; FGHI e3eK7K486NT ~ 1 BACI LLUS STEAROTHERMOPHI LUS DNA POLYMERASE | ( KLENOW
~CLONES W TH REDUCED 3' - TO- 5" EXONUCLEASE ACTIVITY TECHNI CAL FI ELD The

present invent Immmmm to a series of four 3 to 5 24" December 2003
exonucl ease-d ﬂm[ﬂm‘ct ural genes derived fromthe Bacillus
st ear ot her nophi | us;E)NA pol ynerase (DNApol ) gene but w th increasing

deletions fromthe 5 end. These del etged clones give rise to a series of
four truncated 8, sfearothernophilus DNA pol ynerase (DNApoI | ) enzynes t hat

Synt nosi BAGILLUS STEARRUHERIBRMELS ik BOTIERARE teCeNOWina oa.
cl ones 1o cr MW RIEDIRER, 37f 3%“?*8?@8%85»%&%!&@%?“5 o THE

| NVENTI ON DNA pol ynmer ases synt hesi ze DNA nol ecules in the 5 -to-3'
direction from deoxynucl eosi de tri phosphates (nucl eotides) using a
conplenentary tenplate DNA strand and a prinmer by successively adding
nucl eotides to the free 3'-hydroxyl group of the growi ng strand. The

t enpl at EEGHNIGALEIELRi nes the order of addition of nucleotides via

Wat son-Crick base pairing. In cells, DNA pol yrrerases are involved in DNA

Leparr THE b BB idebop, BBEN 1Y 0 R SoPyPasELeTRRbol 1)
as typistrestuldl gordreiderived pomi tHAVBRAIs BaArbiNepPopRIYTDINA b rase ;)

a 5 -3" exonuclease activity, ii) a 3 -5 exonuclease activity and 111)
DNA syn(¥4pelegene bupwuttlrhecneasmrdelahonajftom thesb’ . |T¢meedbletedmldaes he

COOH end. of _th t ithin a 'K enow f t E
or epar a9MBnEee0pa i doll trihoalet e steaSfeTRohiS LINAnPOUTAERal o £

I e J
S9t" DotoppOITbRAmegha arg dctieR In S 3EeRldeas aCtVRfady afé yef it
Bi ol . Chedeic2aGid syBtitsi0by pribmgroextensiah readtifis, pBrtiouldiyt DNAC Ribeling &l 80:

1830-1834: Kl enow_ & Hennj ngsen 1970, Proc. NatL Acad. Sci. USA 65:
168- 175N saBesRing deactions; Fy(themmorg; thgse clones may beicembined withyather

224- 231&|8§§§lt€wr%igh Pﬁa%n&g'"sl%%" &EE&H%@em 247. 232-240; Steitz and

Joyce, gi neeri ng, pp. 227-235. Oxender, D. A,
and Fox, C F. (eds). Alan R Liss, New York). Research on E, coli DNApolIK
have indi cated that the sites of. the 3'-5" exonucl ease and DNA synt hesi s
activities may be separated as their correspondi ng substrates do not

conpet e_ n i i jte binds to doubl e-stranded DNA

cont ai npﬁG%ﬁééF%ﬁ% nsi on and deoxynucl eosi de tri phosphate
(dNTP) wher eas deoxynucl eosi de nonophosphate (dNMP) binds to the 3' -5
exonuc! ppge ﬁsrxm&aﬁéé esw%éé@e ebNA - moleétiies Nt Yhe 3li. 3'7%&%?1 from

Furt her nor e, e existence of a conserved 3'-to-5 exonucl ease active site
pr esent deoxynudladside hfprmsahptasy(WCMQeahSSng edcamptérbentBey textplate BINA
1_;.989’ Oggrzlang s"zmd Zalgnr%%? by Bsu%gggsn?ely adding nuc%eot%ees to the free 3'-hydroxyl group

of the growing strand. The template strand determines the order of addition of

nucleotides via Watson-Crick base pairing. In cells, DNA polymerases are involved

in DNA repair synthesis and replication (Kornberg, 1974, in DNA Synthesis. W.H.

Freeman, San Francisco).

The structure of type | DNA polymerases (DNApoll) as typified by Escherichia coli
DNA poll has three enzymatic functions: i) a 5'-3' exonuclease activity, ii) a 3'-5'
exonuclease activity and iii) a DNA synthesis activity. The latter two functions are
located towards the COOH-end of the protein, within a 'Klenow' fragment
(DNApolIK). Enzyme preparations of E. coli DNA pol | are treated with subtilisin to
yield a E. coli DNApollK minus the 5§'-3' exonuclease activity (Brown et al., 1982, J

\\ll\\\\II\\IIN||N|l\\\||\\|\\|\\||\
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112: 139-144; Reha-Krantz, L.J., 1992, Gene 112: 133-137. Crystal structure
analysis of E. coli DNApoll K has shown that its peptide chaln is fol ded
into two distinct domains, with the smaller domain of 286" HfcARbeacP3

resi dues being the 3'-5" exonucl ease domain and the other donmain of 400

am no acid residues being the DNA synthesis domain (Alis, 1985). Further
evi dence using nodi fi ed DNA substrates2have al so supported the hypothesis

(Cover (2 e gB0 STEETTR Tofbe, By 3ET 90807 T e &5 TR5E8R4: vea
by bas eJdi;weaéﬂ ans19=aml RIebelatbAzallSdi USA @0: T83011834> Kibiow d wéhh#@%%ni Fret’

et al., 1992, Proc. Natl. Acad. Sci. USA 90: 2579- 2583 Leavitt et al
1989 P19E0, Rega Natéa%pacé;o$01u§1,4$/865 45851251 dSorberg; c194 | Setiaw, Bnet Iad)ssal

expr essi@h' ‘%(P’%ﬂ%ﬁﬁﬁﬁg%%ﬁzgﬁm%m th donﬁ’éﬁé Qaéglb‘ﬁﬁaﬁcéﬁ 200

am no ag33loi4p; @1@.@ and’ JERNUOBFAHE 8K 'E@né‘ém@:t@qap V| ﬁptgffgé am no

acid domain is DNA synt hesi s domain. There 1s, however, I'éss

acti vi t(])xendeih@ BN/arKyﬁohﬁlFs (@HB)aAIamRehlssprwr\émrk) o the E 24t "
Decenber 2003 3 coli DNApol I K (th;rl son et al., 1991, Proc. Natl. Acad Sci.

USA, 88, 9473-947 T;'n h il L{ earr{ her hﬂﬁg which is a
mesophi RPECRE éuﬁf) 3‘?@%@% gyeil ﬁ?‘&gt ﬁ@f{r&? site 56%@ exanticlease d
sequencgng IINA s?yrﬁ'h@éls 'é?:Y@itllemB?'Bé 8&parafed Balthelr dc%rré%ﬁbhdi?@' %ubﬂdiéé

simlarities include the presence of three active
exonucl| dasmot Gbmﬁeteaxﬁhac[DNaseynmadlsDamtl\sa/rsiteebmds (tsatdoableedtraaided DINA, J.

e oSontaiing f SIndIred Sepdersion andsiersynudeog tispheds FINER) ant | a
Si nica 3fe re‘ié?déeﬁ% aeéa@gn&s% nug«ates Aiial) Hibdd 'mKég ?%SQKBQQ&FE\%' n a

smal | fragment wt eas and a large enow 11 ragnent

(Lu et attive él@@C)lllBlet'&q;hBBauNatLﬂré 3186 56261666) VEGHRAGIMGe, the exibihce 6INA
Sequence 1: 173-180; Phang et al., 1995). Furthernore, the B.

st ear ot AensfsMad Birto- bixﬁwuclm adive Siedpesent ina bumbsr of PNAvpalymerases he 3

pol yror WEB ARG BY' Boiralet F,, doBen G e ok 2ea oot 85 v B¥ne g

ei ther 3%2-1384R4; RehdItaheh ¢l ) edogpicGensitdes133Ngyr use depends upon the
renoval of the 5 -3" exonucl ease activity either by subtilisin digestion or

by cloning. This creates a DNApol I K containing only the 3'-5" exonucl ease
and DNACEYstahstustuse analysisaf EnaolaDNé\p@llmamelﬂowmt #& epeptide \chaiNAs

Phet ar e . 46 Uflbe Sl Be. ST e Mrbabr ool R hfnE A e on
of the paniddcHeg thier 35t exdriddfedeel domamsand e biertRIMEIhadfdGs aflingbout
370C, DNA processivity encounter secondary structures due to

i nsuf f i aridiesioiuashsieg meaéi\wnsynlthessmgmmioihs. $98ppage of primer extension

(insufficient labelling in DNA | abelling) or errors (cross-banding

ot necrbPuob BB DEORE o hd R SyBMFHRE ol AL B 5.,

this mapypsthedRr’ HatRhé 3" #b&@ﬁﬁéléﬁs@%nﬁlﬁqg%épwété fAdm &h8 BNAdsynthesis
terrperatures and this is the nethod of choice tor DNA sequenci ng The

i ncor podamaim (Gowart elcalvd 888bBiockent. i2Q: s‘iQ?&-‘rQﬁa&)e]NSMewollswho ass;lppeded as
that fr

st ear.ot her nophi J. us 0 nci ng al Lows
hase <Y base T CEIRDE Adeeletah Buelred Tas, I5 ONE Bofmemess SFR sicaini | us
DNApol 1 1889, Proc. Natl. Acad. Sci. USA 90: 2579-2583; Leavitt et al., 1989, Proc. Natl.
Acad. Sci USA 86:. 4465-4469; Spacciapoli, P. and Nossal, N.G., 1994, J. Biol.

Chem. 269: 438-446).

Both domains have been cloned, expressed, and characterised independently.
The domain consisting of 200 amino acid is the 3'-5' exonuclease domain as
expected. While the 400 amino acid domain is the DNA synthesis domain. There is,

however, 50-fold less activity in the DNA synthesis domain when compared to the E.



24t" Decenber 2003 4 a tenperature optimumof 670C and exhibits an ideal

* banding pattern with mnimal or no crossbandi ng, due to the presence of a

3' to 5 exonuclease activity present in the enzyme. Cr @4sRgsamher H#QBYuces
unr eadabl e sequenci ng gels. 8. stearothernophilus DNApoll has been cl oned
by Phang et al., 1995, and exhibits sim|ar DNA sequencing properties to the
native enzyne. It would be ideal if B.3stearof hernophil us DNApol | coul d

eonubr ol BNAB (uaah ekt B, frof SRR ASHI ST UsA T S iy,

situations where one is trying to achieve net synthesis of DNA Theref ore
It 1s tTiee dBNApLIIOSf Baeillns esstearotiieraisphilns,t owhlichVisda meBophilic bacterium,
sf ear ot her nophi | us DNApol | derivative lacking this 3'-5" exonucl ease

act i vi tgisplalyer eptisuan laetmityf at 6MOGUltararhiNA acili \seguenes shois aleigh isbel of
enzymat | c d&rsr;al ns which can be used in any conbinations to create hybrid

pr ot ei NROFPIAFYnig, Hhat p?fogerqql’eEO" SOthasrsimitarities inolydarthenpresence of three

btil o th | |
SuP oy Sl fBREA: B dtbieRRsd |81 50BRbIGEITY) P THINRE qyntiee' )
pr ocess{Kaboevaetdalf, 1981 UyB(abterm w5 211mJPh£rug>é*e§|hmguseiae’we 188565.98;

MO ary et al., 1991, DNA Sequence 1: 173-180; ad et al., 1991,
Bi ot echBfenesé and Roe, 8972@0&hmr@opm987Actaoa72 s|56 1688):Yesa6d 508)g, TETS i s

I T S M R

have hi ghgsieat %ﬁtrpihé)rsﬂge%ibﬁbéwa@é’tan\ﬂ' %haf]@fé)Klé Jdihiké fragrsit ¢ Lm%t'ag.,

errors or cross-banding artefacts. The |ty conterred upon
st ear ot h89 hoBhiTeabniges dilt 4684660 Mnﬁ!arytei alt, 1991 o pdbe Seguebte dx@ﬁ&cﬂwse

.activit whi ch S oseq to resi de engdent | syni hesi s
acti vi téh? 411 I1§égf EW%B Fmye otﬂﬂ%r @r é@?%wé‘@snﬁﬁ?noned
earlier n f @N/l\o Jolel- Y

synt hes?gﬁg’\gt%}dsl{ot gé@%}rg‘ésegmag? fggg{neucl ea?e act | \lﬂéltafsg th Qf%em S gét s to

pol yner 1887)yucl eoti des while 3'-5' exonucl ease has an editing or

proof-readl ng function. Thus high DNA processivity is achieved at the
expense ' Decenber 2003 Vi ce versa.

h fideli '
~to-5n @ﬁge'ﬁéa%'eloga/ 5&3\/ p@fvrﬂ%rﬁyewepéas?ﬁemwn@pe"msu@ndb@NA
d sadvan eous in t uati.ons S 0. achj e e net synthesis
of "B SAREKTEy IEhaioRs SiRG RIhT BEss 28 - ar Bk Bel S B Rlecteon il oty be
furt her foet 5
result ?%ﬁ?ﬁ\?@lﬁgﬁﬁiﬁﬁf?ﬁf glgltg@fgrso%er nuc eg(;%t%ﬁ\ggﬁtae'.mﬁ %blyc-agp Pglhgmy

schemesdigestien | oasbyDNAosiagueTkisngreateer af BINAPAIIK sccanambjgecrinlybf tHehe3'y8' esent
i nvention to I’OVI d gﬁ\lﬁg@ff ear ot her, m)phl | us DNApol | derivai ~ve | acki ng

this 3 %Pn nthesis adtivitiesAns ﬁ%ﬁws for nat ONAoreeersivity NA
DNApol | &%@bﬂﬂ%ﬁs pije?fo?me‘am Welof FRfafifrhatih Lof é%ﬂﬂtteﬂ@é&g rr%ﬁt?ln&r;g?itw

synt hes but ve w de appli1cations in nucleot
schenestargei sgqmmieammt&&hngroﬁ heprimendb age DNAChtrandeind erten@idr ohahe be
i'ncor porat ed because of an editing 3'-to-5" exonucl ease activity (see US

Pat ent and&&ledzBimer withtd BINA polymerase.cat lowatemperhtigss wiabout 37ag, IDNA
necessargo to derive nodul ar structures fromdifferent enzynes whi ch retain

enzymat PEOCESEMIY t MR aLRFQURTET 1 SREPHADMY afdruciuiRs t Klties digaripsuifisiant) JANA
domai nsy éﬁ?ﬁ?%n hi§ rE8lfks th 3 ag%nafy gﬁmeT*Hx? Zﬁ\ts ez]\feigb%l}‘agﬁﬁl s

cl oni ng. enzynes may be vie as in epend

| i nked Ddifetabmilingy ox pepEd dﬁoé&bhb@hg artefadts i ®NA @equgﬁcung) l'ﬁﬁls iyt Bgory,
simple. W need only to preserve the sequence of am no acids which forns

this caP¥fpeme domadding deaga- <z inesineonveipetidem to | suhstituteats guaaesisazyme

th t t I
coor ai niGEolfBes: ARt d LRI e B RRRe bY aoBHHEON binBRatni 1 us
DNApol | elevalked'miperaturds dHORILC 8RS tethbd wbuoﬁeyomm&@mxg?ed Wi th
ot her nmodul ar catalytic domains to further create other novel éenzynes.

