Descrgption The present invention rela @23” quenclecpm:s:ggldwzﬁ
therntnt&ﬂ?lﬁm pol ymerase froma The s spe- cies. Extensive research

has bgen conducted on the isolation of DNA pol yneras'@ﬂs\SHEE'rmg(yg?hl
m.croprgani sms such as E. coli. See, for exanple, BessndtFRiacab Bi ol .
Chem § (1957) «33:171-177 and But tin~and Konberg (19 ~ Chem
- 241:5819-5427. In contrast, relatively Little i nves en made
on the isolation and puri fication of DNA. pol ymerases 110 | | es,
such ps Thernus aquati cus. |.ed] ya (1980) 45:644-651
di scl_pses. a six-step isolat ﬁ&ﬁgﬁﬂ TBE@I‘%T&&%OE ¥ ocedure of DNA pol ynmerase
fTomgells of T. aquat I cus YT1 strain. These st eps involve isolation of
crude}extract, S frac o]
hydro<yapat [ te a%t h&taét ?oﬁ"gm%@\qu uI ose 0 & %‘Eﬁ?ﬁé%ng’t’%%rog%b]e
singl g stermyuieDNAlrwlnleueMmerttetpeoﬂ!rezymgom @&Ahpdmg@s\ﬁemrrfdted strroavened

for. c bnt afﬂe’?ﬁﬁi n&gtﬁ"c‘i’é’us and ﬁ&@@%o‘?@éﬂé) weﬁ}& rE‘P' SSdUtarBSV@O(Q@% obo.t he
purif{ed-emzyme TS Tepor.ted as 62, 000 dal Ionat‘g be norrerlc A ‘'second
t

puri f catl'bnaﬂ‘éﬂ@r‘?e ¢RRog 1Mty ntliea BN BMEm IF a ergseees‘?fﬂ&séa B A
Chi enj et @dcombinanBagéarsi.ol . (1976) 127:1550-1557. In this process. the
crudejextract is applied to a DEAE- Sephadex colum. The dial yzed pool ed
fractjons are thelxsensieet eesdaoch r bast nkeen mnnduqtladsptnothaéliﬂodseimolumn. The

pool ed frﬁﬂ ?ﬁnﬁa@eg ﬁjo)ﬂz Qsto ﬁﬁo\ﬁft_ﬁ H‘{?n@l E’wﬂ Qs( %S'Aeol' iS a dto

pr eveht | 9SS P nmerase ac trn TSt oaded on a

DNA- cel | quJ’SeE@@Ph?m Bepg@am ol (a:]-nmﬂet_éé!;_f_l’_(iﬂmahgl%sdl uaﬁ_ryldm yadd and

anal yzesl Bi198! arfd KbFitlelr§n( o8 NaN.eafo MOLRGH 241 4Rk glyaz9f about 63, 000
dal'tons, and, by sucrose gradi eft centritugation of about 68,000 daltons.

The use of a therHﬁSEEMﬁseDZWﬁtiQIW|ﬂ‘EVa e»msumtwcltelsc baed dmsdrquences
in ambunts that are IarIqoe co ared t Ee am) |t|a#H\ge Bresent has been

suggest ec® n ties, BR&N nNoaz'il 683U Y52 H'her"s e(?P PFHhosiiht es,
and al pol yhermapieil@se sswEd aisn Thérmupr aguats cushi chhedmolabesalden&iakh@ an,

synthesi s( g} e 846634 " M1 AR YDEIAE8 T 9Boration and  purification
115 procedure of DNA polymerase from cells of T. aquaticus YTl strain.

These steps involve isolation of crude extract, DEAE-cellulose
chromatography, fractionation on hydroxyapat\'te,. fractionation on
DEAE-cellulose, and chromatbgraphy on single-strand DNA-cellulose.
The pools from each stage were not screened for contaminating endo-

120 and exonuclease(s). The molecular weight of the purified enzyme is
reported as 62,000 daltons per monomeric unit.

e e em e

A second pufification . scheme. for a polynerase from T.

aquaticus 1is described by A. Chien- et al., J. Bacteriol. (1976)
127:1550-1557. In this process, the crude extract is applied to a
25 DEAE-Sephadex column. The dialyzed pooled fractions are then
subjected to treatment on a phosphocellulose column. The pooled

fractions are dialyzed and bovine serum albumin (BSA) is added to
prevent loss of polymerase activity. The resulting mixture is loaded
on a DNA-cellulose column. The pooled material from the column is
30 dialyzed and analyzed by gel filtration to have a molecular weight of
about 63,000 daltons, and, by sucrose gradient centrifugation of about
68,000 daltons. -
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Th pbn product of each prinmer becones a tenpl at J%Psﬁwgobzr-loductlon
of fhe desired nucleic acid sequence. The patent discloses that if the

merase enployed is a thernostable enzyne, it rypgglsh IQE gg ed after
evejy denaturation step, because the heat will not de tivity. No
ot hg¢r advantages or details are provided on the u of purlfled

t hegnost abl e DNA pol ynerase. FurthernBre, New Engﬂ& IMﬂﬂmuﬂd mar ket ed
a pqlynerase from T. aquaticus, but was unaware t ase

actifvi ty decreadbel usgbofanttiharmostable eneyme it smpliidyagei shang euchetc

contial nig NQAAukAESC AL GAR S thbCCrdl itge Lhifafed S 18 URET bokd) the art

to groduce a purifi stabetherm)stabeenz at _my euse

i nprfoveinitdah clﬁeée&% B sanbAenf iS¥a99s5Rd pibclss. d%aé'@PFbé'H abeRAS, 1
Acc rd'ﬁ‘:@ih!rs,th&mpéesmt tri plusiph @tesyr aud dsSp@uﬁuﬁa@wmeenwdtm a

t herirost abl e se enz hat ha nucl otlde nce, encodi ng
t he "‘am HoCER Ty ¥ ib’cfﬁerywéog e\?eﬁ’ef‘%%f’g)h?"e f.y"'fﬁ‘?? stgﬂma 53 Wdes a
meanf tandprhypaids zalidon . her Thes teattbrs ionz predusft tofe qalcbsonimam\benum&sn aln

addii O&mtep?aié‘%geﬂf‘e %?S&Qt@%tﬁtwe‘g’ffé@%ﬁh’e@ 20982 daﬁ

enzyre derivatives encoding nerase acitivity arée also
pres entl&ienﬂ'héﬁﬂéﬁﬁ%s?hﬂ e’%anrPDémf‘é%eﬂﬂﬂﬂdﬁﬁa‘DNA dhejmosdeblsr t he

pres =ntedz @ptipme@at AbYZBS #£daebi E'ﬂiérorév@f-y n&kna%h%ﬂoﬁles%éﬂ phrepwnt es to

ormdn aC| str ntary toa nu acid. tenpl ate strand.
She Burthe drasasiity’ ool S IR aRkivisia mafe pREhATC AdvnERges or
terrperadaﬂae}s:yai*e nqpravrpjeldf iomat tlen ssacbfon wblfmenéld Nnehémmos talglied BXjuences

are pr g%q?ﬁ %rom a g | ei geCigh §§pduerﬁg étE}harﬁgH ﬁab!‘tkla% are | ar ge
conpar 0 e annun |n| 1 al’ly prese So t e nanlpulated
and/ ar polamerasg <fxem| . madatioys.t Buti waenenawiarer dbeatiesher pedtymene of

pur i fii oAl oty dechbgsddreduymRei Rl POLWIETEARE 9 hhetbAMANtHuGRehhgth cOm
prisds treating an aqueous m xture containing the thernostable polynerase

Wit h ja 9PER UPRELIRN-1AR B Lets"Ehr omat o- graphi ¢ support under conditi ons
whi ch pronot e héfﬁro b.(sy [ eract [ Qns and el uti Fg ? ound t her nost abl e
pol yner- ase fr (top U e witt h 3a %81 Veni " whilB haht t dRuBF ¥Ry dr ophobi c

i nt er acpurdfited, stab]e thermostable enzyme that may be used to improve the

nucleic acid amplification process described above.

_ Accordingly, the' present invention provides a purified
thermostable enzyme that <catalyzes combination of nucleotide
* triphosphates to form a nucleic acid strand complementary to a nucleic
acid template strand.- Preferably the purified enzyme 1is DNA
po]ymerasé from Thermus aquaticus and has a molecular weight of about
86,000~-95, 000 da'ltor;s_. - This purified material may be used in a
temperature-cycling amplification reaction wherein nucleic acid

sequences are produced from a given nucleic acid sequence in amounts
that are large compared to the amount initially present so that they
can be manipulated and/or analyzed easily.

The gene encoding the DNA polymerase enzyme from Thermus
aquaticus has also been identified and cloned and provides yet another

means to prepare the thenr_lostable enzyme of the present invention. In
addition to the gene encoding the approximately 86-000-95,000 dalton
enzyme, gene derivatives encoding DNA polymerase activity are also
presented.
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The p '@is?fbﬁggyzyrre produced by recombi nant DNA t echni ques PGITUS3HE 2duch
nor e ﬂg ificity than the Kl enow fragnment, which is not thernostable, when

used ifn the tenperature-cycling anplification reacti GrIS$HEEAGH g@i t he
re- cqnbinantly produced enzyne exhi bits the appropri ateRgpgAgg y pect ed

when JTP or other nucleotide triphosphategs are not ent in the

I ncubgtion mxture with the DNA tenplate” Al so, the @gﬁ Eﬂg@have a
broaddgr pH profile han t hat of _the thernostable

agi uatli cus descri bdBei AMYSH ’??t%ﬁszgt GPEOTRAP T §7 n%rset%ggi @ 60 c‘t'ﬁ vity
at pHJ6. 4 eampaising & Flifg'tfried,l thermbstabhan emyymence describedpebeNectiad ami no
aci d eq“eé}ﬁ%ﬁ%nﬁﬂ\ﬂa ﬁ‘@ro‘?sﬁoreTH@n-ai%f‘P ﬁﬁﬁ%& Qg Qefrey.r €sponding to

t he dgduce |marytrasat|on uct 1-83 Figure 2 is a

rest{l C“OBNZI te rwrltanmyQI ﬁliie’”'n(ilé@lm%ﬁ &msd@sérathbﬂgoat e pelrffakbnuhnﬁw T.
aquat igcus |l nser one In qQasm | S

restr I;C?I Oﬁh%ltpg%agjf]e p?ém@sﬁFegStr@héPV%ﬂP&hﬁb t"@"hé" ’685 kHeFiHRﬂ Il to
Asp714 T. aguatuedus Wtursetbnwhcmg)nebh thermok ssbilied @OlvharaseAswithed

neretl soBirap R A%t o MeoRRbh it b oo\ U TR phpgacaElY

and alil nati ons 1 nc he Wor nts"
or 't ransfmqmﬁe c drophobisl utrderadikiops i and yebltbpecthtemumin(thcmqsmbke

unaer tﬁé%‘m trhewt £Ag gu,;,sarrtt @RI sOIvehE ANRARAS - abfenhRtds SO

under gt ood P n¥ not be precisely | entlca
SHEET {4 rephpbis nterac wns.

The purified enzyme, as well as the enzymes produced by
recombinant DNA techniques, provides much more specificity than the
Klenow fragment, which 1is not thermostable, when wused in the
temperature-cyciing amplification reaction. In addition, the purified
15 enzyme and the recombinantly produced enzymes exhibit the appropriate
activity expected when TTP or other nucleotide triphosphates are not
- present in the incubation mixture with the DNA template. Also, the
enzymes herein have a broader pH profile than that of the thermostable
enzyme from Thermus aquaticus described in the literature, with more
20 than 50% of the activity at pH 6.4 as at pH 8.

Figure 1 is the DNA sequence and the predicted amino acid
sequence for Taq polymerase. The amino acid sequence corresponding to
the deduced primary translation product is numbered 1-832.

Figure 2 1is, a restriction site map of plasmid pFC83 that
25 contains the ~4.5 kb HindlIl T. aquaticus DNA insert subcloned into
plasmid BSM13+.

Figure 3 is a restriction site map of plasmid pFC85 that
contains the ~2.68 kb HindIIl ‘to Asp718 T. aquaticus DNA insert
subcloned into plasmid BSM13+.

30 As used herein, "cell", “cell line*, and “cell culture" can
be. used interchangeably and all such designations 1include progeny.
'Thus, the words “transformants" or “transformed cells" includes the
primary subject cell and cultures derived therefrom without regard for
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@ ntent, due to deliberate or inadvertent nutpdT/US$89/0M27ant progeny
th 89 the sanme functionality as screened f § éﬁmmmgﬁmal |y
trgnsforned cell are included. The term'contr segbeacED>’ refers to DNA
sefuences necessary for the expression of an operably |in codi ng
sefjuence in a particular host organism The co mmmiﬁﬁﬂﬁiﬂ that are
suftable for procaryotes, for example, include tionally an
opgrat or sequence, a ribosone binding site, and possibly, other as yet
poprihg unomtmrsododransfeehcesit Bscalswiunderstiobd thag khbvprotgenjutnialyi ze
PrTRLeTR  BUTSORNYIdErt90a 1 RN 2BfkeRANANGE" S AT 1b&AT” GYPI eSSi on

sy refers to DNA sequences contal ning eS|re i ng sequence and
coftimedverdgnbnc MUALiPAS oper aMHtaNt nmgeensso ﬂﬁ&t have s th&ansﬁmened with

t hesQnSLMUAANTES &' @ceadidl ol iDrardUGHNGinah ey ONGRSESmREOLEI NS rel N Order to
ef ffect tJet%nsforrratlon t he expression system may be included on a vector,

hode\ he rel evant DNA may then also be integrated into the host

chrormsorre. e ttg .q:%ggr S sgg@ﬁ E ael%greg{ e&%etégy@ODNA se uence t hat

endodes a re overa e biroacti vé& pti ﬁolypeptlde
carj necessarydéer ﬁweaexmqssn@ngxﬂw agemmbhwehmkedarcodmyg Eequemse dh t he codi ng

Se“&eﬁs&&mhpn&s&s offén RV Mhd Codhhby 14 Eﬁcersettﬂéf'eﬂ'e | upipygmbod! ment of

t hé venti on seque encodes a am no acid
sed tféﬁcé’"é’ﬁ?t”rtééporfarnge"taBP{]%) ipdugdso aarrPﬁQF“’ééTd Qéﬁlﬂiﬁ&by ofNFi gure 1;

(b) ofpaea@m sequence, rﬁ&‘hd&me%iﬁm&ﬁzsﬁe Farerpesé-ms}r 6mert£ge yaigi no acid
res 2 of conv SI enc am no_acid sequence

|
of tpﬂ?glsyra‘ﬁ'%ﬁﬁw ersﬁgge’w%ﬂ béuﬁ%"é&th‘s - i Ef%n't‘lé’"ana"of'ﬁbr‘zﬁorns of the
t helipnomdtzios ¢ ;@ﬂyyﬁmﬂmtionbmgmslsgrmtdednhy\cees‘.errl ng to the sequence shown
iniFigure 1. Since the N-termnal me- thionine may or may not be present,
botih forns athe i Aerude@xpressipn casxsdemhernsifars haot hBNAroseqidreesnzyme i s

pragUﬁﬁqn‘lng a desired coding sequence and control sequences in operable
linkage, so that hosts transformed with these sequences are capable of
iproducing the encoded proteins. In order to effect transformation,
)the expression system may be included on a vector; however, the
relevant DNA may then also be integrated into the host chromosome.

i The term "gene" as; used herein refers to a DNA sequence that
encodes a recoverable bioactive polypeptide or precursor. The
%;oLypeptide can be encoded by. a full-length gene sequence or any
portion of the coding sequence so long as the enzymatic activity is

i :
retained.
}

In one embodiment of tha invention, the DNA sequence

—h—

encoding a full-length thermostable DNA polymerase of Thermus
iguaticus (Taq) is provided. Figure 1 shows this DNA sequence and the
ieduced amino acid sequence. For convenience, the amino acid sequence
3f this Taq polymerase will be used as a reference and other forms of
the thermostable enzyme will be designated by referring to the
iequence shown in Figure 1. Since the N-terminal methionine may or
lay not be present, both forms are included in all cases wherein the

’hermostable enzyme is produced in bacteria.

“Operably 1linked“ refers to Jjuxtaposition such that the
ormal function of the components can be performed. Thus, a coding
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in ba 1@7({ sederably linked" refers to juxt ap05|t|on sucpCTas8d/0¢1250r mal
h

functi e conponents can be perforned. Thus, a codi ng sequence
"operaply linked to control sequences refers to aTHISrS‘HEﬁI‘rI-mSBEENmerei n
t he cofli ng sequences can be expressed under the controREBEAGERE contr ol

sequenges. The term"m xture" as it relates to m x L g Taq
poly ase refers to a collection of mategrials \Ahlﬂulﬁﬂmﬂaﬂ;"i'ﬂ

pol y ase but which also includes alternfative pro

Taqpol

des o] nbiznan fy C e tej ns
di ngﬁ?’le%%e ?Péggbgss?cpgfﬁd v?ngt hk?ﬂﬂ%ﬂlos?%ﬁqé\:?g tﬁéﬁﬁgs{o{?s A
bact er aI CQﬂféQéb?ﬁ‘zﬁmWhQT&ﬂﬂ n@eppedmmsfyemenceswatb@argépr%é%a!md@rlahe

cORIol 08¥ ThPUorBsT GeflRingegent s” refers to surface-active agents
ve no 1 onic charge and that are character- ized, for purposes of

¥eptlon bbytmgetér:[nﬁbmt)*ﬁu%‘ef OasStiabirel mts)t Iaef:ﬁrxzyzﬁt h.egeim;?ﬁ aicpH
ram apou . 0 .,abou ra om 0] e erm
o1 BETPRERYE FemBeh a8 pol 18stiBh s Aatdrinaf oulie’ HislprdtaTas o
depoyymiebas el du¢ owh thhs adso rinednded edtecres,iver pfotedns y. hibrbet Taq

| t d d

| P EiSpEhasd 43 MeriyedCpiTrOtbaBiinT Yok 8! co €l o #h“‘ﬁc‘i?*’fs” o
may bd derWidd osginardiycha 1thoss asyoeiads ng1tfrrr#éet@rsm" prhever hthsboa@ets

hereiry r ef picterPa BN tHel GoMtiliRRETIR, PMIGETIR! WAGTLI 6F NEbUTBEYT B | Packerid 2
puri f uﬁg restrl ct i on digest or produced synthetically, which is capable of

acting *of initiation of synthesis Wnen pl aced under con- ditions
in vvhlchsnthe5|s.. |mar ext ensi,o r nmentary to
a nuclleic éci d st raﬁan aiSORI hi P?QP“@H i dsperpqe r%\{]eé'gené e sﬁ"%@%ﬁnﬂc b1 ¥§ gr ent
nucl eqt i dei_!gaﬂitphd@phabe#‘ anal nmucrmsnaam eaedwzym; | arearchappetanized o o f er
("buf fler” P'%mkoﬁ'ﬁ\f‘en%%& ng, B &ﬂi%ﬁ?{t} to! %tébﬁq‘iea{ﬁ'ﬂe SHb %

terrperature Toaqpo nmer ase herel n preferabl ]y contai n

M of W@éf‘u?ﬁ SalPH, fafmef ef aﬁspfy qb@ruﬁ] 3.5, 40 atmyt| 3% Peefesabhy fien bt i de,
and 1 {_errioca‘seach prinmer, along with preferabl y 50 MM KCl, 10 mM Tris
bufferd, pH 88.4, and 100 [err] gel atin.

The term “"oligonucleotide" as used herein is defined as a

molecule comprised of two or more deoxyribonucleotides or
ribonucleotides, preferably. more than three. Its exact size will
depend on many factors, which in turn depend on the ultimate function
20 or use of the oligonucleotide. The oligonuc'leétide may be derived
synthetically or by cloning. ‘

The term “primer" as used herein refers to an

oligonucleotide, whether occurring naturally as in a purified

. restriction digest or produced synthetically, which is capable of
acting as a point of initiation of synthesis when placed under
conditions in which synthesis of a primer extension product which is
complementary to a nucleic acid strand is initiated, i.e., in the
presence of four different nucleotide triphosphates and thermostable
enzyme in an appropriate buffer (“buffer" includes pH, ionic strength,
cofactors, etc.) and at a suitable temperature. For Taq polymerase
the buffer herein preferably contains 1.5-2 mM of a magnesium salt,
préferab]_y'MgC]z, 150-200/|4M of each nucleotide, and 1/4.LM of each
primer, along with preferably 50 mM KC1, 10 mM Tris buffer, pH 8-8.4,
and 100 yg/ml gelatin.
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91s preferably single-stranded for maxi num ef??yu«%g{?ou-’

|cat|on but may alternatively be dou- bles.stranded. I|f

-stranded, the primer is first treated to Iﬁﬁ%ﬁﬁﬁ@ﬂ&&ﬁﬁmvands bef ore

used to prepare extension products. Preferably$ ?4ﬁ9 EBiner is an

eoxyri bonucl eotide, The prinmer nmust be suf to prine the

hesi s of extension products in 6he presem”"m(ﬂ"’é" i&mtstabl e

. The exact lengths of the priners wll depen on na ctors,

i ng tenpeig urprimgour te oireferabdy dsingleestsfandpé nisrhomaximum exanpl e,

'{#19%&?6 mmanwﬁmameﬁ t higtt apgpt aﬁ%eﬂﬁmeew h%eol dgec! eoti de .
yp! cal | t

y.contalns 15-25 hucl eot | contain nore

/\mt?‘ﬂl!@ﬁdeot {1 §edoub Bﬁ'(ﬁttrab‘ilqdrve?'h?nﬂféﬁﬁn é§ ftnsdr 5r¢gf-e#emjﬁ¢zaresm er

a{w e%ti‘ﬁdEOF Bkﬁirfefl(béﬂ'fgﬂwsﬁ& aboe bvbpard cem&r@.x&s \wréducitenpl ate. |
QQ i are sel ect ed tolbe dsu bst,ant ¥ nF+enentary to the

tEf§far Heis tBF  RRUBFTs pidcian P1dae eﬂﬁéﬁb@"f’% ﬁ?é" ﬁ?mll P PATs a neans

heuspr beresus f wientbye lsom’gftmlpafnm ytheosyritheein arfyextensidr pchduetsi th their

il 148 BHSEALE o UL SLA osd b e DELIBE . SCRRR M TEfaBelof Shicc! Uhe

ary nucl eoti de

fr agmprerimeys 14t dmédom dnaniye fae togn Ufcwwqortmwatm.h seyrser efrai nder of

the p r%ﬁa,eﬁequenqsebewgtﬁmmeewt ar yForO é:&aﬁ.pwa@d enﬁhﬁ@raﬁt itye!l v,

non-c¢ ntary E S o% er_seguencegs, can,be Ing @ersed Into the
pri me comp d P AF9sier SEBEANSRee IS Q0 BOMUCARRTIEENOPTOMERt ari ty
wth §he g«ncenuhns hes 25 REH&@EBE\JTaSHEEEh&stwa@ndoﬁuwbanmpbrf ied to

hybri (“%He}hﬁd&\%tt and t hglt?%r rﬂ)errmnl%'l%_éﬁgg %gn%%rﬂgyPé ??é ScdifefNe

ext engli

pr odu t'he © I On purposes

parti ¢ulempgratsires If@belfedn se&qﬁéh@@n!‘ybbmsftﬂblpr dlybsid t icenplraxner withpical |y

template.

The primers herein are selected to be "substantially"
complementary to the different strands of each specific sequence to be
amplified. This means that the primers must be sufficiently
complementary to hybridize with their respective strands. Therefore,
the primer sequence need "not reflect the exact sequence: of the
template. For example, a non-complementary nucleotide fragnent may be
attached to the 5' end of the primer, with the remainder of the primer
sequence being complementary to the strand. Alternatively, non-
complementary bases or longer sequences can be interspersed into the
primer, provided “that the primer sequence has sufficient
complementarity with the sequence of the strand to be amplified to
hybridize therewith and thereby form a template for synthesis of the

extension product of the other primer. However, for detection

purposes, particulary using labeled sequence-specific probes, the
primers typically have exact complementarity to obtain the best
results.

As used herein, the terms "restriction endonucleases® and
“restriction enzymes" refer to bacterial enzymes each of which cut
double-stranded DNA at or near a specific nucleotide sequence.
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"actwherrent arity to obt ain the best results. As uBCH/URS%00127t he

i on endonucl eases" and restriction iy
al enzymes each of which cut doubl e-stranded D@%ﬁﬁéﬁ%ggﬁ a

i i c_nucl eotide sequence. As used herein, the term thernostable enzy
to an enzyne which is stable to heat and |smﬂlﬂllmﬂuﬂ' m and
zes (facilitates) conbination of theg nucl eot per manner

m t he priner extension products that are conplenmentary to each

c acid strandaSensedalheyeid, hethsytﬁdnaesitsen:dolstam@ Lenjzyniaétt edferts theap'

St erm nat es, ecul es o
Th@;raemmptbe)acanbamrbmnatalfeteﬂzzmépommeven thehi priepenimanaeesto
si s a} Aan&n g ?}gm@ﬁdeﬂfé?ﬁ%ﬁs Mumﬁ ehber afl rﬁ&ﬁrmeﬂenﬂaﬁ ”Qo”@ﬁ’ pare

s as descri bove Prpstabl e enzyme ein must satisr 1y a
c¥i trucl 8C 135 e SEFaRdy i v@enesR bhe tﬁ?rpF-Y’Tﬁ“@&H ofifledet iBhtiated afhe

MUSt4HaO3 ' DERO TGS igatRVEFimieb! a/ncdemat uptebd NBLthéat €ddi rebeions ubbgst ed
elevated t eratures for { e tine.necessary to effect den‘e}’c g i on
Bb&%s

bl e- stheart§BA clsér?," 4P 1T | SDER LY preImiRdEESar REPLHE PG M
ref egfs diffpeantaiengtiend clwepe enay [tess dheemastahie ceranmeyi bowevEng

g con 1tchor?ﬁ1f'iea(i‘3?5§5§{tﬁe‘§ snde! ghe el thalopal Yrdbhadl Wi 't,hge'%?ﬁ -

on t buf fer sal ncentration and conposition

o2 hefenl 4 SaBECE g B, T SRR BidoRRl

U)"

t1%e CirrpbHATD| wrtsf thhéanecmréncessa@ﬁdéeam hgd @dA¥eured, but typl cally
fromabout 90_to out 105.C for a tinme dependi ng naj nIy on the

ature and the h‘EucI ermothabl o rRftyme ¢t VRRTEAN | yMusto Bt IVt @ f Gingle
S. H@gheeriomnmper deurefFettiwebdot ot ity admpd i ficalthen buéa‘ce:ﬁoﬁ,ali e., the

abi y, TR el o T | e o5 Aeensd PLY o ek 8ot LSEEES Chper

[ er r |sDbjatied htr rmse abll evatedy rtemperadunepr §6er tibd ytm BaTeSpET yTUDO
A4 & Abctibeihdira LHAC! %P”@outbl?@tst'rﬁmmog c1Ef@nadheut AQLedk Gy wihi ch

nperat ure bel ow di zation of prinmerto tenpla
ed, aﬂeﬂ‘%\'fgﬁwﬁje{%‘nd’%@“@ﬁ (’&')e’§ar?f9€éné‘érﬂer"ﬂ?"% and %ﬁb@)"@i t]PE)Sh and

Nposidd @ zpmdtilcergt fvialy. Pr THEM heakYRG | cbindati iy @@BeRGY fok MicIbRs
acid denaturation will depend, e.g., on the buffer salt concentr.ation
and composition and the Tength and nucleotide composition of the

20 nucleic acids being denatured, but typically range from about 90 to
about 105 C for a time depending mainly on the temperature and the
nucleic acid length, typically about 0.5 to four minutes. Hi gher
temperatures may be tolerated as the buffer salt concentration and/or
GC composition of the nucleic acid is increased. Preferably, the

25 enzyme will not become irreversibly denatured at about %0-100°C.

