘F‘é’ ificgtiomreAgign S cat i ons

i ncl ude, budetsdinfeMBy cdnipatihEle Pe‘l’atw@?f@fdldﬂ@vd’w&hlﬁtsco@(bfd'ﬁxcﬁ B%Qpemﬁc
phosphodi est er ?roup nodi f1 cati ons g phosphor ot hi
ggl) he

met hyl phbsphieds gxpectad &in pidghe aél?e ‘WB&P‘TC# Efaﬁ“i’db‘ﬁtsw‘t lﬁ?f%ﬁ 9 higher

pyrim di ne np@id ineedfiiRnRpecifd-Pafict lma@uﬁ hﬂﬂur@@éﬂhﬁﬂls@@tah@@@rpd’ﬁﬁﬁhristatl ons at
exocyclic amnes, substitution of 4-thiouridine, substj %gfn of brono or

5- i odo- ur aciNIuEHE BRBTE %‘?‘67d‘ii°f"?a€h‘f”iﬂb?11§28 W%Wéﬂ“@ﬁ%“ a5 hebeé%é{ﬁbal ring
combi nat i ongve lERhaTelbtie yickDRas esmplificasiyitactibnef tBngetiFOPaI: thatheansl t he

| i ke. Nucleic acids can al so. include non-natura ase such as, r

examl & PROTONSY (R Fiioit oA o e s e’ 48 Mehas gk of

modi fi cat i omssuiEh pﬁ)ﬂu&@fkﬁitl&@evglhfﬁt& rﬁélmqgr@@m@frtee fo@-s@ecifipradiict) thadl @ite)  Or

anot her nnie%ﬁ8%%084?% The, ter g pe tldi," (Peptlde" and "protein" are
used i nterclh By %ﬂ?FWCPH’ Pl PEg the o SPeSTRFREIUETN & FPRHENAEKY™ esi dues.
The terns applng atcﬁntaﬂrbdﬂsbma@s!edwﬂﬁheyﬂﬂdtﬁpd 30 Wi nGdin. AR Qo eriBdkl Bneats] 410Ssati d
residue is an artificial

of t |1
otaurri gt Lt le GV T S0 Tomih yfn AR S SRR Ak ASo ey ¥
pol yners ag@brmmlel Rt igbley anpiiidationPedftiyof ackdt mMF] R Emr % [26%46(]% The t erm
" " t r etic am no
wal 1 "0 2 s a0nh Shite Pk o0l b Y2 ORGYGEDAT A PR PR e e

manner si m a8id reladive toaededbnsri@lvhigh @ caitdor patgmeaise mmvi@g:uhds/ﬂdtb\bet ssbabdmyaimccurri ng
am no acids are those encoded by the 20genetic code, as well as those am no
aci ds that @o4]l A griniEtiefetsa6l a plyghcleotidetie QY thdtihigtidizes to a sequence on a

target nucleic acid and serves as a point of initiation of nucleic acid synthesis. Primers can be
of a variety of lengths and are often less than 50 nucleotides in length, for example 12-30
25  nucleotides, in length. The length and sequences of primers for use in PCR can be designed

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

[0043] A "template” refers to a polynucleotide sequence that comprises the polynucleotide
to be amplified, flanked by primer hybridization sites. Thus, a "target template” comprises
the target polynucleotide sequence flanked by hybridization sites for a 5' primer and a 3'

30  primer.

[0044] As used herein, "nucleic acid"” means DNA, RNA, single-stranded, double-stranded,
or more highly aggregated hybridization motifs, and any chemical modifications thereof.

Modifications include, but are not limited to, those providing chemical groups that



. ganma. - car boxygl ut amat e, and 0- phosphoserine. Am no acid anal ogs refers to
conpounds that have the sane basic chem cal structure as a naturally
occurringvermro3sard, i.e.,a carbon atomthat is bound troTask¢idnegen at om
a carboxyl group, an amino group, and an R group, e.g., honoserine,

nor | euci ne, nethi oni ne sul f oxi de, nethioni ne nethyl sul fonjum Such

25anal ogs hiavepersarddiesalrRhgiesnpelarigadilgy, hyﬁ‘fé%ﬂ“é’@&‘?‘?\%fleﬁfos%ﬂI“F‘?mé?ﬂorbept| de

backbones, Bt bEk@inhehifid $8RBoMAAS 16 the REIRIE Alid B 64sed & taithe Audlal sidl | y
occurring amno acid. Amino acid mnetics refers to chem cal lglfgggunds t hat

have a str ubgend & a waale | Sichmpdidieations NFlyde P egiohbmEsd tRrpspsidedie fure of

an am no aCdP@hAsp'ﬂBosﬁf@Ees{eH%@ﬁ RS fitdoR (FBNPIRIspiordthibaés, ethApRabhbhaded)y
occurring am no acid 47] Amino acids may he referred to herein by
Rei

ei ther thei#-pesieronEs me%’wathnﬁr%@ﬂt@tl Pﬂrmlgvﬁﬁﬁfi@%ﬂmw ROREOBHMEIF et t er

symbol s r ecQpBaEiess, Mdlﬁbﬁlohm/é%c&&ﬂ% 326, a8t Aibn bnmmhalhwsﬁ?osmﬂm ssion.
Nucl eoti des, |ikew se be referred to by their commoply accepted

si ngl e- | et t EProORES: ‘OdO[%@ﬂBTaCk@?ﬁ%P\f&ﬂO@%W‘Wﬁﬂ??sr WHSYAA PASERTERE appl i es to

both am no agitthaBbe sBHC ReGsdaded iHORIRRGAS isoMVahidink @FP@E tikd NupRIddcil ar
nucl eic acid sequences conservatively modified variants refers to those

nucl ei ¢ aci &4 algRinchide perprsirpldiases; sue asofer ee@als TEPINGPIS: PARTITIEEEPNSEAR ASC aci d

sequences, RELMELR & iRJAUaIRE SicRed GpFReHith @ FluQBEHRE e @) qadiunodardrd
sequence, to Sessentially identical sequences. Because of the degeneracy of

t he geneti ca©8@eMOiaty} ar ge nunber of functionall y | dentl cal nucl ei c aC| ds
encode any given protein. For instance, the co GCU

al | encode [A#Slarihsderme i rpleatiflen dpeptifgignd aﬂmté\‘/‘e?‘”f'/ ”fféé‘i‘tf‘ic’bar'fg%ﬁlé’rhéreé{hmal ani ne

is specifiegdby, A,dARQ0F aﬁnﬂ@ a&@%ﬂu&aﬁh@@r@ dpBlyQ8lathPo a8y pOfméM e which
correspondi ng codons described w thout altering the encoded poly eaﬁtl de.

Such nucl ei @negE mgrelamiag doid TejAde inprpartidgigl ghgmical pligsticgi e c""‘x‘ﬁﬁ?'@ﬁ‘%‘?‘g

speci es19f CQBSHRE YRnb &Il Yas WRHiaf {oaf Y ioadur M iSamifkVRidpoMhtdr£ding nagi d sequence
herei n whi ch encodes a pol ypepti de al so descri bes every possible silent

vari ati on ofatyraly eraerieg emige peid PEBETSf skill will recogni ze that each codon
in a nucleic acid (except AUG which is ordinarily the only codon for
met hi oni ne, (084 TEbe terpr prabnojagidprefrniampiuplly ReruBHIZE N HABI LT YRine A%t Bphan) can

be nmodi fi edwgl@a%ﬂnﬁxl\cgacﬂi Jn'dfégst drfRANAiddac hohidR A (R kunBBnas W nRnnefSiaRkdiomgl y, each
silent variation of a nucleic acid which encodes a oltépeptl de is inmplicit

in each deseatiplbtoosweinepeo apidp GTuraly qoerTHm HYNA G s ireeded BinBe of skil |

will r e@@gn%e%@tldt Qat, ok A Y EsRlamPeidl that drOR&r mdelied, le@N Sy @bxygeldink,i ons to a
nucl ei ¢ aci peptide, polypeptide, or protein sequence which alters, adds

or del etes @a@mﬁgqaévom W@‘“ﬁ%laﬂd Brphasrbpssripe. AP B Atid §RaesF TS RFOREPESS i n t he
encoded 20SggURNERe kiincasic ORGREN SdicMBd 3 ARkl @cuyidiel apfifio acih) £€.Q chBén
alteration results in the substitution

atom that is bound to a hydrogen atom, a carboxy| group, an amino group, and an R group,

e.g., homoserine, norleucine, methionine sulfoxide, methionine methy! sulfonium. Such

25  analogs have modified R groups (e.g., norleucine) or modified peptide backbones, but retain
the same basic chemical structure as a naturally occurring amino acid. Amino acid mimetics
refers to chemical compounds that have a structure that is different from the general chemical

structure of an amino acid, but that functions in a manner similar to a naturally occurring

amino acid.

30 [0047] Amino acids may be referred to herein by either their commonly known three letter
symbols or by the one-letter symbols recommended by the IUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be referred to by their commonly

accepted single-letter codes.



of an amno acid with a chemcally simlar amno acid. Conservative
substitution tables providing functionally simlar amno acids are well
known i n wbeomri3s41duch conservatively nodified vari ant spParaszo2acdi3ei on to
and do not exclude pol ynorphic variants, interspecies honologs, and alleles
of the invention. 25[0050] The term "encoding” refers to a polynucleotide
sequence ent8ting Consraivebomadifiea Yapianie| agnlies Theeth gpine adbandiweleicdeidi re a

start or st QRu&esoNWitrABspaENtd Par@Gil nS@HYRNERqGABesPOneRGAUad mbaifisny one of
six different_ readi n%d{)ramss provided b ol ynucl eoti de sequence.

. _provided by a > S€
[0051] The Y&IRRAS e Robase nuqles asids hichreagpds drentifal aregighidly i9egtse! #BNBpst r eam

and/ or downgdid RaBnfdsOsNvHRR 18 RicleicOkidtdodi vk Elchld AinAnthcihkglRn@l ® 1 nvol ved in
recogni tion and bi ndi ng 30of RNA pol ynerase and ot her grot eins toinitiate

| DI ndl | y
transcript i RCNUpHOGYtica seqpgraed rBecpyse af &e fegeneragy|of thg gFnsdt P&, 2 k8 ch when

i ndependent n@fibet BEru@ishall§ MANRS PifRsic dcRds CARADAE divAlptEal.| I idsinge, hest
organism Preferred vectors include plasmids and typically have an origin

S a typ

of replicat fUAS Yett@rs Ueharddrpl j2l gncode e aminp ¢id alaping-j JHs-HhEVS™ r ansl at i on
term nat or Spositiof R@6relaR hiafifle ARLCHIABS b 88doAthé Edbh adnl RRIGEMSRAE Bthe and _
pronoters useful for regulation of the ,ex&»réesm on ?f t he particul ar. nucleic
aci d. [ 0053forerRopdinradant desqbpd ithqubaliering thg Sngods RolPaRtEly: gmhyw&‘ewafii de or
a copy 9§ COoMRtGRRRLslht ParBidiBN wWHRhiaRUna kRMiep o oebla8@lly MBdifilDvariafiekance, a
reconbi nant _expressi on 5cassette conpri sing a pronoter ocgﬁ)r ablé linked to a
second pol yR(EY B RS dpggrensrdictiie W AiCh ISRt @ Poly Repfids dsafispaibg) 9§Bus to t he
second pol ypdssibreldndearaor dTehd RS Mlctacial ORLIBBIRi RN rfisbfkd @ chéh @don Y NMet hods
described in Sanmbrook et al., WMbolecul ar C oni %A Labirator% '¥%2_‘]ljal , Cold
Spring Har b%‘F‘eECe?ﬁB‘r(S’ECBPty‘}U%o‘Y‘HChSBP‘idﬁlj”hé'?eo%’ﬂy, coRpryfor meupaay. P T84k r ent
(Prl gg Zcilgg 8i) ?hi%ls}?@dﬂleﬁlﬂly tB:a Qﬁl?gé’do){@?ru%ﬁ)plhgcan‘lﬁ RvdMied eyyidd SamStionalie .

- Oof an |sol ated nuclei.c aci.d. conprising.the expression
cassett &S 1 Hedlfghmidse x APIrenely eyl aton ekp P i @a&’kmfﬁs fray
conpri se popyypeptiRas indheisit haad diedivedsegudlde.a way that the pol ynucl eoti des
are extrenmely unlikely to be found in nature. For instance, human

nani pul at edjop@gt r ALiblaRihoski8squefice)lons b Hil MEA trQo g SRAHA MRS d ABYbEttades, Or
separate the pronoter. fromthe second pol ynucl eotide., One of skill wll

recogni ze t fRATIORLINPAGEPTISSR f Bdeicagi pePtife RN PGB IOl Ry and are

not |im tedajtess, LdU6 o LCXRAR 1B RN acidD24halperPatay Br AHRY aci®Bfileths ehidddan
enzynme that perforns tenplate-di ,regt ed sy thesi% of. rEOl nuc%eo i des, e.g.,
DNA andPor HUEneeTiia "epery ANely meddse s B8t ek irTati Pty "pf P8I de and
d(r)]rrai n L _hfllt oﬂ(}ﬁ_slmmib'ha)tmiﬁﬁeﬁghaﬁfchl‘g! inMilar@l%opﬁid?/@fls’%&gﬁve&d‘uﬂsmﬂﬁbhltalbl@:@\l\/n to
those skilled in the art, .including.but not limt to pol yner ases
 sol at od or PAEREEIHGAHY awﬂm%%% Srepi e In it rEberie NES ol s,
and Ther not agafie@varianti®Re 104ddnRE kd irddio el &tidspdlyredrphiO©fariadapedspeeleside bot h
DNA—dependth Orfolymér@ﬁes fagd RNA- dependent pol ynerases such as reverse
transcri pt a8@0'%E N8 A9 U "SR es of DNA- dependent DNA pol ynerases are
known, although nost fall into famlies AL B and C. There is little or no
sequence’ si ng(ﬁr i thy RO ARFOHIAG" FEEFS 18 A SOk BHI90H §sSeaYRnE] CrEYtig QP AT B8y ner ases
are singl e ghiab Reidd Ao tedh ASestndleq®itn €itrdiop ciisht AplaiRNZMFBGuefcelcnCt | ons

i ncluding pol ynerase, 3' to 5 .
g pbe e>xl1coded in any one of six different reading frames provided by a polynucleotide sequence.

[0051] The term "promoter” refers to regions or sequence located upstream and/or
downstream from the start of transcription and which are involved in recognition and binding

30  of RNA polymerase and other proteins to initiate transcription.

[0052] A "vector" refers to a polynucleotide, which when independent of the host
chromosome, is capable replication in a host organism. Preferred vectors include plasmids

and typically have an origin of replication. Vectors can comprise, e.g., transcription and

10



exonucl ease activity and 5 to 3' exonuclease activity. Famly B

pol ynerases typically have a single catalytic domain with polynerase and 3'
to 5 exomocheasedactivity, as well as accessory fact or eCTRB2012)24239

pol ymerases are typically nulti-subunit proteins with polynerizing and 3
to 5 exonuclease activity E. coli, three types of DNA pol ynerases
30have been'f5l#Hen temm%ﬂgﬁﬁ%rla%ganp tr@’?séﬁﬁ*P‘P V“U&}‘O“ ?ﬁ!”e(“f;eénarnld)?r%)(’ter%nd 111

(fam ly C). udehul @+hatu)@bi & e bssidhvrae fither @rlkidfemi |y B pol ymerases, DNA
pol ymerases oc, 8, and e, are inplicated in nuclear replication, and a

famly A potﬂ‘ﬂgﬂr a8 coPMMIMBLRR G0 ¥ hurhah kRt poThiRe@NGIIBhy FNA

replication. CIher Wéfes of DNA pol ynerases include phage pol ynerases.
Simlarly, RUPRIGHN M Hes mcaylpplétaﬂ PYIYRUsePtidte FeliREIFSLA recomRmapisrpistsiclses | |
1, and k11 qcasahnd c&ﬁ&kﬁﬂg agkonfTNA OBQEMWE@@%% @%oﬂ@olyn@@eoﬁb@g dy 8y ABdavi r al
polynerases g@ ynmer ases can DNA- dependent "and ependent. [0055]
Two nucl ei cPaBPE dalE Bivelosds thibe fﬁﬁ@aﬁ }?Oébé’é‘da?t@e §%ﬁhare§‘8t HdumpRiant i cal " i f

the sequenC%aﬁBula%I(@gt b)dx%&h&fs d@mﬂ&i la@hrqbras]@étw%leau%@%mgm& y, in the
two sequences Is th same when aligned for maxinmum correspondence as

descri bed bktesyatony iy Gaid S}?ru@ﬁfark@aﬁaboworw%ﬁﬁrmgufam iy, €198% arhe

context of EWRen@ProfRbE il MEk&IIS mb@w&ﬁmml y I@@MWd@y &%Gﬁ@ﬂﬁ%%@ﬁ)@@f to two
or nore sequences or subsequences that are t'he same or have a specified

per cent dfe ofandiflaisl ekl apid spraRiésineghe FrREPEYY GaEreEe- tlﬁaleoﬂaqréxaméﬁ danme, when

conpared anﬁéc&hm%e@kpfféaglorn@a&eﬂymhf@M&@@p&l%@@@n&y@dm@qe@mﬁ b @y that ndow,
as neasured u3|ng one of 10the fo Iomﬁnghge uence conparison algorithns or

by manual afhr gplhratsicotdrg atpiextigmely palprelye OUWWéﬁmﬂ§rE@HP%@EeéW“%%quence

identity i smuﬁsaatbmregﬁtwn%n&%rbgs@rd%abﬁgq&hce@aﬁp nekeSor séparakeSthé HGRGRE zed
that residue positions that are not identical often differ by conservative

amino acid SeBdiciseepns splEnuclinidee Qsiohdkithwilbrscqenigr Hla@@lygrl@e%ﬂﬁ%%mbat ed for

ot her amg nOm@xﬁEndatE&ﬁnhﬁHﬂ?SvaW 4nl afel 10t lidledb @Y GahpIBPRI ti es (e.g., charge or
hydr ophobi city) and therefore do not change the 15 functional properties

of the nD|eRM5ﬁ lﬁnéﬁﬁ“@ﬂﬁﬁ%aﬁb&&%éﬂhﬂmﬁﬁﬂﬁﬁ%M6&&¥ﬁe§&h§hﬁ%§§MOHS t he
per cent sequence identit usted upwards to correct for the

conservat i v%"l}‘i&‘ﬂ‘i?@ebfe & As%i’tﬁ'é‘{r W{ i oK. terWéP@“H‘aést bril the !t lkpggh adj ust ment

are wel | kngyMpep@ietdn@s odfin Bl has pbHmbRAR Rfitity. DNA &) hdtadebhrs vieNNabwes
scoring a conservative substitution as a partial rather than a ful

mi smat ch, t Hefeskiled Rdheykingldingduinof E@H%d&@@%ml@ﬁ%eﬁ gelated enderivifus, for

exanpl e20 Whgb8 PRFbc R 8RNbIG atherdifc R u kbR, Sn@ ITNRROBg BHBnObr odid a
non-conservative substitution is |ven a score of zero, a conservative

subst i t ut i o¥fFiQsdheae?f- dhecisredeReft \ABlélﬁ depengent pefyperases andsRy Adgepndgnt

c ?nﬁ/gr vati \éﬁol\lﬂﬁr}:if}%é §udh hmserge&raﬁwn@ukeamdeam rfmlngsl&lfcmNAed@endethal gorithm
0 yers - as
i mpl ement edPHN TGS HF Bb‘f“éﬂ’r?‘ﬁ@}’%‘“t"ﬂlﬁﬁ ! lmoéw 1@%&% g R‘?Stfrif a'l)ﬂﬁ VA%,

Calif., USA)equetod OB}ty aamgan@eaﬁloag fRmilgbsloaTihial A yolytlenids e@lsingle@hgach

ot her |f they have a specifi per cent age .of n cleotldes or, amno acid

resi dued’ t hRIP™Hr dat Fa canpa mu ‘P& e“z%ﬁ‘ach G ions 3o udef@)%o YS9 759 80% 85%
90% 91% 98%1uc963%30941%a1185%) 396&%/91109:3%3098% FainilPB%olydentdstybi@Ue havd a
specified re 08%‘ when co d and aljgned for maxi.num cor L spondence
over a corrp%l slegieivicsaBan vy ‘péf et Pegf wRudRsas ¥l 84Vel54ng one of the
foll OYM ng smmgﬁc&@gmmalp: ICSRN et Gey dré 1yPBalermily-siban i glotadsivgmment  and

vi sual inspection or se ence o arj.son, one sequence
hets as o rerurSHing L denesne EuRron s Bor cebteued PhPRA Mg as “Whon
usi ng aszeeqwBe&nTOAADNA Qolyalegedsi1i(hanmily g St (fanlly Bghel BNGeienuences are

entered into a conputer, subse?uence coordi nates are desig gated i f
necessary, %ﬁ@yggﬁﬁéﬁéé“é16%PW ﬁWﬁb@BQV@ﬁ?ﬁéﬁgﬁép%V@mé$%“d §P haf%ed.

ted in nuclear replication, and a family A polymerase, polymerase v, is used for

Def aul t  pr og{#@BAted in nuclear repli d a family A pol 1 Y d f
mitochondrial DNA replication. Other types of DNA polymerases include phage
polymerases. Similarly, RNA polymerases typically include eukaryotic RNA polymerases I,
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paranmeters can be used, or alternative paraneters can be designated. The
sequence conparison algorithmthen cal cul ates the percent sequence

i denti ti esof0r2/138E7t est sequences rel ative to the referentass@quesise, based
on the program paraneters. [0058] A "conparison wi ndow', as used herein,
includes reference to a segnent of any one 50f the nunber of contlguous

posi ti ons sbiadiibang pastsri @PBUBw@6ﬁ§?§?Uﬁﬁ”@#e¥@ﬁﬁﬂiﬁyFﬁm§EOR'68ually
about 50 t 0pcHARAhseLOR be N L ddpehiRhi Hd RNQAUEpdQARBnt 0 about 150 in which a
sequence may be conpared to a reference sequence of the same number of

conti guous P@% It '%mﬁfeﬁcecfmdts%eﬁéé@oﬁ&%@ﬂﬁi@§ar@§a@d Rei" By &lthgned. Met hods
of alignnent of sequences for conparison are well-known in the art. Opti mal

al i gnment  ofeqsweueiieelsotidsy or@aYsaAcdgBTdusa AesBRe ik di e &0 seqerdces.is they t he
l'ocal hogol ogy %‘eﬂ%én&@%‘r Q;am%c}&n&pg\%e%er@@esc%ﬂ be DRP I ThVREHS "1&nﬂ&3" (1981),

by the honol ogy alignment al gorithm of Needl eman & Winsch, J. . Biol.