Phang et al. (1995, Gene 163: 65-68) has cloned and sequenced the 8.
st ear of Wéemmrppcﬁlqn\mbeuther@wﬁéablﬂ sybdilisinrreated HINA Mdnwasersum@s thred

pol ymer agti r., 10 ype subtid | isin-treat

pol ynerg@gn % éc/fﬁ%é)ttﬁé'g}ﬁo ilus s[y‘%? L'ﬁgq dﬂﬁé\mﬁe&ﬂ? 4% 5 Jg%ﬁﬁﬁnt of
Its SeQQ@G@tﬁar?@tf&ﬁB@%f&a&t@ bl amsmedmtéémme,ﬁm,ﬂmbb DRKPAN hasThe
3'-5" exonucl ease activity is proposed to be located in a domain wthin the

8. stearothernophilus DNApoli gene. Using this information, it should be
possible to clone the 8




24" Decenber 2003 6 sfearofhernophilus DNApol| gene lacking in 3'-5

+ exonucl ease activity whilst retaining DNA synthesis activit Thus a series
of four reconbinant 5 deleted 8. sfearothernophilus DNAﬂolq%Ce'PB‘He%o
constructed. The present invention relates to a series of four 3 to 5
exonucl ease-deficient B. stearofhernophilus DNApoll structural genes of
1530, 1284, 1047 and 795 by respectivedy, derived fromthe 8

ona BB oRnRgsor S8 andevhiblh b8 Hed handing pakemmithegmimar
sfear Of&%ﬂmbbaﬁdlgbmﬁ% 'to?r'i@ F%%ntcg. aa‘ﬁ'ecoc?fe&ghgakaéé'a%tlv@XPr@&%ﬂPH ease

act|V|ty and are us In nuc el Cc acl synt hesi ensi on

react i ¢he,enzgnie. @rbesbandnhy\pmmjoesamaadablegeqeenénngrg@ls Furthernore, these
cl ones may be conbined with other clones to gi ve novel enzyme properties.
After ipduction and purification, the series of four nononeric enzynes

exhi bi tB-zStearqthermaepliiss WNApgil has heemgloneddy Bhang ebal. 1995, andsexdiibits el y

as det teHL i 0 n r esp: to the
cor i os UIEE DI seducholi RARIECTE HE AREPBRAIMET: wlll BRPBRRI R

synt heSsteamtbémbcbphilubuDN/Sp@leddeI@ Nalso nf)értlcipaté ineXgnerc IDNA e aafplifivation The
3" to 5 exonuclease activity of the w sf ear ot her nophi | us

DNApol | Sofgsnesediowavr, dee idcte-fit exgnudease ao wtyeofema@m BNAapolymesases is

the. DAsgallteacoln Slfasitns; ghaste, G Rofufa 6 e LAt Sthsly o TR, | o
in the Fyerarast |SGtﬂ§ dbje@'dtitha pYeseritlihvdritiohts pﬁbhdé?‘Bﬁgfbg? ﬂ#&%bﬂhﬂus

reconbi nant DNA t echni ques to practice the preferre ments, nanely
expr essDNApofl 8Berivativer tddkéngrdbisi BUS’ Bkbpmtleasa adtivityleThers iises meecE focol i .

Thus, the e i ventlonc t tes a series of four reconbi nant
{ her oo aaller aNA nalySersRoRAR dEeR SomnalRy JrRets whIch e DR yead i
activi tanweémsﬁi‘dﬁ%h@% créhtd’ hybAd §>r RARWHh PRTE ;%}gbgietsy Preferably) the
series of” four polynerase enzyne ave an amno a resi due sequence
represented by the fornula showmn in FIG 1 fromresidue 371, residue 453,

resi due 532, residue 615 respectively, all culmnating at residue 879.
24t " Decenber 2003 7 Also contenplated is a series of plasm ds containing a

gene c e of this invention, a prokaryotic cell
transfo ”@gmehaﬂr}hﬁwéllglg)rﬁ%ﬁt his invention. BRI EF DESCRI PTI ON OF THE
DRAWNGS In the drawings formng a portion of this disclosure: FIG 1 are

bUb! { St By O Bra, dige e R S oo R AL IAst LABNATRIRIS e
The netdistinguishedrifioon ather DNAepolyhmerages by atst highdtegres af DAl processivity
and fidelity (Lu et al., 1991, BioTechniques 11: 465-466; McClary et al., 1991, DNA
Sequence 1: 173-180; Mead et al., 1991, Biotechniques 11: 76-87; Ye & Hong,
1987, Sci. Sin. 30: 503-506). This is exemplified by readable DNA sequences on X-
ray films of at least 350 bases with little or no cross-banding. In contrast, other DNA
polymerases may have high degree of processivity but with poor fidelity, resulting in

errors or cross-banding artefacts.

The high fidelity conferred upon B. stearothermophilus DNApoll may be due to its
proposed 3'-5' exonuclease activity, which is proposed to reside independently of
the DNA synthesis activity in a similar fashion to other Type | DNA polymerases as
mentioned earlier. However, the concept of net DNA processivity is the ratio of DNA
synthesis activity versus 3'-5' exonuclease activity. DNA synthesis acts to
polymerise nucleotides while 3'-5' exonuclease has an editing or proof-reading

function. Thus high DNA processivity is achieved at the expense of high fidelity and



| etter. The 5'-end priner sequences were designed to prinme onto the

' underlined sequences and are |abelled P1, P2) P3 and P4 rgsugectivel . The

3'-end primer was the same for all clones and was based?28n Decemper

| ocated on the plasm d vector pTrc99A (see FIG 2 and exanple 3). The Ncol

internal site is indicated by a dotted line. FIG 2 is a schematic diagram
not necessarily to scale, of deleted 85 stearothernophilus DNApoll clones

obt ai neg; I £ 4 eakian, s | £d \ A &L I Pl P2,
B i s e e s D T e S e

PV8170, b&\iidddvartxiddoirs irFsfuatioriss whefe baegrisi wyifg agr #thi®fe e s?hﬂiés&g ofchene
enpl oyed.to obtain the del eted B. stearothernophilus DNApoll clones as

5
descri bBNA-nTherefare sRpAerrocessikity ehBpstsaretireropi¥usTPNApPQUENAY bR furtber

under ot BRFTEHY FenBFal 8Fthe 385 Sonlciedbe ¥l 15 lay? FER iR anebi®l ¢ o s
are vel enkpfienstablBefdi’ otisst hldleotideyampificatidh Rendpksnad GRlehs. DNA no

acid residues are_nunbered herein according to Phang et al., 1995, Cene
24t " DeseatrncingoIherefor itts &@8. object " thee pegaent dnwentiomnto tprovideahl 8. of
replicating jtself, .As ed herein, it refecrs, tg both the structural gene
as vvellgéfég? PP hills PE@P@H C&'W@EY%!E‘CK%L B exgBHelease agti sequence
that is transcribed into nmessenger RNA that is then translated into a
sequencp rbofbinkhtB:i sled®MdHSpHINS DNASSII I%bkiﬁg@'-t@-55@£6dtfdlé“as%9%c}tmﬂgé de.
As used herein, a structural gene may contain a heterol ogous riboso

bi ndi ngnet valy veeluhdn INAL syntbesis.abul hayohaye wdiler applicationisi indhaglestide as
wel | as _addi.tional sequences to allowitg rapid cloening jnto suitable
vectors ?mR%ﬁE?téQH ?‘H@rﬁ?‘% Using HHF@P*'&%HT ﬁ"er g’ﬁiﬁl@%wﬂmﬁ?tbﬁﬁ%'% WaiHd gt 5
sugar ' Ky I ! 12 qaly se is
i ked To RpapRrRRaIRISe T By ST GRoRGERR HEl Vi §BRCus PRt
pent osep,48H823)onbi nati on of a base and a sugar is called a nucl eoside.
Each nucleotide is characterized by its base. The four DNA bases are

adeni ne, (A), anine (Q., cytosine (O, .and thymne (T). The four RNA bases
are A aéegﬁg"\grgﬂzpfe%tﬂ)? "WPL@% Mee'it Mayabe diagessaryyto defive imadulap an

enzynmne' ; | Vit Res) d | ut
i ssoci STREER fnbnfinics Mhal e XNBATER Bhaith e iy BRI athgF e
pr esent and\liakithe separate eatdlytic d@hains tbgethier yoreeatd atnovetlengymé TEhieaapge,
at least 100, and preferably, about 200 or npre, nucleotides before

di ssoci Epi aghieved by gene cloning. If enzymes may be viewed simply as independent

0\

catalytic domains linked together by a peptide backbone, then their designing is, in
theory, simple. We need only to preserve the sequence of amino acids which forms
this catalytic domain for_ the enzyme to function. In the case of an enzyme with two
or more catalytic domains, we need to maintain their spatial coordinates with respect
to each other. A recombinant B. stearothermophilus DNApoll lacking 3'-to-5'
exonuclease activity may be thus combined with other modular catalytic domains to
further create other novel enzymes.

Phang et al. (1995, Gene 163. 65-68) has cloned and sequenced the B.
stearothermophilus DNApoll gene. A brotein was produced which gave DNA
polymerase activity similar to wild-type subtilisin-treated Bst DNA polymerase. A
comparison of its amino acid homology allows an assignment of its sequences
corresponding to the enzyme domains of E. coli DNApoll. The 3'-5' exonuclease
activity is proposed to be located in a domain within the B. stearothermophilus

DNApoll gene. Using this information, it should be possible to clone the B.



"Pronoter' is atermof art referring to sequences necessary for

" transcription. It does not include ribosone blndlng S|tes and ot her

sequences primarily involved in translation. "Gene" is °§@6ﬁéﬁ3¥3that

contalns i nformati on necessary to express a polypeptlde or protein.
"Het er ol ogous” refers herein to two DNA segnents having different origins,;
i.e. not, in nature, being genetically or physically linked to each other.

Sgtn er ?Lﬁ??’ﬁ?’ﬁ@’d@%gg olm&%'ﬁﬁ«ﬁgh nkeh&t(%lﬁ}edﬁ]fseorﬁ’&hﬁﬁl Whitdl

substan*etaihing DNA eynthiesisasctivitgn Thasf gedes rbfrfatlulf@comblﬂéni 5Dgenstegrg 2003 9
y", as used herein, refers to the cg{garlson of two different

nol o
nucI ei cStaarathemaerhitis PNABe! clones maseaNSIC assessnent of honology is
as a percentage of identical bases, not including gaps introduced into the

equencpyd g, 8GN 6 ARRH AbIAER! so PR 6P R NTR! L IR SIS
PEoT el Ll R, "2

nucl ei ¢ aci‘d I 'dirzado niques, as I's wel erstoo

wel | aSstburdiﬂéﬁwpmmgmmbdmeﬂaéﬂum &@esemmssmswm ,d¢047f ahd €795vDp
sequences. "Mitation" is_any change that alters the DNA sequence. As used

her ei n)feépﬁﬁ'tl\é&héd d@élqaéntr@mwﬁtzehﬁiest@aﬁyhen@@pmt iQNApe/hgrne utatwith t er

el uaeh st ABEREERI e 37 ardinesh e tates B IR EERE

and/ or ﬁMPStFuﬁdé‘téd)fBS étéahﬁheﬁ;%pmmsaomfpbﬁr@rm B kiestt ade defgieht @501 nal
nucl eoti de al ong the DNA sequence). "Purifying" refers herein to increasing

the speexdnuslease acmwtyoandlraremsprﬁuitmcnwalelpvaqmy syathesishby | prireer pxteshséard i n a
| t t f tivit ht rotein. This term does
o 1 orepctings. BarspubayPNG i sruttad sauii: ?fyﬂ%eﬁmfees@ﬁaﬁf:%eq he
t tid I t
ol vemey B aiofe WD bt it B o RRBRR AT “Bnd ¢ e

transl ati on of such nRNA into pol ypeptides). "Substantially pure" neans
t hat t hAfteles%ndLmiﬁopuamd i pettifieatignyethies sersae of ifalit yndnomeeria enzymes aexhibit iang

Cont am FRHSHET BEN WSS Soitpdrch D ] AeiLklla BRecdiehnas Jammoad s,
phosphaéggepAGeE(%ug} CRAGHUMNg GORRATE, ©oF@Sponding to the series of 5 deleted
Bst clones. All the purified enzymes exhibit DNA synthesis activity, but is deficient in
3' to 5' exonuclease activity. The 3' to §' exonuclease activity of the wild type B.
stearothermophilus DNApoll has been made deficient by selective deletion of amino
acid residues required for the 3' to 5' exonuclease activity V\;ithout inhibiting the DNA

synthesis activity.

Given the herein disclosed teachings, detailed in the Examples, one of ordinary skill
in the art can use standard recombinant DNA techniques to practice the preferred
embodiments, namely expression of B. stearothermophilus DNApoll or its

derivatives in E. coli.

Thus, the present invention contemplates a series of four recombinant thermostable
B. stearothermophilus DNApoll enzymes with DNA synthesis activity but deficient in
3' to 5' exonuclease activity. Preferably, the series of four polymerase enzymes
have an amino acid residue sequence represented by the formula shown in FIG. 1
from residue 371, residue 453, residue 532, residue 615 respectively, all culminating
at residue 879.



"3"-5" exonucl ease activity" is an enzymatic activity well known to the
‘art. This activity is often associated with DNA polynmerases, and is thought
to be involved in a DNA replication "editing" or correcfoPase®Rein?d
"Host" is any prokaryotic or eukaryotic mcroorganismthat is the recipient
of a DNA nol ecule. The DNA nol ecule may contain, but is not limted to, a
structural gene, a pronoter and/or an Brigin of replication. "Oigin of

repli capjon: 0:.a e . L. repl i.catjion i 24"
becerber So6an Bl aietis"s R ieB S PRSI, PR FueobifebiRioEn Bva
said or PGIymérQsé)@f iS5 N veritm, anprakBfmtic dell@ransféihad Mth tﬁétrﬂQQmHJ§T thish a
host cell. A "DNA polynerase substantially reduced in 3'-5'" exonucl ease
acti vi t {nvenyonef i ned herein as either (1 ) a nutated DNA pol ynerase that
has about or |ess than the specific activity of the correspondi ng

unmut ated, w |l d-type enzyne, or (2) a DNA polynerase having a 3' -5

exonucl ease specific activity less than about 1 unit/ng protein, or
preferably about or less than 0.1 unitslng protein. A unit of activity of
3' -5 eBRIEF PESERIPTION ORTHE DREWINGSt of activity that solubilizes 10
nnol es of substrate ends in 60 mnp. at 370C., assayed as described in the

.