The thermostable enzyme herein preferably has an optimum
temperature at which it functions that is higher than about 40°c,
which .is the temperature below which hybridization of primer to
template is promoted, although, depending on (1) salt concentration

30 and composition - and (2) composition and length of primer,
hybridization can occur at higher temperature (e.g., 45-70°C). The
higher the temperature optimum for the enzyme, the greater the
specificity and/or selectivity of the brimer-directed extension
process. However, enzymes that are active below 40°C, e.g., at 37°C,

35 are also within the scope of this invention provided they are heat-
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t enp; ature“é? , 45-70[err]C). The higher the terrperat UpETKSopoen2f or the
enzyrguo eater the specificity and/or sel ecti viTHIS SHEETWAS BEEN

pri -directed extension process. However, enzynes thaREBLACEIXti ve bel ow
40[er§f]C, e.g., ‘at 37[err] C, are also vvithi nthe s IS invention
provifled they are heat-stable. Preferably, the optlﬁwnﬁm ranges
fromgbout 50 to 90[err]C, nore prefergbly 60-80[err quence
enco ng t he thernostabl e enzyne herei " may be obtained from any source.
Exa f zy h e t t t I.ng
resis %ﬂ%} eatrﬁ? ?E%:’F%‘é a%% la??n'b#" Q%ﬁg&g%lr'gese%%gé%cﬁ%% %gu@ssob%o

pol y rasﬁscemr%lcﬁféﬁe'farbéyn QO(r@Otfher m)phl lic bacteria Thernus fI avus, _
Ther npis ruber, Thernus thernophilus, Bacillus stearothernoohil us (Whl ch has
a sonpwhat | over MenpdieERestabbe: eRzyme Hharei memay hoe s obtatned) fromernys

aggai CU§ou%eramds niagctlfetJSa AREiveLSr eeBabimant Webteinat heEgawpiber wirdus. I n
addi

on, ther ta p mer ases J sol fromthe therypophiljc
ar chaf aEf’éWeé ﬁ H’ﬂé‘e 85% JERRDYEY @Uﬁ% ’tﬁ%%ef &Fasﬂﬂ?s reélﬁtIaBFobus
al dar heat, ificd nde phestratablied pohjmearasedkthumhohagt ergu,mpolymerases

au%?{rra%@ﬂl %ﬁbma%e%‘é%bﬁ WEC;“’E g%)'ty I 'fherl-ng ﬁjserr

sequence enco e S

i sol aj edrebefm ihéﬂ.r’rﬁﬁmaﬂ_'{ﬁ» T m&éhmahﬂuaof(w ?@ dasi dabl e
from hesﬁﬁ@%‘hhﬁamoﬂé{p& Qﬁtérta‘tﬁ:?e C@Hﬁﬁh' @Ran RaE< \dthkeRs Wﬁéh?”d%hﬁqs', SArch

descr § bed b ock Bact. (1 98: 239- 297, and
M cr ol o ') MQ _gizl'l'.‘.’ée ser 28H sH é/‘Zi{Ln'iQ'f'h&l”m:l5rai n
YT-1. TheerDI‘iIAusequdncadoftitohl sthammtam qidlngrats@sprmdumdt f‘ﬁ-ofnthQDStam e

DA P91 VEREASBR RECTOLIARE Lo e C9fi e © £ nBagAMeNCS, {9l #kué

Thermgs agquatfcus (Ta mer ase can *derived

CH35: JaqseMfadanitusn epyidpcal danigbasclhekyplRgng | -axdgadisi lupar ti al )

restrgct 1 p{ ) n ihRsert
fros muma BLER R urf 2 Eﬁﬂd&ﬁ@ot’\‘o?méhnﬁ and'® eK@ﬂﬁ»Be&ms n§§.e Ul ture

gloltle tlt on l(ATCC)Th@nthhmasfﬁ’ébgleggﬂzﬁa{édoh?ﬂ\eagﬁeiéﬁh@? Aes the. ;ggnobamd _
erpative e .can constructe jgating an - ase pair
(bp) Bql T§2 "ﬁ?‘?ﬁjl |Pre§"é&‘*f’| cth OE 1§49 89 g'b éﬁ%h‘qPPOm%BIyastrheﬂm?ﬁ:té@ e ( ATCC
67,422 dpplometase Mapt@i%ihesat) 1teas‘an§0%2h6rﬂo]ldgy to any contiguous stretch

of nine or more amino acids presented therein is also intended to be

within the scope of the invention. This honio'logy can be determined
using commercially available data banks such as the European Molecular
Biology Laboratory (EMBL) or Genbank. Moreover, as new thermostable
polymerases are identified, specific regions of homology between the
newly identified sequences and the Taq polymerase sequence may be
determined using, for'".examp'le, the Sequence Analysis Software Package
5 of the Genetics Computer Group of the University of Wisconsin.
Specific regions of homology include the following sequences (numbered
according to the numbering of amino acids in Figure 1): residues 190-
204, 262-270, 569-587, 718-732, 743-759, and 778-790.

The preferred thermostable enzyme herein is a DNA polymerase
-isolated from Thermus aquaticus. Various strains thereof are
available from the American Type Culture Collection, Rockville,
Maryland, and is described by T.D. Brock, J. Bact. (1969) 98:289-297,
and by T. Oshima, Arch. Microbiol. (1978) 117: 189-196. One of these
preferred strains is strain YT-1.
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I -Asg%%élr estriction fragnent isol ated f_ro.ﬁr“gl Eir Gl ARERIEIP RPONTC7
we ed May 29,1987). The pFC83 restricli ongepigpgBont conprises the

term nus of the Taqg pol ynerase genewhile the restrict] fragnentfrom

conpri ses the carboxy-terninus. Thus, |i gaﬂm‘lunl“i“ﬁ!a wo fragments
correspondi ngly digested vector with ap- ol sequences

esult in the translation of a full 8l ength Tag pol ynerase. As stated

usly, the DNA and deduced am no_acid seqguence of a preferred |,
stabl e enzynEon JesPYRNIABAthe meative proteim thadrelisn afet HOYR- V&S nal

ond%yc_ Exhﬂﬁtﬁ}suﬁé][canidde_l._ha&@ ltsache@éthh%uwish@éscr{haed by KaJetdin et
codi segu ce. o a DO r e ene Is_n requlre 0 ecover
01 iy LIRS G LR (1 80). oS3 RS, WRalisie s ABach o Jngeyporated
't er riemain dyl eeforescaheBei eflappthxicedl £l areogesvnhon ca eiedivmg dodineg
o . : . d C »
o Do Bt dAYELT T Yaqete RO N0 IR FpRiraiUE 4P el 1€
dualexsmelo (3cg b sestinissacid fed hepodiem SwATitec 6APmadi rief beflavin
rasg(}i”ﬁ!).b«ﬁmp%;(ised rbg')_,on_i;ﬂ?t (980 mg)duCd01gN(222" mgF NRACT (20 mzj\,

i VRtiz on, and rotejin e,cleaved tf ohtain fraggents at
fota b horang: E5aCh R o B dR: RE. LR, HROT ML A0y SAEd) GPLB-GoE
renove thavighokeln f Themytiledd dis i tricreased ampd tar 0s peanisf iofakeé)1si/Niterdeid.
Thus, dif i 1+QRS i u | y, eLionR..q i tion,
or al ’garo atclugg?%#gtg hé%m’tvﬁgmggcufggé %/ar@éﬁ p%ﬁr;ﬁ[ gtgln 55%:5&5{,&6%?/@!\5‘ S&Eglgdcl#é‘ DEC
1997 j i nttbet hetesdqautidamit gragth s4Aa¢ aidesprriaed by aser aincacak S§8swloyi ng
the ni gh tR@Peiodt E@dDNy PANFRF AR 8% | WadhedOTwith a buffer and stored

frozen at -20°C.

In another method for growing the cells, described in Chien
15 et al., J. Bacteriol. (1976), supra, the disclosure of which is

incorporated herein by reference, a defined mineral salts medium

containing 0.3% glutamic acid supplemented with 0.1 mg/1 biotin, 0.1

mg/1 thiamine, and 0.05 mg/1 nicotinic acid is employed. The salts

1 . include nitrilotriacetic acid, CaSO4, MgSO4, NaCl, KND3, NaN03, ZnSO4,

20 -H3BO3, CuSO4, NaMoO4, CoC]z, FeC13, _Mn504, and NaZHPO4. The pH of the
medium is adjusted to 8.0 with NaOH.

In the Chien et al., technique, the cells are grown initially

at 75°C in a water. bath shaker. On reaching a certain density, 1

liter of these cells is transferred to 16-liter carboys which are

25 placed in hot-air incubators. Sterile air 1is bubbled through the

cultures and the temperature maintained at 75° C. The cells are
allowed to grow for 20 hours before being collected by centrifuge.

After cell growth, the isolation and purification of the
enzyme take place in six stages, each of which is carried out at a
30 temperature below room temperature, preferably about 4°c.

In the first stage or step, the cells, if frozen, are
thawed, disintegrated by ultrasound, suspended in a buffer at about pH
7.5, and centrifuged.
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t he W55 n, Such substitutions or other alterations r BEIVYSEHOMZSt i ns
havigs9s 62 1m no aci d sequence encoded by DNA falli éWéé‘l'l@AéBEEN
confienpl at ed scope of the present invention. Polyc nqiEpm@EQerumfrom
r abl

ts immuni zed with the purified 86, 000-95. 000 dal ton nerase of this
ghti on was used to probe a Thernus aquaticus pfu!l!mlmﬁ tﬁ“‘ expr essi on
iry to obtain the appropriate codigng sequence eI ow. The
pd genomi ¢ sequence can be expressed as a fusion pol ypeptide. expressed
gty using isStmvsecomd rstagsequhensepernatamex piscsoddedbedcandt theot i ons

sﬁf"rgtﬁi{’n'm?ﬁcﬂ BR- SR B Subf) b Cof M BIPRRE TR e

expr

seq ropriateegradtdoopddynicaily 65)-7|55dbfy5ﬁ1-§'3(§®%)1 tegrpdieeteh as to
gen Ns t p | f S ¥ BoefdWAbPpl atMBHAS S acti vity.
Thudsg gq@goﬂén%a%%poéﬁ SE] ﬂ{og‘gla?teegg{:%] ng sequenj(é:)e ?gr Taq DNA

pol ra&@dfﬂdﬁ?%ﬁ%h"%&Ghés%F“SrP“fé'éfors applicable to a vari ety of host
syst

s can be constructed and the c uenc ex tlons of
aq pol yrmer AB&-{EBJ} §E"Eﬂ¥8ﬁc%"c§ gu%ce’ ar @ ‘g spor’"gbgﬁgtt%ghf et'feve ot her
0 r%téltﬁarpmrwretmseseeucoohtage stgjuapplésd ito @ \BRAE-gte)1ulosepee]use.

d' n%di“l’ﬁ?‘ig% With %etgﬁn(fg%w a%&ngﬂﬁ]eg 3fneh €8 chPihn 1iQ Si X

e replica " & denatured forms, used as
s waished | withe dbber ispoeiuby Heri @nd ptlshefl owathneaghy RFHEINERNLAR W encode

at 1§ J;?ﬁl sL,O o%'tégﬁ’meao @C'ﬂio@MCHS% t 280" &, GMQ acbin et tugal ardNAs
encofli ng ernost apl e ner ase

use th b recisely
ndiad yizesetag@ansk e lrﬂj eB??aéé‘%cﬁi@ﬁE'éaﬁe %f"(ﬁg hé’t" ﬁt%ra:‘}a{uaﬁ s form
haﬁhe' Bad@ngeadieapondi the Fordt oaf fir,obltertspedi of, 7 8l.i goner s
i N1 ng approxi mately 12-18 nucl eoti des (encodi ng the four to six amno
stretch) aie fheotfabtth seepsdtaey ftas tibo asm dofbedtidz 48] anpliedicto

cond tlogSngJxarnger 801! EbiAGRF O P %Q%@fé?' LI d148gs1i T

amme Taci'ds: woul |y 1 nformtion suE ed}rent f or
suchfpriobdde Fh"g’eﬁéﬁm The rﬁ§1UT!Me"5p|tbémdﬁ58ﬂ odndy thec SABMEa SIS m of Tag

ErASe hYPirfedk! Yrddient vVes at Beffed lsowh @ 070 N, toa (DBIAMI potabsaimed t hat
gapt;[ogghant%t $ffrusaet pHesestc%nltzgﬁl1%ge18|mr?-%n%ll"gas toetﬁ&'nnﬁ 9 aS“f usion of
glycerine. The pooled fractions containing thermostable enzyme (e.g.,
DNA polymerase) actnnty are dialyzed aga1nst the same buffer used for

dialysis in the third step.

In the fifth stage, the dialyzed fraction is applied to a
DEAE-cellulose column, equilibrated with the buffer used for dialysis
in the third step. _ The column is then washed and the enzyme eluted
with a linear gradient of a buffer such as 0.01 to 0.6 M KC1 in the
buffer used for dialysis in the third step. Fractions with
thermostable enzyme activity are then tested for contaminating
deoxyribonucleases (endo- and exonucleases) using any suitable
procedure. For example, the endonuclease activity may be determined
electrophoretically from the change in molecular weight of phage
‘lambda DNA or supercoiled plasmid DNA after incubation with an excess
of DNA polymerase. .Simi]ar]y. exonuclease activity may be determined
electrophoretically from the change in molecular weight of DNA after
treatment with a restriction enzyme that cleaves at several sites.
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30

- kilobase. (kb) Bqlll-Asp718 (partial) restriction fragment contained

;_se tﬂgﬁér addi ti onal sequence that does not- dest r oy RAFUSBY0012% or

sequence cl eavabl e under controlled co,q_q%g“gg-pm@tgggp,as

treatnme t with peptidase) to give an active protein. RERALEHCE 1S

uninterfupted by introns it is suitable for expression in any host. This
'sequencp shoul d be in an excisable and recoverable for ﬂl&mmmgr

recovergd codi ng sequence is then preferagply placed in e

with sugtable control se- quences in a replicable expre55| on vector. The
vector §s used to tgans ui Sty.an e tra HT'B?n

cul turell under favglri'gbl gﬁcon%’flgfﬁg&'@"g fect ﬂflﬁp r@du??ég Jchﬁﬁse

anhcfﬁath)oifgﬁrrmoak%d angdt ddakyzed aged nmqttpolsymeras@’ersuseﬁon atéhf- from

dfgpépthe cells; recovery and purification of the protein my

ec ssary I'n sonme instances, where sone inpurities nmay be tol erated.
-t he foregoimg ts.teersSxﬂansﬁq: dane paovedvafrﬁaetyo:@f MY$1aE£lf @mrrpl e,

d bt t
I R R
opand:rihbl| eniymeaeVotdadewytiofa Ndseas gradieaticofia byféopsoph iast 8.01

d t tfy bl yod
A P M T SR e L LT R

s(B"Qﬁ‘?Q)S pr d@l\'élég an féwcm@ésbbe geri’@'lmﬁ"iaﬁSer tagtivaty he@@dvecm)r s.

I OhecSSMTSUHuR $e a X RE EREIONarecei NAlysed Ayl i A PRSPOFFEM hOpHBIGIOdS are
t on the type of host cell used to express the gene. Generally,

Ic, yeast The nSMecolammbﬂfﬁnoeeltr& aﬂeawzeaen;ﬁﬂdnuusefmay age
cary host s, ar,e

d
or GeAARPT R G BB ORI RARPe o ar cPiamnl Ry hcBrBhEE hap RGBT he
onpm‘teTaqnq:imlcyha'r aed ght nnalrherqaar fThe utcdiecctese wefi gta® fpohey T Blse,

epéo#égtfne érﬂ%}m Eo'ﬂﬁi-éjﬁ{ aﬁ:{t)x@ %ﬂhe b e?{x sd NEurYh &8 M Y ﬂ\ferﬁﬁﬁ

reconbl nant nati1ve conditions,

poa quedi guss d&t detarpiogd hifeths gbeve mie§h%dt ito| be cxbeithe8h, 0P9- e O s

né‘i'llt\éﬁs pr ot ghé1s man@ameusumgﬁ@l afecthiny sadet hENA ewlyheeése as

degtadatlon and %ransl ation of a truncat pen The
g‘%ﬁ% nedy BY; et Pﬁ'ﬁ teY Yrire 3f! |%Fé%‘fFEF$F’c§35C mﬁesgrbefm ly
approximately 94,000 daltons. Thus, the molecular wei ght of the full.
length DNA polymerase is .dependent upon the method employed to
determine this number and falls within the range of 86,000-95,000
daltons. .

The thermostable enzyme of this  invention may also be
produced by recombinant DNA techniques, as the gene encoding this
enzyme has been cloned from Thermus aquaticus genomic DNA. The

complete coding sequence for the Thermus aquaticus (Taq) polymerase

can be derived from bacteriophage CH35:Tag#4-Z on an approximately 3.5

Within an ~18 kb genomic DNA insert fragment. This bacteriophage was
deposited with the American Type Culture Collection (ATCC) on May 29,
1987 and has accession no. 40,366. Alternatively, the gene can be
constructed by 1ligating an ~ 730 base pair (bp) BqllI-HindI1I
restriction fragment isolated  from plasmid pFC83 (ATCC 67,422
deposited Mey 29, 1987)_to an a/2.68 kb HindIII-Asp718 restriction
fragment isolated from plasmid pFC85 (ATCC 67,421..deposited—May 29,
1987). The pFC83 restriction fragment comprises the amino-terminus of

i
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act i B Q ys for DNA pol ynerase, as is that produced ?qmﬁgé?ﬁﬁzodi ng
t he &Y 9: ?ength sequence. Since it is clear that cerT#$SH B\

shorgened fornms of the polynerase are active, the gene c EPts used for
expr @sion of these polynerases may also include th

shor @ened forns of the coding sequence. Procaryot. estl mgﬂ“m“n/ are
reprent ed by various strains of E. colld. However er mcrobial strains
nmay & so be used, such as bacilli, for exanple, Bacillus subtilis,_ various
speciles ofthesdafioRphmerass gentorwhider dhearestristion fraameeh HrestaPRiEi c

Syst 45, RbASITIsEs Vet easbdadyatemnhﬁr n Thep) ln@htm 9ift Sifesanbwd Fith griints
sequd ces derrved fro i | es,.co tible he host are used. Eor
exange, BMtod Fe% eﬁﬁ?'& JmeyY ¢ diges rrede‘irtsorrng"’ ri BEROPELASS: B

pl asngd desquendesr omidn fesu&bl iinspthe edrbysiddiovanf ea diul]- mgeh(mm)

2: 95. §pBR3 ﬁg,&gggéu ns genes for anpicillin and tetracycline resistance, and
t hus BPoviPl ditional markers that can be either retained or destroyed

[ cofstructing thes depised ¥RAHBHSCOMERE! ¥ gnseﬂ.apr@&ﬁrcwtla@m'ﬁentar&'

sequefces, whi ch are defined hereint’o inclu rormterggdoor transcrrptron
' troﬁe‘I‘EﬁS‘FPoﬂﬁlﬁyPWf@ﬁ"%Pn %B@P‘?fttérmea?%evﬂst HPTOVRH 0 5‘9\‘6‘%9} -site
sequegces [qi s@diuﬂensu@htmmntahmasedepmonrméﬁrsbe@ $iprahetie- hawctamese

(To7) 1o8eaniaing, 1% B8 ek AR uRELreT shro eobimsdrse deRg”
; akgﬂhﬁnterg e’ aé\ﬁwgf_? (1 {o-£8rmiha®) d T% B‘hg rfe'190§9ﬁ%x Eppé'l 9

een na use as a orta cassette
n one:thpgd <t the. cqﬂmalsmsncq s’ssuéESQDécb%e'reSB tego 7y, pr\raﬁv%m 2

i 5es gand iprs8udMNDhseadeqertet betiveSin PRI drake Pis@@REer operably |inked
cond DNA sequence corresponding to NRBS upstream of athird DNA

Syot enb dedtid ek BeL I EHeL PEarTdes EnETF fhmer Findc RS §§*""’“ear§9e ’?naSp'rf’A)
modrhed b_y oxidation, reduction, or other derwat\zatxon, and the
protein may be cleaved to obtain fragments that retain activity. Such
alterations that do not destroy activity do n’ot remove the protein
from the definition, and aré specifically included.

Thus, modifications to the primary_ structure itself by
deletion, addition, or alteration of the amino acids incorporated into
the sequence during translation can be made without destroying the
high temperature DNA polymerase activity of the protein. Such .
substitutions or other alterations result in proteins having an amino
acid sequence encoded by DNA falling within the contemplated scope of
the present invention.

Polyclonal antiserum from rabbits immunized with the
purified 86,000-95,000 dalton polymerase of this invention was used to
probe a Thermus aquaticus partial genomic expression library to obtain

the appropriate coding sequence as described below. The cloned
genomic sequence can be expressed as a fusion polypeptide, expressed
'directly using 1its own control sequences, or expressed by
constructions using control sequences appropriate to the particular
host used for expression of the enzyme.
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W corporated herein by reference. Howewgis sSRENT BX8BEER! €

prono¥Er system conpatible with procaryotos can be used.rREPuAGHOI ti on to
HEa, eucaryotic mcrobes, such as yeast, may aI so be

J&Eory strains of Sac- charonyces cerevisiae, E@ﬂl ElE rmst

B! though a nunber of other strains are commnl ile

i enploying the 2 micron origin oft3replication are [ I | ustrat ed

g, J. R, Meth. Enz. (1983) 101:307), other plasmd vectors suitable
Bst expressi®h capesandha §eadd abilbityesfiriiAe ensndinghthass, seguances

k(1979 2. ' L,
_ (N@f?l) d%gz ﬁlgéﬁ% R %00 %od‘nf?e%e(:'c%gga %Qqﬂéi?:eanﬂ) Gar kg,

; . : ntTol seguences east vectors
i ncl uc prgent)‘taéﬁs sD %

Bin hém‘é"y‘ﬁlthe?s'%e‘d'f dloyes| 91% 'wyﬂe HPOdymenasy| .
zyng (1968) 7:149; Holland, et al., Biotechnology (1978)

: adltlonal pronot ers known in the art include the pronoter for

3- phos hogl ycer at eTHusl;lashzes(el-liﬂbulas’rmn giroaide the Bimplet€heodingl984lence

255: 20 , y ti S
gl ycer gl déﬁ!}dga%r}%ﬁ ggfry"\ rglrnoﬁgng]sgﬁpﬁexogg ‘f'fscgﬂpp a?;ﬁmcab'le to 2
decarb xylvaseetypm‘s pmat r amf@ms n&%‘é bg| mftsir,éucsteSh@gﬁ)hahee mddnﬁr sequence

3- phosphog| yGalsahe Miport3ses B!f“t\h@t eral§i sy eﬁa%boéiftlabi)ﬁg)hﬁétﬁ:elnéémﬁ-ése
phosphjg Iuc se 1 soner .Jucok |ta onot.er t have the

nams@tilarftSagRio ngtF%nE% 11§V of Tt tthﬁr'f"i?&ag{ﬁ gMMH“%S&naPE?ddﬁg are

t he pr §noisggueneds ona faorva&hQQhObfdebaﬂileegenaMOEd'nug&pcypoctnmsnefCthaC| d
phosphg§t ase, degr ve enzymnes Ci d t | en b S and
enzyne§ r@%‘b‘%’é ﬁ'gﬁ ?coﬁgf‘?o e an%fssgal 1iot('ft(?‘oslyeM uF ,Ip| %@gr?o ongﬂ—%l ?“ B

supr a) I trep‘m cated hel iEsvedli handt &hen denasuredgfiernsesusede aéesﬂm:bb!ieoat t he

3' end &&Bﬁyﬂ%ﬁﬁﬂ%@?@é rotet tc%ﬁmb@ats%ﬁhe%ﬁeeé Ouwcﬁ neﬁd%@e at
untranIaP i on ow ng the codi ng sequénces i.n dgch erived genes.
Many of tﬂeai/fech%’r‘”s to| Isdlétﬁ'&’t’@d acids a?n Usser &P ERJIeKE 39U PR BN m t he
enol as

o[ @ocﬁ@n tay ntmmﬁkﬂéﬂ’ﬂed ﬂﬁhﬁé‘isélﬂm |Wétdusé\/l tHere eﬁla)a| not Jbe Baol .
138# hhe r?tr}wg ogt ﬁl from YE t(hBr ?ﬁerrdus‘] ,
ctal , fcontiiEedygrmny Bayh inrcer the, gos st AsAURRTH
yeast - orrﬁgﬁathlc_as pfampted ,thati ti rthef corengk paraking npordmeh cnfnethmlspea:ﬂes,
Sequeneso'l§go§nlé'r£al?:loﬁtaiqing approximately 12-18 nucleotides (encoding the
four to six amino acid stretch) are probably necessary to obtain
hybridization under conditions of sufficient stringency to eliminate
false positives. The sequences encoding six amino _acids would supply
information sufficient for such probes.

In general. terms, the production of a recombinant form of
Taq polymerase typically involves the following:

First, a DNA is obtained that encodes the mature (used here
to include all muteins) enzyme or a fusion of the Taq polymerase to an
additional sequence that does not destroy its activity or to an
additional sequence cleavable under controlled conditions (such as
treatment with peptidase) to give an active protein. If the sequence
js uninterrupted by introns it is suitable for expression in any
host. This sequence should be in an excisable and recoverable form.

The excised or recovered coding sequence is then preferably
placed in operable 1linkage with suitable control sequences in a
replicable expression vector. The vector is used to transform a

This Sheet Has Been Repl

[T




It is klso, of course, possible to express genes encodlng polypeptldes in
eucaryptic host cell cultures derived frommulticellular o

for exbwp 89/0660Lksue Cul ture, Acadenic Press, Cruz and Pattérs n elgltors
(1973)§ Useful host cell lines include murine nyel omas WIESHEERGASrEEENeLa
cells,fand Chi nese hanster ovary (CHO cells. Expression veRERIASEDor such
cells prdinarily include pronoters and control sequenc th
manmal § an cells such as. for exanple, the conmonly use3ﬂlﬂﬂ?ﬂ%jwm
pronoters from Siman Virus 40 (SV 40) (Eders, et al, Nature

273:118), or other viral pronoters such as those derived from poly
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DNA in nammlan systens_usin V- as a vector, is discl ostg
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al-so, {Hat "5?1?1‘5%&1'" ¥8‘§? dﬂ§taoﬂ£§si' rfg‘SF? 0P W%'St? ?Tﬁzsi ?‘ﬂﬁ b@xg? e%rg?g o f hese

are, generally, C n a t o] rsre i kns of
replicption may beoéégﬂaﬁﬁe(}%i ?"ﬁ%‘@ééﬁ E’#eﬂ:{)smé\}?\r g’lesgg;rige"sﬁ igbg/gebeeg o
i nt egrhti omaynit otfee examplesothe destredonedimgnsenuancesn may benebtadped FxePon in

sucar ypt es el {ialghindf Caid SAsEPWREH 30! h ApfRTrFateiNHofQN! T Olne
tible™wth plant cells such™as t

sequenkes ge he nopal I ne synth se

prgﬁot b aﬁﬂf%ﬁﬁ‘tﬂéﬁylfafl 8RPrES§HEN %eé&&%c%%erebibl b'Eear I“A’eé’ hos§s \p
«a a(—é.9ﬁé’de hﬁ@éi a@bﬁﬁ‘da*'tié ?ﬂmcaﬁaﬁd ﬁontronwistqtuemaempa essio on

5 nsec e utilizi.ng.the contro st.ens_ provi

bacul opi r ugOCkLt BF LWiave HOLABHRs CPFEIAATIN | S0PES D20y Tt B9t MpTRaddXet i c
Br i ngv(ﬂ]@%#, Skt | edded). tK thet erids, ofdsthe Fdodnugn Peiguenshi ng avolte 8,
pp. 2 -293}&%@6@? e%%gaedﬁ e %%qlsﬁve%géfwesbn\gémﬁyc' ng Taq

poly pen t he®host ce use transtormation i s done using
stande§ d techni quesrh@pprcaamp&e t Osequemcesg! | s ex'BIFSsﬁ%'nC' URjek £, MeNtand

TP O ) Sou o mon eiod etk Bbendans i e bvBs of ert i coed o™
i subgpreeski ghe cgnle. waﬁénebat’ry,elpeocalrwbett,u oeast § hi ndet bhberc mamnahhan .
cells are presently useful as hosts. Procaryotic hosts are in general

the most efficient and convenient for the production of recombinant
proteins and therefore prefe;‘red for the expression of Taq polymerase.

In the particular case of Taq polymerase, evidence indicates
that considerable deletion at the N-terminus of the protein may occur
under .both .recombinant and native conditions, and that the DNA
polymerase activity qf the protein is still retained. It appears that
the native proteins . previously isolated may be the result of
proteolytic degradation, and not translation of a truncated gene. The
mutein produced from the truncated gene of plasmid pFCB5 is, however,
fully active in assays for DNA polymerase, as is that produced from
DNA encoding the full-length sequence. Since it is clear that certain
N-terminal shortened forms of the polymerase are active, the gene
constructs used for expression of these polymerases may also include
the corresponding shortened forms of the coding sequence.
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Taq pol ynerase anti serum ¥
to include promoters for transcr1pt1on initiation, optionally with an

operator, along with ribosome binding site sequences, include such
commonly used promoters as the beta-lactamase (penicillinase) and
lactose (lac) promoter systems (Chang, et al., Nature (1977)
198:1056), the tryptophan (trp) promoter system (Goeddel, et al.,
Nucleic Acids Res. (1980) B8:4057) and the lambda-derived P, promoter
(Shimatake, et al., Nature {1981) 292:128) and N-gene ribosome binding
site, which has been made useful as a portable control cassette (as
set forth in U.S. Patent No. 4,711,845, issued December 8, 1987),
which comprises a first DNA sequence that is the PL promoter operably
linked to a second DNA sequen~2 corresponding to Npgg upstream of a

third DNA sequence HNaving at least one restriction site that permits
cleavage within six bp 3' of the Npgg sequence. Also useful is the
phosphatase A (phoA) system described by Chang, et al. in European
Patent Publication No. 196,864 published October 8, 1985. assigned to
the same assignee and incorporated herein by reference. However, any
available promoter system compatible with procaryotes can be used.