48: 443 ( 197@)percw 'tdRetitse By thhicantsit ity PRIpPE PuGiRie pods %Polmﬂ%ﬁﬁql&nwp man,

Proc. | refef Ao oPfore sHﬁ%nc%@ 044 gl chO88Nat aR¥nCOMP UL IRKE 2 §cinBPl ement ati ons
of these al gorithns (GAP, BESTFIT, EASTA and TFASTA in the W sconsin
Genetics SoParsgaraee vfa?ewagaéld TGSt PRIy leotisles ot rmihe samer when GRWERE 2hd vi sual

i nspect i on. [oHQPR} mAiBRMmI bBEBoRhdeaNES DoRpartieh AL dagnelaﬁl&&ﬁm segsrence
|dent|t¥%and sequence simlarity are the BLAST and BLAST 2, Fgorlthns

which at@ dée&liopag speremjetcempdijsoeleeyithmy oy by manpy! géenmesat aﬂéBlS%%D%@?ﬂ 1977) ,
and Al t schufynef %L @dentafd ofN@J]uenc%'1@ént1ty2§-§seé%ﬁe%cé]-t8%Qiems&ﬁ%ﬂﬂﬁ&d ued y. Software

for performng AST anal yses is publicly avail able through. the 20hbt|onal

Center for BreEehial réij‘gﬂelpﬁ!flb‘?%aF ¥A n(’%f‘ftnaca/' PRIy CAISEAVATYS 2gdRParid Thi s

al gori t hm i fyaliiess MnkstandideRids f&idae Jnd thstﬁtﬁ&f foPGth &AL rBsdueSwltiSPs) by
i dentifying short words of length Win the ery sequence, which either

mat ch or satiMEanFhaBikd PRPSTOET (e whr gy *wﬁfp@@mﬂ agd gieeetore et clanegied with a

wor d of 13 hefgaMRall ppaettRs bh@mREAD AFEers QQUERESLifTek in &115@%@% afstixiaas, t he
nei ghbor hood word score threshold (Altschul et al, 5@ . These jnitial
§> ar'eh

25nei ghbor e8GR SFIRTCS Idgpity may %%@dgsteﬁapwwﬁi Picarh ategapig

| onger HSPsyGRduBithide. Mesd forlhaimahld alfudtSer b vﬁ-?ﬂtl@ﬂdﬁid)thcﬁhe bodi ditkect i ons
al ong each seq@/nce for as far as the cunul ative alignnent score can be
t el

i ncreased. #kt BREAOhSHNYORES HEF B hfsery Hve sbpitaiqngs ¢ PEHa ptBeribanadil when:

t he cunul at ink@akh, teREBNhcreLME ehelpaickfagefstqubicetideatigli ants, foy eQﬁnfplIeQ Whérk Sn max i mum
achi eved val ue; the cumul ative score %?es to zerq or belom/ due to

accumul & i oeBical gENHCINRD RNFRA MR i ¢ %%%ﬁ%ﬂﬁ”%@%?ﬂﬁﬁ“ﬁPP§Hﬂ§W@§“”8r t he
end of eit heffize®estBGative sube@aii@ds givhiea BbASEwabgard &ddm. Tae asveihess W T, and

X determ ne the sensitlvlt .and speed of the alignne BLAST. program

uses as def%ﬁﬁ?§m¥6%3ﬁﬁmwg fﬁkWng‘Fon%t?ﬁ§ §fﬁ§@ﬁg§’gﬁgﬁwﬁgéﬁﬁwgix (see

Heni kof f & EanpdaifppliEmag, soNatil1-17A4ce88) e.8Chs impBAcBBd HARLEo&dA@R)GENE | gnnent s

(B) of 50, expectation (E). of 10Q, . N=-4, and a conparison of both

strands. [@@E@F“ﬁﬂ% %E&@%”&ﬁﬁb???pﬁﬁ%Vso perforns a statistical analysis

of the S|n1Iar|ty bet ween two sequences (se Karlin & Al tschul

Proc. Nat' ﬂﬂa&kqﬁﬁpsaUSR“§@“§gW3¢@7§¢t@f@@éﬂfrﬁéﬁéﬁﬁﬁé§ﬂﬁﬁé%f simlarity

provi ded preIriwtagé-&fnTcl@J)tgi@i’ briadtd &idb8dRERkl £8the Sé,hﬁE (prgqbtabas{ 602y, 66R(N) ) ,

whi ch provi dO%/f %‘p/o ISO‘%il C5?/'0t bg%, 901f% ! 9‘%, %rv?,b?obA,' I95|} y 96% 97A) 8% or &@}, 1dent9§"t ween
over a specified region), when compared and aligned for maximum correspondence over a

comparison window, or designated region as measured using one of the following sequence

30  comparison algorithms or by manual alignment and visual inspection.

[0057] For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered into a computer, subsequence coordinates are designated, if

necessary, and sequence algorithm program parameters are designated. Default program
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5two nucl eotide or am no acid sequences woul d occur by chance. For exanple,
a nucleic acid is considered simlar to a reference sequence if the

snmal | est wormwskabi ity in a conparison of the test nuekcgius2@aciogs78® t he
reference nucleic acid is | ess than about 0.2, nore preferably | ess than
about 0.01, and nost preferably | ess than about 0.001. [0061] The phrase
"stringent PAHRIIAP SRR ORFdcRUPPRIGAS AMEPELEN kegleEigRithd iITORES TR which a
10probe wi | éont]a\éhidn%g%ﬁthmhéﬁc%1cweg@{re pSidB SAUERE Rientit}eR kot el st Edquéhc&ONpl ex

m xture of nucleic acid, but to no other sequences. Stringent conditions
are sequenc@laélé‘b@rﬁ]éféﬁfef%?f‘oﬁewepfe besedip he PeatMRradIctfer ent ci r cunst ances.
Longer sequences hybridi ze speC| fically at higher tenperatures. An

extensi ve gl¥08H t4d"wRwatisphmiioys taﬁsﬁd@ff’remu’@ﬂéﬁ? refereers 9 3SRBEARPT R OTRj ssen,
Techni ques bﬂhﬁm&@ﬁm&ﬁﬁ@@&%sms%ag&@dﬁ&a Bk Qeip EMRIstiAY FrafonPib Wisbs) Nucl ei c
Probes, "Overview of 15principles of hybridization and the strategy of

nucl ei ¢ aci ualbsdges0(tdg98) 200 aere ptajly abont YRItyabopt §9debick & ARIUETICOASY ar e

sel ected t ophg ARANT defhklfce éeemse SR B Ruhie Bf@nn%i%h@ bGioROifRE the T for
the specific sequence at a defined ionic stren Low stringency

condi ti ons BYosegsmep alclopting|yedigend. Metheds aﬂf@alﬂm%ﬂ?@@enﬁélf%\&omwlswreThe Tn,

i's the tenpgLakitvé if Hl@qgr %hl@ﬁ%m&pbﬁe%ﬁ&gg;rIa@)mpe!'l»sorfa&q bOEGHdR&,
concentration) at which 5 robes 20conpl enentary to the target

hybri di 2& t 2t hethe b?ﬁajé‘?mgleawa@éhrato 2hith &iWateroan(Aady- Aprd Magh- &é‘t&élé?éb)ences

are presentypy t'ﬂe ﬁa"rﬁcﬁ dg@,ah?ﬁmml é@?{ﬂq%fmteaﬁen%@p%n@m 0feE b &b A8 (1970),
equilibriu ion conditions are typlcal ychose in which the

salt concenbyte Ff‘éﬁhlf@f sirgidsity Retho e Satrson, o Lpmap.dir mAcady3i-dai4 y about

0.01 to 1.03vmadijeg, bp%:%&@ﬁéﬁ-lﬁﬁte'r&ﬁ‘taﬁ&ﬁ oPhBR RIS AIS YGAD, MT'##J to 8.3
and the tenperature is at |east about 30C. for short probes (e.g., 10 to 50

25nucl eot i ded§TArsad AFAPBA#t the BatsensepEenetiesrSoftyay Pﬁ?‘iﬁﬁf‘es'\cfeéryg) or t@r"é@?@r t han

50 nucl goti g%.ﬁ)nemgg([hgg@mgpe@@&dl tions may al so be achieved with the
addi ti on of destabilizing agents such as formam de. For sel ective or

specific hY?E)Sﬁ' Z@l%brqﬁ‘ms &ithe1e T(;r'dé’t@rm?iﬁlggﬁérce'nﬁsea&enl:&@rc%tlﬁ[Mﬁ s&!u@?& background,
pref er abl O tines ckground hybridi zation ucl ei ¢ acids that do

not hybri d| sigilargy éraéfh? %{A%I?afﬂrﬁié*STs%Q%la‘ﬁéli‘iﬂs @JBWHlatel fraibedie Adgghuj er ol

30substanti alLy,dident Iz@@hsg 02t NEr7Rahy RERRIIVES. (tth%z BREY 1 SABSOML 18908
substantially identical. This occurs, for exanp when a copy of a nucleic

acid i s crestReetigl; SgTtrS foreRifoRIHA RIS %Qé"ﬁésr%ﬂ?ydbé}‘%‘?‘?l? Bycus) thehe genetii c

code. | By SURKAAIRSter Fol BiddGh S 1aGHARIoh ViRipIAMW.ndbY Ribi.lh 28/ 1nd@r  noder at el y
stringent hybridization conditions. Exenplary "npderately stringent

hybri di zat | ##rénéivelventast idepsifiiehigh 1591te saaueate ReHs (5P tryufi?nélfy"aﬁsharé%
formam de, JoMt Nakbth 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

25  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 far as the
cumulative alignment score can be increased. Extension of the word hits in each direction are
halted when: the cumulative alignment score falls off by the quantity X from its maximum
achieved value; the cumulative score goes to zero or below, due to the accumulation of one or

30  more negative-scoring residue alignments; or the end of either sequence is reached. The
BLAST algorithm parameters W, T, and X determine the sensitivity and speed of the
alignment. The BLAST program uses as defaults a word length (W) of 11, the BLOSUM62
scoring matrix (see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA 89:10915 (1989))
alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both strands.
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1% SDS at 37C., and a wash in | X SSC at 45C. Exenpl ary "stringent

hybri di zati on conditions" include a hybridization in a buffer of 40%

f or mam dewoXoldm¥sdl, 1% SDS at 37C., and at | east one wash/uisp012/02X36SC at a
tenperature of at |east about 50C., usually about 55C. to about 60C., for

20 m nutes, or equivalent conditions. A positive 5 hy br|d| zation is at
| east twi cel0Beik h@MST'PFﬁ@Elé‘“b%]SOd?eéfPWﬁra;ﬁmé‘RticP‘Ia“\W?‘?0 rtBsdn|l3rity BEWER ze t hat

al t er nati vepaybliefliczatd 0., &Afin@ARsGON Aot RS AcaN sheush |9b lsmdsm provi de
conditions of simlar stringency Al LED

DESCRI PTI ON1883)r Hime| agEerp {onn ity providadduyiiea BlehS T dewism WE@ WH‘F% MM nventi on
provi des Vaﬁrb%ﬁhtlsw ) PRHHEEASS af HUHERH F el Réabi@¥HyRitich ARGk tween
|1 C

non-specific a ation act|V|ty conpared to Sso7 pol ynerase conj ugat es
conpri sihg WOIW?W@C%W“@%?%ge“CCFH@ Py ches %FW%%@”@%%}‘%%& es

conprise atg Ic@x%ﬁere@ smlayﬁﬁrr%@néi@@@ieﬁbehpﬂhgﬁﬂa 8 sﬁ‘m‘yﬁﬁibhlﬂﬂtty 115&%;}@%1%' ng
domai n. The variant Sso7 DNA- 15bi ndi ng domai ns conpri se an ani no aci d

change at offéhcoiestptisic afid tovks iEmes BIREI(E BT BEPBRAPRY Ot mRES A Br R43 in
SEQ I'D NO zlkss"’%ﬁan%gm@m@danﬁ%o%ﬂﬁef@ﬂab tap@aiBon.@ni d at that position. As

demonstrated in the Exanples, a er of different amno acid
substituti Om§61f I Offe Whia M NPt o ik h}ﬂ?ﬁ&%l&%h&lh&ﬁsreﬁ@s\/@ cORRBNS BAWPwhien & educe
non-specific pol ymerase actrvity. Non-specific polymerase activity includes

anpl i fi ¢&t i erabeowilldypridizedp s PragE ulseamEe. BXEHy Braterplen grxtaiget pygleic acid,

tenpl at e- spigkd & otﬁe)f%%ﬂérlc@sn Rine@ntR¥RdifiHs 2R e Rehd¥BIepentibrpat WillDR BTt Of t he
I nvention [0064] The pol ynmerase conjugates of the Invention conprise an

Sso7 pol ypeiptdifsens eigymsiaaces hbangpragqushsen 8Y Midizg seagise v A ieBH e BRsFY4FRd to t he

native (wi 'QLx}aa)sw@%&agmstﬁa:%naﬁano%@mxamsa&éas 567 ih T(jG3n, mlﬁ%u&ﬁhds about
7 kd MW, basic chronobsonmal protein fromthe hyperther rmph

ili
ar chaeabact Biorkemssiyfand Melpsulaiopiplegyr ibhiidizatimavigirhteiaProes] \PyFmy @Wrclfc h and has

high theg naﬂmnc%@és@f %ﬁdﬁﬂﬁﬂ‘aﬁ@{he§ttrﬁ$§y|df§1ﬁ{olelé 501cbzis§lz@§" d @93%116&1 118, highly
sequence-i ndependent. manner and when bound, increase the Tm of DNA by up to

40 C under YorasniOpdiiensgrselenehide abqut 311 0°C. fgwse fanihe thegmal nelige@sint 0077,

1995) . Sso7gr, affl tie Dﬁﬁhﬁ@é&ﬁ& a®th @eﬁrﬁé@loﬁ@'slréﬁwﬂﬁéﬂ evesttifhedBBndinvBlawked in
packagi ng genom c stabi lizing geno at el evated terrperatures

The Sso7d p#deB|nsedsdénbeabpd 1s80°¢ GFlPR t?%TISEQ? T'D‘Slqﬁt?mpe”[‘tbrﬁé‘g] ®There are

several knoyin&SRAR shdnst, PH.Ohe hikgeif nsenhthedig bl vaidc Woasst thSsobespr ot ei ns")
but not |imted to, Sac7a, Sac7b, Sac7d Sac7e

i ncludin

(SEQ | DZ&O wnpkf”ream%éheﬁvﬁ%tr‘%f&%]éFheltfi“&eté?%ﬁ&ééb%&&g’f’?‘a?%y%t Ebus
aci docal dar | ée% ncéta@J&es@ﬁEﬁ?eidé%sl\Q T6) 5004 QM@SMJof)@hfbbid&mﬁddlﬁOdﬁlllbnmamd Ssh7a and
Ssh7b (SEQ I from Sul f ol obus, 5shi bat a !(7% ng ni Pr ot, dat abase
accession nHW&@““P@Q@?‘B“S("S"S%?‘H*)Iy t%@ﬁ?@f‘égﬁ \congsision is lesg thagpbouby 31 55
(Sac7e); andoEP&¥ach oSty abothesetdor. @moaﬁmhavamammﬁmbn dtyeraltshatSs07d

that ranges from 78%to 98% O her Sso7 do ns for e Jnvention
may al so bePil ddrit PP iaabtha Lmoerair ol fhietsbitow. ° TR Er b pitBS (e, 10% 50

25 nucleotides) and at least about 60°C. for long probes (e.g., greater than 50 nucleotides).
Stringent conditions may also be achieved with the addition of destabilizing agents such as
formamide. For selective or specific hybridization, a positive signal is at least two times

background, preferably 10 times background hybridization.

[0062] Nucleic acids that do not hybridize to each other under stringent conditions are still

30  substantially identical if the polypeptides that they encode are substantially identical. This
occurs, for example, when a copy of a nucleic acid is created using the maximum codon
degeneracy permitted by the genetic code. In such cases, the nucleic acids typically hybridize
under moderately stringent hybridization conditions. Exemplary "moderately stringent

hybridization conditions" include a hybridization in a buffer of 40% formamide, 1 M NaCl,
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[ 0066] As noted herein, the invention provides for amno acid changes from
the native 10 amno acid at the positions corresponding to K28 and/or R43
of SEQ | DvBI@n2/138417shoul d be understood t hat such posit ipom/u$esizgesd ons do
not indicate the nunber of am no aci ds in the clainmed nol ecul e per se, but
i ndicate where in the claimed nol | e the residue occurs when the clained

nol ecul e sefGetSetBE Cnfﬂ}%‘i‘ frgpghyn é?(lséﬁé‘ﬂ“i/\,?t frxaspRipry FrUgeent hyppdigaian cont ext  of

vari ant SSOZor{émaﬁd"%,udeﬁ@pmrﬁﬁzﬁﬁ&dﬁ@%@f‘fert&w’/ﬁ&ﬂ%mhdekmvmmlell%lsssquence is
based on the 15convention of nunberi ng accord ?r:%to a acid position
ek arkl

number of a3b§rﬁp%ﬂll‘°é‘ﬁt%‘%&’ﬁﬂﬁﬂg2fﬁss§ a S eapyr aéeasé ”f hing the

Sso7-1ike prRuesNCSBAERE6E T, TorR0FRRREY, ortéalaivaleﬁ&bmnz&as Amemmrcent age of
sequenceldentlt to SEQ ID NO 2. Alignnent qal rmed eithe

manual | y orhﬂ’éidﬁ@“% i @ denetriwice arkarrd oHosg YordEamht lgwﬁl readﬁElreﬁ@grt‘ é[“NCBI
BLAST pr ogr a8yl nydeligstich aR@naRRbRIiSonk S8Ebe 1Biliged,to Aot A€ barlditdhs dsimilaNucl .
Aci ds Res. 25:3389- 203402, 1997). An exanple of an alignnment of several

Sso7-1i ke pPtHR&As with SEQ ID NO:2 is shown in Fi gure 1. The corresponding
sequences can be summari zed as follows: Actual position of amno acid
corresponding to K28 of SEQ ID NO 2 Actual position of amno acid

correspondi ng to R43 of [§EQ L PoNECRIEOION SEQHEPNNENZION28 43 Ssh7b (SEQ I D
NO 3) 218 43 Sto7e (SEQ ID NO 4) 28

Introduction

[0063] The current invention provides variant Sso7 polymerase conjugates that exhibit
reduced non-specific amplification activity compared to Sso7 polymerase conjugates
comprising wildtype Sso7 domains. The variant Sso7 polymerase conjugates comprise at
least a polymerase domain joined to a variant Sso7 binding domain. The variant Sso7 DNA-
15  binding domains comprise an amino acid change at one or both of two positions
(corresponding to K28 and/or R43 in SEQ ID NO:2) as compared to the wildtype amino acid
at that position. As demonstrated in the Examples, a number of different amino acid
substitutions from wildtype at these positions have been shown to reduce non-specific
polymerase activity. Non-specific polymerase activity includes amplification of a nucleic

20  acid that occur other than due to template-specific extension of a hybridized primer.