"BRL 1989 Catal ogue & Reference Guide", page 5 wth Hhal fragnents of
| anbda PNhedrasdags faseirg aartion QHMBrdﬁcgweérm nal deoxynucl eoti dyl
transferase (TdT). Protein concentration is neasured by the method of

Br adf or g;} 191(7: 6?r|é°‘gﬁ*a t 85580%8‘ Béaﬂdgllée%fghc eQeh (-:‘Ie;@.éﬁezg%ljpkl;eszﬂwéiﬁ}ilbs

line", e can Sed i nterchangea

desi gnapolynseradé! LUde publitied. byhBRang het whr d992! 'Gérsd ONEBRNES5.680Tand are
"transforned cells" include the prinmary subject cell and cultures derived
t her ef r BHWiered @s sushar befraethianine ariire aeid underdhe AJG start eoddnsis inradd st ood

h | , t b i | id J | i DNA
bor bar setErodREYaTEYd Blinet edtiBisRE Wl GREIOREY Jbrh PRSP tndsiinnd
functi ogahiibdcedsand ape HEIEATP1, P2, 123 ahl @m%&wcfi\msf% @Eéne:ﬂrim@mas

i ncluded. The term "control sequences” refers'to sequences necessary
f or t hethxpamedpoall sforems aypktwablbased wineal sequintg lseaiednarethenplaspvd vectarar

host or i The ntrol, sequenges_th re suitable for prokaryotes, for
exap! &b SRR RS (5 oHB0ESXaGHF craTh Mol Biesnal sfte isiqiaeed By 3 figkeane

bi ndi ngjjgkte, and the like. Eukaryotic cells are known to utilize
pronoters, pol yadenyl ation signals, and enhancers. The term "expression

systent refers to DNA sequences containing a desired codi ng sequence and
cont r ol F@qu2ndesai rschpmadibl elidgrakmgapt snetdssarilyostos dcate)sfofr detbtadt IB.t hese

sequences are capabl e aof producin he encoded proteins. In order to effect

t r ansf orHRAP ""FE)’R ’I@M’gﬁogﬁgPhﬁ'ﬁ%@%UeDNﬁc?'UBléféﬁaé'ﬁnauS}@&tSBW'ﬁﬁcﬁ/\ever,

the primers labelled P1, P2, P3, P4 and a 3' primer labelled P5. Clones are labelled
PV8168, PV8169, PV8170, PV8171, PV8172.

FIG. 3 is a schematic diagram of the cloning scheme employed to obtain the &'

deleted B. stearothermophilus DNApoll clones as described in the Examples.

DETAILED DESCRIPTION OF THE INVENTION

The following terms are defined in order to provide a clear and consistent
understanding of their use in the specification and the claims. Other terms are well

known to the art so that they need not be defined herein.

Amino acid residues are numbered herein according to Phang et al., 1995, Gene



24t" Decenber 2003 11 relevant DNA may then also be integrated into the
' host chronosone. The term "gene" as used herein refers to .a DNA seguence
that encodes a pol ypeptide. "Operably linked" refers to uiFﬁB@Q?t? such
that the normal function of the conponents can be perforned Thus, a coding
sequence "operably linked" to control sequences refers to a configuration
wherein the codi ng sequences can be expressed under the direction of the
cont rol %%%% es. The term "ol igonucl eotide" as used herein is defined as
a mol ec\f 6§%osed of two ~ or nore deoxyribonucl eoti des andl or
ri bonucl eotides. Its exact size will depend on many factors, which in turn
depend “@oridverefdrsitordrfy Exftytdapab®y of fépliehtihd etselfl A9 sekaRsreRe it fE6rs to
olrgonucleotrde may be derived synthetically or by cloning. The term

'pri merbotashe structucalgener as well asdodhe oepligatrdtpewteinde, whet her occurring
naturally or produced synthetically, which is capable of acting as a pornt

whi ch ofiriposRe'cist PAES seqddita Rt b LaStReRiEh reSSndtiringR s o .
nucl ei g ﬁ'tpar%tlé]@ﬂqﬂtéa'é%ﬁ% df- dminol Acill MBsiAIUBS VMaPadbridtRUbf i dferifRnt

nucl eot1 de tri phosphate polymerase~enzyme in an appropriate buffer.
The pripeypeptide. discused hersim@ struttusahdede foay omtarruahetefro s yibosomea

anplificatjon, but alternativ e doubl.e- strande

conbl . SnHiGqELe, faRAGRG s nAGIal hanelpadteribesarhs Hisdiag: #te a5 WalleSer or o
bei n I e primer is an

ol : ggﬁ%@@pé@%%@ﬁ%%ﬁg g%ﬂgrrrg&rrg%lﬁ uﬁées‘;uﬁ féc\?/egrtér?y Folng toI prime the
synt hesi s of extension products in the presence of a polynerise enzyne. The

exact |'engiduotide i e nporomeric wnitl ofdeNéndr &Nﬁrmmynsfsﬁng wfsa sugal mbiaty, a

tenperature, source of priner and use of 'the od. For .e e, dependin
onn}t)he B'&hﬁﬂ"@t@tj gngra ﬂﬂ@deﬁpgéth%tﬁél%ﬁ%batsﬁe £i @Hﬁ)agg)b?‘? g o
t ypi cal

nﬁEI ot OISR KBS dhveceic it (£ SarBoh WA dentoRy, THE efﬁbt“étr%%%ﬁt%?ﬁ?

t o fornphase fanell 8ndugar s ajaliled hy uckbositen | Bacts nwclebtlﬂer‘mlmtaﬁacteniéu 'byCks enber
2003 12 The primers herein are selected to be "substantially" conplenentary

to the base.cthmfourtDiAdases argadeaniee (A, uasiigie cytesie dnp@nd tiyming; s
means t hat rs must b fic t npl ementary to hybridize with

. their r e-b?efl?/ %%es %’ﬁé&e@o{? 4@% wpﬁ‘er sequence need not refl ect

t he exact sequence of the tenplate. For exanple, a non-conplenentary

nucl eot rpiRcbESigETREa tBih SRarbrdfatiRtiolan ehgyrhe'spidpérty bhacting toesyntivédire t he
remai nder of the priner sequence being conplenmentary to the strand.

Al t er naot rwu;quseoa- palirvies withaut ydissaciating: frooh e PadipulatRelymgn melecule.

Ut f1 o BRE Ch Roren & e purset firendam afiogssie fRiefS to VARSI a0 1 ca
to hybrpgitge atvaﬁig%"‘ét hbé’éldldd‘%ha%fefé?éﬁwaabéﬁmw Br hidre SiitiéIBEGdes Béforde

-extensi on product™ of the priner. However, for detecti on pur poses,
. par t i cdissotiationi ng | abel ed sequencespecrfrc probes, the primers typically
have exact conplenentarity to obtain the best results. Gbnerally, t he

th |l b t 3 d h | I d
T e SPraolgE IS arfPHT g 1 e BRP SPaUBTPE BFCTERY Gy TTReaPLon Jf BORS: oo,
produci pgy WH!:I% gl ﬁﬁoﬁérgé' Bfn%tr@“tsrtbgngha'sothém SEYURACES R@&hda& inVovedMino
acid residues escrr hereim are preferred to be in the i soneric

form Hiramekationr esi dues in the "D' isomeric formcan be substrtut ed for any
am no acid residue, as long as the desired functional property is retained

by the R ,eptrde H2 refers to, the, f.ree amn rou gﬂ) e_am no
term nus&&¥|g Po yB iSgauepeyt ?Efma'[‘ﬁ lpﬁg"}a?lg 8%%‘5%%?35 & rr?%gsgnt at
t he car %gt ofgin.@ pol ypeptide. The ami no- term nal NH2 group and

car boxytcr gr oup of free polypeptides are typically not set forth

in a formul a A hyphen at the am no- or car bOXK term nus of a sequence
i ndi cat dbletdrelqgoaist referoherein to e DNA gagments awng hifferentiorigins dues neot,

nomencl b qaltie; being geneiical o avoia gses 6164 ol HesRitedle t%aep“de
1.822(Db) B?’% @&@qunét 5@% irPAAfPe %Qlcéﬁélo%%ﬁeﬁeétrysmm@a {dyetis but

fol |l owi ng rrespondence:
whrch are linked together in a substantially different way than is found in nature.



24t" Decenber 2003 13 Tabl e of Correspondence Synbol Am no acid

* YTyrtyrosineG ' d yglyci neFPhephenyl al ani neMvet et hi oni neAAl aal ani ne

SSer seri nel | | ei sol euci neLLeul euci neTThrt hr eoni neWal val e P5c6pPel #MkLys! y
si neHH shi sti di neQd ngl ut am neEd ugl utam c

aci dWIr pt r ypt ophanRAr gar gi ni neDAspasparti c aci dNAsnaspar agi neCCyscyst ei ne
It should be noted that all am no aci dgresi due sequences are represented

G v ect i Stprhlof. % B hersin, réfafs 8 4 efipatsoh 'of Jwp airantuitio g o
"Nucl eoddflinces. Fo O pRIdent Piiposel, PAeimdMNIHRIMOIBhY 19 a8fa BefidpfagdDi ety

(pentose), a phosphate, and a nitrogenous heterocycliC base. The base is
| i nked ofoidehtical lpsesnokingiuding gaps iitrashcediintocthelsaguence dadchievel goduk
pent ose),. and th conpi nati on of base and s r, is a, nucleqsjde., Wen the
Pcl eoshiginieit SerGaat HEuaREy omaobE BOHEBLEY d MUBEIE RSid: hidigadan of
t he pen{RhRidues k 'ﬁiﬁr@% ' : CRhehk

| i nked nucﬁlgé{e Faggf@%{u%ﬁ%ﬁ@&;e erregg?%éiﬁaesrlé\{ﬁgfgﬁgmﬁ%?;ne seq@ée'lrll'gi

" nubl eothedexat hase oeder cfittieitworseguenees.ed herein by a fornula whose left to
right orientation is in the convegtional direction of 5 termnus to

3' -t ' = Pai bp): A t ' f adenj A) with thym T),
or of | CMUEHRE" FCamcbangh Mt AleeIig PNA Belkpaea Ansed hefeinnaIBUatel e

cHMBRIRE FnGts ) _ i
Pt ng: SSIEFRE Ry Ve A8 o (AMIDETHEgbd that e The RECleoRe BBLERES B

pol yner theeDAA.i Altdrations [of ¢h@ tBNA letigeieate dacladé aeldtionst (loss of ahe grngoré@nd an
origin of replication heterologous to the structural gene. In this
conbi nabu¢lgotidese ipriheo DA saauense) tansdéer stbsiifutiens (substitdiing s dlifferest and

expr s HORAtS frafeREna RyERRgR AGHo I DN Freblekel " ana”the origin of
replication is capable of nmaintaining the pronoterlstructural genelorigin

of repl i'mif'ympj' Gefdrs Hedréiptd hcee tiieIspecificedctivaplaf. art BAzpmat®tRtivipd t he
origin of replication are functional in the sane host cell) exenplified
herei n Byerihedevelprodtesd incalcuiturenie ters o lUBES o8 activityr rgraweaighy of prataimed by

a host l,,. ex lified herein by.an E. .coif host cell (strains JMLO05,
Se bl uERieprt R Aot igPy Rabady B L Bl b r RS but may. of
course, exist in vitro. The pronoter may be inducible, e.g. the tac

pr oot erexrebsionT fis PR PretessT Iy WHIERI & frayncbastristiril agéne SproliliCes a

e
exonucl ease activity or may have substantially reduced 3"-5' ‘exonucl ease
act i vi t polypeptide.alblipyolveretranscriptionaof hergenesinte masseogec BiNA ¢nRiNAxand

honol oggQus, pr ter. Int referred ex | e, the structural gene is under
t he conﬁ}eoﬁrg'aﬁa °%8f§?%r88§t‘§'?ﬁ°ﬂmf‘e°%ﬂ%ﬁ i ng site, not a honol ogous
ri bosome-binding site. Qther pronoters, vectors, and host cells, both

pr okar y ugiilsstantialfUlarey thédns thak thedesired purified enzyme is essentially free from

contaminating cellular components which are associated with the desired enzyme in

Iy
" or

nature. Contaminating cellular components may include, but are not limited to,

phosphatases, exonucleases or endonucleases.

"3'-5' exonuclease activity" is an enzymatic activity well known to the art. This
activity is often associated with DNA polymerases, and is thought to be involved in a

DNA replication "editing" or correction mechanism.

"Host" is any prokaryotic or eukaryotic microorganism that is the recipient of a DNA
molecule. The DNA molecule may contain, but is not limited to, a structural gene, a

promoter and/or an origin of replication.

"Origin of replication" refers to a DNA sequence from which DNA replication is



24t" Decenber 2003 15 known in the art and in keeping vvith t he

" specification) may be used to practice the invention. B truncated 8.

st ear ot her mophi | us DNApol | " is nmeant that the subject er%yhecpubgr 2003
reconbi nant protein derived fromthe DNA pol ynerase of B.

st ear ot henzophi l us. Preferably, the subject polynerase has an am no acid
resi due sequence that substantially ct@responds to the am no acid residue

sequencbee b Ub’t@?n{lﬁ{ aYlSvrﬁn hsabNA‘% DideY %Nﬁg}i y@teﬁx %%R:fp ro:ﬂ?grérly ? atbaei :

specrfre ions dcing th esire

t r uncatnegintined traamrolserm)p’ephcaemwmobgf ifh her\o%m;en) acid residue sequence
of the native 8. stearothernophilus DNApol with the exception of the
removal qr substitution of one or nore am no acid residues as to reduce the

3' -5 e&oﬁhlér palyanerase \subgptaniially reduesd in Suér em@mﬂ@a%@cwty"sramfmd ally

def f of id
Ferova e ah Hindy Gt L HfRHEACBIE, Polnterite (OAY b8S Sl o ass) BB he 0
| ong asspelficr &6tivity dfethrC Ebiveporidind lupiRtated, Waltsty bhé*nz’ﬂyﬁrélooﬁ@)darsﬂﬁdue
sequence of a series of preferred truncated B. stearot Rer nophi 'us DNApol |
i s showelymerase. hayingxa 3pb' enamuczl@am specific rantivify llessr th:.amaboutmr amitymyg e

t h def d d.h Th
B no. RIPIT duRIgIeTaRy Aaue 3515 bERTEL ERits i RfcbeiRpA (et ety ‘”én%r us
DNApol lexoniiclasaelsetBtingd dy tI‘r’é‘Bérﬁé’uﬁtan Qchitiy @t SowbBilzes bYo arrrﬁer&t

Edman degradation) and the like. The structural genes produce the truncated

prot ei isubetratd .entldein SPMEASed. 3TRC] Nessdyba B Ad&3ofbBESIAS te MBRL argBgray
exhi bit DNA synthesis activity with varﬁlng degrees of 3'-5'" exonucl ease

act i vi tGataingsies& Referende @urd@é'., pa@ﬁrﬁr wit dtjhalrfeagmemtes:fmma DR¥83'7Nd
PV8171 PVv8172 d f t he |
ot JaBgtety mith” RATd R T seinal Aok Clagid S ansleraner AT LY BEotais
DNApol | F 8

oy onr o foricEHERlER s SfBgsdRa  HiSr %ﬁh@g?ﬁf%‘?@é“%%@{*%@f BodinS12:

CDNA, 248 .hetic DNA and conbi nations thereof. 24' " Decenber 2003 16 The
present invention further discloses that the series of four structural

genes code serigs of correspondin ot gi ns havi at | east about 75%
honol og&’ grergt «&llot rel fip ﬁmanﬁq BRIRE[SWG Hpdiet Wtﬁwhﬁéﬂgﬁb%{bﬂlﬂ 90%

honol o h e%:e e S
sf ear ot er nop H us%&ggl lrﬁ'ﬂ%g{i%v t pecr %%ﬁgl g‘%ﬁ%sqg%(@n%ﬁ% &d Rerein
i ncl ude'tiansfmedecels" drelude thé rprimaryesubjecteselPyed GlturdédéfivedWedréfropnd

PV8172, which is ref erred, and functional derivatives thereof. A

funct i oMEnoutdegaet fof dhe numhbenef transtears.dt issalge undetsteed thatial RIPDENYANADNA
nmol ecul S or in
Uitro. ot pilac MRAEHANTINA ceftafrUie b Softkiot BLindB0GHoM MuiBi:

acti vi tMutaiteprpgengithal hues ithe sapes lftmcli%nbmytw s&reeﬁeelafd?tlheth@@ﬁglhuﬁ
DNApol | derivatives. These include genes and functional derivatives, the
l-atter transfogredicelhare "'té’rltﬂﬁﬁ?atr c activity. A "functional derivative" of B.
st ear ot her nophi | us DNApol | is a conpound whi ch possesses a bi ol ogi cal

" ‘ | h
i o ol alera epHIGH sRBendie” HEldrs 1T NK SeakRnbey “héiey Yot the ™ 10
" unct | expression iof anl oferably linkeé eddihg sequaniceds al featiClapBOBGryanishd/ Tet S,

"anal ogues, " or "chem cal derivatives" of a nolecule. A "fragnent" of a
mol ecul @onital hsaguancess dhabfarer ﬁumbleuﬁorDWfﬂrvoteiss feeaexample; einsludey any

pol ypep ubset of the nolecul e, h as 8.