In addition to bacteria, eucaryotic microbes, such as yeast,
may also be wused as hosts. Laboratory strains of Saccharomyces
cerevisiae, Baker's yeast, are most used, although a number of other

strains are commonly available. While vectors employing the 2 micron
origin of replication are illustrated (Broach, J. R., Meth. Enz.
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screefp, positive signals are detected and one or nore of these phages are
puri ffed from candi date pl aques which failed to react V\Am%mserum
and rgaspei0668it h i mune serum and anal yzed in some detall Ehhe :
fusi of proteins produced by the recombinant phage, |ysogensREPLAGED phage in
el ect fophoresis of the resulting proteins, each |ysogen; @ﬁl mﬂmﬂ “%d to
produge a new protein, not found in the other |ysogens,’ up ica

sequepces may result. Phage containinggositive signals are picked: in this
case, fone positive plaque was picked forfurther identification and

repla edl 19bg)l\emieaé7)ﬂ|€b%h@r D;Wa'sfn)’d erét?.%m nﬁ{iﬁ&bwckofrh?em idixppek siloAnes
were §na Lze class via digestion wi coRl. res zyne.
Probef§ cafet H&%bism °6fe"taHB ég}ﬂ‘@&”ﬂhAq thd 't—%'#ﬁengﬁ)ag&f‘g el ed
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Labor tog?—-khrggg?ﬂ M—Z bd}. d‘%f QE%’\?; %Jefué‘eﬁtf'&mhfl%chyem ng%grt%gsf gr?é(} ﬁerel n by

refergnc roimﬁsalfet‘eﬂhq)rméhms vfedl yeo 1yt bbeeraymes obhiesgenstri al Jyi Brary

const guct c$ 8, op,tmg Wds el Gene
(1983 2%.—#&3&%%;&1&35 gnéroén% Saguéwgg%‘é H?r?%of
genomgc et -aguati cus DNA and size fractionated fragments (15-20 kb)
were @l oned into B Si te of the Char robe was used
to isql ate phage é%‘ﬁttéf”?ﬁ nPTPREYESA c 58Py ‘t%ghTaﬁr’goﬂ'@ﬁg‘?eah@ p@?@“ BTt he
r esul i ngfoph3ephos dbmgl yegretiee i r@d8 5 Hitgenain 2 et wak. ,f durficle Cham. a( 1880 e
entird enc I ue e or of retein

! S%ﬁsfﬁﬂﬂéd ‘3&% gﬁ&sé ¥ Y ShEHer @‘fg&h i® éd 8s Of LfAg PhQ

ruction of suita ctors talnlngthe desired
codi ngo argl yeoraldehydeeduphns@batapl cledydregenases | i g'lftxP!SH‘aéﬁd r e@YFY\EtEON

techni qued%cﬁpl?etxy%?e weaﬂosmbéémﬂaw tgh%c@ié-s bmlpasea woa.saasd_s 3ONA

sequerces nt hesi zed ol i go- nucl eot.i d ar e taj | ored, and
religa cPhi"ﬁplE‘WéyF%"raﬁFdé‘é'F?% pglrtxéatbepeigln]a%, [f\IA"E?@E\?BS%tq S SPBRFEmed by
t r eat igng ,wogh\otghecm tigbherasest and tglacoicinayer (Qxtheenmpmesdrsuttset Have-

ot d §pe€‘£‘ﬁ §p§1r al | ¥ar‘r¥1§8rsa#’0qrhﬂs¢rﬂ§ﬁﬂn . cBRhoihEs PA GHhALS Of

af act urer
conditions are the promoter regions for alcohol dehydrogenase 2,

isocytochrome C, acid phosphatase, degradative enzymes associated with

nitrogen metabolism, and enzymes responsible for maltose and galactose
ultilization (Holland, supra).

It is a]so. believed that terminator sequences are desirable
at the 3' end of the coding sequences. Such terminators are found in
the 3' untranslated region following the coding sequences in yeast-
derived genes. Many of the vectors illustrated contain contro"l
sequences derived from the enolase gene containing plasmid peno4b
(Holland, M. J., et al., J. Biol. Chem. (1981) 256:1385) or the LEU2
gene obtained from YEpl3 (Broach, J., et al., Gene (1978) 8:121);
however, any vector containing a yeast-compatible promoter, origin of

replication, and other control sequences is suitable.

1t is also, of course, possible to express genes encoding
polypeptides in eucaryotic host cell cultures derived from
mul't'iceﬂular organisms. See, for example, Tissue Culture, Academic
Press, Cruz and Patterson, editors (1973). Useful host cell lines
fnclude murine myelomas N51, VERO and Hela cells, and Chinese hamster
ovary (CHO) cells.  Expression vectors for such cells ordinarily

This Sheet Has Been Replaced

LD




conmer §
Pr oduct
cl eaveg
exanpl é
ensure
one ho
can be
with p
nucl ei

pr esent
of the,
of the

wi th ph
appr opr
si ngl e-
the tri
3185- 31
strands
e.g., a
the pre
ATP. |f
speci fi

¢st erf OHB?hwtﬁFany énecwomeferawemm ,Qﬁ’gtﬂfemf wtlme g pay g

pal | y available restriction enzymes. See, e.g., w | ol abs,
gﬁgy/nﬂﬁll n general, about 1 [err] of plasm d or DNE&JE%&%B
one unit of enzyme in about 20 [err] of buffegespigeli

[ the
hereln typically an excess of restriction enzyne ggp HAS %%#k
onpl ete digestion of the DNA substrate. |ncubation tines of about
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hat ememmp§y US| n@omﬁetﬂoawbnheatneshm apeseters .t o Q5smﬂm eforat

[errd ré§‘s1{_?@ WATF-;I"S nﬁlﬁhg'l 1@11 3 f‘é\ﬂsNaﬂm 1@ha™Maper 4 , aloeé"i\grDT-E and
err] N{ é% 0 I1s in at 5 St“ﬁ*% ends,
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| f dﬁ?tf‘ﬂﬁbd SSIw.cst d veternep&;ilolqambe Genreradr appedty sﬂmwa‘ﬁ%noaé%n one
or c ns_ di ure
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bt randed portion onucleot| es na ared usi ng

91) odtatrddld iFutnREBERd fruht NSNS seakbeds. Héuea@i ,nd neégrsatﬁeh €into
rior to nneallng or for-|a- bel |Q% LS ac &k an.excess,
S+ x‘ihﬁaté TPMPGORG i 1S of p%‘i"&'l'ﬁﬁclfé%& 8Lk é?§e ﬁ 1M E‘iiﬁé?'?at’é‘ in
- eremearyote®.nM Tris, pH 7.6, 10nmM[err] nmMdithi othreltol , 1-2 nM

ki nasing is for Iabeling of probe, the ATP will contain high
activity [ePijnt cells are also now available as hosts, and control

sequences compatible with plant cells such as the nopaline synthase
promoter and polyadenylation signal sequences (Depicker, A., et al.,
20 J. Mol. Appl. Gen. (1982) 1:561) are available.

Recently, in addition, expression systems employing insect
cells wutilizing the control systems provided by baculovirus vectors
have been described (Miller, D. W., et al., in Geaetic Engineering
(1986) Setlow, J. K. et al., eds., Plenum Publishing, Vol. 8, pp. 277-
25 297). These systéms are also successful in producing Taq polymerase.

Depending on the host cell used, transformation 1is done
using standard techniques appropriate to such cells. The calcium
treatment employing calcium chloride, as described by Cohen, S. N.,
Proc. Natl. Acad. Sci. (USA) (1972) 69:2110 is used for procaryotes or

0 other cells that contain substantial cell wall barriers. Infection
with Agrobacterium tumefaciens {Shaw, C. H., et al., Gene (1983)
23:315) is wused for certain plant cells. For mammalian cells without

such cell walls, the calcium phosphate precipitation method of Graham
and van der Eb, VYirology (1978) 52:546 is preferred. Transformations
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Li gatigns are performed in 15-30 [err] volunes under the follow ng standard
condi {fffons and tenperatures: 20 nM Tris-d pH 7.5,10 nM [erﬂ@W%TT 33
[err] BSA 8906634 50 nM NaCl, and either 40 [err] ATP, 0.01-C: 1SS
units DNA |igase at O[err]C (for "sticky end" ligation) or 1 nM ATP,
0.3-0.Fp (Weiss) units T4 DNA |igase at 14[err]C (for "blTH$ SHEEF HAS BREAON) -
I nterrgl ecul ar "sticky end" ligations are usually perfornmedREPLAGEAOOD [err]
total NA concentrations (5-100 nMtotal end concentrat j nol ecul ar
bl unt gnd ligations (usually enploying a ji§)-30 fold nol HHMH,“B@'U"I

|'i nkergg) are perforned at 1 [err] total ends concentrati Of.
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sing about 1 unit of BAP per of vector at 60[err] C for about one
n order to rdbevatratedaynder eiisolkadiing f Phfyrenseding rdesiredapratiednsi s

racged W idh PAeNend CA QT pEOmRY 26 BAdRARAY DRECT P4iind! Ahe "UaEQér“i%tp'h%Qé ,
religagion can be g{even%ig In vect O{fﬂ‘i’t hat hzye been“dqubl e dh%g%t& Py
addi tipnal YeIOFi tantda St inelsuitgedPl MSor AndIRTARENEWY he LGRBHIUSTeE R
porti ohs of pauRit Orankdér iAlall ffragnedd)\ agengeatmdi cbyDNAoh platter atjges €i sneqeence
ififatiops, site- oDl & 1 JEET. 997

ot caernll £aRRTEIT | el Reree (T AECHEDY SUEE N7 SRSkt ot .
condphaged (¥oung andyBavtieti frad. diatd. Ataht |30 JISATE] 983 hp8liid Mar y
Nl e1 pighanCirlaBUAUhe Dl 42 BEORTVSPES T2 B S3EERr 1bBhadel T MRidated

15 g{n the carboxy-terminus of the -galactosidase gene, inserted DNA (in

the appropriate frame and orientation) is expressed as protein fused
with  -galactosidase wunder the control of the 1lactose operon

promoter/operator.

Genomic expression libraries are ‘then screened using the
antibody plaque hybridization procedure. A modification of this
procedure, referred to as "“epitope selection,” uses antiserum against
the fusion protein sequence encoded by the phage, to confimm the
jdentification of hybridized plaques. Thus, this 1library of
recombinant phages could be screened with antibodies that recognize
the 86,000-95,000 dalton Taq polymerase in order to identify phage
that carry DNA segments encoding the antigenic determinants of this
protein.

Approximately 2 x 10° recombinant phage are screened using
total rabbit Tagq polymerase antiserum. In  this primary screen,
positive signals are detected and one or more of these phages are
purified from candidate plaques which failed to react with preimmune
serum and reacted with immune serum and analyzed in some detail. To
examine the fusion proteiris produced by the recombinant phage,
1ysogens of the phage in the host Y1089 are produced. Upon induction
of the 1lysogens and gel electrophoresis of the resulting proteins,
each lysogen may be observed to produce a new protein, not found in
the other 1lysogens, or duplicate sequences may result. Phage
containing positive signals are picked; in this case, one positive
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nt i rbzo&gfe desired nutation. Briefly, the synthetic @CTYUSSS/MET de
8 primer to direct synthesis of a strand conplenentary to the
and the resulting doubl e-stranded DNA is transf GHISSHEET RAS BEEN

phagefsupporti ng host bac- tenurn. Cultures the transfornmedREFPRACEDI a are
plate@ in top agar, permtting plaqueformationfroms' hat
har borg t he phage. Theoretically, 50% of t new pl aqueﬂ !li “u]t he
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MVR94, S , a0 r ccC

t ransfjpr man 12621? eHj"sseﬁleaé?ae as¥‘é}sh tfellgerwegetﬂrnag?/ e{%ng %F ?’I puialda ?r i C
resi st nce M&@wxﬂ@éﬁw@_ﬁb g obet HE sEherursf ‘M awhiich is
const rjct i thcoaﬁgﬁa&eunmfesﬁqprbfbﬁehge art PI asmds fromthe transfornants
are thgen prepared according to the nmethod of Clewell. D.B., et al., Proc.
Nat | cad. Sci . (U$ﬁé abeb8y prabd WaS, usyut itonprobyg & oddcond rg;nohi@nabﬁmi col

@t'%sgrqbcet res '?haro‘;l 3 a%?{er%pha Zg lfemirga(s,?)k We at ed

anal yze I'on and/ or Sequen deoxy h d *of

Sanger} F., Gese é|1983)Pr3ﬁ>17Nalﬂ9) Acdlis sbibrawsnas (m_m7)frum 5%3}\ gertialt her
descriped by o¥eidndd. gfet g@rlomnc N"fﬁéﬁdu@ RAQLEsi cBes Dh&\lgﬁé) sgzg‘ogracotﬁop%etdhe
met hod} of Maxam et ,al NE M Host strains
used ih cl ofidgBeHEsd (é§p?r(b§§| o‘he‘T?eF(]zP’PFdaﬁBt%lst 0 S’F%r° cItBﬁl%T&'hcﬁ

Eeque | Ing , phane. fonhexwmlswsﬂ 0§edCQBSﬁfgﬁl@ttgoﬁb?agéndfeht&(?ﬁhgObll‘le)fe&eﬁB@ing
actery a nmot.ers ol | tra 4. .0btain rom,E. coli neti,c
St ock tetl’h GC% &55‘“ es - usedb'é?sl\m% Hisst Te eﬁ 189 o WBGes P57dEPE 8Nt r ol
of thej[erriHprTaniel, was dound sor aontaKaZtmmM)rd Jgepeaséqueaogen, Heetidl

ATCC 3t d®¥ndfing portions of the gene were also isolated.

Construction of suitable vectors containing the desired
coding and control sequence§ employs standard Vigation and restriction
20 techniques that are well understood in the art. Isolated plasmids,
DNA sequences, or synthesized oligonucleotides are cleaved, tailored,
and religated in the form desired. -

Site-specific DNA cleavage is performed by treating with the
suitable restriction enzyme (or enzymes) under conditions that -are
25 generally understood in the art, and the particulars of which are

restriction enzymes. See, e.g., New England Biolabs, Product
Catalog. In general, about I/ug of plasmid or DNA sequence is cleaved

' specified by the manufacturer of these commercially available

by one unit of enzyme in about 20 ul of buffer solution; in the
30 examples herein, typically an excess of restriction enzyme is used to

ensure complete digestion of the DNA substrate. Incubation times of
about one hour to two hours at about 37°C are workable, although
variations can be tolerated. After each 1incubation, protein is
removed by extraction with phenol/chloroform, and may be followed by

-_—
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extracted with phenol/chloroform and ethanol precipitated. -Treatment
under appropriate conditions with Sl nuclease results in hydrolysis of
any single-stranded portion..

Synthetic oligonucleotides may be prepared wusing the
triester method of Matteucci, et al., (J. Am. Chem. Soc. (1981)
103:3185-3191) or using automated synthesis methods. Kinasing of

single strands prior to annealing or for labeling is achieved using an
excess, e.g., approximately 10 units of polynucleotide kinase to 1 nM
substrate in the presence of 50 mM Tris, pH 7.6, 10 mM MgCl,, 5 mM
dithiothreitol, 1-2 mM ATP. If kinasing is for labeling of probe, the

ATP will contain high specific activity gama-32P.

Ligations are performed in 15-30 ),L’I volumes under the
following standard conditions and temperatures: 20 mM Tris-Cl1 pH 7.5,
10 mM MgC]Z, 10 wM DTT, 33 yug/ml BSA, 10 mM-50 mM NaCl, and either
40 yM ATP, 0.01-0.02 (Weiss) units T4 DNA ligase at 0°C (for “sticky
end" ligation) or 1 mM ATP, 0.3-0.6 (Weiss) units T4 DNA ligase at
14°¢ (for “blunt end" 1ligation). Intermolecular “sticky end"
ligations are usually performed at 33-100 AMg/ml total DNA
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Exanpl es of such detergents incl udf,-lthose speC|f|§ Elﬂm

Cutcheon's Enulsifiers & Detergents, North Aneric ”’i@a

;hegc&&ehbﬁt%@mbemm l?mv'ﬁteﬂl @hd '\/Goﬁ?%btmmoﬁg Co. Inté?xﬁoﬁt@ﬁiéa oad,
0C e en I scl gsure o e por at e erein

fererlé‘L{ EPSAL’P%P&W"S t%"ﬁb‘tyer ?%‘"&ré é@r%%tf(?aﬁf F‘Bfﬁ"t IFECGPDUD

i Si npinkeheX \alrat pet foehddy a8l TgMototaihetids aoskendratilonet her s,

phenol s, octyl phenoxy pol yet hoxy et hanol conpounds, nDdified
hyl at ed and/ dn otegpomprimstede sionaigiple ying r'vaktohofeagmeots'at hihene

|. Leat g b |

"olRAeE Rragme s %‘?ﬁe?‘%ﬁ I PO SR ML s
vvlnhqs@bmseDE{BAmn in peder pr@| yremoue hibet 2l PIESPhats Andarprevent
aur a¢&i gatifbn ConnQIhe NPeckQr.fr @ Bﬁﬁ:es’é\f’&&d%-%ecﬁﬂméte?aiﬁlﬁpamhn

v ARHTBARAER Bl AR B ra»%"tbaﬁﬁ%%é'n? IRt
gsaryl ormdesfrm @er | fig @ fpaettorubar 60° privkeibord emdbadurentin bheerenzyne
Dot PLBYER R IR1BIP Ao A Rl OL R0 SR iGhE ss o FRELACGEVENT
coI wiktilng phéne1dnblareform t Bad predbenal |mveqﬁtn1§¢1te|dny be‘\'ltthenqtnaebx,s for
i#fyi nG18%k8{dn"%an be prevented in vectors that have been double digested
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one or nore non-ionic polymeric detergents. Such detergents are

gal ly those that have a nol ecul ar weight in the ranggisdy | rratel y
o 250, 000, preferably about 4,000 to 200, 000 dal tons an%(

by additional restriction enzyme digestion of the unwanted fragments.

For portions of vectors derived from cDNA or genomic DNA
that require sequence modifications, site-specific primer-directed
mutagenesis is used. This technique is now standard in the art, and
is conducted using a synthetic oligonucleotide primer complementary to
a single-stranded phage DNA to be mutagenized except for 1imited
mismatching, representing' the desired mutation. Briefly, the
synthetic oligonucleotide -is used as a primer to direct synthesis of a
strand complementary to the phage, and the resulting double-stranded
DNA is transformed into a phage-supporting host bacterium. Cultures

.of the transformed bacteria are plated in top agar, permitting plaque

formation from single cells that harbor the phage.

Thepretically, 50% of the new plaques will contain the phage
having, as a single strand, the mutated form; 50% will have the
original sequence. The plaques are transferred to nitrocellulose
filters and the *1ifts" hybridized with kinased synthetic primer at a
temperature that permits hybridization of an exact match, but at which
the mismatches with the original strand are sufficient to prevent
hybridization. ¥Planues that hybridize with the probe are then picked
and cultured, and the DNA is recovered.

In the constructions set forth below, correct ligations for

plasmid construction are confirmed by first transforming E. coli
T =

——————
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acid sequencés that is disclosed and claimed in U S Patent No.
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her ei n b&oﬁ erence. Preferably, however, the enzyme herein Egggg ﬁﬁENhe
anpl i f gcati on process di scl osed bel ow. Specifically, the anplitTicC

I nvol ves anplifying at | east one specific nuclechﬂnlmu'
ed in a nucleic acid or a mxture of nucleic acid kﬂ'ﬂ"lhe
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t t h d d f.
Pl chBRE O 88Fo A8 e Bl ans 1 TARREROR! Inof ™t i ey BIASRIAS
of fham Othiee trams fiormantsaiatec shermcprieparékiatgoaditg ttonibe amethedwbf ch
® DY BIGTE bOROlet 381, PRAGTE! WaEh | LikalOTRL LIS 3 Yool OB LS LI ¢
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tlonwétetrh@l nuqtswzt)l dq1oremposphms i $01@edN NANEYs €8n8NgiddN by
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h |
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e; (d) heating the mxture fromstep (c) for an effective tinme and
ffective tenpOpht 8Fe2ing 4aedhr H & hoRENG dnde @ XPRESSISN OACHRIBIAEE S5 r om
| at eg11emsywhi ch they were synthesized to produce single-stranded

es, but

15 For <cloning and sequencing, and for expression of

constructions under control of most bacterial promoters, E. coli
strain” MM294 obtained from E. coli Genetic Stock Center GCSC #6135,
was used as the host. For expression under control of the PLNRBS
promoter, E. coli strain K12 MC1000 lambda lysogen, NyN53c1857 SusPgq,
20 ATCC 39531 may be used. Used herein are E. coli DG116, which was
deposited with ATCC (ATCC 53606) on April 7, 1987 and E. coli KBZ,
which was deposited with ATCC (ATCC 53075) on March 29, 1985,
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For M13 phage recombinants, E. coli strains susceptible to
phage infection, such.as E. coli K12 strain DG98, are employed. The
25 DGYB strain has been deposited with ATCC July 13, 1984 and has
| accession number 39768.

. Mammalian expression can be accomplished in CO0S-7 CO0S-A2,
CV-1, and murine cells, and insect cell-based expression in Spodoptera

frugiggida).

30 . In addition to the purification procedures previously
described, the thermostable polymerase of the invention ‘may be
purified using hydrophobic interaction chromatography. Hydrophobic
interaction chromatography 1is a separation technique in which
substances are separated on the basis- of differing strengths of
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13 gradients, ethylene or propylene glycol, or urea. For the recombinant
Taq polymerase, a preferred embodiment involves washing the column
sequentially with the Tris-EDTA buffer and the Tris-EDTA buffer
containing 20% ethylene glycol. The Taq polymerase is subsequently
eluted from the column with a 0-4 M urea gradient in the Tris-EDTA
20 ethylene glycol buffer.

For long-term stability, the enzyme herein must be stored in

a buffer that conta.ir)s one or mofe non-ionic polymeric detergents.
Such detergents are generally those that have a molecular weight in
. the range of approximately 100 to 250,000, preferably about 4,000 to
200,000 daltons and stabilize the enzyme at a pH of from about 3.5 to
about 9.5, preferably from about 4 to 8.5. Examples of such

detergents include those specified on pages 29%-298 of McCutcheon's
fmulsifiers & Detergents, North American edition (1983), published by
the McCutcheon Division of MC Publishing Co., 175 Rock Road, Glen
Rock, NJ (USA), the entire disclosure of which is incorporated herein

by reference. Preferably, the detergents are selected from the group
comprising ethoxylated fatty alcohol ethers and Tlauryl ethers,
ethoxylated alkyl phenols, octyl phenoxy polyethoxy ethanol compounds,
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ery nor fract articul ar biQl ogical t}ﬁ sfarting nucleic
ggm yhie

ci-d queﬁE@“ na;&:onf‘%ﬁ"ﬁg%re ¥$ran cﬂ"?émb‘&tl‘med b ucl%ei c aci d
equebcbyuodyet:llrylrawd bezmﬁesaaﬁrmmrmaibiixﬁfaeat andhelgehot e, NeH@,arfpbm f i cati on

oeBast S yhthe "B hrUpaRYOKE, WSS RE TURREATIRITS 2, one

|ffepbeno15}6myﬂ|)c nucl ei c acid sequence Iocat ed on the sane or different
ucleic 9 acid nolecules. The nucleic acid(s) may be obtained from any
ource, for exEpltdermesdable enwvee eficthiss ipwrdion Pavrhec|usB8dTONA or RNA,

rofr naﬁrtbroaé @NAuﬁfcth%cﬁreﬁm@y 1§0HE§&sakﬁCbHdBé\ﬁrE§Féer'Pn yeast,
|ruses ants qr anipmals. DNA or

el | es 0 ga SNB _Ssuc
nﬂ?’tﬁéu ﬁqrya(ﬁréée'fr meﬂg?fg‘d‘ e GREYRT | %ﬁreéﬁcﬁs a8MROIBS ol ¢ il I,
r ambheotampl tfildasidyy protveool e et 6br1trebb‘m\ques such as that described by
niatis et al., supra, p 280-281
The amplification protocol using the enzyme of the present

invention may be the process for amplifying existing nucleic acid
sequences that is disclosed and claimed in U.S. Patent No. 4,683,202,
15 dssued July 28, 1987, the disclosure of which 1is incorporated herein
by reference. Preferably, however, the enzyme herein is used in the
amplification process disclosed below.

Specifically, the. amplification method involves amplifying

at least one specific nucleic acid sequence contained in a nucleic

20 acid or a mixture of nucleic acids, wherein if the nucleic acid is

double-stranded, it consists of two separated comp1ementary strands of
equal or unequal length, which process comprises:

(a) contacting each nucleic acid strand with four different
nucleotide triphosphaies and one oligonucleotide primer for each

25 different specific sequence being amplified, wherein each primer is
selected to be substantially complementary to different strands of
each specific sequence, such that the extension product synthesized
from one primer, when it is separated from its complement, can serve
as a template for synthesis of the extension product of the other

30 primer, said contacting being at a temperature which promotes
hybridization of each primer to its complementary nucleic acid strand;

(b) contacting each nucleic acid strand, at the same time
as or after step (a), with a DNA polymerase from Thermus aquaticus
which enables combination of the nucleotide triphosphates to form
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fromtghgy“&lal | ection will be honol ogous with the end of the .desired

ce toebe mpl’i fi ed. The ol i gonucl eotide prinmers may be prepared using
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phosphodi est er met hods descr1 bed above, or autonmate mpodi pent s_t her eof .
In ond sucHCaut®Ondl e TERLIE - tRBRATALUTE K9 PRORIFSOMYET HiZad 1o e0fis8RCS
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) (f) maintaining the mixture from step {(e) at an effective
temperature for an effective time to promote the activit} of the
enzyme and to synthesize, for each different sequence being amplified,
20  an extension product of each primer which is complementary to each
nucleic acid strand template produced in step'(d), but not so high as
to separate each extension product from its complementary strand
template wherein the effective time and temperatures in steps (e)'and“
(f) may coincide (steps (e) and (f) are carried out simultaneously),
25 or may be separate.

Steps (d)-(f) may be repeated until the desired level of
sequence amplification is obtained.

The amplification method is useful not only for producing .
large amounts of an existing completely specified nucleic acid
30 sequence, but also for producing nucleic acid sequences which are
known to exist but are not completely specified. In either case an
initial copy of the sequence to be amplified must be available,
'a’lthough it need not be pure or a discrete molecule.
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“described in U S. Patent NO. 4,458, 066. It isal sopossibleto use a

I ch has been isol atedf rona bi ol ogi cal source (such »hCti On
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concerg r at £8h %?u%&i’f’ee&iaae“ﬁi ﬁBgWaf’g@eel’ i%‘(ﬁé%t) 'fré’r"ﬂf’e‘ga’%hc?wat’ﬁé
buf f er§ f or oanpis f sespecdad antd [ eonthins theesspecific t hechrifef eacidn sequemoeint of
1.5-2 tq.lyncrnease e I G| [ f i Gty react.o The
resul tf ng 38 ﬂ%ic_lén igﬁ'{gﬁeﬁgh%rg’gge ‘a?@gr gﬁﬁgdj{’oq\xzete%é?{{ﬁe %cltol'e-i crkﬂééi ds
bei ng fanpl irckiop messeogen Bio abieh DMy SrngNR-may hedsdngl§-strandsdcpei c
aci ds pr-e gbiileeseidndeded. InheRdnObANaUDAALINA HyBRi @ che cB8Atd id¥edne
andt h eaction mxture is held ai,ate erature V\/(é]lch pr%) tes ,
hybr i cf zat SEFATSr Afn&aGh i MEF Reo Yiiditdupl ArEAKHTS OAr BBY Tt ciisPa, Bycleic

acids may also be employed, or the nucleic acids produced from a
previous amplification reaction herein using the same or different
primers may be so utilized.” The specific nucleic acid sequence to be

20 amplified may be only a fraction of a larger molecule or can be
present initially as a discrete molecule, so that the specific
sequence constitutes the entire nucleic acid.