1L Sso7 Domains of the Invention

[0064] The polymerase conjugates of the invention comprise an Sso7 polypeptide sequence
that has amino acid substitutions compared to the native (wildtype) Sso7d sequence. Sso7d is

25  asmall (63 amino acids, about 7 kd MW), basic chromosomal protein from the
hyperthermophilic archaeabacteria Sulfolobus solfataricus. The protein is lysine-rich and has
high thermal, acid and chemical stability. It binds to DNA in a sequence-independent manner
and when bound, increase the Tm of DNA by up to 40° C under some conditions (McAfee et
al., Biochemistry 34:10063-10077, 1995). Sso7d and its homologs are typically believed to

30 be involved in packaging genomic DNA and stabilizing genomic DNA at elevated
temperatures. The Sso7d protein sequence is set forth in SEQ ID NO:2.
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42 Sac7d (SEQ ID NO5) 28 42 Sac7e (SEQ ID NO6) 28 42 [0067] Any Sso7
DNA bi ndi ng protein domain can be substituted at the K28 and/or R43

positi on worznegendi ng to SEQ I D NO 2. Thus, for exanpl eCTius2&imes739

enbodi ments, the variant Sso7 pol ypepti de sequence is substanti aIIy (e.qg.,
at | east 60, 70, 80, 85, 90, or 95% 5identical to any SEQ I D
NOS: 2, 3, 4[0063]1 ghhep arpseueraldimpyvp Swdd-dike ARSI (2t efoBE B s 1 E‘ﬁa?mpfktealﬁ )t he ani no

aci d posi ti pRuEag HEERNMIED! Shck? 8ac7hb a8 RIS EONDAMY AR BAT. (SHIEIANDRY, aci d
position corresp onding to K28 is serin lt!/( t hr eoni neaét %ﬁ(ﬁc&t 0si ne (O,
a

proline (P) rmaéfﬁéwqr@e@tqpame pF hacghagiesipd ¢/okibppcidoy aldg s
gl utam ne (@)@%ﬁqryuf;r@zo&&)z@ko@ﬁﬁayd @hmna@sr%)(smgmm ﬁ(o@Sulbeo&l&s' dl ne (H)

i sol euci ne (*'(léa’ | eucine (L), nethionine , %
trypt ophain {Ageraedieet 44 dérilﬁr@t% baseragersaqn nuwbgﬁn% é%@aq7ﬁér€%5§632t<ﬁ%”@an ant

Sso7 pol ypepi3ioeaemifans e s SaTPaiandaxdk k foles). Theseotdi mw ﬁﬂd @ 80, 85,
90, or 95% |den§t|ca?‘ v Q)b Eoe% 686%0 1 ) , e(:)nr@G and

to any
conpri ses aW‘ﬂéﬁ*iOﬁ@)th&braﬂgeéfrﬁ@rmf/"rfaﬁS% Qiher o7 SAmARS 8 1 ”?JS‘§|“’£"F‘8H’“ may

correspondi Qg #Qddb8ed dsReiSORELESWOdI nents, the am no acid position
corresponding to R43 is alanine (A), cyt osi ne 15(C), aspartic acid (D),

glutamc ac%()@&( 1E)As rﬂ)%n%}eﬂl ﬁl'a'lrn)%nt(dﬁ)provgleY?dr Afiro@id cRdngtd ffinN@e bidive

i sol euci ne %/SI ne , leucine (L) t hi oni ne aspar agi ne (N,

gl ut am A& (@pino a@d ptrike I(OSI)UOH%WF@%’H?‘?‘\% t(>1<§28 avé{vrulﬁ’é 0(@35& N0l I gy |

tyrosine (YindeRloo®H2H! dubiepdsRion dEPHERIns UD nStGRECRRORINMRAS Smidd Rid¢ ¢ ihant Sso7
pol ypepti de sequence is substantially (e.g., at |least 60, 70, 80, 85, 90,

or 95% i deﬁglp\@g‘mo{eéulg_ﬁgr S@,fbut l@dlﬁate ngQq thy N@geé mo@culg{the 5681(16? oqyursaﬂgn

the claimed molecule sequence is maximally aligned with SEQ ID NO:2. In the context of
variant Sso7 domains, "correspondence" to a Sso7-like protein sequence is based on the

15  convention of numbering according to amino acid position number of a particular sequence
(i.e., SEQ ID NO:2) and then aligning the Sso7-like protein sequence in a manner that
maximizes the percentage of sequence identity to SEQ ID NO:2. Alignment can be
performed either manually or using a sequence comparison algorithm (e.g., using the NCBI
BLAST program with default parameters (see, e.g., Altschul ef al., Nucl. Acids Res. 25:3389-

20 3402, 1997). An example of an alignment of several Sso7-like proteins with SEQ ID NO:2 is

shown in Figure 1. The corresponding sequences can be summarized as follows:

Actual position | Actual position
of amino acid of amino acid
corresponding corresponding
to K28 of SEQ | to R43 of SEQ
ID NO:2 ID NO:2

Sso7 (SEQ ID 28 43

NO:2)

Ssh7b (SEQ ID | 28 43

NO:3)

Sto7e (SEQ ID 28 42

NO:4)

Sac7d (SEQID | 28 42

NO:5)

Sac7e (SEQID | 28 42

NO:6)

16



20conprises an am no acid other than K at the am no acid position
corresponding to K28 and an am no acid other than R at the am no acid
positi on woronegeendi ng to R43. For exanple, in sone enbedirrmsediz/o247a€ am no
acid at position K28 is selected from serine (S), threonine (T), cytosine
(©, proline (P), aspartic acid (D), glutamc acid (E), asparagine (N)
glutamne (Q, alanine (A, phenylalanine (F), glycine (G, histidine (H),
isoleucine (1), leucine (L), valine 25(V), tryptophan (W, or tyrosine (Y)
and the am W©6’écu@lnya%sob@lﬂuAthlmhnmetemsioelelmeen eapupstipnigd aAfhai28ang/®)R43cyt osi ne
(Q), aspart Iy | Nefs. ) hanyifl &l dbobifientsGhy i ne (G)
hi stidine ( F%ﬁ %Fgﬁ%ﬁﬁltyg?@l?y5|ngn&gféwﬁeuglﬁe (L), ﬁe&ﬁ?gnlne

aspar agi ne {apnt Sgp Upcrricpiéde(seuenasds jubgantigly (ctehralonst e 70130, 83 &P, |0ﬁ85%)\/)

trypt oph@n ﬁiwnc lttb{[érglsi} neeg (S\@Q I[S)NO@rZO!?» IANE &E}alld%%%ngn AR &iBdiRer 'ﬂﬁﬂy ways
of generating {hese ‘alterations or variants of gi ven nucleic acid
sequence. VElaF thk oim apfd P cormesporiing te Kgs., hépméﬁmbwb@ﬁé%ﬂWﬂﬁﬁﬁéﬁ@s|s PCR
anplificati PaittdR 'c&gesgoe\gﬁx % ﬁ’é@]s%hﬁ%')uﬁ&e%%b gﬁscyt(ﬁﬂ@%)cﬁilohx%y@s heshg of a
desired oligonucleotid g., in conjunction w't i on and/or cloning
to generatew$®ﬁ§eﬂW@@meF@(Eheﬁﬂ@ﬂmaﬂ@ PugamewR), plagindh. Pheetippyied). See,
Glimn & § (ﬁernﬁldﬁve%l]ﬂ Rb1elidine/ &9 leuagcb@r tr§eth1§ﬁm@dM) ar%lﬂtnk“’(l@) JAfhe 131- 734
(1987) and roo | nni's, and Ausubel supra). 71 some

enbodi méhit s(V)t%@tqpéﬂfi(éNI)Em%@?m@I@ﬁal n or poI ypept| de sequence is identical
or substantially identical (e.g., has at least 60% 65% 70% 75% 80%
85% 90% OlDV§8I5 1930ine GBINindA0% the Baxan0BVY pAYHptidreRgucase I99ds5tartaHy (ki d
sequence id 0 f YDROSER 4 B N@ader 32. In
sone enbodlﬁg%?é%)ﬂ%%O%@e%ﬁbgﬁgﬁﬁkgpé%ﬁgﬁg?ﬁe a§E? 2 amno acid sgquence of
any of SEQ ¢dDNGS:am-2@Mo L POTR] themRehiée exinaptié pofitiggenersaeiding @R4SsH7
sequence  Of .1 isBy ik 9l arhd fidthdsRich CraTbIBAE LRI Sis hEnHSEH, LitsubSLitut e

an am no aCI I’eSI due. e nuclelc acid sequence iI's Osubs at i ng y
synt hesilzi nampasti¢ gahi] @grnigacid(Prehenyllarine gkt dicins (EhéishdipattDon. 1n sone

embodi ment siq, L heheRiy HEhe kS, l'é!b/c‘%{e'(ﬁ} %ﬁ‘eﬁu &%QM)S&%&?ag%QN?'g‘ﬁuﬁ% Q)Seline SEQ ID

NO |, and a new sequence arrg The anplification product wth the
mut ati on mad)ithisening Gatveldne (Y dryawpl@klrﬂ”és%lioéﬂﬁe (/\@chcPFO ing f073] In sone
enbodi ments, pol ypeptide sequences are altered as above, i.e., by changing

15t he corr e@@@?]dl Ingomeiohdineats; dhe serterroé Pdmwpémew?%g sibnientigdy Ypept i de.
However, polypent ge%wsﬁ%@ ﬁéa% e oge@ersebqﬁ N, fzea lscaJd ¥ndISi NY

connerC|aIIy avai [ abl' e pepfi esi zers to produce a desifed
pol ypept? decqmpsises anvemrmofapeloc@her ﬁlﬁ@lKeﬁ thaaminogeitpaigon eoupiranding to K2ggrugn

Finally, the,shogh bR S5 FRAYEALER iR eoree\gﬁdnuﬁ\tge@mv s bghpleemhni ques

such as 20t hose described herein to identif fusion polynerases t hat
exhi bit redsoEdmbosimspadhd ngino acid at position K28 is selected from: serine (S), threonine (T),

cytosine (C), proline (P), aspartic acid (D), glutamic acid (E), asparagine (N), glutamine (Q),
alanine (A), phenylalanine (F), glycine (G), histidine (H), isoleucine (I}, leucine (L), valine

25 (V), tryptophan (W), or tyrosine (Y) and the amino acid at position R43 is selected from:
alanine (A), cytosine (C), aspartic acid (D), glutamic acid (E), phenylalanine (F), glycine (G),
histidine (H), isoleucine (1), lysine (K), leucine (L), methionine (M), asparagine (N),
glutamine (Q), serine (S), threonine (T), valine (V), tryptophan (W), tyrosine (Y), or proline
(P).

30 [0070] There are many ways of generating these alterations or variants of a given nucleic
acid sequence. Well-known methods include, e.g., site-directed mutagenesis, PCR
amplification using degenerate oligonucleotides, chemical synthesis of a desired

oligonucleotide (e.g., in conjunction with ligation and/or cloning to generate large nucleic
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pol ynerase activity. Polynerases [0075] In general it is believed that
essentially any polynerase can be linked to a variant 25Sso7 protein
sequence WD 20te3841venti on to formthe Sso7-pol ynerase ceqragatie/ops70t ei n of

t he invention, thereby inproving various activities of the polynerase. In
one exenpl ary enbodi nent, the Sso7 pol ynerase conjugate protein conprises a
pol ymer ase afodshing odfer }Nvlé&nq\’frtfmlmmespéla%ﬂllanalp%lsylﬁjé Cg@é'é§ 319 (1°%6AH DeepVent .

Such pol yne e I blication
Nos. 20040210858, eﬁ%o&%%i%??%‘”%o T R P AR Lhen s

her eby Incogoe% xﬁg?&?e/e RLBLERCKe ghiﬁoﬁ% grn%ry Mﬁ%ﬂg Leqawcp%%@am@m in

particul ar eachings relate rases. In sone
enbodi nent sor sumanpdlyyldmﬂa@léegshasaﬁsasaw/p,éﬁ%ﬁ(("/e 7é% 8Q4b, 35897060 %, 70, 80,

85, 90, or &25/()93"/0 ?AP’}(),ISB@' 95‘&) 9%@Q9!§‘p (%1699%2% fio é%@e&n]@né\é%e?h%@?o ai%gullcp NG 61.

[0076] A vari ety o] Trerases can as at ast a portion of the
pol yner ase ahihmiwenod OfploY yﬁm&NOﬂﬂ 32 dws sonfej oprbodimeith.i tessSsef d@nn elependent

DNA pol ymer@%fea }ﬁgﬁxeﬁﬂ%m31d§§clug{@ nymSkofiBhlodase famlies A B and C

There is i e or no struct equence simlarity anong the various

famlies. N@ gfao;f IREARE .Sy §é&g%'cgoﬁh$noenpamsﬁé @Fec{egag, can

contai n nul fle enz ma s 1nc mer ase
exonucl eas ematagenv31$ i uaaddo Sibstitate 8h arexoncid Feeslse H@muvmt: yeid Fegricy isB

POl Y1 525 BRI Y DALER 3L G RISREL L. SuIOTRAR H BhaRALYIERASS and 3

to 5 exonutlease cessor ac ors.
pol yner asesernalpodineni mabﬂlmemh)thrldszmamwtSsqirrmmlelcraSIdw 8- FSESOIB/Neri, zrldr?glea/nd 3

to 5 exonuchﬁﬁ € arﬁémeé{.i i‘]ye aniprﬁ(Fa’uog ?Jod%tm r%%fz%%ﬁ n%%)twﬁﬂgd M{Eea?’lase.s have

been found nmerases famly

O . In eukaexpotssion eetor.s, three different fam I y B pol ynerases, DNA

pol ynerases a, 6, and ¢ are inplicated in nuclear replication, and a famly
A pol yner as[sﬂm;ﬂollymna@nboﬁjmdns pmsexdptﬁctarseqﬁen@shelatﬂfﬂédads aDNA, il5rbgphangaigi on.

O h t | f th
er Y?esthe cor@pﬂ@pg%ﬁ& %&? Qf%célgnde% x%%%gl?if ;%/E%e&%pof{ymar dgest S:ewel |

pol yner ases, ons o or - porttons o
as chi ner asp@ypehtyderseqisndse tanedso bt geneaitedrrpntbetmhllysusgly cpomywatlageslalde t hei r

equival ent s,6a0. Buaed b LT A RO S A0RE LAk BSnRYINR ARG O™ 1

of Sso7 pol E’/e e I nvent
supra)
[0074] Finally, the substituted Sso7 sequences are evaluated by using techniques such as
20  those described herein to identify the fusion polymerases that exhibit reduced non-specific

polymerase activity.

111 Polymerases

[0075] In general it is believed that essentially any polymerase can be linked to a variant
25  Sso7 protein sequence of the invention to form the Sso7-polymerase conjugate protein of the

invention, thereby improving various activities of the polymerase. In one exemplary

embodiment, the Sso7 polymerase conjugate protein comprises a polymerase domain derived

from two parental polymerases, Pfu and DeepVent. Such polymerases are described for

example in U.S. Application Publication Nos. 20040219558; 20040214194, 20040191825;
30 20030162173, each of which is hereby incorporated by reference in its entirety for all

purposes and in particular for all teachings related to hybrid polymerases. In some
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20[ 0077] In one exenplary enbodi nent, the pol ynmerase conjugates of the

i nvention have a pol ynerase domain derived fromtwo parental polynerases,
Pfu and Deepvertss4iduch pol ynmerases are descri bed for exaopluis2012/02478
Application Publication Nos. 20040219558; 20040214194; 20040191825;
20030162173, each of which is hereby incorporated by reference in its
entirety fosmbedimasiss heselymerass is srbpaittiallx (frearat Feait 6&170; 08 AP §8>%FLl ated to

hybri d 25p0id¥rm%£16}§§ﬁ DG & @@WN@%%%E@'T@N@P&IY”EWSG is substantially
(e.g., at least 60, 0 80, 8 or 95% identical to SEQ ID NO 34

ti |1 I ofthe e
(opti onal 1 yPPRA UGVRG 2 b ARG Eb AR GRS 5 R RS] ofle QR B Neal.