B et orhlamiREh R A AT PPREAL sRuthed.f BBsams HCHR SEe' sl thr e 1

si m | areikargbtie! Céalise a?édkrfréti.)ﬁttd)rhtﬂrﬂe eth%tePé‘epSQhUéﬁYlﬁ%ﬁCéib alsoraﬁ@ a
fragment thereof. A nolecule is sald to be "substantially sim

anot heremhAreense i f bot h nol ecul es have substanti al | y simlar st ruct ur es or
i f both nol ecul es possess a simlar biological activity. Thus, provided

t hat t QsSsSess are con |dered Céari ants

| , i th
o2 ot ToaRT e B0R8 Shstehyafirs 26 AIVA sEilibbers. SortBliig Broasiecnaing | on
i's not éé&ummderhﬁdteoﬁmesrequehceé ﬁ@@er%swmﬂe@eotommﬁﬂr@ngﬁﬁm not

identical. An "anal og" of a nolecule such as™8. stearothernophi ol |

i s meanthese sesfuences agermaipadbld ef prdssicing thel éycaxled prteins. ruodderdo efteati t her
t he ent ule,or to a fra nt t her. eof used herein, a nolecule is
o ¢ oBESEmElh: 18 HTERTian, JBerDman sy oSk ER s VEFHER fowevrh dhis
additional chem cal noieties not normally a part of the nolecule. Such

noi eties may inprove the nol ecule's solubility, absorption, biological half
life, etc. The present invention also discloses a nethod for production of
a protein having a



24t" Decenber 2003 17 processive DNA pol ynerase activity froma host cell

' containing a reconbi nant DNA nol ecul e under conditions whegre the sé ctural
gene i s expressed, followed by purifying the protein expfefe&8MBs t he

culturing step. The 8. stearothernophilus DNApoll of this invention may be

used in cloning and in conjunction with other clones to produce

het er ol ogous pol ypeptides fromthe cldiied genes. The B. stearothernophil us

For- ot Hereart S it e ¥lpd B st Pl e Sfe bay AReE R Ger 1 it “the

i nvention described herein may be nore fully understood, the foll ow ng

exanpl ephertermetgdra't bs Used Naereth hefarsder st ONA t Sejudnze it enbsde @ NP es
are for illustrative purposes only and are not to be construed as limting
the i nvRolPeRtideEXAMPLE 1. Bacterial growth and genonic DNA preparation B.

st ear ot her nophi |l us was grown at 600C with shaking in L-broth (10 g tryptone

(Difco)y X gD s wner it PHL 7. .et gl. 1995,
Gene 168 ;'):’eggb é)g?.ﬁk%gc?é%?%ﬂtoc éSY‘EIC\)/Q‘I’veltr'c;ejdas“:'ﬁjlﬁ:h Hﬁavtmmaet r@@%rmﬁgté?'ht(ﬁr Eh.eand

r esuspegsiagohents. Bal bé qs‘érﬂfrméwalﬁﬁs,(85c8ﬂ;iﬁ?lcéétﬁfénc50“dﬁ@r§b|'ys limkéP § . 150
pl l'ysozynme (10 nglnl) was added and the m xture was |eft at "200C for 1 hr.
A furt heontplgequentes uefess to &6 oonfigutativn wierein thei coding SequencesVcanie pH
8.0), 1.5 m o(; 5 %@%S .ancg. 1. %3{6 m rlotei nase K (1 nglm) was added and
Che i XETRTESPE] HRdEr B igaion ol ConfiaSAAUENEEs 1 acl Jand 1.8 nf of a 0.7
M NaCl/ 10 % CTAB sol uti on was added and the m xture was extracted with

chl or of Ph&kéme Bdligonakloficl" 88 Usl $epbin G HefitdPaskl hsREVle @érﬁgbgéd of fifo DNA

s spooled from®0.6 vol isopropanol. The DNA was washed in 70 % et hanol
and ai rodmare demxyripenticleotides apdios sivongdleotides.Jlts exaeicsing avill 2ependsomTE

~ buffer (20 ris pH 8.0, 1 mV.EDTA pH §,0). . EXAVPLE 2. Pl asnid

purifi cé'ﬁnéfgﬁfge%\”ﬁtﬁﬁt et ‘i"e‘?ﬁﬁ&" aBPeUB'PRXﬁ ncﬁ?BCOTM ¥3¢ Gfath&g in
L- br ot hg i BhGhkhti dultured in
ini o | DY TRE ABBGLbe ol HBAR SIRACERor i, Sofiy!
m crocentrifuge tube. The pellet was resuspended in 100 pl of GIE (50 nmM
gl ucoseTh@Zemv "pringerH@s, uped Sredein I@fers! DA, oligbinBeleptidsy, whgtirer uscouoringe x

m xi ng. 200 pl of lysis buffer (0.2 M NaOH sqodi.um dodecy| sul fate) was
Tied; Rt of prosiged s isEalaavhin b Cobable o Aoy 2856 PRIt of waggn
ot assi : ; il ; i P .5
o o hnSefic sfid RYRRRSE WRenpibked (et colifiHs e WHRA Shfidsis b2
m Xt ur epsimer cextensibngproduzt Whichnisatcoinpléidentary fbha supkicnaioihtstismel is

transferred to a fresh tube and 1 m of 95% et hanol was added. The m xture
was centducgdeder.ofn thei presenea oofo feysndifferents pyeleatide drichasphatesvand avd t he

pel | et Legd . I s resuspended in 200 NI of TE
buf f er m%%FggﬂﬁFﬂ%ﬂrﬁ[ﬁWA&eﬁ&eﬁﬁ containing 20 pg/mM RNase A
EXAMPLE 3. Honol ogy studies to define the approximate | ocation and size of
t he DNAThgntprieseérs idommeferdbly aingle-stainded e foenmaxivhuinhesfiiciehcy expnDNcase
domain of E._ coli DNApoll was used to locate a simlar domain for Bacillus
dubtil i §"\Bﬁf\ﬁ@vqn,(%tr may altegnativelygde dedhle-strandegs.- I Jouble-siranded, the

ocat edPHER i BNE LSRR o, Sopdrafe s RAAAE BERFE B LiSd 10 pRedrs Aleion
Br ai t hwprddticts. eferbibly, the pAaiefss BasligbQeodiibontitledlide TThe piinserdanst by

usi ng a conputer program ( SIS V2.0) to conpare the am no acid sequences.

Ther e i suBficiently Hang Ho Hyine dhe siysthesis of gutensian pRsictniretheoptdsengeiof .
Lo oL BE R e e AR T PO PGB0 oot e
including temperature, source of primer and use of the method. For example,
depending on the complexity of the target sequence, the oligonucleotide primer
typically contains 15-25 nucleotides although it may contain more or fewer
nucleotides. Short primer molecules generally require colder temperatures to form

sufficiently stable hybrid complexes with template.



24t" .Decenber 2003 19 fragment for B. stearothernophilus DNApol| of about

* 518 am no acids, which is nuch shorter than the 600 am g% §C| d expect ed for
this famly (Joyce, 1991, Current Opinion in Structural 4B becenberidd03)oq)
By conparing the peptide sequences of various DNA-dependent pol ynerases,

t hree conserved segnents ternmed Exo I, Exo Il, and Exo I11) have been
proposed to be | ocat ed in the 3' -5 exthucl ease domain . and, thus define

e 2% 3 diméthoterPore BB B35 OB~ IR BlneadiBthe B L0,
al ., 198Randsoteadispddfic %ééuerﬂf&lﬁi%@a Ilf é&%ls rhslthat the3prickdrd mytet

anot her reference (Steitz and Joi~| 19 I n Protein Engineering, Chapt
20, pp. besufficientizemmementary to hybridiag, wuth their mspective strands. LTberechevv

Yhae )+ i Bt beadeE Headtndt Plfast Y, dXaki o RRGE PO theh Smalais te?gd to
be aboubxd@pleird ﬁ@n&fb‘rﬁkﬂehﬂénﬁaﬁ?ﬁd&lecﬂ?&b@f‘éﬁrﬁgntf ﬁ\QWb?éttééhe'ﬁlFo f}fet ﬁ'eéhdjue

Thus there are uncertainties aS to the exact size and siting o e vari ous
-.domai ns of the wrlmrowmhﬂ"@ remajoderef tie prlmemseqwenee deirigyoentplementane ta

5 ed th h I cl ones usi ng pol ynerase
iﬁ;: ﬁsr fanﬁ 2{@9{ tﬁ?i\é?éfﬁﬁ)&@ enfary; bases d @rclpaae% smﬂw'we&seaﬁbe.m y
defi 3 i g rinaer
or oduct Ieer S?P“’S??%’?ﬁd‘???%% R, CproR Rt hePBRnih B iindd HaS" Syfipfent

restri ct:ompl@nemmisy watre the osediencen of athd Srandilts, b@%npﬂﬁb@l‘ﬂé hylgrigige was
from Pronega, USA g pol ynmerase was from Dynazynme, Finland, and the

r adi oac thFGWHU(ﬂ%mQHQEY e aftemﬂmemogmihems l%Ahe Bxtensioh pragics of the

rimer nh di lnnis et al.
Rooo,  » BREeR dohEye? P JRaBIGh RirBRace' RARcus: oo KEied BRtfrEeer cot
San Di egpgcifit probés tﬁéfyﬁsm@sttbﬂgaw hbYe exaét edrapleiRitearit It@daﬂﬁ@ihetherbE@w%
or pET11 d, has an engi neered restriction site in frame for

transl af¢®hts. 24t" Decenber 2003 20 starting with the ATG codon which has
been aligned with the E. coli ribosone binding site. Thus, cloning of the

end @eﬁe‘?gllﬂet'ﬂ% E%tﬂe&gi VQVile)%l irﬁt?a%eéié‘tt {h%n 38ietn% of each primer and will

proceed in the 5' direction along the template strand, until synthesis terminates,

producing molecules of different lengths.

Amino Acid Residue: The amino acid residues described herein are preferred to be
in the "L" isomeric form. However, residues in the "D" isomeric form can be
substituted for any amino acid residue, as long as thc desired functional property is

retained by the polypeptide. NH2 refers to the free amino group present al thc amino
terminus of a polypeptide. COOH refers to the free carboxy group present at the
carboxy terminus of a polypeptide. Thc amino-terminal NHo group and carboxy-
tcrminal COOH group of free polypeptides are typically not set forth in a formula. A
hyphen at the amino- or carboxy-terminus of a sequence indicates the presence of a
further sequence of amino acid residues or a respective NH> or COOH terminal
group. In keeping with standard polypeptide nomenclature, J. Biol. Chem., 243:
3552-3559 (1969) and adopted at 37 CFR §1.822(b)(2), abbreviations for amino

acid residues are shown in the following Table of Correspondence:



woul d i mredi ately aligned it in the right reading frane for translation to
" occur. As the 5 end of the B. sfearothernophilus DNApol |l qgene |s to be
deleted in a sequential series, the 5 end priners must 26e d@ng?kéPQ%;
introduce a Ncol restriction site as well as to prine to the designated
sites. After DNA anplification, the anplified clones are digested with Ncol
restriction enzyne to create sticky edds suitable for cloning into the
vector. The 5 end priners are designated P1, P2, P3 and P4 and their
primng Sites are indicated tn FIG 1. The 5 end primers are. PI—5' - CAT
GCC ATG GIT GAT TCA AAG CGG GCG G 3' P2: 5'-CAT GCC , ATG GCG GCG GCG ATT
TGG 3' P3: 5'-CATTakle oforaspaddans@A CAG CTC GGG 3' P4: 5' - CAT GCC ATG GGC
CGC CTC AGC TC- 3" The sequence which has been underlined is the Ncol
restriction site a@%thﬁ bohq.se%uence is the translation start. Sonme bases
have been altered t "gﬁ ancenHQ% Pﬁ%sation as in a silent nutation whil st
mai nt ai ni ng the peptide sequence. Translation initiation has been known to
be affected by the formati on of basepaired secondary structures. It has
been poSSIbIé TO correrate Tow or no protelrn synihesis wth proposed nmRNA
secondary structules tfiyt itwosine.either the initiating AUG codon or the
Shi ne- Dal garno seguenc Bue]l . et al., 1985; Iserentant and Fiers, 1980;
Rezni kof f and Gol tf, 19 alB¥°"% s has been clearly shown by the disruption
of the nMRNA secongary uc d the AUG start site for effective
transl ati on (Devl?n et?hgl.PH%@gg%hgﬁgysen et al., 1982; Hall et al., 1982,
Schoner et al., 18B4). MBte awtpiohive program (DNASI S V2.0) was al so used to
predi ct possible nRNA 5' secondary structures of the designed prinmers to
avoi d mistransl atfon. Mais, a8y conputer nodel s of various previously
cl oned genes, we goundsgpod gﬁﬁéelation of protein synthesis to the
predicted 5 end nMRNA seconaary structures. In general, thernodynam c EG
val ues of about -P.0 kgal / ni@yoléucigs eat er appeared to 24'" Decenber 2003
21 be favourable for protein synthesis. All the 5 end priners were
desi gned based onlt hesbedat lase#lé sations. The primer for the 3' end of the
gene is the sane r agh thﬁldeleted clones. It may be any primng site
| ocated in a 3' positi Mt o"1"F&M"Ft ernal Ncol site. In this exanple, the 3
end primer was | ogat edy@n t Rglikelr C99A vector itself within the nmulticloning
region (see FIG 2). Alarge 3 end fragnent of the 8. stearothernophilus
DNApoN gene had b&en cPsdedpraling t his vector as described in Phang et al.
(1995). This was rmed PV8168. Thus DNA anplification was perforned
directly on this Bfas ¥Scl O The 3' end priner is P5:

S' - GCTTGCATCCCTCCAGGTCRi8"  histidine

Q Gin glutamine

Glu  glutamic acid
Trp  tryptophan
Arg arginine
Asp aspartic acid

Asn asparagine

O ZO0O =X s m

Cys cysteine

It should be noted that all amino acid residue sequences are represented herein by
formulae whose left and right orientation is in the conventional direction of amino-

terminus to carboxy-terminus.