It is not necessary that the sequence to be amplified be

present initially in a pure form; it may be a minor fraction of a

25 complex mixture, such as a portion of the beta-globin gene contained
in whole human DNA (as exemplified in Saiki et al., Science, 230,

1530-1534 (1985)) or a portion of a nucleic acid sequence due to a
. particular microorganism which organism might constitute only a very
minor fraction of a particular biological sample. The starting
30 nucleic acid sequence may contain more than one desired specific
nucleic acid sequence which may be the same or different. Therefore,
the amplification process is useful not only for producing large
amounts of one specific nucleic acid sequence, but also for amplifying
simultaneously more than one different specific nucleic acid sequence

35 Jocated on the same or different nucleic acid molecules.
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89/0&%1h tenperature is generally from about 35[er?f€’(t‘%89é%qlgzr] C or
. preferably about 37-60[err]C for an effective tinme, generally

half to five nminutes, preferably one-three m nutesTHR S athy BEEN
E8[err] C is used for Taq pol ynerase and 15-ner priners R6PLMEERase the

ificity of primer hybridization. Shorter prinmers n :
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Typ cal heat denaturation involves te erﬁﬁéﬁﬁoéan‘g&?g m. about 90 to

105} er r ] GYPEEON £ BYT R &N |h9a$%9ngﬁ°ng e &% . and
Preger abldyspdnmeﬁfexftlvmtrdeaatulrarngcdnpmmmt wotuirs %}néamyf 01 Qo5 150 3
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gz:t vi ty added idiredtd yptesthec bysHd r:ebbATP i's known
15 Any specific nucleic acid sequence can be producéd by' the
amplification process. It is only necessary that a sufficient number
of bases at both ends of the sequence be known in sufficient detail so
that two oligonucleotide primers can be prepared which will hybridize
to different strands of the desired sequence and at relative positions
20 along the sequence such that an extension product synthesized from one
primer, when it is separated from its templ ate (complement), can serve
as a tempiate for extension of the other primer into a nucleic acid
sequence of defined '_length. The greater the knowledge about the bases
" at both ends of the sequence, the greater can be the specificity of
the primers for the target nutleic acid sequence, and thus the greater

o
(1}

the efficiency of the process.

1t will be understood that the word "primer" as used
' hereinafter may refer to more than one primer, particularly in the
case where there is some ambiguity in the information regarding the
30 terminal sequence(s) of the fragment to be amplified. For instance,
in the case where a nucleic acid sequence is inferred from protein
sequence information, a collection of primers containing sequences
representing all possible codon variations based on degeneracy of the
genetic code will be used for each strand. One primer from this

This Sheet Has Been Replaced

T e




to@enature DNA. The reaction conditions suitable for separating the
str @bsg Josge'C! ei ¢ acids with helicases are described by PCIUS8#00127
Abddgl nem M and Hoffmann-Berling, H , CSH Quanti t.a%% @l\-(pdAsggEEGB
63- (1978). and techniques for using RecA are revie Rgp@caaaddl ng,

Rev. Cenetics. 16:405-37 (1982). The denaturatlon produc ﬁlhﬁ“‘
u \ ure is

sepdr ated conpl enentary strands of equal or unequal E“mgm
| e-stranded nucleic acid is denatur by heat, th

| gned to cool to a tenperature which onot es hybridi zati on of each
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dent s beperldifisdy [err] mai nt ai ned for an effectlve tine, generally 0.5

m nutes, and_pre abI 1-3 m nutes. ctical terns,
temferature is si ﬁ& %F‘é&e‘?ﬁ"&ﬁ MIers er"la a8reRareds ‘{SéI"F] @any
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e act Vi
opt ifmi zedeavcage ef pbnpdesnabedran dettens (1 Qﬂlvﬂ&éﬁ@‘% -ac@'l%f“??h%if t he
> | FokaGiynithadd f1dg S5 Ganics eof i debo darliremommsns@mwredwr& f§s0m t he

hybrg di z r. e ate., Th t actua be sufficient

to S t y| tt'or e I ary to

A 858 1D R Se TR Ak HPseble ruien

nuclpenmeracwid chefasabeen bisolatet from ke bso'ldrmgh'l asourgeddsatturas each

ext gnsi ong .E'Qﬂ:l{qh n & Bhi; ]se ary tenplate (i.e., the tenperature is
y F ou §8F FF%PB'O ' '

gengy al | ess than a [err]C). Depending mainly on the types

of gnzynme and nucigd Csp%@hdi(é)wsmlcoxem ste*aseﬁaeph@a raﬁ@@rw qfs‘?n?’f{i?ec'“ve
t his sg{;@hey s .reaction generally ranges from ﬁalroout 40 80 C

or abMYCERC7BCAf, FoRtaiving (ThdheFeqUsPEe ndt & FEBPEYK0I yTF%mE;‘é'éth about

| IJC }Vﬂ%ﬂ v&le\Ebmhymaj as&r:i‘ rmﬁhﬁr @S d aglipdndc Usi ‘I:chS ﬁdmlbomefd’erérﬁte

per| of t qui r.e this nt eS| A rom abo 5.to 40

b os oPt T AE IRt aankT g TS FrBhes DoRps TeBERE | PRIBGTC Ot BHEH he
d1fferent nuc'le1c acid sequence being amplified or detected. If the .

nucleic acids to be amplified or detected are DNA, then the nucleotide

triphosphates are dATP, dCTP, dGTP and TTP.

20 The nucleic acid strands are used as a template for the
synthesis of additional nucleic acid strands. This synthesis can be
performed using any suitable method. Generally it occurs in a
buffered aqueous solution, preferably at a pH of 7-9, most preferably -
about 8. Preferably, a molar excess (for c'léned nucleic acid, usually

25 about 1000:1 primer:template, and for genomic.nucleic acid, usually
about 108:1 primer:template) of the two oligonucleotide primers is
added to the buffer containing the separated template strands. It is
understood, however, that the amount of complementary strand may not
be known if the process herein is used for diagnostic applications, so

(30 that the amount of primer relative to the amount of complementary

' strand cannot be determined with certainty. As a practical matter,
however, the amount of primer added will generally be in molar excess
over the amount of complementary strand (template) when the sequence
to be amplified is contained in a mixtqre of complicated long-chain
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g ag¢t %”pcleﬁfa@ratt'ﬂ?e nﬁWéﬁ &\Phé 458r fd 12805l rdzfmtth? g gnaturc%é ﬁ:tsep' The
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| di zatlon ens on product 'syn S ca e repeated as dften as
ed tSbOpt&rdacmqrhenwslnm amﬁﬂyf‘eéf t he specific nucleic acid

ence, depending on the ultimate use, The only l[imtation is the amount
he priners, IfercqBalensrt th";h?e°£hﬂl‘Wﬁ&ch’tﬂ‘ﬁdét’taﬂF’%dﬁﬁSﬂal%sacﬁldesent

- may be synthesized by adding one or two oligonucleotide primers
Po thereto. 1If an appropriate single primer is added, a primer extension
product is synthesized 1in the presence of the primer, the DNA
polymerase from T.hermus aquaticus and the nucleotide triphosphates.

The product will be partially complementary to the single-stranded
nucleic acid and will hybridize with fhe nucleic acid strand to form a
r_s duplex of strands of imequa] length which may then be separated into
single strands as described above to produce two single separated
complementary strands. Alternatively, two appropriate primers may be
added to the single-stranded nucleic acid and the reaction carried
out.

o If the nucleic acid contains two strands, it is necessary to
separate the strands of the nucleic acid before it can be used as the
template. This strand separation can be accomplished by any suitable
denaturing ‘method including physical, chemical or enzymatic means.
One preferred physical method of separating the strands of the nucleic

* This Sheet Has Been Replaced

HIIIIM e




erabl'f, the steps are repeated at | east twi ce. For use in detection, the
nunbej] of cycles wll depend, e.g., on the nature of the sarrpl e. For

exanpj o 8%0&891cycles wi || be reqU| red if the sanple beil @%ﬁg@i%@ﬂﬁw
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nucl epti des rlners er nost ne nee
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i nact | vat eRedA,r weﬂsllbisy,heﬂ Neadei @BtHA bhd i %@eﬁﬁé’i@hcizpofepi'b%wrﬁh d he
enzyng aftﬁfq eac? such materials at each step,
b

r| ng dition of : S
howev Qﬁéem & eactionn. copddiions | suikahleedfen
produfe rmsepalrhamg)rwespemnfdscoﬂumoaleu aamdsseqmn@e%é)sm fahe éésfcﬁbét"wd eic
acidD m n0 | h riate.,nunbe ren
oli go1u0cl e%‘% :Kci@ ppffnﬁgbﬁa%ﬁﬁit‘% MBMW%%E f grsgnta’?pe-
ci ficfnucl tghnigyes stouewieds diesAt arbe revieiededin fOur Raddimgy s Aane Revl i zed.
Two o} theggieti®s s W :80587CI(1082Y.0r 1hRCdiatuEtion produces two separated

complementary strands of equal or unequal length.

If the double-stranded nucleic acid is denatured by heat,

15 the reaction mixture is allowed to cool to a temperature which
promotes hybridization of each primer present to its complementary
target (template) sequence. This temperature is usually from about

35 C®to 65°C or more, depending on reagents, preferably 37_-60‘[:,
maintained for an effective time, generally 0.5 to 5 minutes, and

20 preferably 1-3 minutes. In’ practical terms, the temperature is simply
lowered from about %5°C to as low as 37°C, preferably to about 45-58°C

for Taq polymerase, and hybridization occurs at a temperature within
this range.

Whether the nucleic acid is single- or double-stranded, the
25 DNA pol ymerase from_Thermus aquaticus may be added at the denaturation

step or when the temperature is being reduced to or is in the range
for promoting hybridization. The reaction mixture is then heated to a

temperature at which the activity of the enzyme is promoted or
optimized, i.e., a temperature sufficient to increase the activity of
30 the enzyme in facilitating synthesis of the primer extension products
from the hybridized primer and template. The temperature must
actually be sufficient to synthesize an extension product of each
primer which is complementary to each nucleic acid template, but must
not be so high as to denature each extension product from its
35 complementary template (i.e., the temperature is generally less than

about 80°C-90°C). o
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|‘g0r99;d539p aci d sequences and the other two prinersP&TEUSSMOIRZYc for

cond specific nucleic acid sequence. In this manner, each of the two
ent specific sequences can be produced exponen'fﬂ‘ﬁlsﬁ",,b""""@l’?@EHr esent
s. After the appropriate length of time has passedf "d""f?\g‘rE duce the

d anount of the specific nucleic acid sequencs, ' may be
by inactivating the enzyme in anysknown manngrlm T“lfmm’llu“j' ng

hal te

EDTA, gphenol , SDS or [err] or by separating the conponents of the reaction.
The applification ppossngaainty CGNAHE RS QY bRBAIEShNG nub) Ot a€TdRYi ment
of an e reaction m xtur rature cycl ed

aut omat f‘:d rocess, t g ma% be tem
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at a o?r]FP%quaéHr? %&rﬁf%&éaf’ﬁv P9t r%c%ﬁ?ﬁcé"’éa}?h{ g'hgn shcond

acl e polgmerasenfeomt Tihernius equeticusl isecempyoxeide cdhpupenriod oot otimer m t oa
nin ' ofpie. o I S | ¢,.acid
08 (LRI e b syRofesS TR raRTERTaE dboft V.S 1 N LR B
mput dROTERCAERRAE BT (RSN Y neferihac denneratiys whiecH eIt &F then nestedc

S parzTel ekfiet RAkyfONdNdO! tHeh ecompPe ity Cbif Sithe SnedletiDCadidl infWburel,eps in
l'ification.sequence such as the tinges,and t?nperat‘res of
tion,PrteIfér%Huﬂf‘eogf’e fﬁe“‘t‘B“ttersanngth?et'ﬁ'.c ‘cpraéfgr‘rsecpﬁ%ﬁfhi Be that
enplmngdr ut timezepertoderiat ugeneraldly ngreqiirdedut a Thequpreskeatell iafg

bec A n tr fepr \ I a
o1 < WREHY AT PR TBARNICRS 5% eRERsRU S sdbuliERih BXGLEe oME)

9, putdsi Sturd Sepindribit Teg pdomerasgeendywelastav¥yef which is

orated herein_by reference. Briefly. this instrunent consists of the
i ng systens: 7The spevdyt syokhesd zehgstrand Anderi t5 ofompd ERANAR Yo TWE &
offtatthals,sttp_sngd ef@ﬁd Ya 53%%1@51,,;“@@@5..0%'@? ﬁmma!ig uB&d I ARCEHON g
e of nucleptide, triphosphates, priuner nucl ej ¢ agi eguencges, an
® 5! uckeshing; Stersn! BoProcias i il POes Har loRtTaT g the

cont agngr advable-astetatdddovims ezl & eraper cseparatedhibyh heat denaturation at a
temperature effective to denature the molecule, but not so high that

. the thermostable enzyme is completely and irreversibly denatured or
inactivated. Depending triaifﬂy bn the type of enzyme and the length of
nucleic acid, this temperature generally ranges from about 90 to 105

20 C, more preferably 90-1000C, and the time for denaturation typically
ranges from 0.5 to four minutes, depending mainly on the temperature
and nucleic acid 1ength.

After this time, the temperature is decreased to a level
which promotes hybridization of the primer to its coaplementary
25 single-stranded molecule (template) produced from the previous step.

Such temperature is described above.

After this hybridization step, or in 1lieu of (or
concurrently with) the hybridization step, the temperature is adjusted
to a temperature that is effective to promote the activity of the

30 thermostable enzyme to enable synthesis of a primer extension product
using as template the newly synthesized strand from the previous
step. The temperature again must not be so high as to separate
(denature) the extension product from its template, as previously

_—
This Sheet Has Be

Ly
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amplify the signal sufficiently for its detection. For general
amplification and detection, preferably the process is repeated at
least 20 times. |

When labeled sequence-specific probes are employed as

20 described below, preferably the steps are repeated at least five

times. When human genomic DNA is employed with such probes, the

process is repeated preferably 15-30 times to amplify the sequence

sufficiently that a.clearly detectable signal 1is produced, i.e., so
that background noise does not interfere with detection.

25 As will be described in further detail below, the amount of
the specific nucleic acid sequence produced will accumulate in an
exponential fashion. '

No additional nucleotides, primers, or thermostable enzyme

need be added after the initial addition, provided that the enzyme has

30 not become denatured or inactivated irreversibly, in which case it is
' necessary to replenish the enzyme after each denaturing step.
Addition of such materials at each step, however, will not adversely

affect the reaction. e
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speci fic sequence increases exponentially. Thus, the uence
\Bé ﬁe predom nant species. This is |l ust raﬁdpﬁﬁﬁgé@o OW ng

e, Whl ch indicates the relative anmobunts of the sp E&Te’dﬁ&eBEmlly
ent. after n cycles, assum ng 100% ef fi ci ency at each CFBHCGED

er of Doubl e Strands After to n Cycl es Cycle N Long
ucts Specific Sequence S 2 I”" m”inﬂ
1 3

26 10 1 1013
1 When it is gesired to produce meﬂ;gnzgne specific nycleic

acid sequénét&ramSthd first nucleit acid or mixtuPe of nucleic acids,[err]
a single-stranded nuclelcogmg\éfzeﬁuu [ ed as._t onIy one

e tenpl.a
or o8t ARPTOBF IS pBAMLED Bhcd puEheat Igey ol B8Rt ACE can be
I ]1: I edxtdii?fd ﬁ gifoen exampry, oif an:abl ]fdicfaé:rmis specobiai nuglree!at ercid
i |C|tyo the [eaction ter at _lea & CYG,
i Pi c BT SATE o0 B ﬁg?{uceﬂ pEb’?ﬁflsePr’é%t Z‘P}P{ne °| nt naI 1%ISquences
ht ar epriimersorarenspeniddy 6or tdne @(fueheespcrilféc amgsllef ¢ eaicidSisepugndeser s nay
pdded J3h 8RY cth@HaNfritfehd dMeOUEA e SPA LR BN IspBEl ficaRiPIYic

natlve y, a longer nent can prepar e usjing priners w.th
acid sequence. In his manner, each of the two different specific

sequences can be produced exponentially by the present process.

10 After the apprbpriate length of time has passed to produce
the desired amount of the specific nucleic acid sequencé, the reaction
may be halted by inactivating the enzyme in any known manner (e.g., by
adding EDTA, phenol, SDS or CHC13) or by separating the components of
the reaction.

15 The amplification process may be conducted continuously. In
one embodiment of an automated process, the reaction mixture may be
temperature cycled such that the temperature is programmed to be
controlled at a certain lev?'l for a certain time. ‘

One such instrument for this purpose utilizes a 1liquid
20 handling system under computer control to make liquid transfers of
enzyme stored at a controlled temperature in a first receptacle into a
second receptacle whose temperature is controlled by the computer to
conform to a certain incubation profile. The second receptacle stores
the nucleic acid sequence(s) to be amplified plus the nucleotide
25 triphosphates and primers. The computer includes a user interface
through ‘which a user can enter process parameters that control the
characteristics of the various steps in the amplification sequence
such as the times and temperatures of incubation, the amount of enzyme

to transfer, etc.

30 - A preferred machine that may be employed wutilizes
temperature cycling without a 1iquid handling system because the
enzyme need not be transferred at every cycle. Such a machine is
described more completely in European Patent Publication No. 236,069,
published September 9, 1987, the disclosure of which is incorporated
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; -.lcorrpl enentary ends but having sone overlap with the priners previously

. %g b}@é&ﬂe anplification. The anplification method npgThssssyedinzed to

i ne particular nucleic acid sequence for insertion into a sul ta%éw]

“BOr essi on vector. The vector may be used to transform grl gg% ost
gani smto produce the gene product of the sequence by st af&8H t hods of

‘Bconbi nant DNA technol ogy. Such cloning may invol ve di umto a

/Bctor using blunt-end ligation, or use of restriction mm"m l&{l e at

@ es contained within the primers. In 34dition, the a |on process

B be used for in vitro nutagepesi iy The, ol i_godeox ri bonugl eOEPefd rimers

fled not BEFeRac y TRHARSAESeNt aPT&fdY ¢ hdh A TRSY YRR % £RAE 1SS 5’P

bl i fi edfolltowling Gysyemecessary that they be able to hybridize to the

@guence sufficiently well to be extended by the thernostabl e enzyne. The

oduct of an anpll.fi datheatrcopdettiop oéremadner tfioe poldings acghyeny aimbere not

OLLY COFPLRUEN! flakeh2u1y"G084 10140BLs | SHRLIA N1 tHRDFAIc: b Grisgghence Of

£ priner rat hef han her eby |ntrodu0| ng an In vit

f at i bn. of n npgleaidde cﬂne@smhaf@mm;ﬂmrrs W MCTBEC aRpld f FRWERFETy aﬁnd

i m ni seeghpRfl ficiency because no further mspaired prinmng is required.

e nut ant thus produced nmay be inserted into an appropriate vector by

pndar d nol ecul arz bi @l pgimalktot kedtni Gosts, and wﬁigbaimmnéenemtmcpi@

ies on_this_vector s as. . th otentjal for pr an.al tered

bt ei n.  THEAPETC AROVE; gﬂsgkqeﬁﬁwaﬁwg\ ttgwé aﬂ%’sé‘ﬁﬁgﬁc eagg Bg & BB Shove

bi.d be fepeateedivingt he atardrell DNAnaki nfprdi ¢drarehiting i which t ofi nthce
anges o | Bt of 3 MU SQPLHIAC coul d

ub‘f %Mﬁg?gu edg@v\hgrr'elr{ﬁ Eﬁcﬂ‘ﬁﬁwaﬁﬁfdﬁ%rt&s l"“?ats‘tgrql eggcoul gérdl ffer -

bm t he mwttawweda nilAbgsenayy bsuPettiem head svmrp Axe 1 aRAestomclatesdathce in

i ncreasmﬁlrunm OProt¥ ts | RoFpur@tf@NNes . TPOMBASS NPUbE Be wagee Hbkit mately

ch Were rkat -?)Slb|e in a single step due to the inability of a very

¥ i ousl y® ftcted prinmer to function. In addi tion, the primer can

htain as part of |ts n I.ded that

Eufficient am)u3t of tﬁq"%??ﬁe"?eaggnt(gl 'S %@g%%ﬁrggg %%ht d(’)](r%r%rg’ment ary

@ t htd st rarpledo the t@nplmpu'edof Feaide mensps e, t gensrete i ube sé‘cﬂm@h&ethhat is

§ conpl @ qr yauttgmﬁmaﬁ?ﬁpltﬁéeaﬁﬁﬂ‘r‘ﬁ'&ﬁ@icfnsu%xﬁﬁce,e fhe ReRPAIRLAL -

fker, I ng sequence,
eve]s, and the temperature ramping and, timing.

o —h@,—ho-o ®

A representative amplification protocol for double-stranded

DNA containing the desired sequence [_S} comprised of complementary

20 strands ES"J and [S‘] is as follows. During the first and each

subsequent reaction cycle, extension of each oligonucleotide primer on

the original template will produce one new ssDNA molecule product of

indefinite length that terminates with only one of the pri}ners. These

products, hereafter réferred to as "long products," will accumulate in

25 a linear fashion; that 1is, the amount present after any number of
cycles will be proportional to the number of cycles.

The long products thus produced will act as templates for
one or the other of the oligonucleotide primers during subsequent
cyc'l-es and will produce molecules of the desired sequence [:S"'J or

30 LS] These molecules will also function as templates for one or the
other of the oligonucleotide primers, producing further [:S"_] and [S
and thus a chain reaction can be sustained that will result in the
accumulation of S at an exponential rate relative to the number of

cycles.
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nmag be attached at the 5 end of one or both of the pr| l Eﬁ; $1i3§" eby
apfengod0662The product of the anplification process. A TPRETN s on
igmrer i s added, sufficient cycles are run to achi evemsHE%THéﬁBﬁﬁﬁunt of
tenpl ate contai ni ng the non-conpl enentary nucl eoti de iRFELACED Thi s

ws production of large quantities of the conbined
tively short period of tinme (e.g. tvvo hours or L lmﬂlmﬁmdﬂ“ npl e
t eghni que. The anplification method ma>3 al so be used to ena ection

or. characterizati Rec nucl ei ¢ .aci d se lated with
ct’i ous di seasé& prgg%c&s °(§f“§% g‘é éj] igPniclEeoside @Y%gdgﬁg t%i ?ﬁ'ﬁ

er, ehagn, tlmseogmt&!dedmm infoit cstli fonatiad ytiief (elxceplenin meraninshanaes )nucl ei ¢
avall b [ fa | e renat al
nosi s gf lt'sﬁf%o{ccaﬂﬂ a%écm%awﬁé&ﬁ % ob glhneé {ﬁ&g bet a*é}mgkaqeg

i fi cakitnthes opiganusleetide ag@m:emf snehprimesnang sthe icamplempatagayne on a
| sanglogerts! 89 'Eﬁ’é‘ éﬁﬂ'rO%tthée s‘é@éﬁﬁ‘t' Rik Tedehpe fd e qibncel RBY:HI®

| nRerently insensitive, @ee radi oactive techni ques are being enpl oyed,
but{ Wer &5 dg51de¢ ctoe ?l?ﬁ?df’ﬁe Si rabl e For the purposes of this invention,
gengeti c di seases I ncl ud ecd 11 Ietlonsa [ or fions I.n

genprnic DNA fro )7'"8\'"@% ﬁF’ %W@ eéc g‘“:'l 'g H‘sc&f’{'&éﬂgn}% thEyst I C

osi s endipghaprotedsasdecause hidt is trivdl aes;slenamd.andhe hamouink eq f Sheklloengcel I

' A t o] r y

ri be?}op&t ambLya&%ugqbgﬁwo%e%gzgogﬁéy %I%t sﬂﬁgbb%ehcgd?n‘ggr ﬂﬁn 1585 or
a RFL%gmeé B¥GI 8IS acidy | J\RFnynoé’ﬁﬁl?flté’ﬁt SBEF 197 €t PRAUSHRR dmf:rmsesoNA se-

Vi a
quehcs bxexbh@naﬁrmwlcatlms;mtmd @mct hgkqreaeei awsBh Decod ecthed by
t he absencedof a ﬁguence anﬂ} J]Z cif gm a %ﬁ E et ect ﬁ%ﬂby t he
prepence PSF %T"BBT‘@ PEHiC r es 1|Sct’|‘°‘on1 PErarpdsdpy the nZRYTHing &ri on
t haj causbsch héndiicadase the rEERUACENBONINtSHEHET the species theoretically
present after n cycles, assuming 100% efficiency at each cycle:
- Number of Double Strands
20 After 0 to n Cycles
) Long Specific
Cycle Number Template Products Sequence S
0 1 - -
1 1 ' 1 0
25 2 1 2 1
3 . 1 3 4
5 1 5 26
10 | 10 1013
15 1 15 . 32.,752
30 20 1 20 1,048,555
n 1 n (2"-n-1)

When a single-stranded nucleic acid is utilized as the template, only
one long product is formed per cycle.

35 A sequence within a given sequence can be amplified after a
given number of amplifications to obtain greater specificity of the

\
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1997 13 Al of these genetic diseases may be detected by anplifying
propri ate sequence and analyzing it by Sout hern bI ot ,y 60112$| ng
o O\88/ es. In such a process, for exanple, E gnof DNA
e.g., amiotic fluid containing a very |ow I ev'B‘F‘S @E¢e3| red
ceis anplified, cut with a restriction enzynme, an anal via a
rn blotting technique. The use of nonradi oacti mauﬂ ﬁ\
tated by the high level of the anplified si gna““mu
ment, a small sanple of DNA may be3finplified to a convenient |evel
en a further cycle of extension reactions perfornmed wherein
tixde rERGYIOAL 'PX/ésddM$ AFtsr 2t d2art w@es&k%sreawp;déhca&é on & Set| @bel ed
oti rhﬁbel erat ek ee&mﬂ%éﬁﬂaﬁboﬁ@h&&@ﬁﬁalafsequdm:@f pprtat egrlino&Coa y

he f t t
o;e)holf‘ ?let," p‘gl{ a&F ﬁéﬂi‘re“&ﬁyt%%ﬁeﬂ"%%d%ﬂ % gf"g}/régﬁ%{fl chon PHS‘E‘her
ment att henynustege andd wil) bermwigesea tshoztear tamplii firedr eftagment on

c| eagﬁ*tﬁfnke{@%am'dn by ﬁ%édé it Gt cah e f‘eg%%gew%s‘i‘ﬂ%% @@Fs Regp cut

he appearan an a espité prior

ifcia onomfcomnbar@ma@anﬁn ibup| hevinhesensseprerlap a~1§ht dheorprimers

cl eappeyyiobs uttHI]E‘ﬂapﬁhfﬁthau&ﬁqyﬂﬁQQOnThe presence or absence of an
i ed sequence can be detected by an appropriate nmethod. A practical

ation of the mepl ahplcidt tayiohechethgde, mdyhabe i utill fzddacitdi tatdneg 4 he

[boa PhrEsiisf GH5leRITpLEY | henleiEeci4of Chiner 60 TR A TERRE) 5

08- 1e®ﬂ12$§1@85v)3ctsr.de§be i vesdior mayebeaiusednta Heasfden at aabmp&oaémce
€ i hedk kg ﬁtsm got BRdduee] ﬁﬂecegeﬁét]br%'dﬁct %ﬁ@ﬁ&'ée'qﬁeﬁi@'b&féfﬁtdfal & ion

O]| IS exenp using a bet a-g ohi n gene segrrent
her @Fﬂ'%‘éy Oaﬂ s'EfCB@bU?éa tAgeebroldgy ect | $Chi FdPRLAL ROt O Ve

vari atfi onsdiredtucligaticCi thtse@ueaie tor SuihgaDl gRpRAUC | ioW§i B8 use of

seque

ecj f.i

: | 'gotind d i E
Pt ont] PUBPRCTEEIOSToREs. ER(IFrChal SERCHeR 10 WISk thn e dPet veure of

whi ch

s |nc0rp0ratﬁld aQI?J';?i&,b¥h5e£f51qQ?gation process can be used for in

20 vitro mutagenesis. The oligodeoxyribonucleotide primers need not be
exactly complementary to the DNA sequence that is being amplified. It
is only necessary that thgy be able to hybridize to the sequence
sufficiently well to be extended by the thermostable enzyme. The
product of an amplification reaction wherein the primers employed are

19
L}

not exactly complementary to the original template will contain the
sequence o% the primer rather than the template, thereby introducing
an in vitro mutatiqn. In further cycles this mutation will be
amplified with an undiminished efficiency because no further mispaired
priming is required. The mutant thus produced may be inserted into an

30 appropriate vector by standard molecular biological techniques and
might confer mutant properties on this vector such as the potential
for production of an altered protein.

The process of making an altered DNA sequence as described

35 above could be repeated on the altered DNA using different primers to
induce further sequence changes. In this way, a series of mutated
sequences could gradually be produced wherein each new addition to the
series could differ from the last in a minor way, but from the
original DNA source sequence in an increasingly major way. In this
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Brieflly, i I,S process, the anplified sanple is spotted di
seri e W@@Snes, and each nenbrane is hybridized with ?ﬁﬁ%ﬁé@?z?
| abel sequence-speci fic ol igonucl eotide probe. AfterTHgSHEET HABIBEEN: he

sanpl § i s washed and the | abel is detected. This techni queRERAEEPeci al |y
usefulf i n detecting DNA pol ynorphi snms. Various infecti | n be
di agn@sed by the presence in clinical sanples of specﬂmmmEMFes
char- gacteristic of the causative mcroorganism Thes I i a,

s Sal nonel | a, Chl anydi a. Neisseria; 'viruses, such as the hepatitis

Virusqs, anghnRafasdHafbes da0hd ase wage RivSHREE e QRPE bhct freisTMlealihag
U S. Ratent .Reexam naﬁl 0 535.i sslued. to FﬁéJ;ow et al.