[ 0078] Fur t éf@olynierass ofvideashivsdhmiing &, Dwenehéﬁﬂhﬁélﬁal?l@leﬁéﬁﬁﬁ%‘?@@’és may al so
be used in %%g&%q]%i@ﬁﬁ@mwfm] megaau%nwh@ﬂa is 108 oS0 Gar dr B&uLREge fragnent
of E. coll ner ase Kl énow) (the Kl enow Frag rrent?vath mut at i on

( D355A, E35§Im)1ara:b@rm9@1é@\/ﬂtrﬁes BmyEs. Mo neihehselyaersey peyingfFishain pivejive or
equi val ent ﬁ%%&t&@&uﬂ%le%ﬁ%aﬂg ﬁ{nc@(?ﬁéfmlugmgbglyﬁ@xg&dk W@@t&on\ﬁ/@l@ﬁs@ t he
anplification reaction 1s not performed at hrgh tenperatures. 79] In
sone enbodi #tinitsandiShie ShsMenicdeaprcivier dg@dy protyn@ra,s%\;mqaﬂlb ha‘ieﬁcsl“tglfe a

pol yner ase ga?ﬂytlcrho rlth;Jo%eFQs'é 2300 é%ﬁﬁclé’a@éﬂéﬁ%t}pﬁs \@é?pis'a&}éss% nucl ease
activity of any hy pol yner ase conpr|3|n suc ynerase domain in
conpari $on faetogs gg@j*y B oy merages aredpnfaliy atudi- E’%Blﬂléi’rﬁte%m}ﬁ‘ Pelymgizngyiyner ase
domai n t hat to@%nﬁ@éas%ﬁ@it)sl'iﬁ@ col, m&%Q}IﬂeQ%NApU@ﬁ]hﬁ%\f h&fe bAM BhdONS can be

introduced into a native polymeraSe donmain to reduce or elimnate 3 -5

exonuc!| easeDNétrobineyasesHdfamaly npll family B), aphill (fagyly, O Ipaulaggiss cels. ¢3¢ 301 and
5, 948, 614 d&%reht%nnyh%fyg.@x%séafDﬁArﬁetyaJerabésr&ds ragd @%%ﬁl@ﬁt@d fnhudRardl ani ne
residue in the 3'-5" exonucl ease domai n of Trma and Tne DNA pol yner ases.
These nut at jeplirstipn @utelampy AQOJBHEY@%GWU&G@Q"SE ‘%M:Sf“il {or mitachopdriaf R¥¢e enzymes to
bel ow det ec;eﬁt?c!aﬁorl Qytﬁé@peg-gﬁbml @fyhﬁérasésjn%lud@%ﬁage%lym@ra&ngQQGf fH&scCri bes an

anal ogous aspartate-to-al ani ne rrut ation in Thernococcus barossi, and U S.
Pat . No 5, pdYnagsgs. ceEbREN pleall P Bprienshf thspf PORYPIRCEINIA! BSNMSES By ococcus

wosei %‘b&ﬁ@ﬁ@@&% w86t Horebr R PGy MEHRAEr R ¥ a@ﬁt@@am\(@ed\/tb |T(§rh|13a| ly no
det ect abI e 3 exonucl ease activity. Methods of assaying 3

exonucl easePatien ¥iatlpf tie goleeasadeaiiy df §sq7/He lyaperase %‘é‘ga@p@te‘“sﬁgﬁmnt et al.
Proteins 1:£0eid986); 15Derbyshire et al., EMBO J. 16:17 (1991) and
Derbyshire et al., Methods in Enzynol ogy 262: 363 85 (1995). It wll be
under st 69d fogad; Wich€edehB1aAPIMBAREAC fHe PEA MEMEALInRBSITHIR iNVchBdRkE ¥
identified in one polynerase, one can generally 1ntroduce such nutations
into ot her pUygerascaemainierived digpevePasntmolyaicesex Bt D5y eseth ty. In a

speci fic enhadhaaat are %esiéﬁﬂ;e)ﬂrf?rré%&ﬁﬁleQTUtShﬁpﬂlfaé(tﬂfﬂtﬂuglr’baﬁ&{W&sl mmhew&aubl e
p0| nt nmutation DL141A/E143A in th yner ase donai n.. The phrase

'cor r espond?¥Wg0314 1% BHKI0L 118A%: 20@3&1?%7&6@%@ thfhpbll‘%?ﬂ’ér“%@oéﬁﬁdr% aci ds,

refers to aprAc-BR iRChbrelyTataldulBES ald fnlpakiRBlaSRME t@mhﬁl@s Rk Eyk@xd, D141 or
E143) in_a reference pol ymerase am no acid sequence

opti onalPy PHEPEaehgingoms pRAdinagER thy §olgmesapeds N@S‘G'?)a”y §ecqt?é H’é%ge Jﬁpgﬂ i sons

can be perf@f@@%r@%ﬁﬂeﬁmﬂ t@S%TDN@kM@b%aWA&-Ed@gZIlﬁllegﬂl’chtahﬂEMIDh def aul t
parameters, describ in Altsch Nuc. Aci ds Res 25: 3389 3402

(1977) and Npt@éﬂrtﬁE%{D HP: 33iOFNAS?Pa“yBPCd'Fd”’gz"‘l'@kﬁ'o%'dlﬁs(ﬁE@l@dﬁ? HISFE vel y.
Thus, in soNe.@gnbodi nents, Sso7 pol ynerase conjugate proteins conprise
nutations in the exonuc Iease domai n. For exanple, in sonme enbodi nents, the

Sso7d pol ynﬁfoé‘%e ERALUGALR. %ﬁb&fﬁg%saﬂ&{ ﬁlerll%st(aglegolyméltasels 8as bis80Ase 8% 90%
95% 98% or identical to SEQ 'D NO 61, conprises one or nore nutation
r educi ng? ex@mg@p@ﬁg@th 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, for example, in

embodiments where the amplification reaction is not performed at high temperatures.

19



30activity while substantially retaining pol ynerase activity, and is
conjugated to an Sso7d DNA bi ndi ng donai n as described herein. In still
further ewbadimesiig, such Sso7 pol ynmerase conjugat e proPerns2aempdse an
am no acid sequence according to SEQ ID NGO 33 (optionally including a

l i nker such as SEQ ID NG 62). WD 2012/ 138417PCT/ US2012/ 024739

| V. Conj ugat K§7910086Imer¢rebodisesptspiah iridciohgernsivell e and@nidianghsieyner ase can be
joined to fﬂ(ﬁ%ﬂl@rasg%gl%amg%y Lﬁatfbgmhh'lg@é@e Wabmr&?g@cl‘é@sk |act}9ﬂ9\’§'f‘ag%o those
of skill in the art. These nethods include both chem cal and reconbi nant
means. 5[ 00BYridehk s coppripingeich Reolgmersesiopr; ih cappafipts 1HaSsafer ase can be
perforned, [gym &%@%@a@eéar&@ﬁ%enp,%%gldbo@ng%@um@latTa%emtqmguchHermanson
Ed., Academ c Pr ess (’ ). Joining can include, for exanple

deri vi ti 2at meiatignsr Arvaeiety af moigonsfan herikFadgcadriuo e iefivs Pl ERiES daaindeh ot her

ei ther direghly o%mﬁlmt@@lgb eamldclagge@a]&@rrpmgnplpw galheds ddigkeare wel |
known in the art o rotein chem stry.  For exarrple in one chemcal

conj ugat i on’ 8?9@%%@%%948 ¢ IHelespsiRnEuEtRE of # AR2hBNdingaeHTa YR alagBimai n and t he

nucl ei ¢ aci fshddiRG SQNERIERMBMA R S8ha THEhRS o HNAGHARALeCPHRLI Ng T eagent
which ultimately contributes to formati on of an internol ecul ar disulfide

bond bet weeRmutahenstedycnibe &t exwnudyapegetiyifiped hepe Bypes thfelpw dgfetitbde eyt are

useful if t BindiaARRAS LY NGOS 8404 RELTERan hAEOh] RParfecfo ARAHE IABEon fOT
exanple, in U S~ Patent 4, 545,985. Alternatively, an intermolecul ar

di sul fi de nBipreemriasberetpnby.§ Bfttn?éla 51@8&%@%6%‘2?%9@1‘?%@“?% DAL i et y,

whi ch OccurEru@mf%{elp,yr&gcc% BoleNBRALRH nRYas&e BRI §F 1R8I BRI Ntherali@at@ans of
l'inking noieties may al so use thioether Ii nkages bet ween_ het er obi f unct i onal

crossl i nki ngrirdlygenesctahle Fpesionpdeamigtiphy- MetrdatfieesatingdsY FYREI@sor specific

protease cl gay Ar@wlenmk&mm@ﬁe aﬁ’tt hse& e%rl %\éﬁ\&ht@z ar, PP&JEIQJ p8y@bke, cheni cal
| i nkages. [008Z2] The neans of Sso7 and ner.ase donai ns of

t he conjlﬁugapérbb%hd’? giah, EH¥EOnRp: %ﬂ @891&6%1??@@1‘56 Hept ﬁﬁ?%%ﬁﬁy’f?%’@éd bet ween

noi eti es thado. BB S SRPYY. at Rfibe INM-NESI tBLUhDY 1hs v AedripRphitdRnswarehesi s
chem stry or reconbi nant neans. The conj ugate protein itself can also be

produced usPinadkédenitiad ingreRoRenerase.oPnEmEETS ! ydﬂ"‘%ﬁjﬁfer?ddh@}“ﬁ“%ﬁdfﬁ%ﬂ‘e@ in

whol e or lnpcn%éraseﬂa)rrecﬁ%amllemambm@secaatm@eI@ymhﬁsemmlmt s#lid phase

t echni ques, such as, ., the I\/brrlflel sol i esis nethod, in
whi ch ani nop‘ﬁlﬁ‘l’ﬁése%\?%h%'&ﬁ@ﬁ‘f pograrye Haded's W“EW%PB@?%M’EL‘QMHHF am no

aci ds (see, pd¥ahérhdeideigin( T%@ﬁas& 'coff@pofdli®gMo aPSition, Bfa: r&&%&eZ&ﬂ@}merEﬁUl pnent
for autonmated synt he%l s, of polypeptides is commerciall aéa | e from
suppliers St Aadspe Elepiepn a(ﬂ#&ﬁf@ﬁha&ws WERJTC SARYATREY) > é% °be oper at ed
acr:]cor gl ngI t p14she eﬂﬁﬂ%ﬁ@ﬁdlbﬁﬁd’rass amn}staw@&%uemg (ed. f@i@WND@Sbﬁt&ﬁlal@epti ﬂeshcan
t hen be cl eave mthe re ified, e. rative hig
per f or mance™FiH g’ﬂgﬁi ey 6%?6%‘?(3%%@25 I FPBRA 'S%ﬁ%/rb& ¢ m§fir“ﬁ‘8¥ur es and
Mol ecul ar PﬁﬂyrRLAmTe.sclu@Qg §DA(;TLQaa)g)omhﬂfh\enmwmasgmtamem spdiestrived siyAkshiat iec
pol ypept i des he e i.rmed by
amino aétd %n “f/s/{i %gd n’é %@9@ agd Rﬂf%gl éEGJmS(EMﬁFg?Zé§E§ (4‘(8?11 rocedur e;
see Creight g|990)Hregie&ivra@ THi, iCdobiie @B badid e ISec odimeRist Buijph@protgips  34- 49
(1983)). [008 % I n addi.tjon, §ncI gsm cq@ am ng aci ds % (ﬁherp' ‘[ﬁﬁl am no
aci d anal og& AR BEE e EXRUHERSE IATA (T GHATHE B ORGP BRSTMES ¢ he
sequence. No®7€bagataglco@npanois actisaatidlince. goe leamn%asm reovs, 95°m etse/dort o, the
D-isoners o e . cQ ] ids, .a-amno iso
it nobut yr 0O SRR e e oo S MR eSuE Senidfsso
hexanoi 60 achdiivityNihile s@ibstantially retaining polymerase activity, and is conjugated to an Sso7d DNA

binding domain as described herein. In still further embodiments, such Sso7 polymerase

conjugate proteins comprise an amino acid sequence according to SEQ ID NO:33 (optionally

including a linker such as SEQ 1D NO:62).
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5 am no isobutyric acid, 3-am no propionic acid, ornithine, norleucine,
norval i ne, hydroxyproline, sarcosine, citrulline, cysteic acid,

t - but yl glwoizney/13841but yl al ani ne, phenyl gl yci ne, cycl ohexpCaltsronm24739

P-al ani ne, fluoro-am no acids, designer am no acids such as 13-nethyl am no
acids, Ca-nethyl am no acids, Na-nmethyl am no acids, and ami no acid anal ogs
in general IEyr t Hetwvge&s t he amino acid can be D (dextrorot ary) or L

(1 evorot ary) 10[ 0084] In another enbodi nent, the Sso7 and pol ynerase

donmi ns are (EO&P netheiisey BNAjbikingglogrioapd thvm@lymﬁrﬁmqng@wwﬁt amn pasod- chemi cal

crosslinkin AL ’coﬁ e'"{g/' lﬁ‘@hodg Qe RXAHD Brose of skill in the art. These methods

succi ni m dyl-{N nal e| dorret hyp- cycl ohexane- 1- carboxyl ate (SMCC). The
| i nki ng grol!ilpméeabpﬂadﬁ@@ld@banérﬁecaméinﬂlit@??alls am no aci d sequence(s), including,
for exanple, a polyal anine, polyglycine or simlarly, |inking group.

15[ 0085] 5 Al [0@8Hat Cheelian] joinmegbnBsoé piverdi toeie o]y mekpse ¢ e@diemgrf@r@qmém@eﬂsmdﬁ each
pol ypepti de,d i L g 1fnl}'3%c(8 g&@’r@cﬁgﬁ‘iﬂ\?sﬁ{é?ha&%‘&ﬂ,' Qb Akssk Bl B0 OF
car boxy- termnus Via a ond in any ordér. Alternatively, anm am no
aci d | i nker camenphalacher my&pbedeelmgilzz@rgpe(ﬂorttbe mepay eftlimkink gheftive grotegsdo easkond

pol ypepti deoGaraBARcEn Y todSIRRAE <SHb ISl gmetﬁoes HRSH Felf 3L, GRAED

pol ypeptide Tolds into’its secton and tertiary structures. Such an anino
acid |i nkeralﬁﬁse@f@nenb@mlits' |FnC@¢ap1@}6ameﬂde phemdeat MJLlfg@mn@mbM@F@i e msimg

st andar ¢, t echni ' L&inRERLEdE, | | nker
sequencgs rrgfi)n% %%c;:g%i lE)ase #ﬁﬂ?i%e?cr%cg}va%%&&fa&ctgrs EJ11 athEI r ability
to adopt a Hhdtesbifihetioaxitconeling r@@mtwmwitmtelx@trtbh@ﬂofprm@bprll pftap t 0 adopt a
secondary SM&&%@ %Eﬁf’i‘ltﬁdé:%ﬁld%ewg @% lta&sf@meuyﬁa%kc&m@rasg%n@n the
first and secon ypept 1 des | ack of dr ophobi ¢ or charged
resi dues t hént ang gshful rnébz@@apmltyrfortth@prpsﬂnylpwtlmd@e Q@Fmﬁétfpbmmp@pliﬂtlb%es

Typi cal pepfaa{tgmlsw&b%r ARAYFIGE S ﬁl@aaﬁq@'egmaqﬂdxulﬁ%ﬁmy é@llvemyi;@rorﬁq@osl dues.

Ot her near neutral 'am no acids, such Al'a can also be used in the linker
sequencés Abtmiesnagiteinesénershoitinthich Oﬁ@yn%@aﬂbs%fatﬁ ipserted Pl as | i nkers

i ncl ude thOé% &éﬁ"ﬁa%%eérﬂ owqﬁﬁﬁ%lgﬁes?rlay a(§3‘9§5})10%%111<|a%653t%f\€&11 Mur phy et
al. (1986) Proc Acad. Sci. USA 83:8258-8262; U. Pat ent Nos.

4, 935, 233 abrierabiftBatiopg@rosTiikingjreneats @réquwdewﬁﬁfleawé’éeﬁé?SéﬂmkyrS@éspF?lﬁPn 1to
about 50 an& Qas%(&'leQ%bler]mk@rE‘gxt(Hher%}egva’ble%r néhcleBvabRlchdicAMhReaCi ds in | ength,
but can be 100 or amno acids in length. Linker sequences may not be
required wh ﬂhem‘e nge%s mﬁklﬁg %gomti¥9§Bterla§jeecﬁmﬁf?1¥§ft'ﬂ955n?®§@r}ﬁfdté?rh

N-t erm nal o acid regions hat can bé used to separate the functional
domai ns 2%mdmpy elyeepmpsipey mqpth‘lmo@rdf fernead betwepnmeigiaqspiras prp spraptaloy nhesikdr i s
shown in SEQ {B3iN88tide s&%ékhéﬁ%ﬂﬁmr@&xmﬁﬂﬂt%ﬁ@ﬁ"h@fzonﬁ@@te pRYER kPN

i ncl ude those that conprise g;l de identical, or substantially
(e.g., at |emgisodeprogaced gong @@mw@ ds geopthetizrniagylo acid sadngnasfin Sige | D
NCS: 35, 36, or%Zpar?BForg)@ampf'eopep%ées cﬂigbe s@%theé}fed b§§®11d4t@1ase4e70hmﬁ§es & a0y, 51, 52,
53, 54, 55, 56, l'ong as the conjugates includé the
non-nati ve NQMWFﬁqi%h@“ém‘%@S)a’&eéis i“ﬁthP%é“ Bhigl arsine acid o FAyentrherddehiemi cal
linkersj “Céﬂd@ﬁ]g(‘cﬁélpg%ﬁ% Eé?ds (!;e@kﬁ&%felld'(m@ﬂ 'Aﬁ‘rk@ihén Joat Eyzﬁ@lzdzx&)l nkers,

pol yether ITnkers, e.g., PEG For exanp ?/ (ethyl ene glycol)

li nkers ar eEgieinenafir sutpigpd sméwasﬂm@#wmdwéﬁ@nwra@ Y piaHabds/frep &ppligrabama.
These |inkegg,qpbi 0H3! drystravg, @R d6d hhykasafy bsSdpefatdbdokdind Bkirges, or

het er obi funclt |]onal % (LaStes @10)8%0 88] }?g@ T es(HJeas of jéllgnl ng the Sso7 and
pol ymer ase welprémsen sneqtruer@nis oﬂrecsymlmﬁeﬁ aepé*gewwhé% 8% ¢lepVEE Gatt threesiihd
positive tahlldﬁouﬁﬂgd ERdbY peharktivedicn eltf&frﬁh'&hxq@ﬂtchrgﬁﬂio@%p@@ee Creighton,
streptavidin-biotin interactions. conj ugat e Techni ques,

supr a) . 3ThePyisinaiSHyciayand NeJegar BF‘W@EF ?%@gflﬁé@) tﬂﬁéﬂﬁﬁoséwnloﬁfhér nedi at e

i nter act i NG S@AHENFFepticRt oxea?@ﬂm}agpneﬁgoﬁﬁ@ %yﬂeﬁt‘id%r A%y NG BRRAUBDERinol - €., A
sequence that binds to Sso7d, can ] oi ne
acid analysis or sequencing (e g., the Edman degradation procedure; see Creighton, Proteins,

Structures and Molecular Principles, pp. 34-49 (1983)).
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15pol ynerase. The resulting fusion protein can then be allowed to associate
non-covalently with the Sso7d to generate an Sso7d-pol ynerase conj ugate.