EXAVPLE 4. Cloning of 5 deleted 8. stearofhennophilus DNApol| genes In

" vitro DNA manl pul ations were done by standard procedure (Ber
al ., 1987, "Guide to Ml ecular doning Techni ques" Met h§4Eﬁ QTE?%(&% 399,

415- 423, 432-449, 661-704; Sanbrook et al., 1989, In Ml ecular doning: A
Laboratory Manual, 2nd Ed. Cold Spring Harbour Press, New York).
Restriction enzymes were from New Englldnd Bi ol abs, USA, and T4 DNA |igase

vas 11 OREUEERE is B AnohBmieicSut BMHRA BIIINR R FIA'S nﬁag Eanflef oS

Sweden) w escrl e a genera scherre or ~c

del et ed(pembese), Elmtlshate afndt émat&agatoearhétéwcwwwws@ 'IIPNAbeé usgmeedetder
control of a trc pronoter took advantage of Nco | site covering the ATG

transl atheoﬁagaemlet)'s Vige they glyaesidicricadann (d'ceaiboppahitlac derdese) andzhat The

hhuceat ol bRl oPIase AdCARAR, 7a PuRldSR \Aigh BNt oififis g o i s
cont r ol pkés Jmaté Rpolipbofided s ehe 3f or Shpesitibneptite puhtoskat ROGESHED td A8 a
I a

culture to repress the basal |evel of expre55|on in the uninduced
state. nude@tlden/\oéewenw 1of epesativaly tlinkgdonudestidesTs typieally sefesred ta 9ss,

Neol 1 eLEIREER g tase SoerRE & TCFIEGPaR SEAHE Y T B0T BN ProBERd TBIRG,

1995), ht forpRildeRfssRRleft &6 1 eéﬁerftﬁﬁ’orﬂ%‘ﬂn'ﬂhbocéﬁ\iérﬁghﬁp%ﬁeéﬁ‘&ﬁ Qf &N-two
stages. The first stage involves cloning the 3 end into the vector and

t hi s cotestminues ton@'ytebrainused to clone all the 5' deleted clones in the second
st age (FIG 3). A 3" end fragment of the 8. stearofhernophilus DNApol| gene
spannin

I t . .di ted with
T Ratri cPas PR R ierstis e adenipec il e BB p¥er Suinsing oyt
pre-di ggﬁéﬁﬂe% fin McRlubte %hdé&ﬁNA ﬁ{dlé’éhlé’nzyrfes Thi's het er ol ogous

construct was now di gested Ncol to accept the 5 deleted priners. The
second stage involves the cIonlng of the various 5 end fragnents into the
first silhgepresest inventiom Idiscfdsedea eedes 8f f@iremcombmm;:{thAumoijﬂ eagenes

spanning the 5 end S|testothe of .the gene was anplified and
P gest ofavigh AcSictial "BeNe e Elrcy Brafene NS (% PREeRNVSt Dilage

Construsgpngﬁsefa%m. e nﬁ}@?h@@r&)ﬂg@i&% p? heddt &fangﬁhae hE SR id?{il@% with

Hi ndl || se ue e correc ed c one ou1 resu

over expr@ﬂ&bﬁﬁnﬁdemjcﬁgdmtos tied strhetuwralr gens. I this doatbipatidrg i the. ploidekE 5.
| PTG i nduction of reconbi nant cl ones C ones were grown up at 370C overni ght
in L-bradhf wtﬁrqct%a@g%esereamsm pesitien anfhiogeniation with rﬁ§P¢‘%iV\l°nga%y, a

4 al ioﬂﬂé?tthg{ i LS %g%%@g&séggdg% OE]% é%ruo@ et V@t.%?% Rgé

anpicill'i'n"and grown a uced

wi th fPpfaradterM bndaltheon@mﬂhr adfi omeplieatibri uts heapatsiewnofat m3iaginiey 3n&ours.
As we are attenpting to elimnate the various possibilities for the | ack of

protein pmraatﬁftstr@ﬁtura}egmelanw efrepiigatiamasambinalien igymhnskeell. direferablys ot ei n
in the S er ne.,e | .
|57 et B v RS eb T MBI S4sfonAlRar i B4 B8 ket <
i-nsensi tekémptnﬂe@ h\éﬂﬂﬁ %yr@pEew: ﬁastOéelwnhb®nA4n&técaiéq§ prefebbly ¥optfineéd 8.
st ear ot her nophi | us DNApol | was al so
by a host cell exemplified herein by an E. coli host cell (strains JM105, XL1-Blue,
BL21(DE3), BL21(DE3)pLysS and BL21(DE3)pLysE), but may, of course, exist in
vitro. The promoter may be inducible, e.g. the tac promoter or the T7 promoter. The
protein may also have a 3'-56' DNA exonuclease activity or may have substantially
reduced 3'-5' exonuclease activity. Preferably, the structural gene is not under
control of a homologous promoter. In the preferred example, the structural gene is
under the control of a heterologous ribosome binding site, not a homologous

ribosome-binding site.

Other promoters, vectors, and host cells, both prokaryotic and eukaryotic, are well



24" Decenber 2003 23 obtained in our controls (0.1 % gl ucose) An

* enpirical assay was perfornmed on overnight cultures of 8

in various glucose concentrations. A 1 glucose concentr&t g%
subsequent experinments. Clones were grown up at 370C over ni ght in LB rredl um
with 1 %glucose to repress constitutive expression fromthe trpllac
pronoter, and 200 Ng/m anpicillin wasladded as a precaution. The follow ng
day, a i By r own
ant 1 ARRGn T AGe Bit SRS (P RECSRGBLP e Soetmations iy Be BB frafich e

i nducedinvenién.C for 3 hrs. This was spun dovvn and resuspended in 40 m 10nmM
Tris pH7.5. The pellet was stored overni ght at -200C Over ni ght sanpl es

ded 1 H7.5. Thi
Soni cat B ngated s “pafothonanrua TUTAPOY <8 mERT sk sublact @éﬁn&eﬁé@ut
USA), 1 t
ming' ¢ o GEanahf B bedydd fronf the PAN bayIRRai L B FelindMoniitls, 1o
m ns t oPeefieratsly, mézlsﬂmjedumllymdram Hasngel leenind 9861d ey seyB8Ace RRARN,

1995). EXAMPLE 6. SDS- PAGE g el ectrophoresi s The nol ecul ar wei giht of the
di al yzegubstantially eagrespords de theegmine aed t@%‘ﬁh?cﬁﬁqueﬂ@ﬁ of dhg | nativey Bs odi um

e U P Yo A P AER A PRREASS shsing i

sf ear ot hggmab{mﬁ/ DNApol I enzynes that are defl cient in 3" -5 exonucl ease
activity purified by the above nmethod in EXAMPLE 5. have rel ative nol ecul ar

wei ght's, determ ned by SDS- PAGE under denaturi n% condi tions, of about 65,
55, 45, Asprafered dasmsiaéed i refearatherswaphis PNAgO inasRbe AMINC RACist eesidue

t ch th d k d, .1989_ .In Cel
B2 £ o Rabadd 8Eind Hale oA ShaB kbR BERo, iR S RRGemoh ot 4hé o
cel | sapghevies: Bebdtrltsh enanée&um@,eé\%ﬂnbrhcl@%aaué@ambl rea%é%e{@-f!% M
DTT 0.125 MTris pH 6.8, 50 %glycerol (v/v)) 0.05 bronmophenol blue (wWyv),

% SDS)exorrmJeas&aoh\etw@m tharelydréngler therpolynmrdse eubstaﬁt@hddeﬂmemombhe pm
for 5 myp., 20 Nl of th u rna ant s |.o0aded onolZ%acr | a els
with a SIBSPRIHFSAIY AMBer AGHERS: s‘?—fc?’ﬁ'l"ol priidyal gt emuiond -
Decenbejy t t
Tri st ol o it} pafhictacg cate, RohtebIRREL <O 1R dho crediii Befyibnds
Gel s wepeoducedied in Coonmassie Blue (0.1 Coormssi e Bl ue R-250 (wv), 10 %

acetic acid, 45 % nethanol, 45 % H20) for 2 hr, then destained (10 % acetic
hanol, 45.% H20) and dried down in a vacuum at 60C for 2hrs

acid, 45 %
bet ween @%F@E%sarafn%ac'%éﬁ?leéﬁaﬁ%qumwp i8 perigs saf, preferred truncated B.

f f | tel
= ear of B UPAAp A s TRISON! EFL ey RIS RpaaP Bt )
247: 22¢uB§ﬂtutlﬁm |avey predeffowhicdr gonfed 72-5' ExoBuockeas€hduficielty: a® Hesehbed The

reaction m x contained 20 MM Tris pH 8.5, 20 mM Mg 2, 1 mM each dCTP,
dGTP, dtefeing Jhengamingcacidt &ﬁ'm SPAHERER | &f, alosubiesbodruncatad B.

[359] - d t d by

t he add;g\?‘%orﬁ&’gt} %oﬁhtlﬁ?@mﬁ)cp l?ﬁéej" m x u?rté@ngg?)grgr%% ed I?&g %#hséS:WGSoC.
The ream@ﬁamEdenmgrbdat&ﬂﬂIatnldcthe(nke.l m chilled 10 % TCA/ 50 mM sodi um
pyrophosphate. After 10 m nut es at 40C, the solution was filtered through a

gl ass fibre (What nan GFI C, 4 cm), washed 5 times wth 5 n1 chilled 10 %
TCA/ 50 rhies G’FHrﬁlyQ@BﬁésBF%@e ey truncater (preteing, Which, when rexpsesserhe

filt t

sci nt 1 1 I9ETER DEUANAT SRR bR el PR BB DA B AP GV Wil st
of assawatying detfréebf BObY BREMTRedd hvtivity. Q‘hbaétis{m&al béné@céﬂrﬁgfﬁthﬁeOf 10
nnol total nucleotides into a DEAEprecipitable formin 30 mnutes at

As descralangs HB/8169, PN81¢0orR¢8 e @ﬁht@éﬁﬁ%ma}{ ire/sdertvedPi®NT OtheP\& 171,

PVv8172, re det er retain,100% of th DNA rase ,act, vi

hhon cotEhBiiapAaS DABoaf Shituial GePhopaf < rbRiel TesnsDetie Hya
Sequenclswameémrdpw,/ammAﬁ@nwuraurm g%ﬁéisé‘@F‘PGQr¢F@Q?¢f{e6ﬁ?d9\eéorhﬁﬁélﬂ§ 5. 7%
acryl am de 0. 3% bi s-acryl am de/ /M Urea/ | X TBE), preheated to 50C, " using a

power subelB. stearothermophilus DNApoll structural gene may be derived from genomic
DNA, cDNA, synthetic DNA and combinations thereof.



24t" Decenber 2003 25 regulated to 120 watts (W. The denatured sanple (2
* NI) was | oaded onto the gel and el ectrophoresed at 55C ég}hici thﬁ r 2003
br onophenol blue dye front mgrated to the bottom of thé ‘ge CCeTRE geq
assenbly was taken apart, the gel transferred to Whatmann 3 MM paper) dried
and exposed to X-ray filmfor 12-20 hrs. EXAMPLE 9. Large scal e productidti
and purification of the reconbinant tri®ncated 8. stearothernophilus DNApol |

pr ot ei n¥hdrpregentiiiEntion! fu#ﬂ%r;)cﬁisaosééﬂthaP ko aseried &t four! gtrla&u%l NG&hed N9

100 Ng/m anpicillin and 34 Ng/m chl oranpheni col was seeded 1:50%In a 1 L

Bel co cencadeafsesiek of corresponding pootsiishavingiat iddst aboTh7 5% visemeloglyawittat
37C, 25 til @) hed 0.6. Thi I nd ith 1. mMIPTG d
shaken Porstebiamapnis DRARSE preferativiatel<ast Bpif SO0’ deooloh agem or 5
I nut ' i R~ a1 0C.
The  pet Proviiect WP % BRYehROWHE R CGifErset hal BB StedfbtitBhophiE DARpOIF,

and 0. OdactidityPBplecifieamalidatist exdrhplificel hereirsipehsiecthe prbteinsvderiged fiom ¢t at 8
- 10 Ww tgs?ﬁ\\é‘Fra-cel | (Sonics & Mater.i al S Connecti cut, USA), 10x each
: i

round f6PN 6hPVBATR.APYE 148 1and BYSAR3i ihichais prefensed.cand fumgtonebr 15

mn. Th tEI L - . for
30 mi n SenIRe HRRedr A FirdiBh udhante oa (A BRI B Nendel oL M- <
chr omat oﬂ?iaahDNNﬁidl@&uwsjmgtiu%aWéi(psress e deBire® shutiuesl geit @ dthedt bp.

gradient (0-0.3 MNaCl) over 80 fractions (6 m each). Purified fractions

wer e chistwitra, be, SRIFeRaEgeRe epeeding dorBneteatataemmenhiusINApolk activity. P. |
1990, Meth. Enz. 182: 738-751 ). Typically, the purified proteinis

75 "1 TR ERefl Iverih Syt StaPe bl A Aulee 1
i s addeThkse lisduds genestdnenfunetibedliddrivatived, ahe Iafaraviti bf withbat aggybtic he
purified, reconbi nant enzyne. In greferred enbodi nents, B

e

st ear ot Betivitp i usctivegloderivative’s ofl B. rstearefiermopbiusiDNAROl e aneampoiied

buf f 20 mM Tris. pH.8. 5, 20 my Mydl i\ each dCTP, dGIP, .dTTP,
o5 b PRI, s sRee rBicbiirta ety YaU0eh UOBIH nit SUHRTeB b df | 2003
26 [358]su6£t‘éﬁtia®1§ﬁnila,tr%l?m{&agi_canaeﬁ\ﬁ@ SPR %rggwﬁﬂﬁ IDNAPSI. The

containing an ernizynatical ly active anpunt of an pol ymerase in a
conpat i leren bfdrctiionaPrdetivative’h isf interdetbi toainclile sthear'magreentgIhi'VvaranbiApol |

proteing is typigally produyced by recombi nant techni ques, from a gene
Ehcodi nteotRif e HhBIAlerVRTIES " o a TMBEOHE. v ERIMSA P58 EIRGA) at os
a DNA s oS LSt tr f '

cncodi neer e B apaRBRGTRE DRARKI MeaIIERF SanAies it
cour se, ofrthi fricledule@nA "varidritt opaimeleguletsuschtay B. steasdthebyoplelist DNApoll is

addition, or alteration of the amng acids incorporated into the protein
sequencBefititadetardaa malesule sybstantiat simitardo stigetire @ndatunctign to either

rooul t e Shieinglotiud 6l raghehe BGTaL A RSl B30 isKiRARRy

W thin glwilgOtd aRdthel ATbieaNe s ith MeleBiles Balvel SUBSEINtaNY similar structures or
if both molecules possess a similar biological activity. Thus, provided that two
molecules possess a similar activity, they are considered variants as that term is
used herein even if the structure of one of the molecules is not found in the other, or
if the sequence of amino acid residues is not identical. An "analog" of a molecule
such as B. stearothermophilus DNApoll is meant to refer to a molecule substantially
similar in function to either the entire molecule or to a fragment thereof. As used
herein, a molecule is said to be a "chemical derivative" of another molecule when it
contains additional chemical moieties not normally a part of the molecule. Such

moieties may improve the molecule's solubility, absorption, biological half life, etc.