3 rtifi ga{;% Bl_4, 3%8

on Maf 13, SG9E° ELr PRS0 Ale (J8aPTH YRt % (VermeA DR ivaPishatohed, PEABET £ of
t he digagnostos fofictimhecti ous di seases. A relatively small nunber of

pat hogeni ¢ organi sns may be present in a clinical sanple froman infected
pati efft and the DNAlexaddidio fthenptimesecarn\condabn iasuparbrdfy its vsequesoal |
fract oy ofa R LAAbmd ARy helEnSATBRSV1aSBCPAIE & SFRLLILAA RO l0r the
suspedt ed pat hogen-specifiT sequences prior to Inmmobilization and defec-

y hyBBPZ89T3A1RY & Heappices 2hpt ot cOMPUenandary \to #he ostrandeto be

f L vit yampdlfeeRCi i Foby famblédi ta okl ddedus@fuentoutimae chini ggd use
0

pr obes rt di agngsi s, of .ipfectious diseases would be sinplified
cons! qer abipnp] SHEntErs. S8 SR Crepi o84 CRteBHSs,r LD B30l B B b RECEe
descrifbed i¥inkPr5Zo879g Isgqueénce, étr.t)hinay greoettanhed babttihe- Tbrendi of nge DVA
probe$ ,are e y gen4c Sl L di
bi ot .h-@pec@??‘g%ﬁ%oﬁg@%h?@% y%%%?ydgéﬂe%??gn%gs%égr}\?g%%ntt ,o%ufthe
rel atifvel y ampdefiGation. presesonbi nAftem dihespestensd oNATARpY i fiscaridded by

the pfesentsyrgieagdtandcibe 4se @hnstabl acriabel afle Prdaesed ObhdhinRr Q4 dgey he
convefi ence a et .al. and

ngd sensitivity required to.nake the Fal kow n rd
procefiur es Bt i® i?P"aYaF'bﬂéi rfg‘gcl'ﬁ"ﬁl'f:?irlp]%?'ﬁaﬁﬁ. "RCL‘H’J(‘{F?i dmee-of fhes
anpl i §i cat iadiowscprmduotionf of Ustgec iquamt idi esroof t tiei rgmbinedt fieaddelSs Vi us i S
descr d i a ent. .Publ i.cat] on 9,7 I she y. 22,1967,
the d lsfgl OSH&}E{‘{(’)&?&/“:}@E?% spélrﬂggrﬁlgrg§%é; Ege‘fgéi’nqé()’/ B%{Frlér Zo&cg'e‘;g&i gﬂ’iﬂ, % he
anpl i }i cat isimPb;deabr e on process is used with primers and probes which
are dpsigned to anplify and detect, respectively, nucleic acid sequences
that pre substantialfPg @@RbEFGatiofmoAgtiake AAXI edl60acheis UsRdAI DS enrbbes

and detection and/or characterization of specific nucleic acid sequences

tion
sensi

associated with infectious diseases, genetic disorders or cellular
20 disorders such as cancer, e.g., oncogenes. Amplification is useful
when the amount of nucleic acid available for analysis is very small,
as, for example, in the prenatal diagnosis of sickle cell anemia using
DNA obtained from fetal cells. Amplification is particularly useful
if such an analysis- is to be done on a small sample using non-
25 radioactive detection techniques which may be inherently insensitive,
or where radioactive techniques are being employed, but where rapid

detection is desirable.

For the purposes of this invention, genetic diseases may
include specific deletions and/or mutations in genomic DNA from any
30 organism, such as, e.g., sickle cell anemia, cystic fibrosis, alpha-
thalassemia, beta-thalassemia, and the like. Sickle cell anemia can
be readily ‘detected via oligomer restriction analysis as described by
EP Patent Publication 164,054 published December 11, 1985, or via a
RFLP-1ike analysis following amplification of the appropriate ODNA
%\X
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speci fgc to the nucleic acids in AIDS viruses. Thus, the seguence to be
det ectpawOBYP668 sufficiently conplenentary to the nucl ei c BETHISEHOURPS
Vi rus to initiate polymnerization preferably at room terrperature in the

presenge of the enzyne and nucl eotide triphosphates. §€E

anpliff cation process uses | abeled primers. The | abel %I ed

pr odu may be used to "capture” or imopbilize the produg or subsequent
detectjon (e.g., biotinylated anplificatigg priners l t‘mmmroducts
t hat n be "captured” by their interaction with awnmllm din). As
denonsg r at eskquéndenebpf che meanipl dhivd tasmp| metial.i on AlphéoThall assemie eehents on
pr odu e ri bri d tg.t t

Perpl o ot SR AR aBBEncl 0 eaibEic sBa; BELRICHE] s RRE e be
sequerfce, adetevtet hoerﬁa; predendee qff ar e ynerphdpeaestriasion t siteaslnetlassary
Lo Priuce 1%edy) § Sl athinionat dalieSaeafBaskraml es of specific

preferfed reagents that can be enployed as the bel are provided in U S
Patent] Np. 4,582, 78%;) tdee tﬂb§§|§é%l=.'£?c %sme@.hmhﬁ wvd@te@re@t ey aepiairpify

refergnce. The anplif.ication proces al so be utilize r ody
Gt 1 dont TesaPPRR ofe BRRNERFE A0 SArE o) Mimsprgene IRt g fout
det ectfi on hysiagsirapicactive spodedi ¢ DAsudhaian procésss ferhiedamphelr arrsde] can

o sontLdY el APTARE by UGoT! tafrighte A lheafnfif ST VERS 10U FE40US

di seades an ogi ca noral
anmpl i -} fi caaf dhepresised eaweansmbeampééﬂmdo @éteuthDNArp@W@iSwhue@m%| ch

may nqt.pe é’tfdsoéh'a%?& VW'iah AN tRkRo! BEB‘LQ% St&dthi hé‘ Sumr MsetBP non-
anplifli cation process is seen to provide. a ggoces

Qne or
nore gpeci fiad ARG I¢R c PERYES ééqtﬁéﬂéé?i@l By Ak fr“é‘él%"t t&% lified
t her ngst abl gigagzyne, in which reaction primer extension products are
produded whi ch can subsequently act as tenplates for further prinmer
ext engi on reacti onsInThmophacesnbodimespeciaal smallsesanplien of DNA may be

amplified to a convenient level and then a further cycle of extension

15 reactions performed wherein nucleotide derivatives which are readily
detectable (such as 32p_1abeled or biotin-labeled nucleotide
triphosphates) are incorporated directly into the final DNA product,
which may be analyzed by restriction and electrophoretic separation or
any other appropriate method.

20 In a furtﬁer embodiment, the nucleic acid may be exposed to
a particular restriction endonuclease prior to amplification. Since a
sequence which has been cut cannot be amplified, the appearance of an
amplified fragment,. despite prior restriction of the DNA sample,
implies the absence- of a site for the endonuclease within the

(e8]
wn

amplified sequence. The presence or absence of an amplified sequence
can be detected by an appropriate method.

A practical application of the amplification technique, that
is, 1in facilitating the detection of sickle cell anemia via the

oligomer restriction technique described in EP 164,054, supra, and by
30 Saiki et al., Bio/Technology, Vol. 3, -pp. 1008-1012 (1985) s
described in detail in the Saiki et al. Science article cited above.
In that Science article, a specific amplification protocol is

exemplified using a beta-globin gene segment.
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rel eap
Puri f
expos
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ect| nmgﬁl eic _acid sequences which are ini tially pr bsggllogﬂg-,y
The followi ng exanples are offered gy

ratlon only and are by no nmeans intended to limt tﬁ\gggéﬁ@S(ﬁEEMe

d invention. In these exanples, all percentages are b If for

and by volune if for liquids, unless otherw se

atures are given in degrees Celsius. EXAMPLE | A. mut he

s The follow ng two oligonucl eoti d&%priners were prepar ed

descri bed bel ow 5' - ACACAACTGTGITCACTAGC- 3' ( PC03)
CTTCATCCACGTTthacemg! i fipebign methed berewnr Maybalse ep sed tayrdedartto

te sifpeds ﬁoﬁ m%-smmcd@%r%mnk h% rn&]@ﬂ@'Sasﬁpas'eaﬁseﬁkeby(sach
ce of 110 base irs, 1. Autonmated g esi s Procedures:

| pho@Ph@Rnami 6l “%Wt HE@?%G‘%&?&W& RyT9muplenddge. aﬁ%ddE%‘r’dbe? hers
hedrmnré_eﬂuﬂbys'in( IEEdpeaHZPéﬁﬁQ ARA2Ea vioh e235362 )t publllighetio Selptember t 0 a
tiged, e | h
de ferist SRR, o BN SheoRHRRE B0 RS

h
ot hane, CoRABRRALl AN HANGHERLO! EhAZENA 135 CintAL] 5O, Bien

and cappi_ng with acetic anh e an am nopyri di ne in
ydr offireatlanan ppr sarirs. oy cembrangs . nard ammomewﬁmey 30 hybridiaed
at gath sted).memneswmleal YSeQUé\ﬁEeLgﬁéd1‘f$cafbd1ﬁ@lnﬁ:'Idefﬁfem prode by

e aAther, HBE HEFELE che Bamefs o3 e8508d toducheof P cisy PefEseion and

aat i JhiPrteckrdquesis 'Elspesmwlymspmm‘r tinvndest e &y BMAf puirymbhﬁnsmt um and
ed to 1 m concentrated anmoni um hydroxi de at room tenperature for
hours in a cl oaedlous infectious diseases can be diagnosed by the presence

in clinical samples of specific DNA sequences characteristic of the
causative microorganism. These include bacteria, such as Salmonella,
Chlamydia, Neisseria; viruses, such as the hepatitis viruses, and
15 parasites, such as the Plasmodium responsible for malaria. u.s.
Patent Reexamination Certificate Bl 4,358,535 issued to Falkow et al.
on May 13, 1986 describes the use of specific DNA hybridization probes
for the diagnosis of infectious diseases. A relatively small number
of pathogenic organisms may be present in a clinical sample from an
20 infected patient and the DNA extracted from these may constitute only
a very small fraction of the total DNA in the sample. Specific
amplification of suspected pathogen-specific sequences prior to
immobilization and detection by hy.ridization of the DNA samples could
greatly improve the sensitivity and specificity of traditional
25 procedures.

Routine clinical use of DNA probes for the diagnosis of

infectious diseases would be simplified considerably if non-
radioactively labeled probes could be employed as described in EP
63,879 to Ward. In this procedure biotin-containing DNA probes are
30 detected by chromogenic enzymes linked to avidin or biotin-specific
antibodies. This type of detection is convenient, but relatively
insensitive. The combination of specific DNA amplification by the
present method and the use of stably labeled probes could provide the
convenience and sensitivity required to make the Falkow et al. and
35 Ward procedures useful in a routine clinical setting.
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using essentially the nethod of Maniatis et al., supra, p.
C. PurificatA emetdrrad FmpiiEiceddorrpnocTscuses tabeded cqardmTher mibe
S st "lé‘{':éi A" the ﬁgwﬁh' gr:}((HuElﬂoﬂéy rb%shgé&:tﬁoo'“csﬁﬁ‘?l%“\?r %ﬁé&ﬁé@e

ture Collection ckvi
has gFBwr0H0$$§§uessub$eﬂﬁ@tf getenting %arunkwtmﬂated amplification

primers yield labeled products that can be “captured" by their
interaction with avidin or strepavidin). As demonstrated in the
aforementioned amplification protocols, the extension product of one
labeled primer when hybridized' to the other becomes a template for the
production of the desired specific nucleic acid sequence, and vice
versa, and the process is repeated as often as necessary to produce
the desired amount of the sequence. Examples of specific preferred
reagents that can be employed as the label are provided in U.S. Patent
No. 4,582,789, the disclosure of which is incorporated herein by
reference. ) .

The amplification process can also be utilized to produce
sufficient quantities of DNA from a single copy human gene such that
detection by a simple non-specific DNA stain such as ethidium bromide
can be employed to diagnose DNA directly.

In addition to detecting infectious diseases and
pathological abnomalities 1in the genome' of organisms, the
amplification process can also be used to detect DNA polymorphisms
which may not be associated with any pathological state.

In summary, the amplification process is seen to provide a
process for amplifying one or more specific nucleic acid sequences
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1 BEPLAGEDSt Extract

Trypt one 1 g/l G ucose 2 g/l

s Sulfate 0.01 nM (The pH was adj #'!mu"g &’“‘“ﬂ or to
aving.) A 10-liter fernmentor was 4pocu| ated f

overnight in the above nediumat-70[err] C. Atotal of 600 mM from
ed Bk anaha s efkacdiomnandl at Qhéﬁnds&hmé Gizyhdle Fawhi o diaaetidme pH

" BT Bipeisdot gD pu PR i o, A G PERY VT e 7

trate 1 nmM Pot assi um Phosphat e, pH F&/USS@OUM?
de 10 nmm Magnesi um Sul fate 0.2 nM

0.1 nmM Sodi um Chl ori de

templates for further primer extensmn reactions. The process is
especially useful 1in detecting nucleic acid sequences which are
initially present in only very small amounts.

The following examples are offered by way of illustration
only and are by no means intended to 1imit the scope of the claimed
jnvention. In these examples, all percentages are by weight if for
solids and by volume if for liquids, unless otherwise noted, and all
temperatures are given in degrees Celsius.

EXAMPLE I

_ A. Synthesis of the Primers

20

30

The following two oligonucleotide primers were prepared by
the method described below:
5'-ACACAACTGTGTTCACTAGC-3"' (PCO3)
5'-CAACTTCATCCACGTTCACC-3' (PCD4)
These primers, both 20-mers ,. anneal to opposite strands of the genomic
DNA with their 5' ends separated by a distance of 110 base pairs.

1. Automated Synthesis Procedures: The
diethyl phosphoramidites, synthesized according to Beaucage and
Caruthers (Tetrahedran Letters (1981) 22:1859-1862) were sequentially
condensed to a nuc]eﬂside derivatized controlled pore glass support

using a Biosearch SAM-1. The procedure included detritylation with
trichloroacetic acid in dichloromethane, condensation using
benzotriazole as activating proton donor, and capping with acetic
anhydride and dimethylaminopyridine in tetrahydrofuran and pyridine.
Cycle time was approximately 30 minutes. Yields at each step were
essentially quantitative and were determined by collection and
spgctroscopic examination of the dimethoxytrityl alcohol released
during detritylation.

2. Oligodeoxyribonucleotide Deprotection and Purification

Procedures: The solid support was removed from the column and exposed
-
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polynucleotide kinase and gamma-32P-ATP. The labeled compounds were
examined by  autoradiography of 14-20% polyacrylamide gels after
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electrophoresis for 45 minutes at 50 volts/cm. This procedure

verifies the molecular weight. Base composition was determined by
digestion of the oligodeoxyribonucleotide to nucleosides by use of
venom diesterase and bacterial alkaline phosphatase and subsequent
separation and quantitation of the derived nucleosides using a reverse
phase HPLC column ahd a 10% acetonitrile, 1% ammonium acetate mobile
phase.

B. Isolation of Human Genomic DNA from Cell Line

High molecular weight genomic DNA was isolated from a T cell
line, Molt 4, homozygous for normal beta-globin available from the
Human Genetilc Mutant Cell Depository, Camden, NJ as GM2219C using
essentially the method of Maniatis et al., supra, p. 280-281.
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was shed and the polymerase was eluted with a linear gra 1-0.5
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pot aski um RRORRAREE ﬁb"fEErAﬂ'ﬂ Ko)2s5, I6% wfa.‘. dwA$n V’ﬁ"a@k@ﬁ%afﬁ’éi fBWomng

cont nat i ng endo! exdnucl ease(s) a$ descri ed above as well as

pol ynrase Mgty (by the nethod of Kaledin et al.) and then pooI ed. The
pool fractions were | d a a| nst the second uf er t hen concentrat ed
by digl ysis agai nst 50 a(ril' th egond b The nol ecul ar

wei ghg of the pol yrrera Pﬁy SDS- PA aI ysis. Marker

protef ns (Bio-Fiad Io or ht st andar ds e phosphoryl ase B
(92.5 01)0 bovi ne seru h'l oval bu , 000), car- bonic
anhydr ase (31.000), so Inhlbltor (2 , and | ysozyne

(14, 0) Prelim nary t that t he pol yngr has a nol ecul ar

wei ghf of about 86, OOOTgﬁth,QQ al tons, not 62, 00016§/]000 dal tons reported
inthe literature (e.ggiudpseKal ed| netal.). The Rog pMer ase was i ncubat ed
in 50§ [Brr] of a m xtuFeresust ShYHawg either 25 ni@.Deimd HCI pH 6.4 or pH 8.0,
and 1 MKCI, 10 nMM[err] 1 mM 2-nercaptoethanol, 10 nnol es each of dGIP,

dATP, } and TThe piinda$.adjheted td@R pBidreto ]au‘tac'ta'V\iageH" call thynus DNA, and
0.5-5 units of the polynerase. "Activated” DNA is a native preparation of
DNA af ter partial hidaf+ybies wiermemborsewas unnmtula%@f firee BNAserss flask
trans e”egg‘iﬂuﬁeﬁeo%hﬂ;@@ YR! gnd rﬁmogemmea&eq@ con Nﬁﬁoﬁqnofdmm at

[err] st opped Ing 5 [terr] f. a sat t ed agueous
sol ut] on offre®dthen psebplibagknHas used” o 1Rocula |

20 medium. The pH was controlled at 8.0 with ammonium hydroxide with the

e 10 iters o te sam

dissolved oxygen  at 40%, with the temperature at 70°C. and with the
stirring rate at 400 rpm.

After growth of the cells, they were purified using the

protocol (with slight modification) of Kaledin et al., supra, through

25  the first five stages and using a different protocol for the sixth

stage. A1l six steps were conducted at 4°c. The rate of

fractionation on co'lt.xmns was 0.5 columns/hour and the volumes of

gradients during elution were 10 column volumes. An alternative and
preferred purification protocol is provided in Example XIII below.

30 Briefly, the above culture of the T. aquaticus cells was

harvested by centrifugation after nine hours of cultivation, in late
log phase, at a cell density of 1.4 g dry weight/1. Twenty grams of
cells were resuspended in 80 ml of a buffer consisting of 50 mM
fris‘HC] pH 7.5, 0.1 mM EDTA. Cells were lysed and the lysate was
35 centrifuged for two hours at 35,000 rpm in a Beckman T1 45 rotor at 4
°c.  The supernatant was collected (fraction A) and the protein
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fing 0.125 M EDTA-Na2. Sanples were processed and activity was

cont af

det erg 'ned ?ég scri bed by Kaledin et al. 16 The resul tmﬁmaa;ﬁouimt at
pH 6. % 92‘2 frerase was more than one-hal f as act L'%fsh ARSI
contr , Kal edl nat al. found that at pH about 7.0 therei n had

8% of $ he activity at pH 8.3. Therefore, the pH profile 'tor the
@t abl e enzyne herein is broader than that for m‘lﬂﬂlm“
Finally, when only one or nore nugllceotide trmlml

gpted froma DNA pol ynerase assay reattion mixture, very little, if
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Fraction C was applied to 2 2.6 x 2l-cm column of
hydroxyapatite, equilibrated with a second buffer. The column was
then washed and the enzyme was eluted with a linear gradient of 0.01-

15 0.5 M potassium phosphate buffer, pH 7.5, containing 10 mM 2-
mercaptoeihano] and 5% glycerine. Fractions containing DNA polymerase
activity (90-180 mM potassium phosphate) were combined, concentrated
four-fold using an Amicon stirred cell and YM10 membrane, and dialyzed
against the second buffer to yield fraction D.

20 ' Fraction D was applied to a 1.6 x 28-cm column of DEAE-
cellulose, equilibrated with the second buffer. The column was washed
and the polymerase was eluted with a linear gradient of 0.01-0.5 M
potassium phosphate in the second buffer. The fractions were assayed
for contaminating endonuclease(s) and exonuclease(s) by
25 electrophoretically detecting the change in molecular weight of phage
lambda DNA or supercoiled p]asm.id DNA after incubation with an excess

of DNA polymerase (for endonuclease) and after treatment with a
restriction enzyme that cleaves the DNA into several fragments (for
exonuclease). Only those DNA polymerase fractions (65-95 mM potassium
30 phosphate) having minimal nuclease contamination were pooled. To the
pool was added autoclaved gelatin in an amount of 250 Ag/ml, and
dialysis was conducted against the second buffer to yield Fraction E.
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ng from[err] to [err] over a period of three %&g@ﬁoﬁ-ﬂ owtge

ﬂg};@DNA to anneal. After the last cycle, the s EEQ‘SHAS“%E}?
ditional 10 minutes at [err] to conplete the finaREPx4cHEYSI ON

k'ion. E. Synthesis and Phosphorylation of Qi gode cl eoti de
s A | abel ed DNA probe, designated RS24, of the fiimjmﬂ e was
4lar ed: 5 - * CCCACAGGGCAGTAACGGCAACT TCTCCT CAGGAGT CAS
@licat es the | abel. This probe is 40 Yases | ong, spans the fourth through
SNt eent h codons gene,_ and i hpl [
8 oiobin all elr}éa‘ffér"f‘] ) s{%ﬂﬁﬁ‘{ to dFaQﬁ%&??eylrult]?t%%sg% Mordes i s
S8 belnuveliewith Thi 20pr abe gﬂaétatynt(weﬁl-zmé 3c JEn dlgngdt@tt Ha Fhd®dur es
38 i bed in f g\ﬁﬁna nggcting 20
e th@%&?§%? ‘ﬂ‘ggp i’rt":g't sﬁ?é?t'ﬁlpol y ucI eot P@a gsgi}g@%ﬁéyw &C
abs)cartdmutaiung@mtnfskwg&m (sdr 23 - Agserikedy ¢ °dbout

FMidy ti I Kgpgt al netnga ¥/ rerTrme;buffer
3 'ﬁ 6) ngf a Qﬁ{ﬁ tb Qgérrlr]@ﬂgd@ﬁff:% y 3 %EI i(‘)t ﬁ)r ede or
heng ?‘@tdalf"%’a wpae dindyzedpgeineg the S66oFL P ’th 25 M
B andifidie donebstraged f bpddpaigeisli agninett 52% pgbcedmee aid Nhei aecendet al .

#fcul ar % oning (1982), 466-467 over a 1 m Bio Gel P-4 (BioRad) spin
3fysi s beHI®0m equilibrated with Tris-EDTA (TE) buffer (10 mM Tris buffer,

™ EDTA, pH 8q0) py ?%1% eg&ﬁhttatdforthef §5'i‘ﬁnér§§‘§tk9§‘ ma@mgd ngy cat ed

for RS24 the Spec
#Hapt r 809 PACRINY .YLSIIS [ erdarker PUE)YE’BF ot( F—é‘&afjdﬂ?ﬁt f"BE%C‘ﬂSGr WS eMliters

Ahe agpgddfay@y) sa,lgpée ﬁhbeamﬁgttﬁs@n ;) V(amﬂso@)ﬁ [bowi he ofseammrcudroumre

di gt i on DNA_cal cul t he cation
ef i ci en B 89 ‘%5‘ "330(3%'280%0 cgEPOnlg %68 r\/\/g?ee@l r@ d WI hé%o [err]
0. 44N NaQH;psZE 1AviBDIox 4oL, 500); tand bystoayme (3Aa800An 45 (Pl asco) nylon filter
by afi rst wetting the filter with water, placing

3 Preliminary data suggest that the polymerase has a molecular
15 weight of about 86,000-95,000 daltons, not 62,000-63,000 daltons
reported in the literature (e.g., by Kaledin et al.).

The polymerase was incubated in 50 ul of a mixture
containing either 25 mM Tris-HC1 pH 6.4 or pH 8.0, and 0.1 M KC1, 10
= mM MgCl,, 1 mM 2-mercaptoethanol, 10 nmoles each of dGTP, dATP, and
20 TTP. and 0.5 uci (3H) dCTP, BAg "activated” calf thymus DNA, and 0.5-
5 units of the polymerase. “Activated" DNA is a native preparation of
DNA after 'partiat hydrolysis with DNase I until 5% of the DNA was
transferred to the acid-soluble fraction. The reaction was conducted
at 70 C for 30 minutes, and stopped by adding 50‘,0 of a saturated
aqueous solution of sodium pyrophosphate containing 0.125 M EDTA-
Na,. Samples were processed and activity was determined as described

to
w

by Kaledin et al., supra.

The results showed that at pH 6.8 the polymerase was more

than one-half as active as at pH 8.0. In contrast, Kaledin et al.

30 found that at pH about 7.0, the enzyme therein had 8% of the activity

at pH 8.3. Therefore, the pH profile for the thermostable enzyme
herein is broader than that for the Kaledin £t al. enzyme.

Finally, when only one or more nucleotide triphosphates were

eliminated from a DNA polymerase assay reaction mixture, very little,

- This Sheet Has Been Replac

AW III

b reampshd b - wems memmoadmimiden @ B A= % e s a B R ke .t P oamad = pacmardencliden: b R cree -



% Bi o- Dot (Bi o-Rad, Richnond, CA) apparatus for preparing dot blots

[ - fho filters in place, appl yi ng the sanpl es B USRY /001
il 0139806%9?71 of 20 x SSPE (3.6 M Nad, 200 nmM MHZPM”%WMENaS
f

ipsed by Reed and Mann, Nucleic Acids Research, 13 PACERO85) .
iglters were then reaned, rinsed in 20 x SSPE, and baked fo

m nui@es at [err] in a vacuumoven. Alter 6bak| ng, each fil “mu)\iim\

cont #Et ed vvith 16 m of a hybridization soI ution consi sU““\ 5

x Dej E tian ( )
pol yik nyl pYr %)?%CEone vg‘lfgz él co?%‘%S govt?lge e;ne um aFgg”? ang they,
Trisigo.2 M'IE[?D'A uarchgngysteot 5%®D$hanﬂxm¢@¢ oV d@nd aRith @@uB&%ﬁé’G for

Jpurs é‘}m‘ﬁ?tﬁg e ?Mémiltﬁ of 1Prheri¥24 thes aé‘ﬁ'ﬂﬁ@yt 9béétered usxng

hybr,_{glzatlon S tion d the ilter was incubated f nut es

oLl e the Kafedin B Al bubma ), ehfme T8, neldonacstenty vithotl ibERsa of
2 x #FPE apiiue, 1EdSEigdests msmmfuﬂpesatabnrmmt’e&meaatwwhosﬁmaeme filters
wer ex Peated once with 100 m of 2 x SSPE, 0.1% SDS at [err] for 10

m nutfes. Each filter was then autoradi ographed, with the signal readily
appagent abt eAnplidination. R@ctdbrscussi on of Aut oradi ogram The aut or adi ograrn
of tipp dot blots was analyzed after two hours and conpared in intensity to
stangrd serial di Pogimisrogtag gf oHiengenasdnsPNA des eridepr abpyeenasidi huted

gaellé I Ve dngesitadi PRIV beta?c{u@bﬁ& redbeion 6Tunle tSniahenmlzcs hMPEighi@l e, as
e- %

Do el STl A 20, SRS T PP RS Lo o, ARSI s
£ m)ndz[rq:y,ghn‘la ge38t00Q0-1f gMd of nprimasePLOB,t he/,l!eba-p@ﬂmlar NPCCH,ORLS mM
qnCe. yaTP, 1.5 mM dCTP, 1.5 mM d6TP and 1.5 mM TTP. The sample was heated
for 10 minutes at 98°C to denature the genomic DNA, then cooled to
room temperature. Four microliters of the polymerase from Thermus
aquaticus was added to the reaction mixture and overlaid with a 100 .1
#15 mineral oil cap. The sample was then placed in the aluminum heating
' block of the 1iquid handling and heating instrument described above.

The DNA sample underwent 20 cycles of amplification in the
machine, repeating the following program cycle:

1) heating from 37°C to 98°C in heating block over a. period
:#20 of 2.5 minutes; and

2) cooling from 98”°C to 37°C over a period of three minutes
to allow the primers and DNA to anneal.

After the  last cycle, the sample was incubated for an
additional 10 minutes at 55°C to complete the final extension

§F 35 reaction.