[ 0089] | nweane/Bsd10di nents, a conjugate Sso7-pol yner asePpratSedin/oef73s he
invention is produced by reconbinant expression of a nucleic acid encoding
the protein. Such a fusion gi'rsoduct can be nmade by ligati ng the appropriate
nucl ei ¢ aci W08Hqulenddgone pensHsTgH! erhigo deds qr sbenpes Ainive agie perlags qilifces to each
ot her by nernh@@lfcemoavmbguﬂmmgr ;ﬁiﬁfﬂon ko b SeqRERPEN0LASSRY abifiRRids Haflde,
expressing the product by nethods known in the art. [0090] Nucleic acids
encodi ng t hbut@emet Waitgdgoiee Privsepex fiecammap aminh &cifiy 678 pPBLBTIASCIB4- { he
invention c t.aign [ AQYESarhiflo hdlandil &lid AQE, -

reconbi nant%geﬁglttﬁqc%sa@’dﬁggi gs&h@%t@%%é@?oﬁ?ﬁggt% e()Saenle(r)a e %ds of use in
t hi s i nvent kmainoiisabityriteic Badriamookoreprmaic2sidRors Bleshd, ,nomrleembmlir@ oraxy; A
Laboratory 0] i pression: A
Laboratory %@%&g%ar&%@g’ Cﬁgﬂlg%d&&rrcragﬁitq%&%%%%%gﬁf%&%ﬁg? ﬁn?fré@éﬁgl ogy
(Ausubel tcs@lohexyéqi@me @_@l@mmq,@g@r)o-ml{n@wm]s desiehee poing efids sselyerdhmethylt hat
encode the HHAGaqRd CAMMITFRLARE ARG XBSRLISHEADDEORA) HagahRl0m any of a
vari ety of net I'ment s e nucl'eic acid 30sequences
encodi ng t heenpal. yipetheringess tha pevinolapid seh herId (e DAz OF lgeevordtaty)DNA | i brari es by
hybri di zati on with probes, or isolated using anplification techniques wth
ol i gonudd eofd084 pinianwhe embbdimergoherByoll wpd paiphérise damiiorart potkedivgudekaee used
to amplify i-s0l 7 I : ' DNA or RNA
torpl ot e {saaih-g1D ke Lo S e 08 KTERRE AFINENGRD, HELIBRR, tory
Manual (1995)0)1n1nM)tltéNﬂmlmmeiloylethmk)—eydldpmnng qathongméﬂl\é@@] diéhs ligking breupr oduced
synt heti cal 0 ucl ei c

aci ds encod!l:ér{ll a?sggf) gPL@%H%%]%U%ﬁ%Q%%E% elrg)t{aa i ng@\ kﬂ%ﬁlbel\ldorral ns
can al so bemlsgﬂmeem Srﬁm'@r‘ry dixpinggoipn | i brarl es usi ng anti bodi es as probes.
5[0092] In an exanple of obtaining a nucleic acid encoding an Sso7 or

pol ynmer 4se ORI nAm:ilatigelP@Rsormdﬁmbmdmeeisﬁhamdﬂlgsecqlqmaeef coch plhseigisence i s
PCR anplifi in and an
anti sense p&llgr%s@ (9%.921 %&gﬁ rgeatth%f? %nl’l ci”.n%hb%? e¥;§1§ﬁ_{]\! £hbe b\n%fi%()’]gduce a
nucl ei ¢ aci a asnocldi. nogtetdaevaibesn aledwdodmnlmrs@qu@noey be eleJM(qcusmfete@md havi ng
termnal re t I ted into a
vect or 1000?&%&“&8%&)% gélﬁpeeﬁté?eccga %H& bgoglsagkedsﬁgﬁs%él@ggpu etPr%tle%&and havi ng

t he approprpwrepn@rfpldsmmmsn@nﬂ@samd t@lttllazmtrsqtures Sufihen donaiadlidan be
directly,jo . r

sequoncs’ SFaers R ERR-AEH ket bE SR Ll BRI RB Fithe o o
usi ng t he satudrglle 'pmldqt hreker @nuemp@wadéﬂ Ch%el@%mwoll@wherfacmr(ébs
APPrOpr | at eyt 5hih Gl LD: Shéde SaBaE] SArPRaIdednk 0 kb Gt £ RGiH
encoding the protéin or protein ubsequence by sit |rec mut agenesi s.
The pl asni dstoofrethaticagd intsac vithifuncéme baditaiges nu diedott hefbsesadwelypertides; and
subsequence,s) ﬁle%cﬁ%¥ﬁ)%%ﬂhgmc Bmalagpﬂegeﬁas@xa@mﬁgﬁa&teaa%% RRJoRic! ease and

t hen Ilgate Into an ‘appropriate vector for anplification and/ or expression
accor di Ay t tingticapldaitebepreivddl peiftido Sder Qqpengés coktain|GlwiSel, Val &d Thecogni ze t hat
modi fi cat i opg;gGan oadhd} ARGLI afmpoeacmds%cﬁ £ A19@an%@s%%gZseanpth@qhwe;r@ﬁrqaéﬁedomal ns

wi t hout di mnishing their biological activit
Amino acid sequences which may be usefully employed as lmkers include those disclosed in

Maratea et al. (1985) Gene 40:39-46; Murphy et al. (1986) Proc. Natl. Acad. Sci. USA
83:8258-8262; U.S. Patent Nos. 4,935,233 and 4,751,180. The linker sequence may

30  generally be from 1 to about 50 amino acids in length, e.g., 3, 4, 6, or 10 amino acids in
length, but can be 100 or 200 amino acids in length. Linker sequences may not be required
when the first and second polypeptides have non-essential N-terminal amino acid regions that
can be used to separate the functional domains and prevent steric interference. An exemplary

peptide linker is shown in SEQ ID NO:62.
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nodi fications may be nmade to facilitate the cloning, expression, or

i ncorporation of a domain into a fusion protein. Such nodifications are
wel | knowwotooizisese of skill in the art and include, forPCeAsapke2478he
addition of codons at either term nus of the pol ynucl eotide that encodes
the binding domain to provide, for exanple, a nethionine added at the am no
25t er mi nus 188G dietielanreonivatsaaf thsrimsniicn ingdvdedlpst fbieaiPrissd Rob/PaRGIdEs (e. g.

poly H s) plaaet anubidhaly ( Egr Q@legesot 60,80 6Bt &, %PW/@)QB&;H&J]%%?%@S@?ID
restriction sites or termnation codons or,furl i cation sequences. [0094]

One or nor eNEB:36HE. HbAgI MstUril 431 Botb S edtt e do1 §1aé?l5|3t5é‘t &:Lhe’t i nkage
of the two €orgINF, E@lof?g&s%@cohjagat&%aaﬁué%&%trgﬁ@e k3% RADCARR dchenfiesi on

pol ypepti des 'of’ t he 30i nvention. Thus, Sso7 and pol ynerase domains that are
modi f i ed> bysequrike-net hods ar e also part of the invention. For exanple, a
codon for a cysteine residue can be placed at either end of a domain so

t hat the doWas8H dammbbmhmﬁReeﬂbde¢UnﬂE%HhﬁFém®é%bmﬁﬁhh@sﬁmﬁﬁﬁéémwmhe

nDdlflcatlo e h t nmet hods
(see, e.g., erceﬁgﬁeg% %“9%?g&éﬁ@k ﬁ%%%@?@ﬂ%ﬁ?ﬁﬂlm@ﬁ%%ggﬂM$%% Sso7 and

pol ymer ase ttomaherewaér HOb@erSeb@niﬁmﬁ%(ﬁte Alaéftr@m T@ﬁ@tle‘kﬁs eﬁwnﬁb/ }]atﬁ 3eide by
l'i nker domaj; ﬂ]ﬁ%esus%'(ij‘ﬂy N 1@9%%9%%9& REANENGRRadencl uding Gy, Ser, Ala, and
i se escri

Val such as above. I n sone enbodi nents, proline resi dues
are incofpo d \ ni i cant
a0 € oSl POIAS, OBl L ONFL 81 SHG0IE RLIPIAB LSy | cant
t he reconbi mardpressing @lgaxlva@ndm%tthetanlee@nbdlwatrhllldmwh@pgh atibglesan¢ odi ng t he
proteins of tP Pt%vﬂﬁllqu&¥n 1?%&1@&0%3 r{g 2 gg ggé)rw&ragvl’eﬁ% c?x'é?@tﬁfre{ eﬁ*h&&)&%ﬁ whi ch

enhance transfation O e nuclei¢ a se organism (e.g., yeast
preferred codoas Erjeinsdiogiticr tirecthianinteraedadingaing beghencaciad craglefpr essi on

in yeast). &{A@??Jtergﬁmggéqtﬁé%eqf gé&hﬁggg@% R34 8% d K:apmom@d fohose of

ordi nary sk an be to exFress t he protei n conjugat es
of the ilfiveptlymerase] Ahseamstimtboei prefaingan thae bpdlopnd il stciageopfianaleaicodes t he

fusion pol y&ﬁ?%hﬁ%go -dsto ?Angﬁﬁdan%@%rﬁoq)J%régg)Q&xljt%lalteOf a pronoter that is

functional in esl ost cel An extrenely wide variety of pronoters

are avai | abL%%?!ﬂenl(rjx sgr? le?onge%% & g[égte%xcpfcfodﬁﬁque}é%?&lp fhd; wetnhgn fsnvent i on,

depending o ar app IC nar i e pronoter selected
depends uponmﬂMEdbﬁk*mnmummemmwmhemlﬁppbnew@ﬁnmeﬂgdWHeﬁaet$W@af@r%er

expr essi on &gl&gc‘i ol b%g.%ﬂgﬂyﬁgaklﬁg&@ iy SrlaRAROBR Ll @Qdua&eféntc@oﬁng hEBRFES 1 ption

t erni nation es an are al'so optional 'y Inc Constructs
t hat |n@DudenmnemesamemeﬂoﬁmﬁweeeMCmﬁbwbWn@equéhvesHﬁhempevﬁehng%¥@?eSS|on

cassettes.” aﬁ%ceg:(gxre @ pro&&%&ﬂ#&hﬁhﬁn flsndfhat encode the joi ned
or or hig

pol ypepti des ar por ate eveI expression in a desired host
cell. [0090] Nucleic acids encoding the domains to be incorporated into the fusion proteins of
the invention 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
25  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).

[0091] Nucleic acid sequences that encode the Sso7 and polymerase polypeptides can be
obtained using any of a variety of methods. In some embodiments, the nucleic acid

30  sequences encoding the polypeptides are cloned from cDNA and genomic DNA libraries by
hybridization with probes, or isolated using amplification techniques with oligonucleotide
primers. More commonly, amplification techniques are used to amplify and isolate the Sso7

and polymerase sequences using a DNA or RNA template (see, e.g., Dieffenfach & Dveksler,
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20[ 0098] Expression control sequences that are suitable for use in a
particul ar host cell are often obtained by cloning a gene that is expressed
in that cwbl2012068a10nl y used prokaryotic control sequencesT/uskoicl24Be
defined herein to include pronoters for transcription initiation,

optionally with an operator, along w th ribosome binding site sequences,

i ncl ude suchCR Brmeis| Le@@@orpjrl\éwalé}%%asAﬂtPréatlyétyaowedenpa}ga%@r(uﬁ@?ﬁd@f 40 nase)
and |act Osebéér%l)ce(psr QRGN %@%81§£@t%r(fdmg%r ﬁ&re%hhe dmﬁélhg NulckR7abdds 198:
1056), the tryptophan (trp) pronoter system del et al., Nucleic Acids
Res. (1980) ergodm@gr@lytlctoﬁ éoqbgcstrﬁ}a@ﬁ—@p@@c eqyégg pg d@@ax@ can alpg lafclsolqs@{ from pAcad.

Sci. US A, ;gg&)lll§9r1eg;51g§gm]bgdqgag%bgsanbda derived PL pronoter and N-gene
ri bosone bln Ing site (Shimatake etal., Nature (1981) 292: 128). The

particul ar X4 t Ve hQhke d8MYi

avai | ablg p O%Der t ?uoﬁgﬁa%nr%%inrtllg%#rcgig%cgggéwg%)an Eeg’ used. Stlgndard
bacterial exyresH. o maeleltcaﬁlsl s¢queica desubsegancdlls PERaAmpi§ed BRYDDsehspqwigher

pl asm ds X QR SYst ens
o v s S R L

prot ei ns t oThis vl ldedwgﬂvmlemld erepdingie afsirpddsimain ssauencd GOYBPAUERICE 28% pr essi on
of fusion pﬂAVYﬂ%q&I’HII ?r%sﬂrl@nq(?lrsﬂ rT¥1%tn'u elggéhéanQBqu{e lfggt@@m%a\%@ﬂok a pronoter
that functionsin the particular Eﬁe@ aryotic species i1s required. Such
pronot ed® cemtaEngrbrugleredidfeneningdhresscand spmpiaved kreeng thd apprearide om t he
spectes, or ccm%E 'h{]) h%%?ﬁhétl&rsqg@tﬁ'é%orﬁéﬂs Qﬁ bygﬁéitly _Fo%ed%?‘ﬁ‘lgyﬁeesepérglgd szr id
trp-lac promoter ctions in Bacillus in addition to E~ coli. These and

ot her sui t abiker. baether mraﬂemﬁpweerSgltaé)#eeP%mm%mﬂmbe Fiﬁeltfm%edé’b’tonﬁﬁﬁfkélrlé
described, gegn u31h&h§méxﬁ9ﬁf&%a§$n pr@\ngjedp\"xjégx%lnk 81 otfdr soBaG! ﬂb#r@%rla?expr ession
syst ens f or expressi ng proteins of the invention are aval le in

e.g., E. cofestricBacites aas al§<pbe adgpebito Sal nvelis|aFid cpapding hedrotgin or Prafsle 22: 229- 235
( 1983) 1 MosRachuslee 8 sne NRLLY ﬁué eéﬁg’]'hlé ﬁs&xrh%@%)imm@tﬁe%of*rﬁfn SbsdheXPr essi on
systens are connercially available. 10[0 Eukaryoti c_expressi on systens
for nmanmal i Bysleoddq S§quey%eag’tsubsaqmnqen%@@qve%lﬂr e gpREoRRiBlel eiERM dndfésear t  and
are al so cogmmh& l%latleé( iRy &H dpﬁgkﬁate L& tF 83 SnpliNQEEPEY/dr BEIrdd6i8n X RBSitng to
Integrating plasmds ( . p5) and Yeast Replicating plasmds (the YRp
seri es pl as#gand ragiepd bGPD 2. Expression vectors containing regul atory

el ements from eukaryotic viruses are typically used in eukaryotic

expressi on 1883lor@ne of skjll wilbylaQregegnize thet mpdifi¢ativesrrgn gdditippakselerraads to isand
vectors,ger s&e%%&m&&%h@hsﬁn@@ﬁmou\/a&Mﬁshll@tth@f biGSEER L&y EYkRL yotic vectors
i ncl ude pMsG, Mheo- 5, bacul ovirus pDSVE, and any
ot her vect omoézﬁp%wma@@pn@géq Brilisic th derig xritsden of HEOEPRERY AT 3HOBRINt he OV

promoter, SY40, R&bh YroREORLIEModiAMAHBnd AL KEII RINIRE Bbse JTBEiANI ML Rk @Rei n
pronot er, nuri ne mahmary tunor Vi rus pronot er, Rous sarconm Virus pronot er,

pol yhedri n wp@%tﬂérﬂxal@ﬂe Shereitipn pirrof e &t SthevipmBIISOf dePpiyaicieghdedi®r ession i n

eukaryotic &%Jje%thelb%'ﬂ@rﬂgldoﬁamggmme%ﬂetxu&qbwealﬂéthleﬁgymta@gtwm ers can be
used in the present invention. Regul ated pronoters can be advant ageous

because 2§ heteHpigts e gravide samitpdioppisupr adgitinna Am e Ay icds PREf Y @1 fessi on of

the fusion paleyREPhIAESrchtS cdNVEMERR - 1odaledRestRUS siRXB18F 000 &fdohedrer ol ogous
proteins slows cell growth in sone situations. An inducible pronoter is a

25pr onot er Pﬁgﬁafm"ﬁ%FﬁceéxpreSS| on of a gene where the | evel of expression
is alterable by environnental or devel opnental factors such as, for
exanpl e, t eli984lat Qreeor ok, ofdhradomslsis cnaylsabe B iEetioridilitite i linkaey f the

transcriptigp, Jo%‘n@E&olﬁﬁﬁth@?@%&@éoﬁdes[tl%.l-g%])dé:t% fulfon Eélgqbepﬁ&g ofthber bacteri al

host cells, 1 nduci efs are known hose in the art.
These i AGI udwentiopr T‘éb%aﬁ%ﬁ? and pohendrage deypaprgha are megf ﬁéé’dﬁMhl Wﬁwégére Pifbda PL
part of the invention. For example, a codon for a cysteine residue can be placed at either end
of a domain so that the domain can be linked by, for example, a sulfide linkage. The
modification can be performed using either recombinant or chemical methods (see, e.g.,

Pierce Chemical Co. catalog, Rockford IL).
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30pronoter, the hybrid trp-lac pronoter (Amann et al. (1983) Cene 25: 167,
de Boer et al. (1983) Proc. Nat'l. Acad. Sci. USA 80: 21), and the

bact eri ophage12lidsqaronot er (Studier et al. (1986) J. Mol pCBiusko2/0Iabor et
al. (1985) Proc. Nat'l. Acad. Sci. USA 82: 1074-8). These pronoters and
their use are discussed in Sanbrook et al., su 0103]. I nduci bl e
pronot ers f 098k helke e Gl pohEnesasedanaiiy qﬁémre%gwttqun%@en 630 keldpingd i n t he
art. These bnghiddGomdiQr us%%lWlﬁepttdlaged@ﬁc@i #n@ltuﬁ]h% 8, &rPAQ%TdQ/ral suchgs heat
shock pronoter, as wel[ as many others. ransl ati onal coupling may
be used to &wkdresivedons slméﬁme ThodiRengy: @gpnme@eamswewra&ﬂgﬁt? &5m open

readi ng framgcdes ek e Qm]ﬁlon'oghélﬁﬁ@a}ﬂwe%@ﬁ? s@RARaIRRIeNS b} thelilRer.

transl ational system which is placed downstream of the pronoter, and a
ri bosoms bi %glg E'sgﬁe Eﬂteﬂ%ﬁjs ﬁlfetr omamtnﬁWuaéﬂz Q&dﬁﬁé gc&%@iﬂﬁn@éuﬁamds
ternlnatlon codon. Just prior to the ternmination codon is second ri bosone

bi ndi ng si tenCOQINQtfﬁcqut@W qidghetimeentiarr are madifiechto pourésty Preier?fdsfrt?(&}ﬂ’é whistion for t he
initiation QEhchrearQi%IQrL'n%P%h]g:-nl;E'ﬁeéXc?& f sgre§c§@$rg§§sn§e¢g0@9e{ YreRIENGTbESrd N the

10RNA, allow n icient initiation of translation. See Squires,
et. al. (198®¥Um®dHB?@Vﬂ"@heﬂﬂczﬁgﬁ“P&@9$mm@BB@ﬂ)[0105] The construction of
pol ynucl eoti de constructs generally requires the use of vectors able to
replicate if0082ct &rvedety Siﬁ@hremsmﬁsnmwc onthosd §f ondiesaly skall inHe aaf ¢an ba

pl et hor g, 0f ué%'dttée@% GODIIRE LAl 'xtfsaowaﬁe lﬁ\%ﬁg qk sé,xkeﬁn%mniehg%éon of

plasm ds frombacteria (for ex a 5EasyPrepd, FlexiPrepd, from
Phar maci a Bpolyeuskeotidttha tetesghdfusipn mﬁ@phmlaglewé undgn the C@tméxiﬂf prgoter

EXpr essi on RSk Al Al A acsikhFoli 0L a,&f&u%glgguaé {89 oPh@RMelds. can then be

further mani pu to produce ot her asm d used to transform cel | s.
[0106] The fusliride ap@ta]lwepsqddeﬁﬁe@ame&gene%mresfstb@lmvara@eweln@mapm the or can be

secreted fromilhe a?@lcgt%%l @&:ﬂ&ﬁ% lefd | Am O bﬁéd %emsms& hesH!ih SnjeR afti gh

yields. If necessa e anoun Osol u active fusion polypeptide
may be ilAcr emwgwir ksyio peactivy- nPther %efemqmcn@trqémeewmsesh Egesome bindingSapr ook et

al ., supra. M@ﬁﬁ;og%nﬂna@én snteﬁinglt}-lqu(lagféla‘%gx)pl(c;ln% 41)nclgded8%nstr§9@%?r et al.