The present invention also discloses a method for production of a protein having a



Mut ati on can he acconplished by a variety of nmethods well known in the art
* that are not critical to the invention. Mitation nethod ih(q)(r:l udg, p@&are
not limted to sitedirected mutation, random mutation, & dteEP8Re ., in
Vi voo nut agenesi s using oligonucleotides, and the |ike. A preferred

mut ati on procedure has been described herein the Exanples. The resulting
nmut at ed gene encodes a reconbi nant trymcated B. stearot hernophil us DNApol | .

The mut Ls then provided i.n the formof a.DNA segnent. (excised or
{ecover BPESHIR DA Arlier B adly dhm 8 om Bl Sonfiniag, S EEombinbit BNA

St ear ot keI (DA HePE NthES i ' S. 1 ntion
al so coﬁﬁarrpl atdedg%BNA seglgdrrr:esgt S t%gp Be%@gﬁg;?mgfée%?éﬁégérfggﬂg?%w ilus
DNApol | pyrifying the prbteimiexpiassedtduning thdlauttolirg sleps, such as pl asnmi ds and
bact eri ophage genones contai ning a DNA segnent, ~ are also a part of this

i nventiaan. t cells cgntaill asm d, DNA segnent, npl ecul e or
bact eri @ﬁﬂ%‘g&ﬁ%’ﬁﬂ?@mﬁ’hﬁ é‘?‘&&é’ﬁf’?hﬂs é’?‘@"&'PanEXSﬂ’Fe‘Fﬁﬁ%%P“me?w My, a
truncat i t ' FhRpel i e Sl j is
e Fo e R et o dsaa g R e

cont ai ngeges e d. tdtearodmrotyphilas {(DNApall ef tBis isvestiant raynalsbi beisisBilApol | i s
pr esent the plasm ds PV8169, PV8170, PV8171 and PV8172. 24" " Decenber
2003 27DKJ%p§%‘F neg Pé(‘,’ﬁltﬁ%g%‘itotwqg?%@@l@w 192jgB $SCREMES} eot | de sequence
shown in FIG 1 from nucl eoti de base 223 to base 2859, but having various
nucl eoti de deletions fromthe 5 -end according to the present invention to
provide the required 3'-5" exonucl ease deficiency in the coded 8.

st ear ot her nophi | us DNApol |. A DNA segnent defining a truncated 8.

st ear ot EXANMPLEBUs DNApol | of this invention can be prepared by a “ariety
of nol ecul ar biol ogi cal techniques. The precise nucl eoti de sequence is not
critical so long as the resulting encoded protein has the requisite
properties, and preferably encodes a preferred am no acid resi due seguence
as described herein. In one approach, a DNA segnent can be assenbl ed by the
syst emajn oraeP 4t fal irenBol ddstfibb@Mhértins iy Bkl moPk | AP Ui RPStLEES éﬁg form
the conpl ete DNA segnent. Synthetic oligonucleotides nay be prepare y a
vari et yfallowimg néxarhplegnahetset fartins|t showldabeusinderstamd tthat sther fotiowingl of
Matteucci et al ., gﬁ& J..Am Chem Spc. 103: 31&%5-3191, or using ..

aut omat BYAIPIRSEL oridvsiaive PUPRESHONYAARd BR NAbtedn eonstruad-as lEiting
inventi g0y #RBnREH. Produced by operatively linking a vector to a DNA segnent
of the presen{1 Invention. As used herein, the term"vector" refers to a
nucl eic acid nol ecul e capabl e of transporting between different genetic
environments another nucleic acid to which it has been operatively |inked.
Preferred vectors are those capabl e of autononobus

EXAMPLE 1. Bacterial growth and genomic DNA preparation

B. stearothermophilus was grown at 60°C with shaking in L-broth (10 g tryptone
(Difco), 5 g yeast extract, 5 g NaCl per litre pH 7.2) (Phang et al., 1995, Gene 163:
65-68). Bacterial cells were spun down at room temperature and resuspended in 1.5

mi sucrose buffer (25 % sucrose, 50 mM Tris pH 8.0). 150 pl lysozyme (10 mg/ml)

was added and the mixture was left at 209C for 1 hr. A further 9 ml STET buffer
(150 mM NacCl, 20 mM Tris pH 8.0, 1 mM EDTA pH 8.0), 1.5 ml of 5 % SDS and

1.215 ml proteinase K (1mg/ml) was added and the mixture left at 379C for 1 hr.
2.16 ml of 5 M NaCl and 1.8 mi of a 0.7 M NaCl/10 % CTAB solution was added and
the mixture was extracted with chloroform/isoamyl-alcohol and
phenol/chloroform/isoamyl-alcohol. The DNA was spooled from 0.6 vol isopropanol.

The DNA was washed in 70 % ethanol and air-dried. The pellet was redissolved in



replication and/ or expression of nucleic aC|ds to which they are

" operatively linked are referred to herein as "expressio ctor used
herein, the term"operatively linked", in reference to %ﬁA&gﬁ ﬁ@ t%§g5
descri bes that the nucl eotide sequence is joined to the vector so that the
sequence i s under the transcriptional and translation control of the
expression vector and can be expressed8in a suitable host cell. As is well
known i Petfigy, f ch a protein encodi ng DNA
segnent o?ﬁthezé?gﬁgﬁygnﬁtg ?%ﬁmf§k§BEPatlv 3ly |inked depends upon the
functional properties desired e.g., protein expression, and upon the host
cell to be transforned. These limtations are inherent in the art of
constructing reconbi nant DNA nol ecul es. However, a vector contenpl ated by
the pre on is at_ | east 24 Decenber 2003 28 capabl e of
directlégzbﬂgﬂggp%m¥§?Wdﬂ"ﬁﬁﬁH°%referably al so expression, of a gene

operatlvely linked to the vector. In preferred embodi ments, a vector
contenmplated. b resent invention i karyo icre l.i con
e RBRAORATE ke SHE PGS Rreawonm 5t B0 Witk R bibrisolrepith 284 on
and mai p?maarﬁ Gicin. tﬂfé fréﬁéfﬁﬁhéa'&bll@%ré‘éhﬁﬁwoqn%{é‘ﬂf‘b?é’fﬂsBVBH Og(m' n a
prokaryotic host cell, such as ~ bacterial host cell, transforne

t her ewi th. Sucthe @plturﬁ)nswaer e pedletedkiroven micradentrifuge fubeadThe ipsilet thase
enbodi nents that  i.ncl

whose e%&§RY éB?F@‘?\d r?iobrlé' &&ﬁgq,gm?ﬂbﬁéggﬂ@#r{%ﬁ a‘%ligled%n‘%]‘!e\gleent
P el T EPTA P B B3GR itk By 206 Ly BPBisic bdfier (214 NdISHEHS: 3¢

is well in‘ord or rre cl ones: Typl cal

bact er i sbdidmidodesylssulfate) gareadded ihasitatelaand othketubee wiast invefed 0and
anpicillin, tetracycline, or kanamycin. Those vectors that include a

gr okar yowxed. ﬂ@@)lH'&frﬁ %@oawmrﬁqewe @"Fi?@ﬂ%dr%f?l&lngr@(ﬂrﬁmeﬁ'\/‘ﬁa@fabsemmf
't anet o oR ETBRARRAR (dRORE R Rl YO RER Rl o et iRy e

by a DNf,se t ngi o] 0 rase cription
to occur. épﬁéﬁﬁf{ﬁ%ﬁqﬂ%ﬁ@%ggo%ai Q %\Eﬁﬁ%g hyrﬂe 'ﬁ?%osgﬂ)grriétgn ))ﬁ?gal |y
provi dettahsfepledstol & fiesht @be e tanhion @590 RSN Wad 88864 CThe mktdréswar

insertion of a DNA segnent of the present invention. Bacterial expression

syst ensCertfifigasofarel ann alsHAQA0 vt dhe supernaient wast emoved dad dhelneallet n

pcadem WoB e oy 08 i PNE e ReR(FBanaedth 20831 ol Birec{imd i

Bi of echTrid-HGK, ﬂnwfzpmsgmru)v(ﬁﬁﬁahmgomwmmmyew eukaryotic cells,
preferably those conpatible with vertebrate cells, can also be used to form

t he reconbi nant DNA nol ecul es of the present invention. eukaryotic cel
expression vectors are well known in the art and are avail able from several
comerci al sources. Typically, such vectors are provided containing

conveni r i
such vec?kga‘r'\éigg%e3 E)% Lgﬁf gtﬁg(?% t@ (?%ﬁ{ ?ééro&ﬁ‘@%e@céﬁcm_%ﬁaﬁlm )él’hg?l onal
Bi ot echDNAogymﬁes|brubrha|nand pTDT1 (ATCC, #31255). 24" " Decenber 2003 29
In preferred enbodi nents, the eukaryotic cell expression vectors used to

construct the reconbi nant DNA nol ecul es of the pr es_ent i nvention include a
sel ect ahhe FAERRGIH| seavgnke rof tthet3'5s expreeleass dpmain @f G readt PNAPsill wasuch

ot 1 onboefl 3 AR SRt Rl B B s BURCONARAT e B o BoRnose

expr ess@¥he’ €34t S43M4J)e0Wiilarly ethSt e, eb(oﬁuc|eé§1@ Wﬁ' of the B.
phosphot ransf erase (neo) gene. Southern et al Appl~. Genet.

1: 327- stemrothemnephides aNArmllmu heo locatadfusing &. sah mwéolhasttharbastshf@r
transf orned host | tyr or.abl e con on
pr odﬁct FEMPEf 'Sgﬂ ‘lPJ@Bar%iaHﬁ % {@\/1 ﬁ"(ﬁ"‘f’f@ I Fﬁsfmﬁgﬁ) tedg‘tﬁ\ﬁ!%i on

of the ggng WNdsiybs LonpliteP M ESIAEES Vo ntt or med
host. The sytﬁ’?hgsildzed 8. s?eg%&?ﬁerg%phl réus Dl\PAp0 (F&T@QI sol at e@'ﬁa&a

medi um eeqfiencas. hel lukl &s; ar éz%mnq/cchrimbtweenf theat two  cSequencps oSeEquenBy not
be neceg in. s i nstances e urities may be tol erat.ed.

Each of Hlé){? i"foéﬁ mopilys [éﬁ HEP%P?P&% taRegin %\789@ d 436 ag¥iafpl e,
the desaeed(géadkégdéewwsnav the g}uew&ﬁneme*w& o 29dEAb-1REd
used directly 'in appropriate hosts. e constructions for expression
vectors operable in a variety of hosts are nmade using appropriate replicons
and control sequences, as set forth below. Suitable restriction sites can,
if not normally avail able, be added to the ends of the coding sequence so

as to provide an excisable gene to insert into these vectors. The
reconbl nant DNA rml ecul es of the present | nventl on are typ| cal I y [ nt r oduced

o, o o "



24t " Decenber 2003 30 insect, mammalian or plant cells are presently useful
' as hosts. Prokaryotic hosts are in general the npst effhgg%ﬁke% g,2003
conveni ent for the production of reconbinant proteins and thererore are
preferred for the expression of 8. sfearothernophilus DNApoll, and are
represented by various strains of E. coli. However, other mcrobial strains

may al so be used, such as bacilli, forfgexanple, Bacillus subtilis, various

speci es r. L@l i.n I n_such .qrokaryotic
Syt e ERF Y B oaroPlarioing BPRPLf orcabdln B1s dlubigefibn g e
sequenc@gcHehovte tHAPMeSEET hRfiné aBiabhipelcied\dr thik T8milY $Joyet 199¢dCueht
exanple, E. coli is typically transforned using derivati'ves of pBR322, a

pl asmi dOpéion éuStructwalBipl. 1¢dR3-E%ci es by Bolivar et al., 1977, Gene 2: 95
and Sutcliffe, 1978, Nuc. Acids Res. 5: 2721-28. pBR322 contains genes for

o kor Bl a8 BB 0E e DAL R BB b e
desi r edeyfereéd sEgHTEN YernstH ERDAK &N, Snd EX0! Il ha8 HRIFESropdREANt0HE

defined herein to include pronoters for transcription initiation,

opt i onalocated irh ther 345¢ rexoouclease ndpmainhand bhwusndefine dhe gexdente of doa 3t s,

i ncl ude_such co nly.used pronoters t he. B-1 act anpse. (penicjllj e) and
| act oseSXTHGSERRTEIN 13 CoRsie! Qlcabany 207 aiminG aqds Sxigndindiromptne 8860 | ne
tryptop i : | Hiet , kg4 ARGS Res.
6. 057y g ioRes e Esh INAROT(BERESTE o 182, QP Z i1 A4 R
Nat ur e Reghtz28)93Geme 4422133488 nne bi nding site, which has been nade
useful as a portable control cassette (as set forth in U S. Pat. No.

4,711, 845), ich conpri a first ence th i.s the PL, pronoter
Sper abl ot ARRST T51eIoRes ASTRiG At DAY T B dIBHE Fnainagi CoBRE Bhe
restrichiho a8 @ reig s a f S ' ence.
Al so usé?h?2?§3?he phgggdg¥%bgﬁéﬁ?%hgﬁgmgﬁgkéﬁé ggbﬁ?%g@eﬁc? '%§€&§@5a|

i n Eur ofteacorieiustont fRarhl | Xatayooryitallog Bfp o had-Hindivated thay theaiekehliclepsenot er
system conpatible with grokaryotes can be used. Typical bacterial plasmds

are pucsomaicef BirEo sok PN tragment imexpactesiape-ahayt 198aminer acids

(Ri chno i f ri erein, pPL and pkk233-2,

avai | ab{hglepgg‘lh%h%{}@g@f@;f g’?‘i@%gz% '%‘Igf%f or Clone Tech (Palo Alto,
Calif.), pBluescript and pET (Stratagene, USA) and the |ike equival ent
pl asnm dThu®r €R&ieON ane Clupicertaiities eid et fthe Cldct ks apdl siing nef thke vBRbuUs

XL1-Blue (Stratagene), and the like, in addition to the ~24'" Decenber
2003 31dedq@inslleiewost thisl a sgess of ipsinars were. dasignettita clonet @ sedes af iy,

eukar yop] {1 CLO 2 Y.e y. 0 u S{,S.. .atory
strai nsH%%t@ag%hgfe%ﬁ?/@é g’ggéﬁlé%sl mp‘e‘?&ga @Le%s u?/ E’gs {QS S@Q?ejagg séﬁ%g Ié%%%g% hough
a nunbe(PEOR).OTHede Sérigd 66 SadéletBBAEY val aidréddifgly \Wifine thedDRASs §i¥i ng
the 2 mcron origin of replication are illustrated (Broach, 1983, Meth. -

Enz., 1demagn7), other plasm d vectors suitable for yeast expression are
known (see, for exanple, Brake et al., 1984, Proc. Natl. Acad. Sci USA 81:
4642-4647; Clarke et al., 1983 Meth. Enz. 101:300; Halewell et al., 1987,

Bi ot echnol ogy 5: 363-366; Stinchconb et al., 1979, Nature, 282:39, Tschenpe
et al.) 1980, Gene 10: 157). Control sequences for yeast vectors include

pr onot e EXAMPLE Bosighiagi 6f pimetyamd Ftdcmcﬁﬁﬁymﬁme( defste@igenles, 1968, J.
Adv. Enzyme Reg. 7: 149; Holland et al., 1978) Biotechnology 17: 4900). It
is also_ of course, possible to express genes encoding pol ypeptides in
eukar yofrinersveredromgengsyss URA | bEetrgianmeanzyees| wierer frgmgilawsirglande

f Ti . i t i
(3075, BRoBbs, URACTCHINA iBasd R Fio PidiBaa Tsh. TR Paknerad wal oL T
ccPs. amynglymes Finandfid heaadiddetitd ntelcbtidéy deré floth N nfgEAas
CCL61, and | H 3T3 nouse cells available fromthe ATCC as 1658.