E. Synthesis and Phosphorylation of 0ligodeoxyribonucleotide Probes

A labeled DNA probe, designated RS24, of the following
sequence was prepared:

5'-*CCCACAGGGCAGTAACGGCAGACTTCTCCTCAGGAGTCAG-3' (RS24)

-
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E 11 A Amplification Reaction Two 1 [err] sanples ofpcH§0§85/00HA
tye0l 89108681 he Molt 4 cell line as described in Exarrplg’ A er e ach

dina 100 [err] reaction volunme containing 50 MM KCl, 25 nM Tri s-HC
pH 8.0, 10 nM[err] 1 [err] of primer PCO3, TH THASREENr PCO4,
rr] gelatin, 10% di net hyl sul foxi de (by vol une), aREPYAGEDM each of

CTP, dGIP and TTP. After this m xt 47e was he it es at
to denature the genom c.DNA, the sanples were Iﬂm
at ur whered % indicdtest therel abel y neThise pfotemishé u u dhebed

mpl e fpunkhs thoekgh severderntirtplions Tlictheagphes andr &s RPEPIeeatany 1o
| oi Ithe o ngreatenbetaogliebignt 310®) andbetalber at The sehepatinedtioreRe of
s wadPrineidednd Prehes HeagivRp Beldwk of the machi ne described in Exanpl e

subjected to 25 cycles of anplification, repeating the follow ng
g cycle: (1) heating fro@J—l—a—S%aﬁ%L—.a—puwad—a%ZS m nut es;
poling from[err] to [err] Tover a ptéer'aﬁﬂ B hree mindtes to all ow the

s and DNA to anneal; an mai Nt e at 37C f—e-E@—wo m nut es.

the | ast cycle the sanple Wis incub for an addi Tional 10 m nutes

r] to conpl etq . the, final t hQRs Jaact . The ;se d Frelas
I n the heat -ﬁgtﬁdugﬁb%g %agsi(]t g‘ﬂﬁeg?g’o e‘at h%éc%;gghﬁ;etﬁdg@gri e #ne\grrlgre

in Eesoridededn sSestion THe afedix2mpiriuki i ngheomrabhemas s1abalgagndy t o
L oy LS 0 it Wil etne bty ot dsen
seque1c1§, ﬁﬁ@"tg éf’gt &S%]qbé\)eﬂé hey ?éﬁp@%ﬁﬂéﬁ%ﬁipﬁ'g}?ﬂé:\@e‘ﬁﬁ I"ﬁ]%dng of
the tpnper ductear, Thisouted000! CSigmpdle \Wdis as 40) 2T tredctbor2yotymd esntHining 70

oI L) S BB, 1 7,81 O T R U A s e S 400 5 5 37
dithiothreitol for 60 minutes at 37 C. The total volume was then

. adjusted to 100»’1 with 25 mM EDTA andl the probe purified according to

15 the procedure of Maniatis et al., Molecular Cloning (1982), 466-467
over a 1 ml Bio Gel P-4 (BioRad) spin dialysis column equilibrated
with Tris-EDTA (TE) buffer (10 mM Tris buffer, 0.1 mM EDTA, pH 8.0).

TCA precipitation of the reaction product indicated that for RS24 the

specific activity was 4.3 #Ci/pmole’ and the final concentration was
20 0.118 pmo]e/},(l.

F. Dot Blot Hybridizations

Four microliters of the amplified sample from Section IV and

5.6 },0 of appropriaté dilutions of beta-globin plasmid DNA calculated

to represent amplification efficiencies of 70, 75, 80, 85, 90, 95 and

25 100% were diluted with 200 283 0.4 N NaOH, 25 mM EDTA and spotted onto
a Genatran 45 (Plasco) nylon filter by first wetting the filter with

water, placing it in a Bio-Dot (Bio-Rad, Richmond, CA) apparatus for
preparing dot blots which holds the filters in place, applying the
samples, and rinsing each well with 0.1 ml of 20 x SSPE (3.6 M NaCl,
30 200 mM NaH,PO4, 20 mM EDTA), as disclosed by Reed and Mann, Nucleic
Acids Research, 13, 7202-7221 (1985). The filters were then removed,
rinsed in 20 x SSPE, and baked for 30 minutes at 80°C in a vacuum

oven.,
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B nta| ning at [err] for 0.5 mnutes to allow denaturation to occur,
(3) c§ Iﬁ) g¥/6669m 95 to [err] over a period of one minugg MJ A2

g i ng at [err] for one mnute. B. Analysis Two tes? one for
s, ‘a dot blot and an agarose gel analysis. For the dot bI ot
s, a |l abel ed DNA probe, designated RSl8 of thjmm”nmmﬂﬁmtence
ppared. [err] where indicates the |abel. This p | ong,
he fourth through seventeenth codgps of the gene, and is

entary to the normal beta-globin altfele [err]. The schematic di agram
er s and pr obefter sbaki ngn daeh ofifl ter wad [then Jcodtdctedr whth lésml of a

synt hegi ze r | e
g pr oS ETER SR, 6B HoRSEbES o b B ST ST SRR O 5 Sereian?! 2,
pol yn Ieot(ldé lei RaBas (méwmgpnmmsdmeabsaﬂéhdFm&ht 0.028 mbp ¢l ngarseng®P- ATP
(New Hngl aaﬂbd}ml eay.2 %RPU’rnZOOOo@ /mvtm' npﬁ éOoierolszr espd | R4 vV Apyme
cont aigi ng mV Tris-HJ buffer (p e‘:[ r%‘q '!r% erm ne and
10 mM Stthﬂﬁ“’éF?ola"Fo’r"%'@a'Fﬁ%fPést'ﬁ’t h{’%’FSr ]at 4075 oftn FopARte BESTOREN

adj ustled t @S290wher ﬁdldewl t{b 2bheTVhyBiPTAi 2t o Ursiol b Bidnacandr diheg £idtkRewas

ur e Qf aI.. su ep. 466-467 over a 1 mM Bio Gel P-4
d) sp P?P'Y’%Fﬁf F‘&Pr‘?{‘eéqg{ 20F at o vm'th Tri s- EDTA (TE) buffer (10
mM Trifs- HCl buf fer, ) e a h ction
produd@t indicated t%@?ﬁ or e%@y{:ﬁﬁﬁegcf ¥ic acti %ﬂetd %P%" gfnﬂ fod

of 2 x SSPE and 0.1% SDS for 10 mnutes at room temperature. Then the
10 filters were treated once with 100 m) of 2 x SSPE, 0.1% SDS at 60°C

for 10 minutes.

—

Each filter was then autoradiographed, with the signal
readily apparent after two hours.

G. Discussion of Autoradiogram

15 The autoradiogram of the dot blots was analyzed after two
hours and compared in intensity to standard serial dilution beta-
globin reconstructions prepared with Haelll/Mael-digested pBR:betaA,
where beta® is the wild-type allele, as described in Saiki et al.,

Science, supra. Analysis of the reaction product indicated that the

20 overall amplification efficiency was about 95%, corresponding to a
630,000-fold increase in the beta-globin target sequence.

EXAMPLE 11

A. Amplification Reaction

Two 1 pg samples of genomic DNA extracted from the Molt 4

25 cell line as described in Example I were each diluted in a 100 .l
reaction volume containing 50 mM KC1, 25 mM TriS'HCI buffer pH 8.0, 10

oM HgC]z, 1 yM of primer PCO3, 1 uM of primer PCO4, 200 ug/ml gelatin,
'10% dimethylsul foxide (by volume), and 1.5 mM each of dATP, dCTP, dGTP
and TTP. After this mixture was heated for 10 minutes at 98°C to

30 denature the genomic DNA, the samples were cooled to room temperature
and 4 ) of the polymerase from Thermus aquaticus described in Example

1 was added to each sampie. The samples were overlaid with mineral

oil to prevent condensation and evaporative loss. =~ — — ————
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_ - USS9/00127
W 39/0662! i nal concentration was 0.114 [err]. Five m cro e@?«s
bed

: ed_ sanple from Section | and of a sanple a m’slsﬂEEZé"
S xcept using the Kl enow fragnent of E. coli DNA PBF-? i nst ead

of thd thernostable enzyne were diluted with 195 [err ‘25 1\
EDTA -gnd spotted onto two replicate CGenatran 45 (PI ! ters by
' etting the filters with water, p4%1C|ngthem| t (Bi o-Rad,

Richrgnd, CA) apparatus for preparing dot blots WhICh hol ds the filters in

pl acek appl yi ng OR® SAnphessampies: WASi abacetH neghe RREhing A19FXoPT 2bh& SSPE
(3.6 8 [}Egnnéotaea%{&rnr] in20eaMoERTA) . 29 dk@ﬁ‘da@%@&i bas Regd @pd Nangs

supr a e filters were then renoved, rinsed in >§ SSPE, and baked for 30
mi nut @ aap! Bhisation, \epgaki ng dhe ﬁ@“é’l"‘ﬁ&kﬂ"r?@“'éa%ﬁ £ilter vvas then

cont adt ed vvlth6q3H f ahbrldlzatlon 8ol uti on consistin 6 X SSPE, 5 x
Denhafdt*s sol ut itd -P“ O-"GE%'bo;P\n-'nyicp%/“rer"oPln‘%fnefd ? ﬁ?'&‘bﬁss 0.02%

& serum al b ris, vaET.A H80) and 6% SPS, and
4t ed for ?2} nut%@%éPQS% 'Pg § 559 erf | oP"‘p’F oBe DRSYB‘?V\BS adb8¥ to
braidized Imnassbdwutthenp,amirghg,d igNAeto Viimea Mg Wndt ed for 60 minutes at
‘§Finally, each hybridi zed f||ter was washed twce with 100 m of 2 x

gnd 0.1% SD$3D0rmaJJ®tmnwtgea.,a37 O fort twpeinattsse. Then the filters were
gd twice nore with 100 Ml of 5 x SSPE, 0.1% SDS at [err] for 1) one
d and 2) thAfetem theeslastesppcte veéhy. samphe f iwaser inaubattbén for an

autordi £ , Whth .t I qnal .x egdi a er m gt Inthe.
agar oge aggﬂgg‘ﬂ%ﬁys% “ﬁnpg?f] 3 acﬁé aa‘mel Wi C péﬁ@% e?‘ | oﬁ S {%a‘*ﬁg&%m o]
4% Nu$i ereat ©idi®s agarose gel in 1 x TBE buffer (0.089 M Tris, 0.089 M boric
jand 2 nM EDTA) and el ectrophoresed for 60 mnutes at 100V. After

Cooal fy BRELIAE ot DEndTRSS, U RY ORI ol ) r BRI UREY,
- 110- b§seupni s bafhes hﬁatsucnn:ltmt1|ngt @ostaynercois eaprachedg too Relldidesheat
C%umps which adjust the temperature upwards or downwards and a
£ microprocessor controller to control automatically the amplification
sequence, the temperature levels, the temperature ramping ‘and * the
timing of the temperature. .

The second sample was subjected to 25 <cycles of
amplification, repeating the following program cycle:

(1) heating from 37 to 5°C over a period of three minutes;

(2) maintaining at 95°C for 0.5 minutes to allow
denaturation to occur;' '

(3) cooling from % to 37°C over a period of one minute;
and

(4) maintaining at 37°C for one minute.
P

B. Analysis

Two tests were done for analysis, a dot blot and an agarose
gel ana'lysis‘.. '

For the dot blot analysis, a labeled DNA pi-obe, designated
% RS18, of the following sequence was prepared.
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> sfifeed]

usi nig@t he Kl enow fragnent of E. coli Polynmerase |, gave a DNA snear
resulffing fromthe non-specific anplification THISSHEET ASEEENed DNA
sequgkces. It is expected that simlar i rrproverrentBEFrmcsﬁ)pl I fication and
detecgion

ove

eglons

few ot her discrete bands of much | ower intensPGI/USS9H9ART ast ,
tion nethod which involves reagent transfer after each cycle

in

woul d be achi eved in eval uating HLA
experinments .t he arrpllflcatlonsr actl ,Iﬂ |n52m\/l[err]
d of 10 mM[err] and 150-200 [err] of ea ather than 1.5

t@each, and if the Iew,{@n&’ggé@ﬂdéi‘\??eﬁd gr.r]qlss\ral sed to [err] during

Tfication, better specificity an Icrency o arrpl i fication occurs.

Dr@%rvg@&f% a el (IRLASBANY OfniY Gfigbbeds [0 HERET bR | ians EXANPLE

I'cati on and O oni ng Foranplification of 9-base pair_ fragrrent

on th hmmhbéhaogrbﬁueﬁeg‘éﬁ%“’h cegens off »ﬂenﬁ%ﬂﬂ)gﬂ% éééh’"&?fl SRR YgePoni c
DNA i g%@dnﬁhﬁ’éﬂtb@tMlL'4nce“1ellhne{h@"aF‘ om t1e GéMiwatiel ldikgren of
(reprpseriting a honozygous del etion of the eta- and delta- henogl obi n

regi of apdimarsi RBH|AOPEST § HE M83nBR @Enetic Mutant Cel | Depository, Canden,
NJ) ag described above was anplified i 100 [err] reaction vol une
contafning 50 nM KCl, 25 n“Mq}+s‘kﬂLgégQBEE%?_nLL%e¢++—§Q00 [err] gelatin,

5 M - nercapt oet hanol . 1.5 nM each et@A¥HPIdCTP, TTP 4nd dGTP, and 1

4of each of the follow ng priners:
PCO3

[err]

RS18 PCO4

This probe was synthesized
in Section

according to the procedures
described I of Example 1I. The probe was labeled by

contacting 10 pmola thereof with 4 units of T4 polynucleotide kinase

(New England Biolabs) and about 40 pmole gamma32P-ATP (New England

Nuclear, about 7000 Ci/mmole) in a 40};.1 reaction volume containing 70

mM Tris-HCl1 buffer (pH 7.6), 10 mM MgCl,, 1.5 mM spermine and 10 mM

dithiothreitol for 60 minutes at 37°C. The total volume was then '
adjusted to 100 41 with 25 mM EDTA and purified according to the

procedure of Maniatis et al:, supra, p. 466-467 over a 1 ml Bio Gel P-

4 (BioRad) spin dialysis column equilibrated with "Tris-EDTA (TE)

buffer (10 mM Tris-HC1 buffer, 0.1 mM EDTA, pH 8.0).  TCA:
precipitation of the reaction product indicated that for RS18 the

specific activity was 4.6 uCi/pmole and the final concentration was

0.114 pmole/ul. '

—py

Five micro'li-ters of the amplified sample from Section I and
of a sample amplified as described above except using the Klenow
fragment of E. coli instead of the thermostable
enzyme were diluted with 195 41 0.4 N NaOH, 25 mM EDTA and spotted
onto two replicate Genatran 45 (Plasco) nylon filters by first wetting
the filters with water, placing them in a Bio-Dot (Bio-Rad, Richmond,
CA) -apparatus for preparing dot blots which holds the filters in
place, applying the samples, and rinsing each well with 0.4 ml of 20 x
SSPE (3.6 M NaCl, 200 mM NaH2P04. 20 mM EDTA), as disclosed by Reed

supra. The filters were then removed, rinsed in 20 x SSPE,
2 » \
and baked for 30 minutes at 800(: in a vacuum oven.

DNA Polymerase I

=1

and Mann,

ThlS Sheet Has Been R,

T



q,&19[06691 PCT/US89/00127

1 ere lower case letters denote m smatches from wrygd- sequence to
crgate restriction enzyne sites. GHl8 is a 26-base ol igong CREEN
cogpl enentary to the negative strand and contains an interna Ot | S|te

9 is a 23-base oligonucleotide conplenentary to tﬂﬂwyﬂ

tains an internal Hndlll recogni t5pn sequence. mmr

ected by first screening the regions of the gene for honol ogy the

| ‘and Hi ndi uf‘@?SBEkﬁ?d ORadh L £ ted NG P T4nER! sox»@s&aahwm@ear 8¢ &s

cribed in Exanpl e Bove reaction-mxtures were heated for 10

ut eiybxi ddza Eon) Sah‘éi't’tq‘?eﬁ%%tﬂ Eagtef BosmSeBbmet &t drahargty §raiusfion [err]

the(pog yaeoas? desOwii A§Tpy rro FxduRel, € o' o28s FReaqd tQ 02RChoviRRClsePiin

ture and t@j; each_ m Xt ure was_ over | ar?gd with neral oil. The reaction
"

t urdPUfidPe M dEds ¢ P-30mHyEN s B Sifdl ARG c%rt-'r'oﬁnm @RSt FUWERH Wi ng

or afgr 26 mindtesalP, 587CLO0 [RER |53, My prvme. R3Bat Qa£ eddded2't81 Bhe SOAK.
r] After.the |ast.cycle he reg,ﬁtlon mxwrﬁat%’d\ﬁ i n ubated for 20

ut e"ybé't’dfe??]"“t §oi8 mﬂ'\et"@dt f2e 1T APT % nidicy N T AIPUARF tas

exgracszg.w th chloroformand the m xtures were stored at -20 [err] A total

10 [err] of the anplified product was digested with 0.5 [err] [err]
bni ng vect or ,Firdllth, | @chubibrcildi zed of i1abt ewds MﬂsBedehtvhmgem'N‘amme'hm in a

551 Lerdd 48, 438 R0l Y900 g Ay edf oI el SaCaf )

wap st diipeds byere ctamiantgd atwicer mprd he tholl0fremvesf adjxusiS®d,t 0. X1 EDReat] with

P u T 0 spinh dialysis
-(I:_E ; fé&&nggg le%ggd?{%‘& o%&\{/va"] égﬁee@? %%tgﬁdﬁsgﬁenol ﬁ'Y egi 'pi '? at leé (At
s po Nt L R FEEUR! Ofad (el NSLEMBS JAFR e OO ATRNL T S3hL P

bduct in the equen race our ce of

copt antresaiil ynapparens pftemeﬁﬁ migutder GH18 or GHL 9. Because no ot her source

In the agarose gél analysis, 5 .1 each amplification
reaction was loaded onto 4% NuSieve/0.5% agarose gel in 1 x TBE buffer
(0.089 M Tris, 0.089 M boric acid, and 2 mM EDTA) and electrophoresed
for 60 minutes at 100V. After staining with ethidium bromide, DNA was
visualized by UV fluorescence.

Ut

The results show that .the machines used in Example I and
0 this example were ‘equally effective in amplifying the DNA, showing
discrete -high-intensity 110-base pair bands of similar dintensity,
corresponding to the desired sequence, as well as a few other discrete
bands of much lower. intensity. In contrast, the amplification method
which involves reagent transfer after each cycle using the Klenow
5 fragment of E. coli Polymerase I, gave a DNA smear resulting from the
non-specific amplification of many unrelated DNA sequences.

It is expected that similar improvements in amplification
and detection would be achieved in evaluating HLA-DQ, DR and OP

regions
If in the above experiments the amplification reaction
buffer ‘contains 2 mM MgCl, instead of 10 mM MgCl, and 150-200 4M of
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pri-fgers was avail able, the experiment was continued with ndi ng
t hat yo6681 oned sequences woul d be derived fromthe contﬁéﬁe/ﬁ%hgzﬂgﬁt’

the Priners.) The ethanol pellet was resuspended i gHidshetT HASBEEN, then
adj ysted to 20 [err] volune containing 50 mM Tris. HCl . gresLACBD 10 mM [err],
0.5 ATP 10 mMdithiothreitol, and 400 units |igase. Thi

i ncypated for three hours at [err]. Ten mcroli ter I!'" !llﬁ;ﬂ]ﬂf‘lmeactlon

m xture containing Mot 4 DNA was trangforned into JMLO3
comf petent cells, which are publicly available fromBRL in Bet hesda, MD.
The ur d haPl i N he t rans r st fai S Gri bed
I n ssi&ﬁcg ﬁuéx'%g?? hactrhdeIegf/éel agdé it o‘?lqu%aéﬁ MRS EA! RnkS RS

Macr rmtawsre’surraecnmtwn&nﬂsmsecd A45*/5€8 Coduriigs appbi figations duehiter

143- 0. ls S e pl S)

obt o nesPeay P Rl e e R PR PR T ca A BTty Pan o WY Bep. .

str fmértm'( :mceswrx ars PaﬁTq"rTéﬂem appi biie83ioR0-f ol d over the

per gent age of beta-globin positive plaques anbng the priner-positive

pl aques fromthe anplification techni que using Kienow fragnent of E. coli
Pol irer ase |, where the reaction aiﬁﬂzﬂiedﬂ:for two mnutes at [err], after
whi t he steps of heating,. to [err] for two m nutes, cooling, adding Kl enow

f r aghmeni@el peated nine tines. These results confirm the
i mprjoved specifi |tyo hea lifica reactjon_enpl oyi ng the

t henppst abl e enzy"g T‘:altﬁng Pﬁt%rﬁ?&??ﬁgp%k'bev%ﬁf'xmﬁ"?h tRe\ERNaNd
ONg ¢Y8-[3b BTh pgemée,rSa ﬁ&aoutofofl Wikregran |eaeh PIFatuman ( §édontiad DNpe () -

strand j ngert hISS g t ppt pxi mat e,y ong- ha the 119 clones
fro I\/bﬁ"ﬁ& E@)nt 4PH t"ﬁ‘g ?@h?an‘{] 1ta| Hlfer¥e. ¥ %/"éfh ﬁ? W%ﬁ) °~st'r a'n'd‘ecl ones
1;] r 3 Mo{ rte p# e¥ @i ©i r@equemedygdﬁsvaeWmnn@Frmhe vttt pe SeTiehemogibihi ve

a

erieRCHng k] Bk Pram the BN eTan: CPBHEE i CRBBsedhe

enc(«:—mhdand 3J) faxsurdammberbrmﬁdve Reast ramel i 6iedsi tre-a0H00 i g1 peiateios may

al sq be, 43Rd 'QndIPhidg 309 ORA ,2N55 PRA P HACIHPNES YRS ol TRELTY, 25

200 mg/ml gelatin, 5 mM 2-mercaptoethanol, 1.5 mM each of dATP, dCTP,

;. TTP, and dGTP, and 1M of each of the following primers:
5'-CTTCTGcagCAACTGTGTTCACTAGC-3'  (6H18)
5'-CACaAgCTTCATCCACGTTCACC-3' (GH19)

where lTower case letters denote mismatches from wild-type sequence to

create restriction enzyme sites. GH18 is a 26-base oligonucleotide

p complementary to the negative strand and contains an internal Pstl

site. GH19 is a 23-base oligonucleotide complementary to the plus

strand and contains .an internal HindIII recognition sequence. These
primers were selected-by first screening the regions of the gene for
homology to the _E&I'and HindIII restriction sites. The primers were

b then prepared as described in Example I.

The above reaction mixtures were heated for 10 minutes at %
@ and then cooled to room temperature. A total of 4/41 of the
polymerase described in Example ]I was added to each reaction mixture,
and then each mixture was overlayed with mineral oil. The reaction
b mixtures were subjected to 30 cycles of amplification with the

following program:
S —
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onco; Qg /0886 L0 clone base pair segments of the HLA DQ al pICT/UBgP/06127 and
DR-b genes using the above tech- nique. Again, if the concentrations of

and nucl eoti des are reduced to 2 rnM and 150-200 [err] respectively.

and tghe m ni num cycling tenperature is increased fromJ[err] to 45- EEN t he
ifficity and efficiency of the danplification re- c'ltﬂl%ﬁ*‘%an"’

ased. EXAMPLE |V Gene Retrieval A | DENTI FI CATI ON OF BEPRR EQUENCE

PROBf FOR THE TAQ POLYMERASE GENE A spé'c?q fic DNA sequ he Taq

ene was obtained follow ng i munol ogi caI screeni mmi“)mlmm '

ssion library. T, agua-tsltﬂuB DRARa s 3 886 to conpletion W|thAI

| i gatfed with EcoRl 12-ner -h“ﬁl@er%’"mcéﬁsﬁo’m New Engl and Bi ol abs),

di geqted with EcoRl and I i §Ai8d Ak éép‘hosphoryl ated. EcoRI -digested
CEMENT SHEE 5% 997 20 | anbda gt 11 DNA (.Prone a B| ot ech% The

li gatjed DNA was -é‘ i"ag ngaﬁd%kePl e "SFFaI%{b jepu ansiERPaErsd nto

E. Cqli Krlzusmrmv‘e$Yw965 (G)FtibVlcdlﬁRGl@bé RneY(ﬁlﬁlg‘l) X basidm.tlaﬂ‘zel mPR&Fan Of 2
X [enr] % ges rlg f.You and R W Da\als (1983 Sci ene
222: 17 2? %\n dBo dF P LT rBf“%d r‘a'ﬁbr“t"‘p‘br%fcl §hal <@ seFurﬁ‘r ai sed
to pyrl %i.ed Taq poI yrrerase (see Exanples | and Xl 11).

A total of 10 /“] of the amplified product was digested with
0.5 pg M13mplO0 cloning vector, which is publicly available from
L) Boehringer-Mannheim, in a SOj,d volume containing 50 mM NaCl, 10 mM
Tris-HC1, pH 7.8, 10 mM MgCl,, 20 units Pstl and 26 units HindIII for
90 minutes at 37°C.. -The reaction was stopped by fTreezing at -20°c.
The volume was adjusted to 110 41 with TE buffer and loaded (100 .4)
onto a 1 ml BioGel P-4 spin dialysis column. One 0.1 ml fraction was
. collected and ethanol precipitated.

(At this- point it was discovered that there was beta-globin
amplification product in the @42064 sample. Subsequent experiments
traced the source of contamination .to the primers, either GH18 or
GH19. Because no other  source of primers was available, the
) experiment was continued with the understanding that some cloned
sequences would be derived from the contaminating DNA in the primers.)

".l'he ethanol pellet was resuspended in 15 41 water, then
adjusted to 20 Ml v'olume containing 50 mM Tris<HCl, pH 7.8, 10 mM
MgCl,, 0.5 mM ATP, 10 mM dithiothreitol, and 400 units ligase. This
lP mixture was incubated for three hours at 16°C.

Ten microliters of ligation reaction mixture containing Molt
4 DNA was transformed into E. coli strain JM103 competent cells, which
are publicly available from BRL in Bethesda, MD. The procedure
followed for preparing the transformed strain is described in Messing,
B0 J. (1981) Third Cleveland Symposium on Macromolecules:Recombinant DNA,
ed. A. Walton, Elsevier, Amsterdam, 143-163. A total of 651 colorless
plaques {and 0 blue plaques) were obtained. Of these, 119 had a (+)-
strand insert (18%) and 19 had a (-)- strand insert (3%). This is an
increase of almost 20-fold over the percentage of beta-globin positive
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i' ,datzqub ques_were replated at limting diluton and r geerRrSe9bOIRYI |
?~3 cycles). Phage were purified from cafgisHEET HAS whi ch
o react Nmﬁﬁﬁﬂmegmm and reacted with | RERWMEEDer um
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dat e phage wer geni ze E. coli K- rad (R

. Lysogens we r the production ‘mumﬂ i I bl e

n protein (larger than beta-gal act osi dase) whi | the Taqg

rase antiserum Solid phase, sizeSfractionated fusion proteins were
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the total rabbit polyclonal Taq pol'ynerase antiseruym which_uniquely
ed TRAGTIABt ¥ETSUMEPRARATA] POt RSk as dN8Rfd TESHHES SPMFAET TRallPiAYS:

| Ni Sk cRFGcPO) VOP! G5 amdii§1 @A, readbibn Employis theectthephod tytiker

. The ~1lg ls)é) EcoRl - adapted Alul fragnment of Thernus aguaticus DNA was
ed §MHMCaP?SEYt- al ., supra) to generate a Tag pol ynerase-specific

. The probe s used . n Saythern anal yses .and 10 s a T., aquaticus
andom genomi € | i br af £TB, c&@f\@ﬁw@ﬁp W.503] Sdil%%Nl %&Q@A%R%S

combot i BRI dng. THLS edarn Hiahs “RErERMRRRYY T RaRS AL 7 1

ultrgcentrifugation (Maniatis, et al., supra). T. aquaticus DNA was
partifal | y di gest eteniath tdeuIa)andtrared 15-0p6skifrem zMottr abtWare serudnced .by

. Cent ul r . "t
vas. Jonst Tk T <) AT, WIUERORIdquines 8y FiFe LRAETE ATHETE O BT Y

r autat ivhel DVhends i pdiciesddiiommf thanstesndedodon o fEthe @eineK{QAC dor ai ns
or ckPP2. ekl erffi;tl}feegf:or?t?a%ﬂgﬁ)t | fignle@! FRER 12088 Q41U "R qGENcAd and

bi nant’s was anpl'i

o

all four were normal.

Restriction site-modified primers may also be used to
amplify and clone and partially sequence the human N-ras oncogene and
to clone base pair segments of the HLA DQ-alpha, DQ-beta and DR-beta
ﬁ) genes using the above technique.

Again, if the concentrations of MgCl, and nucleotides are
reduced to 2 mM and 150-200 yM, respectively, and the minimum cycling
o [<]
temperature is incréased from 37 C to 45-58 C, the specificity and
efficiency of the amplification reaction can be increased.