Blo/TechnoIogﬁ ('1985) 3: 151). Fusion pol ypeptides of the invention can be
expressed i e dngchéquﬁftlpp@g@on@gq Jequengas @felielingg “Epregsin cassgifdier bact eri al

hosts, yeas kcccﬁ@ggly apd 1%‘%10@(:@@ Blat SRHERTNGbInEd eﬁtld%kl &R iRSrpbhedEXRigHCHO and
HeLa cell's [ines and nmyel oma cell |ines.” The 25host cells can be manmmali an

cel | s, insedelespessiongp a fdgspedlnstdti sns, such as, for exanple, yeast cells,
bacterial cells, or fungal cells. [0107] Once expressed t he reconbi nant
fusion Bol yp¥gsli dewresinn betiplachianess e o sdiahly f@f@semmewwlalﬁm@eaafees of the

art, includi Qlcﬁ)mﬁ'b moﬁmga%gre tpartescaxpaegs@& lncmat cé}f fdomnnammwgm@ary&fel umm

chronatograp y, gel electrophoresis and (see, denerally,
Scopes, Proteitiel Somaedst viigh #re definggh hrpig éq m%dq mgmotms%r tanggpijon lmémoglc her,

Met hods i n Eﬁ?{%m \Qﬂyanvc%leratol%?ong%lqﬁogo%e%ﬁlfatn%'sﬂe f‘dﬁénf:éscﬁgl'u@é”such Acadeni ¢
Press, Inc. Y. (199 . Substantially pure conpositions of at |east about

90 to 95% hevrogeHehsey p@n@tem sty hegadlactaipgse GBnictligsDypert lagfpiedlac) promoter
25  systems {Change et al., Nature (1977) 198: 1056), the tryptophan (trp) promoter system

(Goeddel et al., Nucleic Acids Res. (1980) 8: 4057), the tac promoter (DeBoer, et al., Proc.
Natl. Acad. Sci. U.S.A. (1983) 80:21 25); and the lambda-derived PL promoter and N-gene
ribosome binding site (Shimatake et al., Nature (1981) 292: 128). The particular promoter .
system is not critical to the invention, any available promoter that functions in prokaryotes
30  can be used. Standard bacterial expression vectors include plasmids such as pBR322-based
plasmids, e.g., pPBLUESCRIPT, pSKF, pET23D, and fusion expression systems such as GST
and LacZ. Epitope tags can also be added to recombinant proteins to provide convenient

methods of isolation.
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honogeneity are nost preferred. Once purified, partially or to honogeneity
as desired, the polypeptides may then be used (e.g., as i mrunogens for

ant i body woadieissan) . [0108] To facilitate purificati onprofi/ush@2foewszon

pol ypeptides of the invention, the nucleic acids that encode the fusion

pol ypeptides can al so include a coding sequence for an epitope 5or "tag"

for whi ch afP08%l i Fireypressivdiohysipe agjureptides ingrraliarvie éellsesbaw‘gﬁre% gf: 3sui t abl e

epi topes inglyde, thfa@fumfﬁn@iﬂ%e\{)aﬁlcnﬁp&ew@t@%&és isGHRITES HueMpréBeleicin Usef ul
for reconbi nant production of fusion polypeptides having these EPItOpES are
commrer ci al | e eliinddflinegqnes that hayerfigen ¢legpd Aropcas ?%ﬁ&“@l oidgfere/egopppremoters

PCDNA3. 1/ Weanme%s&ln%pé;%é t%é\lﬁyﬂd'd%p%@pr&%t&@éah&mﬁs% PRKRECR 2ol D E,

manmal i an celldg itional expression vectors suit for attaching a
10t ag t o5t heolf éwwnép@?réuﬁ@l%bacneﬁ@ PrOyases arewellhwrblaﬁlweagtﬁﬂ%rﬁng det ecti on
systens aregkpea &o ihRAH6 A et%ktdullcl Abddbdi REa1 aBhoterANEpRENE! Slied R

comercial ly avai | abl e ( AG' (Kodak, Rochester NY% Anot her exanpl e
of a suitabP¥resgigs fhe Pé’t%ﬁlﬂgmeslﬁ‘ieﬂﬁlwrfb@aﬁ@ﬂfc‘@e SHT el iBgcitimprab Pl of bi ndi ng
to netal chelabgialbdt & ¥ ldeaangsro by RiRa); Mosbh % AdhaeRRb2:bixi4sdi nes (SEQ
I D NO 63) are used, although one can use nore or |ess than six. Suitable
net al chelaﬂ@8l55$$ﬂﬁﬁﬁﬁ”ﬁmﬁﬁﬁﬂ§yﬁﬁﬁim%%W“§§WWé”H§W$ﬁ@ bi nding moiety for a
pol yhistidine tag include nitrilo-tri- acetic acid hﬁ(? (Hochuli, E.

(1990) "1Pur IFIPQat Fekaryofic expreatit atams for oraimabangetly yerst and inseel catls fﬁgwe”
adsorbent " | Gk LHGnERYLRG EhRficially LG 97 yaBd MekhAdag. Yedf.  Set | ow

Ed., Pl enum Press, NY; commerci al g.aval abl e ron1cg%g (Santa Clarita,
CA)). 20V. Metdestisg pbynidy (s YIpDeEnd Yeast Rentieating plameidp s ERe squﬁs/@lmmléﬁ

provi des COQJ&W§2 pﬁ%§519§ véc%rs &ﬁﬁuﬂn{g r@!glﬁalt&‘y Céleﬁlghtg fr@l%blldcdcﬁl@nlr%s are
reactions. Such anplification reactions include without limtation

pol ynerase &hipy vsedinteubny (PER)resSONACTg Ao Sé’HQW?Pt?féé’ém‘ll@ﬁa (reRFctoreBet a RNA
replicase, and,RYA dEﬁ@e@%H BistepphAsiad. ()%Hé?gke la;rybék%& ekbrsammldef i cation

reactions as well as 25others known to those g? in the art.

Pol yrer ase éMﬁpnp$¥%E%$bﬁ§“¥ﬁ§#*baMAB@wéénHﬁépéﬂmwgsﬁé #HE% BHFOSFET ons

descri bed hgjigiify éﬂﬂ%&ﬁ&lﬁof%&@ﬁ’éﬁndéﬂtﬁ@ &n%t:t'l&lrbf'ﬁ%\@\ﬁﬁ%r&:ﬁo@éFS@MOQ:EM)On PCR
(rt-PCR) and quantitative PCR (gPCR). [0110] wi Il be appreciated, any

conbi nat i onp@anteﬁerpﬁaft@rpmot%forﬁﬁéﬁf@ﬂ@rse"ué@re?tﬁb@aﬂwﬁ@mawéllf@ﬁdahf*passed by

the present ploMbRAtHRNsar@madhi8s fORbief, bsiRhddan pfo%cetrlcpeﬁle@rbﬂméas@ma@ny 30
conblnatlon of different components of the invention or exanpl e,

anpl i fi 8t i Bfectisalr PofSsioR ineHERYRG &Rl on may utilize Sso7 pol ynerase
conj ugat es conFr|S|ng one or nutations that renove or conpletely abolish
exonucl easelM8tli vEither cqnatiteiiveor gghlpted progrotegscgp it ed delhaREIV! 1YENtiSlch

anpl i ficati QB fiRALHDANSs TWhelddldnbBEold bidal%8h St MULABE oAWAKd gPol ymer ases
conbined with hot-start antibodies. Some anplification reactions of the

i nvent i on nésrsies bafore expesin of)biusign polyRarEdes seigducehiiel feng cxpiesspr2i A E143A

doubl e poi nhetépdtogéds%t&m\m@uyom Adetht §iM8Sors URR .r@ﬁmglaqamaa% Hr heparin.
Some arrpl|f|cat|on reacti ons of he 1 nvention fyaso utilize nutant
i

hybrid gél yﬁ@r@éeé@al‘H@Rﬁsﬁﬁ”@sl@SOf%Sé‘@ﬁtYB?ré&?éevéb? PrESPiof dvAde el Bi t h hot -

environmental or developmental factors such as, for example, temperature, pH, anaerobic or

aerobic conditions, light, transcription factors and chemicals.

[0102] For E. coli and other bacterial host cells, inducible promoters are known to those of
skill in the art. These include, for example, the lac promoter, the bacteriophage lambda PL
30  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 discussed in Sambrook et al., supra.
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5start anti bodies and with additives such as sarcosine or heparin. [0111]
In sone enbodi nents, dye-based gqPCR detection nethods are used to nonitor
anplifi cavoamBsari ons utilizing conponents of the i nveoriusao128e47B9
detection nethods generally rely on nonitoring the increase in fluorescence
signal due to the binding of DNA-binding dye to the anplified DNA For
exanpl e, SYBROYy dadncible promeimden ojhep gigenistF At vlgh ey nd)e,  bi nds
al | doubl e- % rARGed. RV ‘fo"fl%ng)‘feg &€ HePMoth»nlR P}OWE&,Qh@%af@@&LBrérﬂ&eﬂ he
increase in ftluorescence throughout the cycle. [0112] In other enbodi nents,
pr obe- basedwelPGRnatgothersi on met hods are used to nmonitor anplification
reactions utilizing conponents of the invention. Such detection nethods
general | 'y rBig4]orlreisiatiged cenbes Bpels dsedto gahanes xpressiin. d hel @58 #SPER pr oduct .
Unl i ke dye- 4 dheda (18 SEEnIR kL rAoltleRe ShivafadRd DNA,
probe-ba%edﬁéaggiﬁgPﬁﬁggéﬁg _ uorescent?fa@g?gdI?argee-%pécifig pr obe,

whi ch det ectanskpenl fisemsehjdeisoised dpvnbiecamms Hieforaeptoimd ayiborewdindgis M xt ur es
[0113] The BI&S®RqLANSH Qlﬂingla?ig cﬁcfogél byd§t%rrﬁi§§tf6§1 o Qb n Myt Gyﬁcﬁ’ % ®OMPri sing the
Sso7- 20pol ynerase conj ugates of the invention. Optionally, an antibody is
conpl exed wictrhingttve cpdsinyineseassl ribPrrenertanding sip anil fallawing thedprmapstipberton ys a

conpri s€ ong, PLoddPks t&hﬁiﬁﬁion%@ﬁarﬁfaﬁ&? he gilété;lp@i%i\ﬁg&hgﬁ%vy sﬁ‘uc@ﬂlrg i0gd cal

sanple conprising a target nuclelc acid, and/or a doubl e stranded

bi ndi nglelyeRNA, diohdrs forethe efficietigeitighonfod frarpfomn rSep Spiess. cext é98Poh Bdact i ons.
[0114] In cgpdiy &33@%@R§02it may be desirable to include an additiona
conpound as an 25additive to inprove efficiency in anplification reactions,

i ncl udi ng bH)tIO OFTﬂeicmsttrﬁgioE%f E(gmclel)t?%e.%gg@ru&@& }aﬁ ﬂaﬁﬁresitl{gdsy&i RAoRf the

additive is sutficient to increase efficiency of the polynerase by at |east
5, 10, 15, @0 to2&plic@5in HoerinrSusDysctnrs srpr@nmerpesce thoarh £olsthow of kitkt ur e

acking the,adghblteny Lkde] « R REDANARRE From{tete AAM: Ll S an

O#ﬁlegg
osm)lytelnc inan anplification 30 reaction o Invention to

i npr ove 1&f f EsyBrply FlekBrepd fiomothatnips iad¥etpthy SeatiG@eany yiramaieatigees aghown t o

| nprove t he bl §9s%nChiRED! Fhd ol R dYuR fiedFHIRGR@RMS teY be 1992) as
wel | as decggggég%“2$§%ﬁgiékﬁé’P?%§?abiIi? (Cﬁgga“gggda, FEB§eLé%ters,
1997). I n sbtufber nesminytiiadin produce oot plasegdsapnsl userbio[rapgddrecsglles or conpounds
whi ch are produced by living organisns in response to environnental
stresses sufogs Brtfneomepolyprpiicatan be sxpreseddyivtragelivdmly, grcarbd Jepricted framd whi ch

pr ot eCt t heihr cglﬁlluljzlcgﬁul%r%gé}gﬁﬁ)ntoﬁ ﬂ@gﬂt@% lH%l]f ﬂelﬁ?i I?B&ieﬁa@,pﬁqé Em(!)un%{ft O_SO| ic
condi tions. EBnDIytes of “Use i n the present 1nvention nmay I nclude w thout
i mitat2on soluble, active fusion polypeptide may be increased by performing refolding procedures (see,

e.g., Sambrook et al., supra.; Marston et al., Bio/Technology (1984) 2: 800; Schoner et al.,

Bio/Technology (1985) 3: 151). Fusion polypeptides of the invention can be expressed in a

variety of host cells, including E. coli, other bacterial hosts, yeast, and various higher

eukaryotic cells such as the COS, CHO and HeLa cells lines and myeloma cell lines. The

25  host cells can be mammalian cells, insect cells, or microorganisms, such as, for example,

yeast cells, bacterial cells, or fungal cells.

[0107] Once expressed, the recombinant fusion polypeptides can be purified according to
standard procedures of the art, including ammonium sulfate precipitation, affinity columns,
column chromatography, gel electrophoresis and the like (see, generally, R. Scopes, Protein
30  Purification, Springer-Verlag, N.Y. (1982), Deutscher, Methods in Enzymology Vol. 182:
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
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5sarcosine, trinethylam ne N oxide (TMAO, dinethyl sulfoniopropionate, and
trimethylglycine. [0116] In sone enbodi nents, concentrations of about 100
t o about wOQOivsBaf7 osnol ytes are used in nmethods and kipcs/uskoizioe47py esent
invention. In still further enbodi nents, concentrations of about 50 to
about 700, about 100 to about 600, about 150 to about 500, 10 about 200 to
about 400 niwmessteiabounosspeierred aBergtrudiRgl, paviadly wbiohoeweaeyy ysdiredniheret hods
and kits of &lyﬁegh&\m QR be h&ag@gﬁsmq%gﬁ&%ﬁamgm RsfBiony.e used in

nmet hods, rehc n m xtures, e invention is sarcosine
(optionally t
enbodlnents“ﬁbgr??%%'ﬂyﬁvhhﬁ&gggggﬁ%ﬁE%Eg&%ﬁﬁa&%OEE%&%%%%@1ﬁgﬁgg?cnuclelc
aci ds, ef fi eéidatba cokode tha Ses®ndabypentidesten blsqrinde afodinglsgavercader apgpitdA- pri med
double stra » g to the
doubl e- s%raﬁgg%;%gﬁg%%gh%fﬁ%&%uh gﬁ%éttgg%&?%?g%?%“%g§ﬂ$§§%§§ﬁ?§?.On

hybri di zi nginctidpthic mee gnd Yridepmidegeges enprassiomrmsiors usefat foorscerelieant on. To

i nprove t hepI%H@CCEIIOIl bpflug ¥n lyﬂeEﬁdeF%\Xt{Eetflég @plio%s ad éo%r%r&ﬁ%lvgﬁa@[% (e, %2 some

enbodi nent s’ reacti on nlx ure he 1 nvention utilize arin. parin

mol ecul es, hhﬂchmwKéﬂﬁ@géfvvgmysmﬂﬁw@bHNWeéhs%@ppﬂﬁﬁﬁdé@ 1 afersgitabdeact i on

m xture to 'fg g&&esE#ESﬁ ﬁ& £191§th1¥55 CA&QMnQI%FIte squfvegQngJll%bgf&aa'&gﬁ)% nucl eic

aci ds. The addition of eparin can eing limted to a nechanlsn1of
action, 1pr etaem the%@qu@@m%nfﬁrea@eenﬂ%mdﬂorreﬁpﬁfghmgﬁetelfi@w%n%ars kroyrided

tenpl ate ung sﬁl'u“lg he aéta%élgét@ﬁl R b&lﬁﬁe&ﬁfs})&\éﬁﬁaleb(@% FERGaVididabl €. In some
exenpl ary e o |nen heparin is used I n rmethods and kits of the invention
at concentrﬁpﬂ@ﬁgqﬁY)éb@h@fSQ“n@0%hﬁﬁﬂﬂ7@95ﬁgWDﬁﬁﬂ¢mﬁ*@WW%EWh@%éhplary
enbodi ment s ., ARPBF ik 1h$tolﬁ§e?g cﬁ%tm?m%%a%d ¢ Kélg s&gldﬁclgﬁ HisBYBR! (sep at
concentrations of abo to about abou t o about 600, about 125
to about 508D NgHBUere 15U, tlthoutine cauoe maloutess than siy bl mBobchelitd about 200

to about;525Q; Hgf hgaﬁqés thitc e eIk @ﬁ:@nﬁlﬁlgww fdr pBl@ﬁ’xst@eﬁﬁe &P Ac NG MeRslyi-n a
simlar manner to prevent nonspecific bindin pol ynmerase to

non- pri med @awtibied SV AiHedhuticns] %0k Purifgatigy o fﬁc%‘thﬁ@ enpisias rEhmstal t he
reaction ”‘K&Mﬁﬁ?mﬁgﬁghkﬁﬁcﬁﬁaQQ% he&hatPhﬂﬁ&&%ﬁ§wkh%d§@&p§&bhlEﬂty of
nucl eic acid anplification when added to an amplification reaction mxture
prior to anmpBlentm Eeess. DIY: egmmeieiatupgitblntien Siagemcen fbrke (e 1 n sone
enbodi ments, the agent is selected fromarginine (e.g., L-arginine or
D-arginine), sperm di ne, and spermne. In sone enbodi nents, the agent is
ar gi ni ne.

20 W Methods

[0109] As discussed herein, the present invention provides conjugate proteins for use in
nucleic acid amplification reactions. Such amplification reactions include without limitation
polymerase chain reaction (PCR), DNA ligase chain reaction (LCR), QBeta RNA replicase,
and RNA transcription-based (such as TAS and 3SR) amplification reactions as well as

25  others known to those of skill in the art. Polymerase chain reactions that can be conducted
using the compositions described herein include without limitation reverse-transcription PCR

(rt-PCR) and quantitative PCR (qPCR).

[0110] As will be appreciated, any combination of the different components described
herein is encompassed by the present invention, as are amplification reactions utilizing any
30  combination of different components of the invention. For example, amplification reactions
of the invention may utilize Sso7 polymerase conjugates comprising one or mutations that
remove or completely abolish exonuclease activity, particularly 3°-5° exonuclease activity.

Such amplification reactions may further utilize such mutant hybrid polymerases combined
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[0119] In sone enbodi nents, the agent that inproves the specificity of
nucleic acid anplification is present in the anplification reaction m xture
at a concwotwetizeni7of about 1 mMto about 500 MM | n somreTArsbadiomzae s, t he
agent is present at a concentration of about 1 nMto about 100 mM about 1
mMto about 75 mM about 1 mMto about 50 M about 1 5 mMto about 25 nmM
or about 5 with has-stiyentibodBs.nfgmelayppifisatiph ecaglioqh Al theinvaien may PiHEe it or

sperm ne ag@mna ?l}m Jas'esg&ﬁa%mg thJWﬁﬁP\VﬂQ3%¥u@@po%t%ﬂ@gc&}§b1§e@|\$1§1 Exanpl es
of applicable X orns I ncl ude hydrochlorl hydr obr om des, sul fates,
net hanesul f slditvessuciissprgpsrs or haagiat Seme ﬁéﬁé@rﬁﬁ o5 g (@8 INVeniioR ey es
tartrates (ﬁscgutrl 7 Hihfaﬁ%ﬁnrl@ﬁ(ﬁyﬁneréseg rabighd §-ab @)?on%led% iV ieSonitit 84t hbf]C| udi ng
racem ¢ m xtures succinates, and 10Obenzoates. These salts may be prepared
by met hods Harbentibodiestand with addifivessich as srqosingprdspaiie | uded are base additi on
salts such as sodium potassium calcium anmmonium organic am no, or
magnesi um s@itl] dn Sancs¢rrnb0Idamen§a<ll>te -bayi @RCRrfletggfontmegiods #ie usd és@pritor nvent i on
contains el afiinely DAL ufikAs eo @'I#én{s e n%éhtg)na@%htde%@n&%éﬁodgan be
obt ai ned by contacting rhe ne orm of such conmpounds with a sufficient
anount of t geeerBysicheth ramltdrmgtm h@reaweraﬂumscwe signab dygi to Hislbandingef PNdo| vent .
Fxanpl es of yagheRlabl i o ﬁilﬁﬁqﬂ@;\ttmx@% %Swm&dm@ﬁ bbgsRoflefiued from

i norgani ¢ acl loric romc, nitfric, carbonic,
nnnohydﬂ@geﬂmmﬁb@mD@Aiphb@ph@rMGkaH@ﬁ@ﬂ@dH@@@h@Néﬁ@%@ﬁﬂ@onBnﬂmﬂmfdby

di hydr ogenpfogp {}ggthggcr%%lefrrﬂv%(o?escémgﬂ gﬁ&gﬁeéwléurlc hydriodic, or

phosphor ous aci as wel " as the salts derived organic acids

i ke acet;ﬁhaﬁlow h BfHe femﬂoﬁ%ugy tbiGe- iR ek d [&@Jb BhinoddERZSldGo midhfsH N €. 20

suberic ri'c, 'Iac Ic, pht enzenesul foni c,
p- tonIsulfmnMékmmmnumnmwmahﬁﬁgmmnmmmﬁhéﬁ@smkmmmréudaﬁﬁxﬁﬂéﬂ@$%§ In some

ermbodi 1ent secr8LA A 1 RELALILNE oc HALDE SPREMAIRIOAS: Alftks dve

nnnohydroch%orl ori de trihydroc or tetrahydrochloride
salts. [912dsed qPCsR)meth@dm@dﬁmmédO%m sanmedﬂl\{famomb@seéelf%nﬁlrﬁem ure of the

t I N
present i nVﬁLrljotréc:jseés}lt ?a%gg%{aﬁgg?—g}eﬁf g? oXWh%Qie(egts gpemﬁ@ s&]% BET %earr%ﬁgd

conj ugate) as Cri ‘25concentration of about 1 U nl to
about 75 UBNA(e.g., about 1 Um, 5 U, 10 UM, 15 Unm, 20 UmM, 25
Uum, 30 Um, 35 UmM, 40 UmM, 45 UmM, 50 UmM, 55 Unm, 60 Um, 65
Um, 70 U K., orRégtidd Mixyyresar gi ni ne, sperm dine, or spermne or a salt

t hereof at a concentration of about 1 nMto about 100 mM (e.g., about 1 mMM
5nmM 10 nMOl]fﬁ mMYe p%evaelﬂ@nraNb pRO IS re8Fionmivixtdi®s eoipridisg R|Ss&0 nM 55 mM

gﬁrrg:l a?éa %3 mera £ u ateso %%wen?no%pﬁma )6 an %Hlbm ngw%nhjﬂqo mt\/,b 0 1
mM 0.2 nM pcﬂylﬁermdb’l T@e 4adm/h mQOxtresrddn oPtiGrabiponiprige ore or 108 WPSQE;ng opiyprel V] 2
M 3 mM 4 X . Lum e.g.,
Voot 2, at o Bonestoet P e b i s MRl Jo i SRRSEL TR T Dt 2

mM 3 nmM  4strafledDNVbinBing Ny e Gt oty re8gamMisefil flPCREr pivherExtendign rgactiops] 13 M
14 v 5 M 16 PM 17 M 18 MM 19 MM or 20 nmVM; (NH4)2SOH4 at a
concentrati pn14f Iataawm ésﬁedtd\ﬁtﬂmyabdtsﬁraﬂlé)@ inideen gdditiabbegimpd@devian 20 M 30

KCI at ngl c%ﬂ%étgﬁtt?’ %H ovlg eff'7 1en n amgbﬁc%wl% revaM]S fnc%létsxgnﬂ\%t lnR%daéabéﬁl 58 ?n’\/l

60 rTM 70 ni soB© embodiments, mclusxon of the additive is sufﬂcnent to increase efﬁmency 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.