Expression vectors for such cells ordinarily include pronmoters and control
sequencddiecimaincrprernpt Rrimamneasigm hees iis te maintadn the cogeshpeadingHsame

commonl ed . early. 1 onoters,.from,Si m irus 4 Sv.,.4 Fiers
et al. ,)('fg'g%,etl\lg[‘ur 3:’9‘;%3 ,ro[él%ogs‘[ I‘(é_r e t_rgp?g f’g"? sarggczﬁpggc _CR%'%G
deri ved Ada@ehi®|press, séﬁqni@pb{).uﬁ_ this BAYe NEitHAMfl theWectbrisUsxerApliffied ARre,
sarcoma Vviruses, or immunoglobulin pronoters and heat shock pronpters. A

syst em PdrcRBdpoe P& Trd dokasian aagineerethNegk testrictioni site inhfsame\Vfoadramsiationor i s
disclosed in U S. Pat. NO 4,419,446. A nodification of this systemis
described in U S. Pat. No. 4,601,978. General aspects of mammalian cel

host system transfornmati ons have been described in U S. Pat. NO 4,399, 216.
It now appears, also, that "enhancer"™ regions are inportant in optim zing
expression; these are, generally, sequences found upstream of the pronoter

I




I nfection with Agrobacteriumtunefaciens (Straw et al., 1983, Gene 23: 315)

"is used for certain plant cells. For mammalian cells w %@%ecc%lbgtggéés,
t he cal ci um phosphate precipitation nethod of G aham and van Gl , 1978,

Virology 52: 546 is preferred. Transformations into yeast are carried out
according to the nethod of Van Solingen et al., 1977, J. Bacteriol. 130:
946 and Hsiao, 1979, Proc. Natl. Acad . USA 76: 3829. In addition to the

transf ostapthd Qsth &8 |ATGhesEdR Wiiich Hidlst Hé@ﬁ é}fgnbaewgﬁ'thé B %oﬁons gted

as within the present invention. The cul tures”i nclude nonocl onal onal l'y
hormgenb@dﬂ’)g site.t Thus, clonlngubi thee§' dodiofdbief gena mtoﬁhchoalarestud:tiolT gitei n a
nutrient um Nut.ri use for cul t [ transfornmed host cells
are wel VO Eﬁﬂwm?ﬂ'#ﬂz aﬁgpe "Sétur@@péﬂ% rﬁﬁ{}gB%l@F"A'l‘ t‘é@ﬁﬁ%"rm al
sources. I n enbodi nents wher el n the host cell is nmammali an, "serumfree"

medi um A fpeebeeAll of HEE D, §B§m?ﬁ&fr?dl}5hllg§ Nﬁ\psnt LS IS4ty Sg%téd NYt4ient

medi um cont ai ni ng host cells transto onbl nant nol ecul e of
t he pr esequentialeserias; theats’ iend gpahérs aiustxbe edesigged Qe irdraiuvediangveol

subj ect |. tide. culture is malntalnedfor a tinme period sufficient
forJ t hel ‘{)"1?%%&"8?'1‘%336% aslg Rime e dhe ﬁ@sWﬂ%P't%IW@N&amm&@m essed

pol ypepiy

expressfeé:’d mbﬂfén{!l%[b&%%&%&%&%%ﬁ@ﬁ a| n%]%ﬁ"%tcgg |t$§ﬁ8§€§§g§| on
assenbl puitable.for plomiray aito thebmﬁre'l‘herﬁilélw pntne,rs and degijreited F24tP2 Opgenber
2003 33 protein gene) may be transferred to a plasm d that can attain very
i gh coP)d e Sheirermingsitarcare IndisatashiperI. r dherk] eertprimers ariay
replication” vector pKN402 nmay be used. Preferably, the plasm d sel ected

A1 h d ] f [ '
of o hand Ll SEE ATECTIIGRT FOAMAGLEE BEFRRC 12751 “Bactor i al

cultures transforned with the plasmds are grown for a few hours to

I ncr easP2pbaCWTIGCIPATEIBRE GEGEGCE ATTOI@Gt3lan 1000 copi es per cell.
I nduction may be performed in sof ~ne cases by el evated tenperature and in

ot her case iti n |nact|vat|n agent to a repressor.

Pot ent i gé 5 eéfraggg-éﬁ-ég @%q &@@?ﬁ ed 8. stearothernophilus
DNApol I can be obtained in th| S vvay As descri bed herein, the clones

desi gnapgds® ?@5 , ygj@ V8172, pr oduced usi ng

ol i gonucl eot ?%?%%Qégﬁ%@ 4 ag%j-r(g ;])Trcl ger I abel |l ed P5, was determ ned

toretain 100% of its DNA pol ynerase activity, and possess essentially no

exonucl #heesequende whisherascbegrauadetiinedi isd they MeoBrestiictivno stte ramapthiel bisid
ol I. Although t he fore oi ng{ refers to particular preferred enbodi nents,

it willSBIURNRRRe ttBSdtrﬁﬂﬁlﬁ PR S aﬂe@meub@%ﬁﬁ |h@Me| beewtaltased| ta wabance wi | |

occur t 0 ; cations may
be. mmde Y5 Rgid a8 il aBblt diator Mt indbloiding ihd BB sEBOME "2 o

i ntended to be within the scope of the present |nvent|on whi ch is defined
by t he Todrstatiorgirdfiatiors has been known to be affected by the formation of base-

paired secondary structures. It has been possible to correlate low or no protein
synthesis with proposed mRNA secondary structures that involve either the initiating
AUG codon or the Shine-Dalgarno sequence (Buell et al., 1985; Iserentant and
Fiers, 1980; Reznikoff and Gold, 1986) and this has been cleaﬂy shown by the
disruption of the mRNA secondary structures around the AUG start site for effective
translation (Devlin et al., 1988; Gheysen et al., 1982; Hall et al., 1982; Schoner et
al., 1984). The computer program (DNASIS V2.0) was also used to predict possible

MRNA &' secondary structures of the designed primers to avoid mistransiation.

Thus, using computer models of various previously cloned genes, we found good
correlation of protein synthesis to the predicted 5' end mRNA secondary structures.

In general, thermodynamic A£G values of about -2.0 kcal/mol or greater appeared to



24t" Decenber 2003 34 What is clained is: 1. A 8. stearothernophilus
" DNApol | structural gene, wherein the 5 end deletion i SSJj from rn?ﬁbfot | de
e 5

1330. 2. A 8. stearothernophilus DNApol |l structural gene, eé:re&bﬁ

end del etion issues fromnucl eotide 1579. 3. A 8. stearothernophilus _
DNApol | structural gene, wherein the 5 end deletion issues from nucl eotide
1816. 4. A 8. sfearothernophilus DNAp@1l structural gene, wherein the 5

ner o 1o TR BB pr BT S PEbsE RIS s e Fh BeRlonfh Hebelian 1 om

am no athegde3@flondlisalibasprotein of ,claim2, wherein the truncated protein
of 8. stearothernophilus DNApoll issues fromamno acid 453. 7. The protein

O L it e 1 T S o o8 56 ST
473! 5 g egBeca o SR\ mOBp) ot B SR

acti vi ttheb8t end plishércwastiotated on thé pTeaSBN Gleettt atsedft withihYthe LAultiitmimyg ot ei n
of claim®6, wherein the protein retains DNA synthesis activity but is

def i ci effgiom (see FG52).éxdargel & pnd fragment wf the B. wﬂeagptfwmqphﬂus ONApolt ;

wh [ i I, t hesi ti.vi t, i jclent in 3
to°5 " cqRe rRURERPRGRiN)S (o VeRdY o oS i ool st G B TER WA orei n
ret ai nstlpieds PVENes! THst DNA wnipifichortl A< bBRbrrhad Hirdclly Son WRNMBSRAG e

activity. ~ SNEET
clone.

The 3’ end primer is

P5: 5'-GCTTGCATGCCTGCAGGTCG-3'

EXAMPLE 4. Cloning of 5’ deleted B. stearothermophilus DNApoll genes

In vitro DNA manipulations were done by standard procedures (Berger, S.L. et al.,
1987, "Guide to Molecular Cloning Techniques" Meth. Enz. 152: 393-399, 415-423,
432-449, 661-704; Sambrook et al., 1989, In Molecular Cloning: A Laboratory
Manual, 2nd Ed. Cold Spring Harbour Press, New York). Restriction enzymes were
from New England Biolabs, USA, and T4 DNA ligase was from Promega, USA. In
this example, pTrc99A vector (Pharmacia Biotech, Sweden) will be used to describe
a general scheme for cloning of all the 5’ deleted genes. Placement of the B.
stearothermophilus DNApoll gene under control of a trc promoter took advantage of
Nco 1 site covering the ATG translational start sites of the pTrc99A vector (Phang et
al., 1995).

The expression vector pTrc99A contains a strong frc promoter that, when
induced, will result in the overexpression of the protein. This promoter is controlled
by the laclq repressor. Thus glucose must be added to the culture media to repress
the basal level of expression in the uninduced state. Induction occurs with the
addition of 1mM IPTG (Amann et al., 1988, Gene 69: 301-315).
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The first stage involves cloning the 3' end into the vector and this construct may
be used to clone all the 5’ deleted clones in the second stage (FIG. 3). A 3’ end
fragment of the B. stearothermophilus DNApoll gene spanning the internal Ncol
restriction site was digested with Ncol restriction enzyme and directionally cloned
into the pTrc99A vector pre-digested with Ncol + Smal restriction enzymes. This

heterologous construct was now digested with Ncol to accept the §' deleted primers.

The second stage involves the cloning of the various 5' end fragments into the first
stage construct. The &' deleted B. stearothermophilus DNApoll genes spanr{ing the
5 end priming sites to the end of the gene was amplified and digested with Ncol.
The 5' end fragments were ligated to the first stage construct. Orientation was
checked by either digesting the recombinant with Hindlll or DNA sequencing. The
correct deleted clone should result in overexpression and synthesis of the correct

truncated proteins.

EXAMPLE 5. IPTG induction of recombinant clones

Clones were grown up at 379C overnight in L-broth with 1 % glucose and 200 ug/ml!

ampicillin. The following day, a 4 mi aliquot of culture was seeded into 200 m! of L-

broth with 200 pg/ml ampicillin and grown at 379C until 0.8 0.D.ggg. The culture

was induced with IPTG (1 mM final concentration) and further grown at 30°C for 3
hours.

As we are attempting to eliminate the various possibilities for the lack of protein
production, we need to abolish basal level synthesis of the protein in the control
samples. It has been previously shown (Silverstone et al., 1970, Proc. Natl. Acad.
Sci. USA 66: 773-778) that the lacUV5 promoter is insensitive to glucose repression

of up to 0.4 %; thus basal levels of B. stearothermophilus DNApoll was also



conserved 3' - 5" exonucl ease active site in DNA-dependent DNA

* polynerises". Gene 112: 139-144. Bolivar et al., 1977) ne~ 2. 95 ford,
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Ref erence Gui de, page 5 Br oach) 1983, Meth. Enz., 101: 307. Brown, WE)
Stunp, K H and Kelly, 1982., Exxdherichia coli DNA polynerise 1I". J

A ond s fn s‘?]‘ﬁo%”?t???g @ syl S Rl s L S e

expr ess bOém'ciightEculﬁﬂéé, obfredorlsinaRed | %h fovile RE vaie R jREose BahesrEatiors. (A ¢ | ) -
Nucl ei ¢ Aci Res. 13: 1923-1938. ang et al., 1977) Nature 198: 1056

d ar ke etucmrse)congeetrammwaanzsedliosubsewemmeameats 1972, Prvc. Natl.
Acid Sci . USA 69: 2110. Cowart, M, G bson, K. J. AIIen D.J. and Benkovi c,

S.J., 1988, "DNA substrate structural rerrents for the exonucl ease and
pol ymer denegwere orewn sip ah HG pyernight nacl&a@éltmm ol Yngllicass to reressem

20: 197%0?18f%tlve expression from the trp/lac promoter, and 200 pg/m! ampicillin was
added as a precaution. The following day, a 4 ml aliquot was seeded into 200 ml of

LB with ampicillin and grown untii A600 nm= 0.8. IPTG was added to a final
concentration of 1 mM and induced at 30°C for 3 hrs. This was spun down and

resuspended in. 40 mi 10mM Tris pH7.5. The pellet was stored overnight at -20°C.
Overnight samples were pelleted and resuspended in 10 ml of 10 mM Tris pH7.5.

This was sonicated at 8 - 10 W with a Vibra-cell (Sonics & Materials, Connecticut,

USA),10x each round for 1 min. The mixture was incubated at 60°C for 15 mins to
denature the E. coli proteins and centrifuged at 12500 rpm for 10 mins to collect a
clear supernatant (Engelke, 1990; Laywer, 1989; Phang, 1995).

EXAMPLE 6. SDS-PAGE gel electrophoresis

The molecular weight of the dialyzed product may be determined by any technique,
for example, by sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) using protein molecular weight markers. The series of four truncated B.
stearothermophilus DNApoll enzymes that are deficient in 3'-5' exonuclease activity
. purified by the above method in EXAMPLE 5. have relative molecular weights,
determined by SDS-PAGE under denaturing conditions, of about 65, 55, 45, 35 kDa.

Samples were analysed with the Bio-Rad Mini-Protean 1l Apparatus to check for
protein synthesis (Hames and Rickwood, 1989, In Gel Electrophoresis of Proteins. A
Practical Approach, IRL, Oxford). 1 ml of cell sample was pelleted and resuspended
in 100 pl Laemmili buffer (0.05 M DTT, 0.125 M Tris pH 6.8, 50 % glycerol (v/v), 0.05
% bromophenol blue (w/v), 1 % SDS). The mixture was boiled for 5 min, and
centrifuged at 14000 rpm for 5 min. 20 yl of the supernatant was loaded onto 12%

acrylamide gels with a 5% stacking gel and electrophoresed at 120 V for 60-90 min,
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The collected fractions were separately assayed for DNA polymerase | activity
(Setlow et al., 1972, J. Biol. Chem. 247: 224-231; Setlow and Kornberg, 1972, J.
Biol. Chem. 247: 232-240). The reaction mix contained 20 mM Tris pH 8.5, 20 mM
MgClp, 1 mM each dCTP, dGTP, dTTP, 1.25 pg/ul activated DNA (Pharmacia),

1000-15000 Ci/mM [359S}-dATP, 1-10 ul enzyme, and water to 0.3 mi. The assay is

initiated by the addition of enzyme, and the mixtures were incubated for 5 mins at
650C. The reaction was stopped by addition of 1 ml chilled 10 % TCA/50 mM

sodium pyrophosphate. After 10 minutes at 40C, the solution was filtered through a
glass fibre (Whatman GF/C, 2.4 cm), washed 5 times with 5 mi chilled 10 % TCA/50
mM sodium pyrophosphate, and then 3 times with 5 ml ethanol. The filters were
dried under sLtction for two mins and then counted in a scintillation counter. An
incubation without enzyme is included in each set of assay (One unit of polymerase
activity catalyzes the incorporation of 10 nmol total nucleotides into a DEAE-
precipitable form in 30 minutes at 72°C._As described herein, the clones designated
PV8168, PV8169, PV8170, PV8171, PV8172, were determined to retain 100% of
their DNA polymerase activity when compared to wild type B. stearothermophilus
DNApoll.