P EXAMPLE 1V

Gene Retrieval

A. IDENTIFICATION OF A DNA SEQUENCE PROBE FOR THE TAQ POLYMERASE GENE

A specific DNA sequence probe for the Taq pol gene was
obtained following immunological screening of a lambdagtll expression
Aﬂ library. '_'I;. aquaticus DNA was digested to completion with Alul,
ligated with EcoRI 12-mer linkers (CCGGAATTCCGG, New England Biolabs),
digested with EcoRI and ligated with dephosphorylated, EcoRI-digested




on z .oggm&69ll(- 12 strain LE392. The CH35 Taq genoni c phage ngm/%;’

scrigEned (Maniatis et al., supra) with the radiol alﬁ}a ' rt of
gt 1% 1. Specifically hybridizing candi date phage pl % E‘EP}E&S nglﬁf i ed and

furtgher anal yzed. Cnhe phage, designated Ch35::4-2, rel ease err] four T.

agudti cus DNA fragnents upon digestion with Hindll ulmﬁmuuﬂm“m 8, 0.58

kb) §The four Hindil T. aguaticus DNA fragments wer Hi ndl | |

di ggsted plasm d BSML3 (3.2 kb, Vector~d oning Systens, San D ego) and

I ndigvi | o] f i.0g s ansfor matd.on odCOomia K | 44D308.

The Jo. DU B R | D REgR S 1RO o pseg. bl qtadr A (de, RRCRIReT

pFCq2 (@ilgapakk) Plukij | Striategdnd) ldndHitnathsdecDrd fptqnentCSidiodk-ERRStr24n2 was

i soljat ?FOW(PL@WHEQ( EECQS Mgﬂkb)' E. coli strain DX8 harboring pFC82 was
n at

sho to contaln rnostabFe, high tenperature DNA pol ynerase activity

(Talfie 1) 020 Uifsal PER5S0S! LP £YNUINESbESadkas. SErdhaol pagar vl ght

pol pegtide which is immuno related to Taq DEIAHEQ ymer1ase."The Taq
pol fneRabe cBUE nR-HegiRayisr (18833, Sainnes ndlER X /BLagmERD Vast #aHCher
| ocql i i®nt | aC-Rrgapt a8l 302 4 Fii 1éld | td 0 piePFit8 PRIgt i on of
Lhols 8FThtiEnt 1 | & o %}%?ﬂﬁ%iagﬁqggg@ubcl o P
pFC45 P®limegpse Exanntes dnand t K lpTG Candidate 83§ Raplidedng

pl ?a m gh plfmﬁ?ﬁ%gné&ﬁ%tz;sn ?En% $ r%?&efleﬁbdjhﬁﬁfflht h@ﬁc_rmbafat e,(~§ateyc1| es).

pol yerase-rel ated activi_ ab), an origin parent cl o
(PGB PeSa e an PVl Eiadl i S RrFe) RGS OPHaRedrI Lo & ghret ot anount
of 3 t pediimuhabl @ ulNin®OteaTREASE tACimMinkey sem.y a portion of the Taq pol
DNAJsequence is-translated, resulting in the accunul ation of a -60 kd Taq

pol yner ase-r el atantiidaty ppddedovere usti to lysogenize E. coli K-12 strain
Y1089 (R. Young). Lysogens were screened for the production of an
IPTG inducible fusion protein (larger than beta-galactosidase) which
reacted with the Taq polymerase antiserum. Solid phase, size-
fractionated fusion proteins were used to affinity purify epitope-
specific antibodies from the total polyclonal antiserum (Goldstein,
L.S.B., et al. (1986) J. Cell Biol. 102:2076-2087).

The “fished", epitope-selected ‘antibodies were used, in
turn, in a Western analysis to identify which lambdagtll phage
) candidates encoded DNA sequences uniquely spgcific to Tagq
pol ymerase. One lambdagtll phage candidate, designated lambdagt:l,
specifically selected antibodies from the total rabbit polyclonal Taq
pol ymerase antiserum. which uniquely reacted with both purified Taq
polymerase and crude- extract fractions containing Tagq polymerase.
b This phage, Tambdagt:1, was used for further study.

The ~115 bp EcoRI-adapted Alul fragment of Thermus aquaticus
DNA was labeled (Maniatis et al., supra) to generate a Taq polymerase-

specific probe. The probe was used in Southern analyses and to screen
a T. aquaticus DNA random genomic library.

&1 B. CONSTRUCTION AND SCREENING OF A THERMUS AQUATICUS RANDOM GENOMIC
LIBRARY-

Lambda phage Charon 35 (Wilhelmine, A. M. et al., supra) was
annealed and ligated via 1its cohesive ends, digested to completion
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w th Kl enow or nucl ease construct _a convenl é'ﬁt TeStriction site
r §EP3EMUekE%Rs et | d‘@ogf t he TAd bpary ndfase” §B+P0 TARTFIAY - PBRABR h Taq
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The CH35 Taq genomic phage library was scre ened (Maniatis et
al., supra) with the radiolabeled EcoRl insert of gtll:l.

—< gS®»w SQT !

_"O DO M W TT

Specifically hybridizing candidate phage plaques were purified and
further analyzed. One phage, designated Ch35::4-2, released = four T.
5 aquaticus DNA fragments upon digestion with HindIIT1 (~8.0, 4.5, 0.8,
0.58 kb)

The four HindIII T. aquaticus DNA fragments were ligated
with HindIII digested plasmid BSM13* (3.2 kb, Vector Cloning Systems,
San Diego) and individually cloned following transformation of E. coli
b -12 strain Dess.

The 8.0 kb HindIII DNA fragment from CH35::4-2 was . isolated
in plasmid pFC82 (11.2 kb), while the 4.5 kb HindIII DNA fragnent from
CH35::4-2 was isolated in plasmid pFC83 (7.7 kb).

E. coli strain DGY8 harboring pFC82 was shown to contain a
b thermostable, high temperature DNA polymerase activity (Table 1). 1In
addition, these cells synthesize a new 60 kd molecular weight
polypeptide which is immunologically related to Taq DNA polymerase.

The Taq polymerase coding region of the 8.0 kb HindIII DNA
fragment was further localized to the lac-promoter proximal 2.68 kb
r HindIII to Asp718 portion of the 8.0 kb HindIII fragment. This region
was subcloned to yield plasmid pFC85 (6.0 kb). Upon induction with
IPTG, E. coli DG98 cells harboring plasmid pFC85 synthesize up to 100-
fold more. thermostable, Tag polymerase-related activity (Table 1) than
the original parent clone (pFC82/DG98). While cells harboring pFC85
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QE]@%B%IS foll ows. Vector BSML3+ (commerciaily avalil glgréufsrsg 00\ll'éct or

iMi ng Systens, San Di ego, CA) was digested at .h[ﬁ | ' Il site,
¢faired with Kl enow and dNTPs, and ligated with %‘@%e o a Bqlll
¢fanu- cleotide |inker, 5 -CAGATCTG 3[err] (New Englan I ol abs), and
r4nsformed into E. coil strain D38. Plasnids ”mu"lﬁll from

nfi[ err] |acZal phat transformants. Ongy of the lem i ed with

gl | and Asp71 8 restriction enzymes, and the |arge vector fragment

i fi geal elec @S Xt o7 PhaSHedmesEDI eWalNAli greioimedaye t h
A s?ﬂépﬁ ndi IF éﬁf?hﬁ)ﬁ@f?so?%"gs}@ pai r ffgierrgnt was i sol ated., Plasnid
5 anddvikpendy i taerRienl o7 Ehel Tespped f%@eﬂf?aéskb-?ﬂ%dwﬁﬁz

! atrgguﬂﬁi'd Ok ReGyEN A LRl PR RhECSr | hIMEIOTKd OTdd1epBriebase- rdiatad

Bgigl | -H_ndl'l |7 fragment from pFC83 and the Bglll-Asp718 vector fragnent of
BSL3PolYReRLIGEgat i on- mi xture was used to transformE. coli strain D8
(AJCC 39, 768 deposited July 13, 1984) from which AmpR col onies were

selflected and an ~6.58 kil obase pl asjg,d (pLSGL) was i sol at ed.
propyl - bet a- D-t hi ogal act osi de (1 ) i nduced D@8 cel | s harboring pLSGL

syt hesi zed Tag. DNA _pol xner asge .i,ndi,sk i Hngqui shabl | fgo @ native
endyne i sSSPREEY T O ar.ﬁ}fd'[ﬂ&ﬁ%tﬂé. b%i%ﬁﬁﬂ%@%ﬁ %é{kﬁﬁrytzag{‘e%;@n&ﬁgenesi s
(sq4e Zoller and Smith, Nuc. Acids Res. (1982)10:6487-6500) was used to
si ful tanequsly 1) introduce an Sphl sit jthin codons 3 to 5 of the Taq
DNA pol y F‘&%‘é gene sequence (see Fi g"i\{s rfﬂ?ﬁ&S), 2) increase the AT
coiftent of four of the first seven c 8u

s wth
engoded agin i ds (within codons 2-7 in Figurg,1). 3) delete 170

nugl eoti d g%ﬁfdr?g | acZ DNA and T. aquati cus BN@?S' to the DNA pol ynerase
gene initi E%&b({? don. Bacteriophage 08 (Russel, M, at al., Gene, (1986)
454B833- 333?l ed to Infect pLSGL/ B cel'S"and direct the synthesis of
t hg¢ si ngl SFEM d DNA (ss) form(pl:ﬁqs strangp3o8 pLSGL. Purified pLSGL
ssIPNA was "anné€ale€d with purified Pvul gl gest ed BSML3+ Bqgl || vector
frdgnents and t he—4+mer—mutagenrc ot rgonucteotTde DG&2Z6

(5} COeR PR CRAPAd Crbd CRRARAGTIGTTIESETOL0 Al OmaPeeseldgnsi on
Wi tth EopGehtedAheated at 75 € for 20 minutes, centrifuged and the .
clarified supernatant assayed at 70 C for DNA polymerase activity.

;. * 1 unit = 1 nMole dCTP incorporated in 30 minutes.

'EXAMPLE V

Expression of Taq Polymerase

_ The thermostable gene of the present invention can be
expressed in any of a variety of bacterial expression vectors
© including DG141 (ATCC 39588) and pP NppcATG, vectors disclosed in U.S.
Patent No. 4,711,845, the disclosure of which is incorporated herein
by reference. Both of these host vectors are pBR322 derivatives that
have either a sequence containing a tryptophan promoter;-operator and
ribosome binding site with an operably linked ATG start codon (DG141)
"'5 "or a sequence containing the lambda P promoter and gene N ribosome
| binding site operably linked to an ATE start codon (pP NpgsATE).
Either one of these host vectors may be restricted with Sacl, and
blunt ended with Klenow or S1 nuclease to construct a convenient
restriction site for subsequent insertion of the Taq polymerase gene.
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n%qg | Kl enow fragment transformation of D8 cepEgussyjosEdrect i on of
319] nsformants, the colonies were screened with 5 32P—I abel ed DG26.

bridi zi ng candi dates were screened for |oss of the B ILI oS iction site,
| etion 22 of approximately 170 base pairs JHI$§H Aé i cus DNA,

d introduction of a unique Sphl site. One candi dat 85 I gnat ed pLSQ&2,
s sequenced and shown to encode the desired s |lsequence
jiLS& sequence: A gonucl eotide-di rggted nut ageqmm“m‘m 0 introduce
unique Bgll site in plasmd pLS& I mediately ow ng the TGA stop

don for therhIaeIupmmfﬁlseacg%MQJalse ¥k 4G eeﬁsﬂexc?céag #om Fhgure 1).
ve, bacteri- ophade R40

was ,used éiecge&&e ,.e,.st r anded
! f YRS B'raag“rﬁ"&SpLsyéz'Om| frky pi&e r~eu Wt h |
urlfaledeyul |‘1‘edtQﬁSBSﬂ1335ME3mnBﬁﬂ‘|ah nyeﬁtr@ﬂafd‘(%gnﬁ'lﬂh mdubhef?&r mar
eni c olltsg u.cleotld.a SC107 (.5 \@%
oI | MY extBRsiY3RI% t Ak FRdDw S ﬁﬁﬁﬁpnta‘( 50“‘?11\/I"8é18ﬂe i r’an'gf’or mat i on
DEpaieed | 81 endKieloac khondfDPs,[ and] 11§ gxvedfl oritAnT4, DHA| dihgase Wwere screened
err Cl? ori, di,.zl ¢ | d _Wwer ened .for

B B <G G SRR Fr ) L etk eTita s Rt L ST B EEET 078, s
equsnmsdoenmﬂ Siwhon a'o mint atraiheDddi reﬂmqmenoerepnsﬁaqumwe -
CC AR PG G AACHREAIC Cone BFYEH 781 SRAUSASS di gested with

BglIIl and Asp718 restriction enzymes, and the large vector fragment
b purified by gel electrophoresis.

Next, plasmid pFC83 was digested wi'th Bg1II and HindIII and
the ~730 base pair fragmenf was isolated. Plasmid pFCB5 was digested
with HindIII and Asp718 and the ~2.68 kb ‘fragnent isolated and joined
in a three-piece ligation to the”™~ 730 base pair BgllI-HindIII fragment
;  from pFC83 and the BgllI-Asp718 vector fragment of BSMI3®.  This
ligation mixture was used to transform E. coli strain DG98 (ATCC
39,768 de.posited July 13, 1984) from which AmpR colonies were selected
and anV6.58 kilobase plasmid e(pLSGl) was isolated. Isopropyl-beta-D-
thiogalactoside (IPTG)-induced DG98 cells harboring pLSGL synthesized
h Taq DNA polymerase indistinguishable in size from the native enzyme
isolated from T. aquaticus.

_ Oligonucleotide-directed mutagenesis (see Zoller and Smith,
Nuc. Acids Res. (1982) 10:6487-6500) was used to simultaneously 1)
introduce an Sphl site within codons 3 to 5 of the Taq DNA po‘lyuﬁerase
5 gene sequence (see Figure 1, nt 8-13), 2) increase the A/T content of
four._of _the first seven,_codons_ﬁyjthog}: effecting a change in the
encoded amino acids (within codons 2-7 in Figure 1), 3) delete 170
nucleotides of the lacZ DNA and .'_I'__._' aquaticus DNA 5' to the DNA
polymerase gene initiation codon.

% : Bacteriophage R408 (Russel, M., et al., Gene, (1986) 45:333-
338) was used to infect plLSG1/DG98 cells and direct the synthesis of
the single~stranded DNA (ss) form (plus strand) of pLSGl. Purified
pLSG1 ssDNA was annealed with purified Pvull-digested BSM13¥ BqlII
vector fragments and the 47-mer mutagenic oligonucleotide DG26 (5°'-
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9/@8681TGA GTC TAC CAC CCC ATG C EXAMPLE VI Const r uRGHVP/MI3! essi on
rs pDGL60 and pDGl61 The [err] or [err] lanbda [err] pronoter, gene N
one binding site, polylinker, BT cry PRE (BT) ( PRSI k -

regy atory el enent, described in U S. Patent No. 4, 666, gﬁé%;é%gee%%y 19,
1989, in a Col El [err] vector were con- structed fromﬁrew ous y descri bed

" plagm ds and the duplex synthetic oli ggaucl ectide i ﬂmm'm;nu)@
by

The IDG31/ 32 dupl ex |inker encodes a 5 HindllI cohes
Sacl}, NQQtTTds@ﬂf'eﬁm ey Veiele) Sighes @ B .cohesi ve
end.f [err] %I'EKIT SHéE@l’GﬁDEm;% ): Congglr%ﬁgonglc?fﬂs[ e? r

m d¥bHG1ED EEL_astM psHomarise 4 Kl esowfraicaens d WassFomatipn of 969%8at ent

ol a
4, 6;6 8481 15Uaha. ¢ tdbicst Aol LiuskBCldresanchPatondadl ddie Lanlakgd
vectjor fragnept 3@&@ g ed wth a 5.1 nol’ar excess of nonp osphoryl at ed
and lann8iFed® DER173208 ‘b‘?e&s‘-slsol | R g Hlngat"ﬁbﬁhﬁq‘?é YRS WASTRNGESted wi t h
Xball (t Podnaet itat BalTe rogt N ¥R Ciide , | WPk AdkbiYS
trarsform E. é“, straip DGlé@’teo génlr?)elfl?%l In rési s%ancel etf)tf t(?%lsés wer e
scrdene®®tor ¢ s—b—;ﬁ—t-hé’ﬁé!éia%ﬂé Lrodyg$ienn Heqlewticiigndonl
acqyi si site of omhecimwasa peésﬁgnlals@a ESEE N GR sDYselgfSAddLLARN HodH Mo
di ggsti QPCOd-le_h%thAé/sLl gl sequence, = -
pLSGl sequence: [ VAR: _
g S.D. 47bp Bq111 105bp
CAGGAAACAGCT ATG ACC ATG ..... ég_]’C‘i' .....
~(
...AAC ATG AGG GGG ATG CTG CCC CTC TTT — ¢
pLSG2 sequence:
“SSmmne—
S.D. Sphl -
B CAGGAAACAGCTATG AGA GGC ATG CTT CLCA CTT TTT /

Oligonucieotide-directed mutagenesis was used to introduce a
unique BgllIIl site in plasmid pLSG2 immediately following the TGA stop
_codon_for_ the Tagq polmerase_gene (following nucleotide 2499 in Fi gure.
- 1). As above, bacteriophage R408 was used to generate the single-
0 stranded (plus) form of plasmid pLS62.  Purified pLSG2 ssDNA was
annealed with purified Pvull-digested BSM13* Bq11I vector fragment and
the 29-mer mutagenic oligonucleotide SC107 (5'-
GCATGGGGTGGTAGATCTCACTCCTTGGE). Following extension with Klenow
fragnent (50 mM each dNTP), transformation of DG98 cells and selection
45 for AmpR transformants, colonies were screened with 5! 32P-1abe1ed
SC107. Hybridizing candidates were screened for acquisition of a
unique BglII site. One candidate, designated pSYC1578, was sequenced
and shown to contain the desired sequence.
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8’36?{; one candi date, designated pDGL60, was sequePEyUS88/093Wn to
e desired polylinker DNA se- quence. B. Construction of [err]

M asnm d oDGl61 Plasmid pAW40CHB ( ATCC 67605), the i—ﬁ r Eq_f | fied
Hetracycline resistance gene wherein the BanH and #’réﬁ, ﬁ i on
tes were elimnated, and which contains the |anbda [e L‘g)rormter, gene N
3 bosonme binding size, cry PREin a ColEl [err] vec ] ] ed to
donpl etion with Hindl Il and BanH ah8 the 4.19 kb vumm’mmmpurifie
agarose gel electrophoresis. The purified vector DNA fragnment was '

§ ganlék2nsequencsifol d nol ar excess of nonphosphoryl ated anneal ed DG31/ 32
qupl ex. E. coli K12 strain DGL16 was transformed with a. pgrtign of the DNA,
#d [err] coloni 85CstAeEABAT§oriARr e e REd AT & 2- kb pl 46 5, ‘Several
dgandi dat es_were further screened by restriction enzyme digéstion and the

dol yR314ear 8r38lUSAC8equenced by the Sanger nethod. One of the candi dates

I th the desired sequence s . designated pDGlL61. EXAMPLE VII A
Qonstruction of [ r : e.N ribgsane bindkpg 'site, [err] Taq
Jol yner ase (832) %g“i g[{/]eﬁﬁ@oép[ @PFF 'e%f'égls"r‘dh“\}gc‘t or *To' ‘ekpr“e's'si‘t he

flull -1 ength (832 am no acid) nutated Taq pol ynerase sequenge:encoded by

il asm d pSYC1578 under the contMe | ambdaPL pronbt‘e!'r- and gene N
bosonme binding site, plasmds and pFC54.t were us@d.’-Pl.asm d

SY  _was. di gested wi_th Sphl,_a || hg. resulting approximte 2.5
b %&nsﬁxugf;ecrhj Eéwee;sﬁ-ﬂ-g%ip £0 - ,?d"'q,gh Ele gel el ectrophoresis and
| ectroel utiag.. BlLagni @& ' t o] | | H.ndl || and
anH and the e@@grn}’gagﬁentﬁlaéaér‘ﬁh gjégﬁ‘?/{%‘gj'aﬁgé‘g gg*-ﬁ;eqsg@%\rl\%f)@dlﬂgsi s. The
ynt $icte ,c miliydonkert A% i aros R A B’ -(pociriveGrascoorddatany taeent,
5' - A re s £n$| d apseal Ukl § 1 pf%@fs.t-rgment
0. O%EM }?Wg]l]fgl‘f%{’g aqﬁogolf;%rségi?’geﬁgufgag%nt?i(0. 55m1) eg) and
nne@dlkl nopphomuitorywetedonstructed from previously described plasmids

and the duplex synthetic oligonucleotide 1inkers DG31 and DG32. The

DG31/32 duplex linker encodes a 5' HindIII cohesive end followed by

Sacl, Ncol, Kpnl/Asp718, Xmal/Smal recognition sites and a 3' BamHI -

t  cohesive end.

D~ DO 1

Asp718
° Sacl Ncol Xmal
DG31 5' AGCTTATGAGCTCCATGGTACCCCGGG
"ATACTCGAGGTACCATGGGGCCCCTAG-5' DG32

Al Constrﬁction of AmpR plasmid pDG160

Plasmid pFCL54.t, a 5.96 kb plasmid described in U.S. Patent
4,666,848, supra, was -digested with HindI1I and BamHI and the isolated
vector fragment was ligated with a 5-fold molar excess of
nonphosphorylated and annealed DG31/32 duplex. Following ligation,
5 the DNA was digested with Xbal (to inactivate the parent vector IL-2
DNA fragment) and used to transform E. coli K12 strain DGll6 to
ampicillin resistance. Colonies were screened for loss of the des-
a‘la-ser125 IL-2 mutein sequence and acquisition of the DG31/32
polylinker sequence by restriction enzyme digestion. The polylinker
§ region in one candidate, designated pDG160, was sequenced and shown to
encode the desired polylinker DNA sequence.
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;| /% Aupl ex adaptor (0.43 pnol es) were conbined in 30 {err] and |igated
& l4[err]C Ap rtion of thellgated DNA was heated to 75[err]C (15
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To express the full-length (832 amino acid) mutated Taq
polymerase sequence encoded by plasmid pSYC1578 under the control of
the ’lambdaPL promoter and gene N ribosome binding site, p'la.smids
pSYC1578 and pFC54.t were used. Plasmid pSYC1578 was digested with
Sphl and BglIl and -the resulting approximate 2.5 kb Taq polymerase
gene  fragment purified by agarose gel electrophoresis and
electroelution. Plasmid pFC54.t was digested to completion with
{ HindIII and BamHI and the vector fragment purified by agarose gel
electrophoresis. . The synthetic oligonucleotides DG27 (5'-
AGCTTATGAGAGGCATG) and DG28 (5'-CCTCTCATA) were synthesized and
annealed. Purified pFCS4.t fragment (0.085 pmoles), purified Taq
polymerase gene fragment (0.25 pmoles) and annealed nonphosphorylated
DG27/28 duplex adaptor (0.43 pmoles) were combined in 30 .1 and
ligated at-14 C. A portion of the ligated DNA was heated to 75°C (15
minutes) to inactivate the DNA ligase in the samples and treated with
Xbal to linearize (inactivate) any IL-2 mutein containing ligation
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a toothpick from both the 30~C and 41°C plates, boiled in SDS loading
buffer, subjected to SDS-PAGE electrophoresis and the separated
proteins transferred to a nitrocellulose membrane. The membranes were
probed with a 1:6,000 dilution of a polyclonal anti-Taq antibody and
developed with a goat anti-rabbit HRP conjugate. A1l _of the
candidates tested showed evidence of temperature inducible approximaté

90 kd Taq polymerase-related protein. One of the several plasmid
candidates which direg:ted the synthesis of Taq polymerase in E. coli

and contained the expected DNA sequence was designated pLSG5S.

B. Construction of a T'etR PL promoter, gene N ri bosome binding site,
Taq polymerase (832) BT cry PRE coplS expression vector

3 To express "the full length (832 amino acid) mutated Taq
polymerase sequence encoded by plasmid pSYC1578 under control of the
'lambdaPL promoter and gene N ribosome binding site in a TetR vector,
‘we used plasmids pS_YC1578 and pAW740CHB. ~ Plasmid pSYC1578 was
digested with Sphl and BqlII and the resulting approximate 2.5 kb Tagq
) polymerase gene fragment was purified by agarose gel electrophoresis
and electroelution. Plasmid pAW740CHB was digested to completion with
_}iildlIII and BamHI and the resulting 4.19 kb vector fragment purified
by agarose " gel electrophoresis and electroelution. The synthetic
oligonucleotides DG27 and DG28 (described previously) were annealed.
Purified pAW740CHB vector fragment (0.12 pmoles) was ligated with
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EXAMPLE VIII

Construction of a Met4 (VW3) 829 amino acid form of Taq polymerase

The predicted fourth codon of native Taq polymerase directs
the incorporation of a methionine residue "(see plLSGl and pLSGZ 5'
sequences _above). To obtain a further mutated form of the Taq
polymerase gene that would direct the synthesis of an 829 amino acid
primary translation, product, we used plasmids pSYC1578 and pDGl6l.
Plasmid pSYC1578 was. digested with Sphl, treated with E. coli DNA
polymerase 1 Klenow fragment in the presence of dGTP to remove the
four-base 3' cohesive end and generate a CTT (leucine, 5th codon)
blunt end. Following inactivation of the DNA polymerase and .
concentration of the sample, the DNA was digested with Bglll and the
approximate 2.5 kb Taq polymerase gene fragment purified by agarose
gel electrophoresis and electroelution. Plasmid pDG161 was digested
to completion with Sacl, repaired with E. coli DNA polymerase 1 Kienow
fragnent in_ the presence of dGTP to remove the four base 3' cohesive
end and generate an ATG terminated duplex blunt end. Following
jnactivation of the polymerase, the sample was digested with BamHI.
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po]ypephde.' One of the plasmids, designated pLSG7, that directed the
syrnthesis of a Taq polymerase-related polypeptide was subjected to
Sanger sequen.ce determination ‘at the 5 lambdaP;  promoter:Taq
polymerase junction and the 3' Taq polymerase:BT junction. Analysis
of the DNA sequence at the §° junction confirmed the restriction
enzyme analysis (loss of one of the Sphl sites and a 612 bp HindIII
fragment, slightly smaller than the 621 bp HindIII fragment in pLSG6)
and indicated the derivation of a plasmid encoding an 829 amino acid
form of Taq polymerase.

EXAMPLE IX

Construction of Met289 {289) 544 amino acid form of Taq polymerase

During purification of native Taq polymerase (Example XIII)
we obtained an altered form of Taq polymerase that catalyzed the
template dependent incorporation of dNTP at 70°C. This altered form
of Taq polymerase was immunologically related to the approximate 90 kd
form described in Example XIII but was of lower molecular weight.
Based on mob1‘l1ty. relative to BSA and ovalbumin following SDS-PAGE
electrophores1s, the apparent molecular weight of this form s
approximately 61 kd. This altered form of the enzyme is not present
in carefully prepared crude extracts of Thermus aquaticus cells as
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nucleotide 3' cohesive end ‘and generate a CTG-terminated duplex blunt

0 end encoding 1eu294 in the Taq polymerase sequence (see pLSG1,
nucleotide 880).. The DNA sample was digested to completion with BqllI

and the approximate 1.6 kb BstXI (repaired)/BglII Taq DNA fragment was

purified by agarose gel electrophoresis and electroelution. The

pFC54.t plasmid digest (0.1 pmole) was ligated with the Taq polymerase

gene fragment (0.3 pmole) and annealed nonphosphorylated DG29/DG30

duplex adaptor (0.5 pmole) under sticky 1igase conditions at 30 ug/ml,

15°C overnight. The DNA was diluted to approximately 10 microgram per

ml and ligation continued under blunt end conditions. The ligated DNA
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sample was digested with Xbal to linearize (inactivate) any IL-2
p mutein-encoding ligation products. 80 nanograms of the ligated and
digested DNA was used to transform E. coli K12 strain DG116 to
ampicillin resistance. AmpR candidates were screened for the presence
of an appr:;ximate 7.17 kb plasmid which yielded the expected digestion
products with EcoRl (4,781 bp + 2,386 bp), Pstl (4,138 bp + 3,029 bp),
Aa_il (7,167 bp) and HindI1I1/Pstl (3,400 bp + 3,029 bp + 738 bp). E.
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0 presence of all four dNTPs. The recovered fragment can be ligated
using T4 DNA'ligase to dephosphorylated plasmid pPNppcATG, which had
been digeﬁted with Sacl and treated with Klenow fragment in the
presence of dGTP to construct an ATG blunt end. This ligation mixture

can then be used to transform E. coli DG116 and the transformants
5 screened for production of Taq polymerase. Expression can be
confirmed by Western immunoblot analysis and activity analysis.