[0115] In some embodiments, the additive is an osmolyte included in an amplification
30 reaction of the invention to improve efficiency. Members of the osmolyte family have been
shown to improve the thermal stability of proteins (Santoro, Biochemistry, 1992) as well as

decrease DNA double helix stability (Chadalavada, FEBS Letters, 1997). In some
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5my 90 v 100 MM 120 M 2120 mM 130 M 140 mM 150 M 160 mM 170

mvj 180 mM 190 mM or 200 mM; a buffer, e.g., Tris pH8.5-9.5 at a

concent r avpani2if3sabout 50 MMt o about 200 mM (e.g., aborCTAG20m}02689 MV 70

m 80 nmM 90 MM 100 M 110 MM 120 M 130 mM 140 nM 150 mM 160 nM

170 MM 180 mM 190 mM or 200 mM) or a buffer (when neasured at a

concent r at i enbagfma@itsiogv)olyt¢sare nzedl rzplechlsh fecoBPoHds HBick art@radhesd b9 P2 pH units

gggu?e%ge n&g %19?&%@1@9t0%9v1%%e§&1 sgessé’stsu%lvl &QQQ&H@t@ﬁgérﬂﬂrlede %ﬁn gOn“rr/li\/f )

80 mvi 90 rrMsamnty AUWhiEh Qo thfvzeellm cmnwanihépwalm@m Oﬁwwalfmsm 170

m 180 mM &99@{},% Ride withdeNRlgza, at a

concentrati %%%gfgyb%sg{dﬁ&%mwl?g@g%ﬁ@ ? zl.g.?wgbout 100 MM 125 mM

150 mM  175santdsin@00metivy lamie DpxigeNiT MALY), cmvpthzlvlsl OmgProBooAtEerd 325 M 350 v

375 MM 400, @H{yw 450 mM 475 mM or 500 nM; one or nore osnol ytes,

e. g, sarc05| ne, net hyl am ne N-oxi de (TMAO), di nethyl sul foni opropi onate,

?gdg“' et Bydlggym@%aw @%&hﬁm@aﬁ&@ opgboamwto éogum\v;b@ mgmgm 0B89 mraw 150

M 140 m\ atSedinnetheds mwkntﬂof@hmsemwem\qn melllrﬁwheoﬁmmnw Tween- 20

at a concen f 2B adutlstpy, 0. 2%

0.3% 0.4% Mn%&hag%g Ofﬁ%%g%o 9 gna{% tﬂg) %%ﬁgfeor?? ? gﬁ%ﬁmg?bog bout a(%t)ltto about 10%

(e.g., abouabOB%OOZQ/@b@%OOAtW as%abw&owqabWéS@w osEwiyies proesdgip mgthods

concentratl O/t W dlm/qn thodY8eadiéh 2. 5% 3%
3.5% 4% Q@Oﬁtfs ﬁ%gg\t\lg oh. gbs%plggg%bc]rgr%x(tg‘t&osm@?g Tse e % 9ea5% or 10%

f1 uor escei nmattures, ehige ﬁlatlrlvelrlfloofls atrotine @POQRLY %téheeﬁ%‘t?thsil‘ﬁg@o@f% atieny. |

about 0.001% 0.002% 0.003% 0.004% 0.005% 0.006% 0.007% 0.008%

0.009% or MI0A%) In samel cdoliraéntsd pargcudiyly if the gmpliftoptien efdowtyeny tajgetaucleic

0 8% 0. ox, s PR aschenss & BOURE K yGheres2 B0 o MO o

been di $60veunddc dibtargetic Birgingrof tie pﬂm@@qtﬂt@rdoakﬁwt’mii@d@lig@ﬁerblae‘{eiﬂbn can 30

i mprove anpl,] ' b S¢ M@ atidnl 1S

bel i eved tha £é t&%&t‘g?@? ﬁa?&rgﬂl& ﬁ%d%%n\)g’ (ﬁg@?%s qu l}:lnjg%g%ego] n]g ma)t;é] t han

0. 027 pH unretasth@eﬂomgpe@hc}nﬁkvéﬂlt}béﬁhﬂ@wﬂwsaﬁtﬂ pampeddeplafes.Haset he same

effect. Thu OViepa A b@@dlé&d@h £ 0.

HEPES ( ( 4- (gmh‘gagﬁ%r{?e% ’?E’ -’m-’)é%&fglﬁeg%ﬂgéﬂtgﬁggeﬁ%?‘ oni ¢ acid)), ACES (N-(2-

Acet ani dO) are gpganvdy h}mq@guqaﬁ d;mn@ludqq 1a}l1e recp@Egixture to mimic the electrostatlc

(pi perazjn I AR hout being limited

T R s e S S R e s

hydr oxyet hykya rzeCéﬂwmef 49tipie SUEV 16 A SRODEerast/fomg binding to the double- stranded

(3- (N-norph rAiLthplatl BR lable. 1 1

(N-Tris( hyd%f&?r%ﬂ%ﬁngé%in-g% lglm notet%gtnesgmeséarllvlaé:a aecl a)s?mql'f&(lggg)ary

(34NTri s( hyalfnb@gnn@ttwgaﬁmswwamﬁwé]odszaﬂdw? ebhpiypaine S PPGRIRIOATI dPoUt POPSO

gﬁ' Rfrblag'(geﬁo éo?ag)glntyg?] %/?( 35 @Iﬁ{ﬁé@ﬁ( l%%%%@élﬂnfeﬁl@h@pa@-ﬁhms}d inBheil J¥Eand

(N-Tri s@ﬁydkéngﬁﬁ/ lhyﬁln)lﬁ'mtﬁy@ﬁgra&ﬁﬁsrféﬁ‘?%‘ﬁé%@sﬂéw&ﬂ@ @boit il @) to agut pR &Rt

(N-(1,1-Di W&@%Jabm%s@o'%&%mtbxwm BoREB RO B-th ¥SHLOI0PERRBAL S U foaBbE 23€i d) .

VII.Kits [012 3] I'n oné aspect, the present invention provides kits for

conducti ng Ree é?tberamlwﬂmbrr?mnﬂﬁ fhe gttichber usetipiagiailar MANSH PP B rent s,

such kits i @]ﬁzlcmé%nﬁmg%@%eQQI&%%E@%%O@— 0@ Ble-sBidicORMpRRal | y dNTPs, and at
| east one buffer (e.g., TrisSs or a burfer (e.g., HEPES or POPSO haV| ng a

change of n eln slaﬁlg eLQlb(chZrZelm_'tﬂéQégcﬁonplﬁfxng@sggﬁﬁl159 amg@lt hetinpgrNeZR0 and 37

C). Such ki y al so 1 nc rimers, probes, stabilizers and ot her
addi tives (epeglﬁcﬁlap@uniewelcld§meh aapmwéhenseﬁé@drfp ﬁ‘éa‘nﬁé‘ﬁaﬁ*qnﬁ“’éﬂ%ﬂ BXEar cosi ne)

to increase ghgﬁﬁto glfnplllf?c'ag& CoHh tl%ftar%g%ué-lé@%h h‘Io'le%EﬂE' erkoﬁ]@@ﬁ%(ﬁméﬂs PGBt s may

al so include one of nore priners as as instructions for conducting
nucl ei ¢ aci geleatqsl ficin eraining fe-2- elaretgindresor IPsargigineh ePcEBRPSAEA RSBt HSORFL s.

embodiments, the agent is arginine.
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[0124] In a further aspect, the present invention provides kits that

i ncl ude conponents that inprove the efficiency and specificity of nucleic
aci d anplwbi2eeti38417r eact i ons over reacti ons 20conduct edPagiusgoicoedrent i onal
reaction conditions and reactants. Such additional conponents are descri bed
further herein and include without limtation hot-start anti bodies, and/or
addi ti ves slfdFladnsepcarhodancadthpagsar s, ‘mEWIﬂLGEBCCZ@T’GPﬁS‘}C i ol | owi ng

exanpl es ar ﬁnﬁlmcﬁm%jprgsgml ih k%%‘nﬁﬁﬁ&tlopﬁéﬁctﬂaf?h Li@re lai M cheentrBi@nGlr aboied
i nvention. anpl e [ 0126] series of Sso7d-pol ymerase conjugates were

gener at ed b@%’@ appit Q@QHMD IN@’“ZS fgodineatsgBt §ae8YiaRESHbHRICANCEHERTSED APPHING 3 as

the Ssovd dpﬂm{éabJ&Qo@&MQb&@mmtovﬁ%ut%M%ea 1abMROSMT aM28hotd | d- type
Ky or 43 (wld-t R). The resultlgg connwgates were tested by anpl i fying

a tenpl at e MiAo l’ééﬁlr“é/l ahebogel BM Prgeuthe™Mesul ti ng product with SYBR GREEN
using melting tenperature analysis. A two-step PCR was perfornmed to
amplify 185[0;1% i Benprainigs a8 midaiefgd/or spgrmphe 2gsita otibe pregrat invagor DNAPS S

tenpl ate. r HSB%Q PibpRLBreRaf! i ABI ARG Jc MR ki R AL bHR M, T egul ar
2-step PCR rotd%[)}fg%sg\%l ]E% c(i)e%é)tur e?tl onO s%@p” 9%(% aﬁd ?igyl Iooweél by 30s

anneal - ext esvdfaigh methapesnlforgtee ﬂlltrﬁtféaéﬁeaéfﬁpﬂcﬁﬂeé&tfﬁaﬁﬁ fepepies. argresfceycl es of
PCR anpl i i Gak] ORI rPek oP&Me@tngJfQAclhﬂY}%c;acQ%léﬂﬁ thres%_@uc\éﬁna@;@@hd’ sis using

0.5C terrperature I hcrements wth Ss i n each he nmelt- curve
anal ysi $0 wakengeséss. Thesesadls qay be F’@P@@H@dﬁﬁﬁh@ﬁ kyown i ﬂ@ﬁe jkglled it wEHHPQuUe to

charact eri zg @bl &s.5¢ LRANRE aNRh(d STINM, pBASEM, RRcReihmEli SR agEAll On

(nmel ting) behavior as they transition from dsDNA to singl e-stranded DNA
(SSDNA) wi t #minper Bagiepymisalinss p simileesa{tTHjhen phaggeiné the presed iysttios &otigite was

anplified bﬂélan%/ Qa{sﬁcq{mcttlgnefrﬁgst a&&’ﬁdﬁ%ldﬁ@ﬁﬁ%% Be obﬁﬁﬁe‘arbghc&gacttlﬁg +Hohhgral
nucl eoti de sequence, |engt GC content, and strand r’?I enentarity
i

nel ting of foeﬂob%blm@umthhgﬁ spEhciensamRyn ol deszdesiesd aglﬁ £1i e84 ng

t enper ag gir esunm@rn@;& e@eem sngpees BBAckeRPRkaciddliGal Q%s PORISMES! dbiifedER
product. Ml tiple peaks indicate the presence of non-specific products in

addi tion t oinplganis prads ke by gpgioricoyimbrappie. ndrie.1arbgg s, d”‘t'19‘ﬂ9/éir<t$6‘?ﬁa[§’@&‘€e
generated CoRSHHIGE, Mngllﬂ%e%ﬁﬂhgh@ d@dbGbBosphorR; sulfl®d, Wo peaks in

mel t-curve anal ysis), a nunber of substifutions at the position
corr espondi mEnehydirgsyl Bics ydeodia of PRoPRIGEYS agidsiapg fhy liks, ag well psdfig saliy

non- speci fi grped Ur@?rﬁ@é“c@ds@&& hdéh& ){)ropMdtcaBB&tylrﬂ whikie hnﬂglﬁc \b@ﬁzo@h@x@@ﬂd to ally
of S T, C P, npr oved act|V|ty speC|f|C|t npar ed

to the R®8 WO f}’ﬁ@”c F@‘Q‘M ré‘ﬁ’(‘}elmBIFQh*Wéf@“%‘ES”ECP'@?prtP'&iH@C‘?'V pEt éf‘arf‘han

wi l dtype. ThemkRQuail MalkheIKe7 tr Bk ¥HB6BSEnts; AtfiligatREmitiRS Aot peinusked t hose

havi n
g salts are monohydrochloride, dihydrochloride, trihydrochloride, or tetrahydrochloride salts.

[0121] In some embodiments, an amplification reaction mixture of the present invention
comprises: a polymerase (e.g., a polymerase-Sso7 conjugate) as described herein at a

25  concentration of about 1 U/ml to about 75 U/ml (e.g., about 1 U/ml, 5 U/ml, 10 U/ml, 15
U/ml, 20 U/ml, 25 U/ml, 30 U/ml, 35 U/ml, 40 U/ml, 45 U/ml, 50 U/mi, 55 U/ml, 60 U/ml,
65 U/ml, 70 U/ml, or 75 U/ml); arginine, spermidine, or spermine or a salt thereof at a
concentration of about 1 mM to about 100 mM (e.g., about 1 mM, S mM, 10 mM, 15 mM, 20
mM, 25 mM, 30mM, 35 mM, 40 mM, 45 mM, 50 mM, 55 mM, 60 mM, 65 mM, 70 mM, 75

30 mM, 80 mM, 85 mM, 90 mM, 95 mM, or 100 mM); dNTPs at a concentration of about 0.1
mM to about 10 mM (e.g., about 0.1 mM, 0.2 mM, 0.3 mM, 0.4 mM, 0.5 mM, 0.6 mM, 0.7
mM, 0.8 mM, 0.9 mM, 1 mM, 2 mM, 3 mM, 4 mM, 5 mM, 6 mM, 7 mM, 8 mM, 9 mM, or
10 mM); magnesium, e.g., MgCly, at a concentration of about 1 mM to about 20 mM (e.g.,
about 1 mM, 2 mM, 3 mM, 4 mM, 5 mM, 6 mM, 7 mM, § mM, 9 mM, 10 mM, 11 mM, 12
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20 sequences according to SEQ I D NOS: 35-42. [0128] A two-step PCR was then
performed to anplify beta-Actin anplicon (ActB86), using 1 ng of HelLa cell
derived obbaoesi3ganpl ate and under the sane conditions asTdadss@rioked above
to evaluate PCR specificity for R43 variant Sso7d-pol ynerase conjugates. A
nunber of substitutions resulted in decreased nonspecific pol ynerase
activity. FoM 25eRhripim, mMntésmMa {HilmMe A8 RS 1Mot 3h el &ﬁﬁﬁ?‘* 82 G A

S, T, G V. cenltratld}{lofgbouMOQMtg’ab(g\Jnl@mM (e K., a®ut WHWZ@)W@UW@@“ vity
(specificity onpar ed he R43 wi | I\%ﬁ WR43M ad a slight non-specific
¥

shoul der, bub, \ﬁ&gﬂ\@wplmM,smng §0craifs PGm erME GRPHIEYH c€ok i Pt ype. The

RA3 vari ant cone@fatRl of %u@%m%lamﬁﬁﬁmk/?%gegbduﬂgj HEedo Livese nvd\Wong
sequences according to SEQ I D NOS: 43- 60 0129] In addition, it was

di scoverad mNaP0 mdh-18pmM. il ¢ mpbIIghaMad a0 mdtil§e milL ¢ hmid. 460 BM. § “hded by

addi ng reagegt vt Roldd, &S00 mcab&ﬁrrpgtws H $CRs WBScoRednfrdred a e npl i fy
18s anplicon (18568) using 10 and 10 @of HelLa cell
b

derived cDNAMa® abetigfGnd (eqpeﬁr@llwé%mbb%@ 6%€8 “ﬂ\’élgﬁg“]\é Yepih 50 PMsildp PCR
protocol Wi tky 550 HENFHLAL I AmBE €50 Ak, PECnen e ald, e3weeMbYoo3RS1, or 200

anneal - extension stép at 60C in each anplification cycle. Forty cycles of
PCR anpl i f i @¥DiocpmBufigs fehes arcpsuerd abaeongeiiratie 9féviey) thyt hr?‘éf‘ haggr f@OH0A ysi s as

descri begl aﬁ&%&’@ozﬁ;ii{?mﬁ{é%blidegﬂ%e OfwHen ALGELH b€ afiPTYO Y SiraQE Rt dt AR of AfutsM |,
sperm dine trihydrochloride (5 mM, or sperm ne tetrahydrochl or| de (5 or 10

m) further m%@@b@ﬁ%ﬁ%@@l fbaut aaM \,liotnil\"xﬁ5 Hetlad7 ol Bdl PREPASE M) ugat e

vari ants tegd e o0 hive 1WeSM, U6 R&A, 1261RNVDNSE AL 840 b, ARCRM, 860HhiS 1181 ng
reaction mixtureés containing 10 mM L- ﬁ;?l ni ne m)nohydrochl oride at

di fferent teiplldtaMotant Pa%qocsw\@ efdisasanarsienge t Erhalosen )2 corsAFicRA t o t he

control s | aghln@ofinige @Jogﬂ Job A8V (& N eabb@r e sReNds nm reamM,ans mdanb@invi,ng free
argi nine had nore specific product and consi derably | ess non- speC|f|c

product lat &BchM: E1Pprdt &5t e Rt FomMap ool S e 400rHE: e et 38

argi ni ne i np&NaaN&MIGr 500N LAE orf 1948 baRA RO ¢ GRS i B gRIAty IAMiINS WIoRIdWAS
tested. Amplification reaction m xtures contained an exonucl ase f| CI ent

pol ymer ase {(13EtP). pmathyBorimprigiiceddipmethgl sine ¢t S8 adirs! A°Us

NO 38) at amhi mbomcmm(re@t laBdut 86 mdRGU M40V s0amd, @0 P, YORhES €10 nh| bi t or