EXAMPLE 8. DNA Sequencing

Polyacrylamide sequencing gels were prepared (6% gel having 5.7% acrylamide

0.3% bis-acrylamide/7M Urea/IX TBE), preheated to 50°C, using a power supply
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EXAMPLE 9. Large scale production and purification of the recombinant truncated
B. stearothermophilus DNApoll proteins

An overnight culture of E. coli clones in sterile LB containing 100 pg/ml ampicillin
and 34 pg/ml chloramphenicol was seeded 1:50 in a 1 L Belco culture flask

containing 100 pg/ml ampicillin. This was shaken at 37°C, 250 rpm until ODggg

reached 0.6. This was induced with | mM IPTG and shaken for another 3 hrs at
30°C. The sample was spun at 8000 rpm, 4°C for 5 minutes. The supernatant was

discarded and the pellet was stored in -20°C.

The pellet was resuspended in 25-30 ml 10 mM Tris pH 75 per falcon tube and 0.02
mM PMSF was added to the cell suspension. This was sonicated at 8 - 10 W with a
Vibra-cell (Sonics & Materials, Connecticut, USA),10x each round for 1 min. The
sonicated cell suspension was incubated in 60°C for 15 min. The sample was
centrifuged in a JA-20 (Beckmann, USA), 13000 rpm for 30 min at 4°C. The clear
supernatant was loaded onto an ion-exchange DE-52 chromatographic column
using 10 mM Tris pH 7.5 as buffer and eluted in a gradient (0-0.3 M NaCl) over 80
fractions (6 ml each). Purified fractions were checked on SDS-PAGE for protein
concentrations (Deutscher, M.P. , 1990, Meth. Enz. 182. 738-751). Typically, the
purified protein is dialyzed after puriﬂcatidn against a low salt buffer, e.g., 10 mM
Tris pH 7.5, 1 mM dithiothreitol. Typically, a stabilizing agent, such as glycerol, is
added to the preparation to facilitate low temperature storage of the purified,
recombinant enzyme.

In preferred embodiments, B. stearothermophilus DNApoll is used in combination

with a thermostable buffer such as 20 mM Tris pH 8.5, 20 mM MgCly, 1 mM each
dCTP, dGTP, dTTP, 1.25 pg/ul activated DNA (Pharmacia), 1000-15000 Ci/mM
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substitutions or other alterations result in proteins having an amino acid sequence

encoded by DNA falling within the contemplated scope of the present invention.

Mutation can he accomplished by a variety of methods well known in the art that are
not critical to the invention. Mutation methods include, but are not limited to site-
directed mutation, random mutation, error-prone PCR, in' vivoo mutagenesis using
oligonucleotides, and the like. A preferred mutation procedure has been described
herein the Examples. The resulting mutated gene encodes a recombinant truncated
B. stearothermophilus DNApoll. The mutated gene is then provided in the form of a
DNA segment (excised or recovered coding sequence) that encodes the

recombinant B. stearothermophilus DNApoll protein using standard techniques.

The invention also contemplates DNA segments that encode truncated B.
stearothermophilus DNApoll proteins of this invention. DNA molecules, such as
plasmids and bacteriophage genomes containing a DNA segment, are also a part of
this invention. Host cells containing a plasmid, DNA segment, DNA molecule or
bacteriophage genome- of this invention are also contemplated. Preferably, a
truncated B. stearothermophilus DNApoll-encoding DNA of this invention is in the
form of a plasmid, cosmid or phage. A preferred DNA segment containing a gene
that encodes a truncated B. stearothermophilus DNApoll is present on the plasmids
PVv8169, PV8170, PV8171 and PV8172.
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- In one approach, a DNA segment can be assembled by the systematic hybridization

and ligation of synthetic oligonucleotides to form the complete DNA segment.

Synthetic oligonucleotides may be prepared by a variety of chemical synthetic
means, such as using the triester method of Matteucci et al., 1981, J. Am. Chem.

Soc. 103: 3185-3191, or using automated synthesis methods.

A recombinant DNA molecule of the present invention can be produced by

operatively linking a vector to a DNA segment of the present invention.

As used herein, the term "vector" refers to a nucleic acid molecule capable of
transporting between different genetic environments another nucleic acid to which it
i has been operatively linked. Preferred vectors are those capable of autonomous
replication and/or expression of nucleic acids to which they are operatively linked
are referred to herein as "expression vectors". As used herein, the term "operatively
linked", in reference to DNA segments, describes that the nucleotide sequence is
joined to the vector so that the sequence is under the transcriptional and translation

control of the expression vector and can be expressed in a suitable host cell.

As is well known in the art, the choice of vector to which a protein encoding DNA
segment of thc present invention is operatively linked depends upon the functional
properties desired e.g., protein expression, and upon the host cell to be
transformed. These limitations are inherent in the art of constructing recombinant

DNA molecules. However, a vector contemplated by the present invention is at least
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prokaryotlc replicon may also include a gene whose expression confers a selective
advantage.such as amino acid nutrient dependency or drug resistance to a bacterial
host transformed therewith as is well known, in order to allow selection of
transformed clones. Typical bacterial drug resistance genes are those that confer

resistance to ampicillin, tetracycline, or kanamycin.

Those vectors that include a prokaryotic replicon may also include a prokaryotic
promoter capable of directing the expression (transcription and translation) of the
gene transformed therewith. A promoter is an expression control element formed by
a DNA sequence that permits binding of RNA polymerase and transcription to occur.
Promoter sequences compatible with bacterial hosts are typically provided in
plasmid vectors containing convenient restriction sites for insertion of a DNA
segment of the present invention. Bacterial expression systems, and choice and use
of vectors in those systems is described in "Gene Expression Technology"”, Meth.
Enzymol., Vol 185, Goeddel, Ed., Academic Press, N.Y. (1990) and Shatzman,
A.'R.,1990, Current Opinion in Biotech. 1: 5-11.

Expression vectors compatible with eukaryotic cells, preferably those compatible
with vertebrate cells, can also be used to form the recombinant DNA molecules of
the present invention. eukaryotic cell expression vectors are well known in the art
and are available from several commercial sources. Typically, such vectors are
provided containing convenient restriction sites for insertion of the desired gene.
Typical of such vectors are pSVL and pKSV-10 (Pharmacia), pBPV-1/pML2d
(International Biotechnologies, Inc.), and pTDT1 (ATCC, #31255).
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In preferred embodiments, the eukaryotic cell expression vectors used to construct
the recombinant DNA molecules of the present invention include a selectable
phenotypic marker that is effective in a eukaryotic cell, such as a drug resistance
selection marker. or selective marker based on nutrient dependency. A preferred
drug resistance marker is the gene whose expression results in neomycin
resistance, i.e., the neomycin phosphotransferase (neo) gene. Southern et al., 1982,
J. Mol. Appl. Genet. 1: 327-341. *

The vector is used to transform a suitable host and the transformed host cultured
under favorable conditions to effect the production of the recombinant B.
stearothermophilus DNApoll by expression of the gene and subsequent protein

production in the compatible transformed host.

The synthesized B. stearothermophilus DNApoll is isolated from the medium or from
the cells; recovery and purification of the protein may not be necessary in some

instances, where some impurities may be tolerated.

Each of the foregoing steps can be done in a variety of ways. For example, the
desired coding sequences may be obtained from genomic fragments and used
directly in appropriate hosts. The constructions for expression vectors operable in a
variety of hosts are made using appropriate replicons and control sequences, as set
forth below. Suitable restriction sites can, if not normally available, be added to the

ends of the coding sequence so as to provide an excisable gene to insert into these
vectors.

The recombinant DNA molecules of the present invention are typically introduced
into host cells, via a procedure commonly known as transformation or transfection.
Transformation of appropriate host cells with a recombinant DNA molecule of the
present invention is accomplished by well known methods that typically depend on
thc type of vector used (Cohen et al., 1972, Proc. Natl. Acad. Sci. USA 69: 2110;
and Maniatis et al., 1982, Molecular Cloning, A Laboratory Manual, Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y.; Rosenberg and Moss, 1990, Current
Opinion in Biotech. 1: 3-4; Sorge et al., 1984, Mol. Cell. Biol. 4: 1730-37; and Wigler
et al., 1979, Proc. Natl. Acad. Sci. USA 76: 1373-76). Generally, prokaryotic, yeast,
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and pTrc99A described herein, pPL and pkk233-2, available from Pharmacia
(Piscataway, N.J.) or Clone Tech (Palo Alto, Calif.), pBluescript and pET
(Stratagene, USA) and the like equivalent plasmid expression vectors. Preferred E.
coli host cells include RR1, XL1-Blue (Stratagene), and the like, in addition to the
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It is also, of course, possible to express genes encoding polypeptides in eukaryotic
host cell cultures derived from multicellular organisms. See, for example, Tissue
Culture, Academic Press, Cruz and Patterson, editors (1973). Useful host cell lines
include murine myelomas N51, VERO and HelA ccPs. and Chinese hamster ovary
(CHO) cells available from the ATCC as CCL61, and NIH/3T3 mouse cells available
from thc ATCC as CRL1658. Expression vectors for such cells ordinarily include
promoters and control sequences compatible with mammalian cells such as, for
example, the commonly used early and late promoters from Simian Virus 40 (SV 40)
(Fiers et al., 1978, Nature 273: 113), or other viral promoters such as those derived
from polyoma, Adenovirus 2, bovine papilloma virus, or avian sarcoma viruses, or
immunoglobulin promoters and heat shock promoters. A system for expressing DNA
in mammalian systems using the HPV as a vector is disclosed in U.S. Pat. NO.
4,419,446. A modification of this system is described in U.S. Pat. No. 4,601,978.
General aspects of mammalian cell host system transformations have been
dcscribed in U.S. Pat. NO. 4,399,216. It now appears, also, that "enhancer" regions
are important in optimizing expression; these are, generally, sequences found
upstream of the promoter region. Origins of replication may be obtained, if needed,
from viral sources. However, integration into the chromosome is a common

mechanism for DNA replication in eukaryotes.
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plant cells such as thc nopaline synthase promoter and polyadenylation signal
sequences (Depicker et al., 1982, J. Mol. Appl. Gen., 1: 561) are available. See,
also, U.S. Pat. No. 4,962,028, U.S. Pat. No. 4,956,282, U.S. Pat. No. 4,886,753 and
U.S. Pat. No. 4,801,540.

In addition, expression systems employing insect cells utilizing the control systems
provided by baculovirus vectors have been described (Miller et al., 1986, In Genetic
Engineering, Setlow, J. K. et al., eds., Plenum Publishing, Vol. 8, pp. 277-297). See,
also, U.S. Pat. No. 4,745,051 and U.S. Pat. No. 4,879,236.

Infection with Agrobacterium tumefaciens (Straw et al., 1983, Gene 23: 315) is used
for certain plant cells. For mammalian cells without cell walls, the calcium phosphate
precipitation method of Graham and van der Eb, 1978, Virology 52: 546 is preferred.
Transformations into yeast are carried out according to the method of Van Solingen

et al.,, 1977, J. Bacteriol. 130: 946 and Hsiao,1979, Proc. Natl. Acad Sci. USA. 76:
3829.

In addition to the transformed host cells themselves, cultures of thc cells are
contemplated as within the present invention. Thc cultures include monoclonal
(clonally homogeneous) cultures, or cultures derived from a monoclonal culture, in a
nutrient medium. Nutrient media useful for culturing transformed host cells are well
known in the art and can be obtained from several commercial sources. In
embodiments wherein the host cell is mammalian, a "serum-free" medium is
preferably used. |

The present method entails culturing a nutrient medium containing host cells
transformed with a recombinant DNA molecule of the present invention that is
capable of expressing a gene encoding a subject polypeptide. The culture is
maintained for a time period sufficient for thc transformed cells to express the

subject polypeptide. The expressed polypeptide is then recovered from the culture.

Once a gene has been expressed in high levels, a DNA fragment containing the

entire expression assembly (e.g., promoter, ribosome-binding site, and fusion
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2DEwCX Iﬁ'kmgbr%ay be used. Preferably, the plasmid selected will have additional cloning
sites which allow one to score for insertion of thc gene assembly. See, Bittner et al.,
1981, Gene 15: 31. Bacterial cultures transformed with the plasmids are grown for a
few hours to increase plasmid copy number, e.g., to more than 1000 copies per cell.
Induction may be performed in sotme cases by elevated temperature and in other
cases by addition of an inactivating agent to a repressor. Potentially very large
increases in cloned truncated B. stearothermophilus DNApoll can be obtained in this

way.

As described herein, the clones designated PV816'8, PV8169, PV8170, PV8171,
PV8172, produced using oligonucleotide P1, P2, P3, P4 and a 3' primer labelled PS5,
was determined to retain 100% of its DNA polymerase activity, and possess
essentially no exonuclease activity when compared to wild type B.

stearothermophilus DNApoll.

Although the foregoing refers to particular preferred embodiments, it will be
understood that the present invention is not so limited. It will occur to those of
ordinary skill in the art that various modifications may be made to the disclosed
embodiments and that such modifications are intended to be within the scope of the

present invention, which is defined by the following claims.
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1. A B. stearothermophilus DNApoll structural gene, wherein the 5 end deletion

issues from nucleotide 1330.

2. A B. stearothermophilus DNApoll structural gene, wherein the 5' end deletion
issues from nucleotide 1579. N

3. A B. stearothermophilus DNApoll structural gene, wherein the 5' end deletion
issues from nucleotide 1816.

4. A B. stearothermophilus DNApoll structural gene, wherein the 5 end deletion

issues from nucleotide 2068.

5. The protein of claim 1, wherein the truncated protein of B. stearothermophilus
DNApoll issues from amino acid 370.

6. The protein of claim 2, wherein the truncated protein of B. stearothermophilus

DNApoll issues from amino acid 453.

7. The protein of claim 3, wherein the truncated protein of B. stearothermophilus

DNApoli issues from amino acid 532.

8. The protein of claim 4, wherein the truncated protein of B. stearothermophilus

DNApoll issues from amino acid 615.

9. The protein of claim 5, wherein the protein retains DNA synthesis activity but is

deficient in 3' to 5' exonuclease activity.

10. The protein of claim 6, wherein the protein retains DNA synthesis activity but is

deficient in 3' to 5' exonuclease activity.

11. The protein of claim 7, wherein the protein retains DNA synthesis activity but is

deficient in 3' to 5' exonuclease activity.

12. The protein of claim 8, wherein the protein retains DNA synthesis activity but is

deficient in 3' to 5' exonuclease activity.
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