(one of two different chocol ates %En veonet or Tanzgnglﬁ&) a con;ryg)ﬁ

i nhi bitor). Ak d?%i“%l%@wbﬁf‘({’f’%] G oM 15bREL Sk ! LN ¥ed at a

concent p@t i ARNOTwH-20M 4 @nadtabii@roraBiut 0fl usaaRues. S%Tblgz foned. maeur TeNt age

concentration of chocolate in the qPCR reactjon ranged r/o&] E% PCR was
i é 8

performed t &3 4npfir Y OmReINsRE irE D TP EABARO 16 2 Ouugi/ﬁ% ouhy Yt L

derived cDNgy,a81@nBhate, 79RCR Mas 0pgbMsoet dd)ﬁbdhgatl’cﬁg)lﬂ higviut R4 $d z&putPCR
protocol with 5s denat ur atj on ste Il o o

anneal - ext ehSP &i€-A8Y 18t 18¢fc21n 2ééfc%"2@§ }1?‘ Sc/g L/"o%%({%/g%egg%oﬁ‘v 5(,/y’cl es of
PCR anpl i fi gat . onsomer R, eal %L Huediceianta &cmhénmm doyibare b 06 Cutoboanal ysi s as
descri bed ab

v Ccess t ?v b n
anpl i fi Eéti%ﬁlgﬁﬁg A8y G Wi%%@d? @J‘){’ﬁeg@w &Wﬁ?@? ﬁ‘gﬁjt/e ) °§ 408 o
di fferent copeeatoxr &'()l%n%nd)DNlArﬂ’hhcbﬂgt@/E (d.pdiyadhedyehaw comdehtrdtioe of ghact i on
m xture tol tes t gm'nhig't r r b 53{3‘ o] [ h esence
of hi gher c@ﬁgé%i*t}"aﬁ%% & b ?(bﬁ%r(,f%&ooo&’ P gﬁalrr%%’iez%’ 23t go’?r%'
250bserved fxr4.4hersepgent m xture in the absence of arginine. In contrast,
reagent mxture supplenented with arginine still exhibited good PCR
anpl i fi cati @a2gvemhishedhBscBi @RS enddfsicd%f POPSDIt DrampHnggies tdatt@nkigher
i nhi bitor tol erance,
3 improve amplification specificity, and based on this discovery, it is believed that any buffer
(e.g. ,POPSO) having a change of no more than 0.027 pH units per degree C when between
20° and 37° C will have the same effect. Thus, the reaction mixtiures described above can
include, e.g., HEPES ((4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid)), ACES (N-(2-

Acetamido)-2-aminoethanesulfonic acid), PIPES (piperazine-N,N'-bis(2-ethanesulfonic acid),
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[0131] It is understood that the exanples and enbodi ments described herein
are for 30illustrative purposes only and that various nodifications or
changes iwol2opphi3s4iher eof will be suggested to persons skecriusdoizn2i/be art
and are to be included within the spirit and purview of this application

and scope of the appended claims. Al publications atents, and patent
appl i cat i on¥@ASC@-(Nelepholmpk2- hedretyproparea Bicatcit: BES MNaRdhgtice in their

entirety f Ohy (ﬁ%)! e@glgﬁ%ﬁ%ethaﬂ&{ﬁ%nlc%c%%wpd - mo%oﬂb)é@&zes@%lﬁmr ase

conj ugat e proteln nmprising a omain 2linked to a ner ase;
wherei n: 3afcidnt E%(%é@rlt{hwow%thw@?thﬂé‘nmIHO%IW?S@E%%%W%T/{) %éNof SEQ I D

4NQ 2 i's nOEFnL(Mysdr nfe })m@tﬂ érgfno a8 é@iy’ﬁ%p%&lﬂfo@fo Aclftﬁ %0 @%ﬁk’ﬂe-
2

corresponding to R43 o is not arginine (R, 7wherein the

conj ugat & pNeY'disfe- h&owp@e@w&f@@a apigh- BIGEE £Y.B-Disepr hY¢rP>@éﬁlv%yc81§é=ﬂf‘\PSty
conpar ed toggrlghgﬁsmﬁlyl)ﬁh@mw ﬁﬁhmsaaﬁarngémfs@@wga&mgpmgu o, i-Bidkygh the
(0]

am no acid Sso7 domain corresponding to DNO2is
lysine (K) amydorestahidmmiaerdydrosprepressgisT dishai n cor respondi ng to R43 of
SEQID NO 2 is arginine (R). 12. The Sso7 pol ynerase conjugate protein of
claim1l, whé&lkin Kie non- 2specific anplification activity of the Sso7

pol ynerase conjugate protein is reduced by at | east 310% conpared to

non- speci fi 123ipl infone aspeathatdevt ihyentifn privddesduits fop bondoeijng gatleic pridt ei n.

13. The §§07a&&kf%%&n@gzﬁtig&mlH%%te%nﬁ))%ﬂ}n%ing, sgéh 1843 ?ricmdé’a S%%oﬁjn@rgspe am no
conjugate, and optionally dNTPs, and at least one buffer (e.g., Triss or a buffer (e.g., HEPES
or POPSO) having a change of no more than 0.027 pH units per degree C when between 20°
and 37° C). Such kits may also include primers, probes, stabilizers and other additives (e.g.,
arginine, spermidine, spermine, heparin and/or sarcosine) to increase the efficiency of the
15 amplification reactions. Such kits may also include one or more primers as well as
instructions for conducting nucleic acid amplification reactions using the components of the

kits.

[0124] In a further aspect, the present invention provides kits that include components that
improve the efficiency and specificity of nucleic acid amplification reactions over reactions

20  conducted using conventional reaction conditions and reactants. Such additional components
are described further herein and include without limitation hot-start antibodies, and/or

additives such as sarcosine and heparin.

EXAMPLES
25 [0125] The following examples are intended to illustrate, but not to limit, the claimed

invention.

Example 1

[0126] A series of Sso7d-polymerase conjugates were generated based on SEQ ID NO:2
for the polymerase domain and SEQ ID NO:3 as the Sso7d domain. The Sso7d domain was
30  mutated at positions 28 (wild-type K) or 43 (wild-type R). The resulting conjugates were
tested by amplifying a template DNA molecule and detecting the resulting product with
SYBR GREEN using melting temperature analysis. A two-step PCR was performed to



2acid of the Sso7 domain corresponding to K28 of SEQ ID NO 2 is not |ysine
(K). 14. The Sso7 pol ynerase conjugate protein of claim3, wherein the am no
2aci d of wbeofgBs4idonai n correspondi ng to K28 of SEQ | DrNDUR2012/03aBeCt ed
fromthe group 3consisting of serine (S), threonine (T), cytosine (O,
proline (P), aspartic acid (D), glutamc 4acid (E), asparagine (N),
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i sol euci ne

tryptophan CUPEHPRas EFxoBRAR ARl Mue BEBLRLIG PCRprobh WL ot i
of claim 1, dwhierasibmsterhe 9816 ad folioved by BOstdnacaSsdThsipo vgb At &d OF rreegﬁipndl ng to R43
of SE.Q I D N%xé;ﬂﬁ?%&%&ﬂgr%rﬁl c?ﬁes(ﬁ)PCR %Tﬁ@@%ﬁ%reﬁ)%}fm}%& oﬁ&Wdngat e

protein of erel e am no Zaci e Sso/ donaln
cor r espofdi mglt-tovRaBlyek uSEQ P ROpZatue isetrestsedth sdmdiheachsiorplBaentsi sti ng

of al ani ne éﬂ%a(@glga/fap@seé Qwaaﬁpﬁéﬁlsﬁeaﬁﬁlt}d v\(l%@h’ls g e%n%ma %o &E}agter(l@

phenyl al ani ne I sol eucine (1), lysine (K),
| euci ne (L) doubiztstraadei MaNA MDNBthgaiqghmedlemlatlcgll(amm)wéhe(vagr asdeyine (S),

threonine ( ‘;FAHS'U\AQ#IJOH%S&M)% to E&é?%&’&ﬂ@dbﬁl)&v@ Wﬁ)%thgcre@lglxé ten@&qtuw(q{’d) ne (P).

17. The Sso7 pol ynerase conjugate protein o wherein the
2pol yer as elrwbgalamgeaﬂeh%llt%\?*@@ﬁmllﬁmlS’ PG ¢ Bels eureecanplypis. yAccardingfe Sso7

pol yIer age ﬁxgm(\c':f&)%hgseﬂ[lé?{cgll&tg ge'c&htmtJand\é@ﬁ@%bﬂplgmgm?ﬁg%e%qlg%@p@w S

substanti a dentical to the
first 58 orp@ducts will give a single peak of spec1ﬁc meltmg temperature. Therefore single melt-peak

indicates one specific PCR product. Multiple peaks indicate the presence of non-specific

products in addition to the specific one.

[0127] While the wild-type conjugate generated considerable non-specific products (i.e.,
15  two peaks in melt-curve analysis), a number of substitutions at the position corresponding to

K28 resulted in improved activity, i.e., reduced non-specific polymerase activity. Mutants in

which R28 was changed to any of S, T, C, P, D, E, N, or Q had improved activity

(specificity) compared to the R28 wildtype. R28M and R28R were not significantly better

than wildtype. The K28 variant Sso7d-polymerase conjugates tested included those having
20 sequences according to SEQ ID NOS:35-42.

[0128] A two-step PCR was then performed to amplify beta-Actin amplicon (ActB86),
using 1 ng of HeLa cell derived cDNA as template and under the same conditions as
described above to evaluate PCR specificity for R43 variant Sso7d-polymerase conjugates.
A number of substitutions resulted in decreased nonspecific polymerase activity. For

25  example, mutants in which R43 was changed to any of G, A, S, T,C, V,L,, M, F, Y, D, E,
N, Q, H, K, or W had improved activity (specificity) compared to the R43 wildtype. R43M
had a slight non-specific shoulder, but was still significantly improved compared to wildtype.
The R43 variant Sso7-polymerase conjugates tested included those having sequences

according to SEQ ID NOS:43-60.

30 [0129] In addition, it was discovered that non-specific polymerase activity can also be
reduced by adding reagents to the PCR reaction mixture. PCR was performed to amplify 18s
amplicon (18s68) using 10 ng, 1 ng, 100 pg, and 10 pg of HeLa cell derived cDNA as
template. qPCR was performed using a regular 2-step PCR protocol with 5s denaturation

step at 98°C and followed by 30s anneal-extension step at 60°C in each amplification cycle.

34



3am no acids of SEQID NO 2 or to the full-length of SEQID NO 2. . 19.The
Sso7 pol ynerase conjugate protein of claiml, wherein the Sso7 2domain is
at | east WOuixsstircal to SEQ I D NO 2. 110. The Sso7 pol poEnss@20e47pugat e
protein of claim1, wherein the 2polynerase is substantially (e.g., at

| east 60, 75, 80, 85, 90, or 95% identical to SEQID 3 NO 33 or SEQID

NO 61. 111. Firey c3sles7ofp)é1qumlés@oew?rag@t@cmt@tde”pﬂpwrd b [megiltrpnv® anakkséradi n t he 2
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conjugate protein of erern merase domain has thernmally
stabl e pol yhiydigehlaie{vinky, ormesmmnéet@wocbbrlyqvéroaéﬁmé@rfprﬁgateéu%ﬁ@@@u n of

claim12, %&ﬁi} Qctlnln}eoi%f?@é%%gﬁﬁﬁelg&%ﬂgdtesva@laﬁté{pst%&/ ﬁumis%ﬂﬁ{eﬁse domi n.

114. The Sso/ polynmerase conju rotein of claim 13, wherein the
2pol yner as edammeiatediis GECRRaeispeing rr@@fa@ém&f@f?ﬁpwtaﬂll%mﬂﬁéd Isggminsol yner ase

conj ugate plé}glti&:#ﬁ}oaﬁorﬁile% mfg'rgmt t&@;ﬁét@hcfhc&%ﬂ&ﬁ@r&ﬂ?@ sk lg%ﬁ'ébxﬂpﬁre@ ifamly B

pol yner ase 116. The Sso7 pol ynmerase conjugate protein of claim 15,
wher ei n t hethg conirolsriack g éreel angiuiing. fhe cdrresppniiie egitoas gonajring faceraagieing b mi xt ure

conpri sing bR s PRIWKTRE 8SRiEAD) YIahs-PEAEEHDBARPL: cAMMeRflaE! @i M5 1-16.

concentration.

10 [0130] Next, the effect of arginine in enhancing inhibitor tolerance of qPCR reagent
mixture was tested. Amplification reaction mixtures contained an exonuclease deficient
polymerase (SEQ ID NO:33) conjugated to a mutated Sso7d domain (SEQ ID NO:38) at a
final concentration of about 24 U/ml and a polymerase inhibitor (one of two different
chocolates (Enlveonet or Tanzanie), a common PCR inhibitor). Arginine was omitted from

15  one set of samples and added at a concentration of 10 mM to another set of samples. The
final percentage concentration of chocolate in the qPCR reaction ranged from 0-2%. PCR
was performed to amplify ADAR amplicon (ADAR_162) using | ng of HeLa cell derived
c¢DNA as template. qPCR was performed using regular 2-step PCR protocol with 5s
denaturation step at 95°C and followed by 30s anneal-extension step at 60°C in each

20  amplification cycle. Forty cycles of PCR amplifications were carried out and followed by
melt-curve analysis as described above. Success of PCR amplification (as reflected by an
amplification and also evaluated by the Ct value) in the presence of different concentrations
of inhibitor indicates how well the reaction mixture tolerates the PCR inhibitor. For both
chocolates, in the presence of higher concentrations of inhibitor, poor or no amplification was

25  observed for the reagent mixture in the absence of arginine. In contrast, reagent mixture
supplemented with arginine still exhibited good PCR amplification even in the presence of

2% inhibitor, suggesting higher inhibitor tolerance.

[0131] It is understood that the examples and embodiments described herein are for

30 illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by reference in their entirety for all
purposes.

35



18. The reaction mxture of claim17, further conprising at |east one of or
2nore ol i gonucl eotide priners, one or nore detectably-I|abel ed

ol i gonuclwotznei3priobe, a 3buffer, nucl eoside tri phosphatres/Uusarizab4i739 a DNA
bi ndi ng dye, or a stabilizer. WD 2012/138417PCT/US2012/024739 19. A kit
conprising the Sso7 polynerase conjugate protein of any of 2clains 1-16.
120. The kit wefATisaditaIMED feurt her conprising in the same or a different
2fpntainer thgt contains the conjugate protein, at |east one of one or nore
ol i gonuc| eoti de 3prinmers,,o0 - : i ] eot i de

pr obe, aibuffer, nucl eosi e§;g??%ﬁ%@%ﬁ%ﬁéggggggg(%?ngﬁgﬁ?%#%g?ﬁﬁﬁdye, or a
sLabiIiﬁbg.gﬂzdm%puummkaWh%mmlifying a target nucleic acid in a sanple,

t he net hg conprising ing i . [INoRTY: To e I ction

m xture tonpri sing: 3a.aﬁmﬁgggVQ%ﬁgggﬁ%%égﬁ&gﬁgﬁﬁﬁkgﬁ@§%§%¥qggFgﬁgrase

conj ugat € pNOteis notdysirer(i{);ahd/cl ai ns 1- 16, 5Sunder conditions to allow for
anplification of the tar %%nﬂ%ﬁk%

. o MRt
anplifyi%g the target nucleic aC|dgﬂ%%%g&%%&ﬁ%%ﬁgggg?hgﬁéyﬁfg%?83%erein t he
met hod cenpNOskis nat apphiyer@)ase 2chain reaction (PCR). 123. A nucleic acid

conpri si 79 a pol ynuc lw%g)rtef-nqﬁe c%ﬂﬁxgﬂé &%tegrh%s §§cheased non-specific amplification
8  activity compared to an otherwise identical control conjugate protein in which the amino acid
9  ofthe Sso7 domain corresponding to K28 of SEQ ID NO:2 is lysine (K) and the amino acid
10  ofthe Sso7 domain corresponding to R43 of SEQ ID NO:2 is arginine (R).

1 2. The Sso7 polymerase conjugate protein of claim 1, wherein the non-
2 specific amplification activity of the Sso7 polymerase conjugate protein is reduced by at least

3 10% compared to non-specific amplification activity of the control conjugate protein.

1 3. The Sso7 polymerase conjugate protein of claim 1, wherein the amino

2 acid of the Sso7 domain corresponding to K28 of SEQ ID NO:2 is not lysine (K).

1 4. The Sso7 polymerase conjugate protein of claim 3, wherein the amino
acid of the Sso7 domain corresponding to K28 of SEQ ID NO:2 is selected from the group
consisting of serine (S), threonine (T), cytosine (C), proline (P), aspartic acid (D), glutamic

2

3

4 acid (E), asparagine (N), glutamine (Q), alanine (A), phenylalanine (F), glycine (G), histidine
5 (H), isoleucine (I), leucine (L), methionine (M), arginine (R), valine (V), tryptophan (W), and
6

tyrosine (Y).

1 5. The Sso7 polymerase conjugate protein of claim 1, wherein the amino

2 acid of the Sso7 domain corresponding to R43 of SEQ ID NO:2 is not arginine (R).

1 6. The Sso7 polymerase conjugate protein of claim 5, wherein the amino
2 acid of the Sso7 domain corresponding to R43 of SEQ ID NO:2 is selected from the group

consisting of alanine (A), cytosine (C), aspartic acid (D), glutamic acid (E), phenylalanine

(%]

(F), glycine (G), histidine (H), isoleucine (1), lysine (K), leucine (L), methionine (M),
asparagine (N), glutamine (Q), serine (S), threonine (T), valine (V), tryptophan (W), tyrosine
(Y), and proline (P).

o R
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2pol ynerase conjugate protein of any of clains 1-16. 124. A cell conprising
a reconbi nant expression cassette, the expression 2cassette conprising a
pronot er wpenehi3g4i7i nked to the pol ynucl eoti de of cl ai mp23/US2012/024739

1 7. The Sso7 polymerase conjugate protein of claim 1, wherein the

2 polymerase substantially lacks a 3°-5” exonuclease activity.

1 8. The Sso7 polymerase conjugate protein of claim 1, wherein the Sso7
2 domain is substantially (e.g., at least 60, 75, 80, 85, 90, or 95%) identical to the first 58 or 60
3 amino acids of SEQ ID NO:2 or to the full-length of SEQ ID NO:2. .

1 9. The Sso7 polymerase conjugate protein of claim 1, wherein the Sso7

2 domain is at least 90% identical to SEQ ID NO:2.

1 10. The Sso7 polymerase conjugate protein of claim 1, wherein the
2 polymerase is substantially (e.g., at least 60, 75, 80, 85, 90, or 95%) identical to SEQ ID
3 NO:33 or SEQ ID NO:61.

1 11. The Sso7 polymerase conjugate protein of claim 10, wherein the

2 polymerase comprises SEQ ID NO: 33 or SEQ ID NO:61.

1 12. The Sso7 polymerase conjugate protein of claim 1, wherein the

2 polymerase domain has thermally stable polymerase activity.

1 13. The Sso7 polymerase conjugate protein of claim 12, wherein the

2 polymerase domain is a family A polymerase domain.

1 14. The Sso7 polymerase conjugate protein of claim 13, wherein the

2 polymerase domain is a ATaq polymerase domain.

1 15. The Sso7 polymerase conjugate protein of claim 12, wherein the

2 polymerase domain is a family B polymerase domain.

1 16. The Sso7 polymerase conjugate protein of claim 15, wherein the

2 polymerase domain is from Pyrococcus.

1 17. A reaction mixture comprising the Sso7 polymerase conjugate protein

2  of any of claims 1-16.

1 18. The reaction mixture of claim 17, further comprising at least one of or
2 more oligonucleotide primers, one or more detectably-labeled oligonucleotide probe, a

3 buffer, nucleoside triphosphates, a salt, a DNA binding dye, or a stabilizer.
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19. A kit comprising the Sso7 polymerase conjugate protein of any of

claims 1-16.

20. The kit of claim 19, further comprising in the same or a different
container that contains the conjugate protein, at least one of one or more oligonucleotide
primers, one or more detectably-labeled oligonucleotide probe, a buffer, nucleoside

triphosphates, a salt, a DNA binding dye, or a stabilizer.

21. A method of amplifying a target nucleic acid in a sample, the method
comprising incubating the target nucleic acid in a reaction mixture comprising:

a. at least one primer; and

b. the Sso7 polymerase conjugate protein of any of claims 1-16,

under conditions to allow for amplification of the target nucleic acid with the

primer, thereby amplifying the target nucleic acid.

22. The method of claim 21, wherein the method comprises a polymerase

chain reaction (PCR).

23. A nucleic acid comprising a polynucleotide encoding the Sso7

polymerase conjugate protein of any of claims 1-16.

24. A cell comprising a recombinant expression cassette, the expression

cassette comprising a promoter operably linked to the polynucleotide of claim 23.

55