" EXAMPLE X

Construction of AmpR trp promoter operator, trplL ribosome binding
site, Taq polymerase (832) BT cry PRE t:t:pts expression vector

0 : To substitute the E. coli trp operon promoter/operator and
leader peptide ribosome binding site, we used plasmids pLSG5 and
p};-‘CSZ. pFCS2 was the source of the trp promoter, cop'S and ampicillin
resistant determinants. However, plasmid pCS4, described in U.S.
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Bonner - Vog
mactwated (75°C, 15 minutes). The pLSG5 and pFC52 samples were

ligated overnight in equal molar ratio and at 30 Mg/ml under sticky

U

end conditions., -The T4 1ligase was inactivated (70°C, 10 minutes) and
the iigated DNA was digested with Xbal to linearize (inactivate) any
IL-2 encoding 1igatio'n products (from the pFC52 unwanted, 1.65 kb
HindIII/Mlul DONA fragment). E. coli K12 strain DG116 was transformed
to ampicillin resistance with 30 nanogram of the ligated DNA. AmpR
r0 colonies were screened for the presence of approximate 7.78 kb
plasmids which yielded the expected digestion products with EcoRI
(4,781 bp .+ 3,002 bp), Sphl (7,783 bp), HindIII (7,162 bp + 621 bp),
Clal (7,783 bp) and Clal/Mlul (3,905 bp + 3,878 bp). Candidate
colonies were further screened for expression of an approximate 90 kd
-5 Tagq polymerase related protein by single «colony  SDS-PAGE
immunoblotting (as above). Plasmids from two of the candidates
showing the intended properties were transformed into E. coli K12
strain KB2 (ATCC No. 53075).

By Western immunoblot, both plasmids in both hosts were
30 shown to direct the synthesis of an approximate 90 kd Taq polymerase-
related polypeptide upon trp limitation. By Comassie staining of SDS-
PAGE fractionated whole cell extract proteins, the trp promoter/Tagq
polymerase pl asmids_in E. coli K12 strain KB2 direct the accumulation
of significantly more Taq polymerase than in E. coli K12 strain
35 DGll6. One of the plasmids was designated pLSG10.
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Alternatively, E. coli K12 strain KBZ harboring plasmid
pLSG10 was grown for eight hours at 32°C in Bonner-Vogel minimal salts
b media containing 0.5% glucose, 5 ug/ml tryptophan, 1049/ml thiamine,
0.2_5% Difco casamino acids and 100 ug/ml ampicillin to an Aggg of
3.0. Cells were harvested as above.

Cell pellets were resuspended to about 62.5 Asoolml (~150-
160 mg total protein/ml) in 50 mM Tris-C1, pH 7.5, 1 mM EDTA, 2.4 mM
0 PMSF and 0.5 tg/ml leupeptin and lysed by sonication. Aliquots of the
sonicated "extracts were subjected to SDS-PAGE and analyzed by
Coomassie staining and Western immunoblotting with rabbit polyclonal
anti-Taq polymerase antibody. 1In addition, portions of the extracts
were assayed in a hiéh temperatilre (74°C) DNA polymerase assay (see
Example XIII below). '

Ul

Western immunoblotting showed significant induction and
synthesis of an approximately 9 kd Taq DNA polymerase related
polypeptide in induced strains harboring plasmids pLSGS, 6, and 10.
'Coomassie blue staining of SDS-PAGE-separated total cell protein
0 revaled the presence of a new predominant protein at 94 kd in these
induced strains. Finally, high temperature activity assays confirmed
the significant. level of recombinant Taq DNA polymerase synthesis in

these E. coli strains (see table, below). -
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E. coli strain DG116 harboring plasmid pLSGS was grown in a
10 L fermentor. ' The medium was 10 mM: (NH4)5SO4, 25 mM KHp,POs, 4 mM
Na3Citrate., 400 M FeCly, 28 yM ZnC]Z, 34 uM CoCly, 33 uM NaMoQ4, 27
LM CaCl,, 30 4M CuCly, and 32 4M H3BO3. The medium was adjusted to pH
6.5 with NaOH, 15 mM, ‘and sterilized. The following sterile
components were added: 20 mg/1 thiamine-HCl, 3 mM MgSO4, 10 g/}
glucose and 12.5 mg/1 ampicillin. The pH was adjusted to 6.8 and held

there using NHqOH. Glucose was fed to the culture in conjunction with

P0 the alkali demand, to maintain a glucose concentration at 40% of air

saturation, by automatic increases in rpm (350 to 1000) and airflow (2
to 5 1/min). Foaming was controlled on demand using polypropylene

glycol.

The fermentor was inoculated with cells and grown to Aggg =

95 5.0 (14.25 hours). The temperature was raised to 37°C to induce

synthesis of recombinant Tagq polymerase and growth continued for five
hours to A680 of 16.5.

Unless otherwise indicated, all purification steps were
conducted at 4°C. Twenty grams {wet weight) of induced frozen E. coli

30 K12 strain DG116 harboring plasmid pLSG5 was thawed in 3 volumes of 50

oM Tris-Cl, pH 7.5, 1 mM EDTA, 3 mM PMSF, 0.64 Ag/ml. leupeptin and
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off a bydfialesCBPSA $IHAT sBhe U, b) Buffer A, c) Buffer A containing 20%

ethylene glyol to remove nucleic acids and non-Taq polymerase
proteins. Taq DNA polymerase activity was eluted with 60 ml linear

v

gradient of 0-4 M urea in Buffer A containing 20% ethylene glycol.
The active fractions (™2 M urea) were pooled (Fraction IV) and applied
at 3 mli/hr to a 12 ml (1.5 X 6.0 cm) Heparin-Sepharose CL-6B
"0 (Phamabia) column equilibrated in 50 mM Tris-Cl, pH 7.5, 0.1 mM EDTA,
~ 0.2% Tween 20 {(Buffer B) containing 0.1 M KC1. The column was washed
with 2 column volumes of Buffer B containing 0.15 M KC1. The Tagq
| -polymerase was eluted with a 120 m1 linear g}-adient of 0.15-0.65 M KC1

* in Buffer B. The Tagq polymerase eluted as a single Argg and activity
5 peak at~0.29 M KC1.

Purified recombinant and native Taq polymerase proteins
comigrate following electrophoresis on SDS-PAGE and staining with
Coomassie blue. The purified Taq polymerase proteins migrate slightly
faster than purified Phosphorylase B (Pharmacia), consistent with a
30 molecular weight predicted from the DNA sequence (of pLSG5) of 93,920
daltons.

The peak activity fractions were pooled and a portion
subjected to N-terminal amino acid sequence determination on an
Applied Biosystems gas phase sequencer. In contrast to native Taq
35 polymerase which has a blocked amino terminus, the sequence of the
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After harvesting by centrifugation, 60 grams of cells were
resuspended in 75 ml of a buffer consisting of 50 mM Tris-Cl pH 8, 1
mM EDTA. Cells were lysed in a French Press at 14,000-16,000 PSI
20 after which 4 volumes (300 ml) of additional Tris-EDTA were added.
Buffer A (beta-mercaptoethanol to 5 mM and NP-40 and Tween 20 to 0.5%
{t‘ (v/v) each) was added and the solution was sonicated thoroughly while
cooling. The resultant homogeneous suspension was diluted further
with Buffer A such that the final volume was 7.5-8 times the starting

25 cell weight; this was designated Fraction I.

The polymerase activity 1in Fraction I and subsequent

fractions was determined in a 50 ul mixture containing 0.025 M TAPS-

HC1 pH 9.4 (20 C), 0.002 M MgCl,, 0.05 M KC1, 1 mM 2-mercaptoethanol,
0.2 mM each d&TP, dATP, TTP, 0.1 mM dcTP [alpha=32p, .05 ci/mi],

30 12.5 ug “activated" salmon sperm DNA and 0.01-0.2 units of the
polymerase (diluted in 10 mM Tris-HCl, pH 8, 50 mM KC1, 1 mg/ml
autoclaved 'gelatin, 0.5% NP-40, 0.52 Tween 20, and 1 mM 2-

| mercaptoethanol ). One unit corresponds to 10 nmoles of product
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t o} whi CJ&t was added any recoqvered Q\roteln fromsacks rinsed with the P- cel |
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pell et B’H g S_W%zhed extracted with P-cell buffer and 80 mM KCl,
and recéﬁ ﬁ“'ﬁrg 81 e (PR TS rant s Were then conbined to form Fraction |V.
Fraction IV was 0.a 2.2 X. f phasp ul ose
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ua}ng ad eare «‘Fdl eqt o 80 to 400 MM KO in P-cell buffer. Fractions
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co centrated 3-4 Ar 0] kpr c 0] ne. The

cepl was rinsed \I}"ghﬁj?ﬁe @[}glgr%ecoa'lt%ﬂy %s %L‘Lctaﬁdcaﬂ/g W‘W::ttnbf{oﬁlymtn P
(BRL, Gaithersburg, MD) (10%, w/v, adjusted to pH 7.5 and autoclaved)

15 after the minimum amount of Polymin P necessary to precipitate 90-95%
of the activity was determined, which amount was generally found to be

between 0.25% and 0.3% final volume.

An appropriate level of Polymin P was added slowly to

Fraction II while stirrt‘ng.for 15 minutes at 0°C. This solution was

20 centrt’fuged at 13,000 rpm for 20 minutes in a Beckman JA 14 rotor at 2
. The supernatant was assayed for activity and the pellet was
resuspended in 1/5 volume of 0.5X Buffer A (diluted 1:2 with H,0).
This suspension was recentrifuged and the pellet resuspended in 1/4
volume of Buffer Ii.contat’ning 0.4 M KC1. This suspension was

25 homogenized thoroughly and left overnight at 4°C. The homogenate was
centrifuged as above and the collected supernatant designated Fraction

III.

The protein fraction was col]et:ted by “"precipitation" at 75%

saturation of ammonium sulfate, centrifuged (at 27,000 rpm, SW27

30 rotor, 30 minutes) and the floating pellicle was resuspended in 50 mM

Tris-Cl pH 8, 1 mM EDTA. These steps were repeated and the protein

i suspension was dialyzed extensively with P-cell buffer (20 mM KPO4 pH

| 7.5, 0.5 mM EDTA, 5 mM beta-mercaptoethanol, 5% (w/v) glycerol, 0.5%
(v/v) NP-40 and Tween 20) containing 80 mM XC1.
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DNA. Fraction an digl waed ' H % -
t a- mer ga hg oet %hSF%S%?gI _y‘f:a?r Olﬂ,ﬁﬁ‘}f‘%@ ﬁg Z%A I@;')n@(ﬂjf_g. 2%) ?mme.e%%n( HAT
ffer) .p%?EB ] VEE%FszSHﬁFb’ braded pi the dheoPzred Inbuttaruwantdimiygr 82yaipatit e
d the K©IZYNETRé UESTUmN tWasa Waishear (21803 epb1@in 1d1uRe ’?Owﬂﬁﬂ CK)EQ“ BE&J' >,
buffer...DNA ppol ynmerase activity began to elute at 75 nmM KPO4 w th the
pgakl at %fOOEW’Fer%. PRRHE e hERd 14sdBgi Bndinadreeadigpsdofit 80.:1206L02: 800
o. uti orKC1Asini rPica®) pm‘uf)retr_czhr gmt:gg@sr@g;a&n&taen? ngz_U;HAl ngr%%gn%n Vﬁ%“*ﬂ;"'% gyent
epar.e t hout atin for - anal ysi s. )
ot 11 R0 TarhaiCH KBEL e aptni el SnfafEnestiTatetaled iREH o sy daigen
56[ err] Gtiirtéd 5caagl m{rnﬁrageo UidribPaHe! e mf!@d1a?ﬂszgqmgag¢é%ml:gh?g?£§1 Vu :
Ffactio | _was,.di agai nst solution Q sodi u
5| 5°" soetyoker Beros XEDcodf iRl Bacthe ' bRt on Sonvenionte (G- 15 KpKaD, and
0
W
S

15 Twadgueted ddpabtwadune) tid Foeh Fracmisemperature. The dial yzed sanple
s applied to a 2 m DEAE-Tris-Acryl-M (LKB) colum pre-equilibrated and
ibsequent | y waslfegic tiionh t heassapplbedf ¢o. aTle m1 Heparin Sepharose CL-6B

column (Pharmaéia) equilibrated with P-cell buffer and 0.15 M KCI.
The column was washed with-0.15 M KCl buffer (3-4 column volumes) and
the protein eluted with a linear gréd‘ient from 0.15 to 0.65 M KC1 in
20 P-cell buffer. A 1:10 dilution into diluent without gelatin was made
‘ for SDS-PAGE analysis and a subsequent 1:20 dilution into diluent with

1 mg/ml gelatin was made for use in enzyme assays. The activity

fractions (eluting at ~0.3 M KC1) were assayed on supercoiled DNA

1 : template for specific and non-specific endonucleases/topoisomerase by

25 electrophoretically detecting the change in molecular weight of
supercoiled plasmid DNA after incubation with an excess of DNA
polymerase. Exonuclease contamination was detected following
incubation with small linear DNA fragments. In peak fractions,
an N88-92 kd protein was found to be the major band. The major pool,

30 designated Fraction VI, had the highest polymerase activity with
minimal detectable endonuclease activity when this pool was assayed
for 30 minutes at 55°C with ~3-5 polymerase units/600 ng DNA.
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JO8RG ai ni ng polynerase activity that did not adhere to the colum
, pool ed and adjusted to 50 nM NaCl in the sane bniiESHEEY HASEBEN-T act i on
syl . Fraction VIII was applied to a 2 m CMTris-Acryl REPUACEB) col umm
| ibrated with the sane buffer (25 mM sodi um acet , 5%
erol, 0.1 mM EDTA. 0.1% NP-40, and 074% Tween ﬂjﬂuﬁﬂ
ghed vm'th 4-5 colum vol unes of the sane buffer Iuted
a |linear gradgragttidén owiS@ad odxﬂeﬂ(}zeﬂ/l lalgﬁnsjm KmeJrﬁ?&aetD&te buf Pemi The

yer age act|V|t k eluted -0, 45:0. a 20 e C'[{I._MI ty

R assaydd2afeic 33%(9 S 23R4 5300 ~di= dit F'oh *wi Ith he 1 ,rgﬂﬁdﬂﬁ%@% fg it

Bent wytdreu) . gel ghien -"hraﬂ,'zd’ue %iﬁAGEsanabgAsllﬁ ¥ assaymhcrcoduma heT

8 vity,.peak _on ner QLK Spec fel,C
IR B AT L GRY! 26 DI RETRY 3185 126 SPeChEdl %915.% Y KhC

omerase "usi ng “pol'yner ase assay sdl 25 mM TAP

$, Z3T mM ﬂ(éﬂx]p}hnd"50nm‘dur{®ey atJP{Pepﬁ]“ﬂﬁaésﬁeﬁ@Wheﬂ baganyP |elade

ys farn npcl g SE!§0 on,;M, ?h? @@&Zq(pbr agnRtiye AebkVerid Gehisons
no det ec‘f el ease wer e and rtn on a_silver stained
PAGE wernei ageliyedl' het ries 00+ b: 3§ﬁo¢ﬂ 1~'51|0i’igl e Asghn gthex @Tpan CRGOMAteSTAREYi fi ¢
vity & 290 09@ Ly $6Min -E|ﬁ§er§b0%§fPFep%‘?'EHVH%o'u$ BT £xinhagr i gpsar der
gnltud' er than that clained f revi OH | sol at ed T@(ﬂ

3/ ner as%“%;mdnlaéya‘ts-l ednachiong: adithonro nﬁa’gﬁﬂ‘ﬁ'l‘)‘é&“thle@ Ghe35e: AR 99R! e

: 5’0' yﬁﬁa%%e e%onWEE Kén/ aTJ‘s%yIaCIa@OE.’Y”@rm Bupbf imesra3e depoy ivesd

ound to be_free of any contam nating Taq
: nucI @;@éﬂdnéﬂ@mené’é@e Faaetian VdE. | n addition, the Taq pol ynerase is

/RN rably stored in storage buff&r cont ai n-. i ng

r am,about out

*' dvol ume/ vol unefctdgeny homas ot yﬁSfiy?’r%ar"’étdét%é)ld‘éﬁf’"e?rblﬁ}@h M)CP

r$b|yci|%fte5bmr 3ge, bslif@ryc@eam ss Snwfbéiﬁg/méwda\p)togtlyaﬂﬂql 0.10@M NBO TG
ris

: i ot hr%ﬂ]t"blNFP OB(Vc?Wvof\Jb' 4'(3’%28 a%\% tetr ageélt 5%% erh%g@?'ua?l

1§ preferabdlyzedorsathple was apphed to a 2 m] DEAE-Tris-Acryl-M (LKB)
column pre-equilibrated "and subsequently washed with the same

x
3

buffer. The fraction containing polymerase activity that did not
adhere to the column was pooled and adjusted to 50 mM NaCl in the same
buffer to yield Fraction VI_}I.

20 Fraction VIII was applied to a 2 ml CM-Tris-Acryl M (LKB)
column 'equﬂibrated with the same buffer (25 mM sodium acetate, 50 mM
NaCl, 5% glycerol, 0.1 mM EDTA, 0.1% NP-40, and 0.1% Tween 20). The

" column was washed with 4-5 column volumes of the same buffer and the
enzyme eluted with a linear gradient from 50 to 400 mM NaCl in sodium

o5 acetate buffer. The polymerase activity peak eluted ~0.15-0.20 M

NaCl. The polymerase activity was assayed at 1:300 to 1:500 dilution

with the first dilution 1:10 into diluent without gelatin for the SDS-

PAGE analysis. An assay across the activity peak on supercoiled ONA

templates for specific and non-specific endonuclease/topoisomerase

51_ 30 wusing DNA polymerase assay salts (25 mM TAPS-HC1 pH 9.4, 2.0 mM MgCl,

and 50 mM KC1) at 74°C was performed, as well as assays for nucleases

on M13 ss DNA and pBR322 fragments. Active fractions with no
detectable nuclease(s) were pooled and run on a silver stained SDS-

PAGE mini gel. The results show a single ~?88-92 kd band with a

} 35 specific activity of ~200,000 units/mg.
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p&9f06691 The stored Taq pol ynerase was diluted in a buf e/r co(rsr sting

of 294 MM Tris-HCl pH 8.0, 20 MM KClI, 1 nmM be- ta-nerc %
?&ﬁ%gg e

NP-4@, 0.5% Tween-20, and 500 [err] gelatin. A reacti
prepgdred containing 50 MM KCl, 10 mM Tris-HCl, pH 8.3, 1 ?err], 0.01%

(Wv)} gelatin, 200 [err] each dNTP, 1 [eryg each of tmmurllmﬂﬂlé defi ne
a 50Q base pair target sequence on a control tenplate i”"{hage

| anbda, and 2.0-2. 5rhtre' E%e?ﬁﬂroooéd‘ﬁ?{?fef@%ﬁéé | thadt Bhn@rdysl HFEqéHmlO@ |
[err]}. Tenpl ate was added reactljon- buffer t he sarrple placed in a

0.5 poljghepykadre Eide, clamaler!hé%aﬁﬁ ePneyipus! i 137 1266¢] a2 Pokmesasy

M nefndl iQi I3+t G LAEEVERT cP¥APOS Al tde |r¢pg$k-a thaR5tho! dfor z. coii
anpl iff i cat | Qn was achieved when the follow ng conditions were enploy

the tlenpl ate m xture was denatured f'or"o'n'e"m""nute 30 seconds at 94[err]C

by plfagi ng the tubehen aqhgumbatéte baenside wb@es\mo@é ageevd N Hampibat h
at [drr] f en_the tube was Iaceg} heat bat.h at err]

two mi_nu
for tlhree ﬁlﬁuf"% f&\"l’(ﬁ‘?tﬁ‘e ¢ nfT%Re HedYpaPHEaR s enganycieise. andi s
was erxeﬁeatmaf et:;avmreal ofn 2fddd ytdres .thét Tadnq:oelrydeaiset He Bﬁéﬂhreyscye,

h d d_and b '
he [forr) TREBRat N0 KT 8B AR By I RANS L ATRE RPREE oD FB) ARPHG - o2

S R A T et T e T

r ent K&ﬁnurﬁo oiM Tagipdllynpit a8el, ADsb mM hetrylzpedi ammtt“ar@:te tieqaehte

ext erfoi on (RART] EntpdFHARRATELEPEN. a5/ P BRI .57, UPOLAEA O, BhePe!

cyclijng prasiti ke/whoel dt be, pedf bs rfE‘@fﬂOﬁrbU stored at -20° C

The stored Taq polymerase was diluted in a buffer consisting

15 of 25 mM Tris C1 pH 8.0, 20 mM KC1, 1 mM beta-mercaptoethanol, 0.5%
NP-40, 0.5% Tween-20, and 500 ug/ml gelatin. A reaction buffer was
then prepared containing 50 mM KC1, 10 mM Tris-Cl, pH 8.3, 1.5 mM
MgCl,, 0.01% (w/v) gelatin,.200 uM each dNTP, 1 uM each of the primers
that define a 500 base pair target sequence on a control templ ate from

20 Dbacteriophage lambda, and 2.0-2.5 units Tagq po\yme'rase/assay in a
final volume of 100 yl. Template was added to the reaction buffer,
the sample placed in a 0.5 ml polypropylene tube, and the sample

topped with 100/41 of heavy white mineral oil to prevent evaporation.

At least a 109-fold amplification was achieved when the

25 following conditions were employed, using 1 ng of control template

(bacteriophage lambda DNA) where the target sequence represented
apprdximate]_y 14 of the starting mass of DNA.

First the template mixture was denatured for one minute, 30

seconds at 94°C by placing the tube in a heat bath. Then the tube was

30 placed in a heat bath at 37°C for two minutes. Then the tube was
placed in a heat bath at 72°C for three minutes, and then in the heat
bath at %7C for one minute. This cycle was repeated for a total of

25 cycles. At ﬁhe end of the 25th cycle, the heat denaturation step

This Sheet Has Been Repl

LU i




A Ay T

O 5Y/Uoo¥ 1

i ndi vidual tenplate to be anplified, to obtai nTH&SHEEMHABBEENencCY .
EXANPLE XV Taq pol ynmerase purified as descri bed above iRERLAGER e | was

fornqul ated for storage as described in the previou t hout
t he jnon-ionic polyneric detergents. Wen assayed f dﬂ@iﬂ! l’mm scrl bed
I n that exanple, the enzyne storage m x#ére was fo When
t he INP- 40 ando Tween 20 were added to the storage buffer t he fuII enzyrre

det qroenby df MERSIBRLY LRLNGiRIAN ! (ot e 2k o, EXAVPLE

XVI fSever enom ¢ were su ecte -’35
cyclles otheanﬁmn‘hesatuem aksl oed cto bmzb'll toExanpl temferagiit amhlaval Rﬂ" Si-ts
of & thege#,e,@gw i4 %u{?, axg}qg dfol ynerase, and anal yzed by agarose gel

el edtro- oresis a out ern ﬂ The primers used in these reactions,
P .and PCO4 d|+ ted n Si f J: t wtnt he shuepn. .

bet gI obi n gene. e ﬂf@ﬁ%gv B‘?)eyr?%rg é;ﬁg ]lﬂll ?&cﬁ??gﬁg g)?h? blgt ed the srrear
of t FRCENTF 5L is ePTed IPE h anfi & eﬁ‘z’y'rPé“’"F hémapper 8At ‘@uROIgmeTEih i s

the jnon- apgs;) fine anpead# rugaea@erge@ %@aueﬁh@fmprzhérem ts%mw&ekﬁtle%%@a@ c

sequences under whai were essen non-stringent hybri 9 ation
condj ti oHePECEx tRE SRLVITYR) Fy“%t"eﬁt‘?"ﬂ fREV BFARS BxtenyPnsdderernerbation
spec) fi csdd@y.bp RetoptoheRitiohabgethd redafpRrpbtiES el engegrdfilal khbebde A

sub-} stanti di feren el ectr oreti attern was e
anpl J0 i ca?r%d?\éﬁorff@rwe@ﬁ Tagdd¥l ra?é‘ﬂiﬁgre tohdesidng $h%ﬁl’or£%a?lﬁt"1‘§ t he
bp hasiarin eegi8aey. This remarkabl e specifici ty was undoubtedly due to
the [ enperature at whi c% the primers were extended. Although, |ike Kl enow
fragpent anplifications, the annealing step was perforned at [err], the
tenperature of Taqg-catal yzed reactigyppinadit o be raised to about 70 C
befofe the enzyne exhibited significant activity. During this transition
from 37 to [err] Papriol yatadeeurpfiqderast dapteibedhygbovelsin vixambl & of it at

”]C}o%'\uslg%gc?c' tredstso?'atggatasbydetsrg:mbed in the previous example, but
5 Without the non-ionic polymeric detergents. When assayed for activity
as described in that example, the enzyme storage mixture was found to
be inactive. When the NP-40 and Tween 20 were added to the storage
buffer, the full enzyme activity was restored, indicating that the
presence of the non-jonic detergents is necessary to the stability of
0 the enzyme formulation.

EXAMPLE XVI

Several 1 ‘Ag samples of human genomic DNA were subjected to
20-35 cycles of amplification as described in Example II, with
equivalent units of either Klenow fragment or Taq polymerase, and
)5 analyzed by agarose gel electrophoresis and Southern blot. The
primers used in these reactions, PCO3 and PCO4, direct the synthesis
of a 110-bp segment of the human beta-globin gene. The Klenow
polymerase amplifications exhibited:- the smear of DNA typically
observed with this enzyme, the apparent cause of which is the non-
B0 specific annealing and extension of primers to unrelated genomic
sequences under what were esser{tially non-stringent hybridization
conditions (1x Klenow salts at 37°C). Nevertheless, by Southern blot
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0188/8668Lt i on reached an enzyme-activating terrperaturecgq 8 (10 7y
enentary substrate was available for extensionTHESHEEEAS BEEN'E y also

dond wi th Kl enow fragnent because the non-specifi cts
effdctively conpete for the polynerase, t7hereby rgﬂﬁ'ﬂﬁi‘ﬁ%”ﬁ t of
110-fjer that can be nade by t he Kl enow ragment I fication
was Jcarrje o) i n eker ONbb ¢ 2@ 25 M 5 KCI 110 nivi
T o o preehefy f‘%%ﬁ‘érb%t% BHEH oot e R el e o

f ol Ifowi n‘gﬂrpﬁﬁ-rrer“s sgbotantpeity @*150‘*@@ 3’@@»0@9"07‘[-@?‘1?]#%-33"!11\#@ %-“aﬁ.fh IBNTR
and 5. 0 m%wnﬁeq %SVW&ES%%E . Ngo - 5%6%%&.»9@ Eﬁéuwna@r@aor

addift i onal repar ed containin . 5,
1.3.] or B Ui t9ieofll§akp peingREr S3RUEFRe ar‘rﬁr*$fr%5‘é@trl‘<éﬁ'%va%°~édrh—bdf oS in

t he It enpeRddubied PY duleN8o MBehitBppdasars bad wabey e:ndspPthdriewé ol |ukRgegycl e.
for |30 cycles: from70 to 98 C for 1 minute hold at [err] for 1 mnute from

~[err]] to 35, 45 0A1*55u§nf01r1.é mmﬁye #aelade@i 221 § fraqf oh€f rdnef @hndaingut e

from 35, 45 or 55 C.to [er foor 1
step was performec[i at 37°O, the temperature of Tag-catalyzed reactions

. had to be raised to about 70°C before the enzyme exhibited s1gmﬂcant

activity. During this transition from 37 to 70°C poorly matched

10 primer-template hybrids (which formed at 37°C) disassociated so that
by the time the reaction reached an enzyme-activating temperature,
only highly complementary substrate was available for extension. This
specificity also results in a greater yield of target seguence than
similar amplifications done with Klenow fragment because the non-

15 specific extension products effectively compete for the polymerase,
thereby reducing the amount of 110-mer that can be made by the Klenow
fragment. ' ) '

EXAMPLE XVII

Amplification was carried out of a sample containing 1 ug
20 Molt 4 DNA, 50 mM KC1, 10 mM Tris pH 8.3, 10 mM MgCl,, 0.01% gelatin,
ll‘M of each of the following primers (to amplify a 150 bp region):
5'-CATGCCTCTTTGCACCATTC-3'(RS79) and
5'-TGGTAGCTGGATTGTAGCTG-3'(RS80)
1.5 mM of each dNTP, and 5.0 units of Taq polymerase per 100 i
25 reaction volume., Three additional samples were prepared containing
2.5, 1.3, or 0.6 units of Tagq polymerase. The amplification was
carried out in the temperature cycling machine described above using
- the following cycle, for 30 cycles:
from 70 to 98°C for 1 minute
30 hold at 98°C for 1 minute
from 98°C to 35, 45 or 55°C for 1 minute

hold at 35, 45 or 55°C for 1 minute .
from 35, 45 or 55°C to 70°C for 1 minute -

hold at 70°C for 30 seconds /

i m




O 89/06691 roeijudorjuuisrs
hol 4 at [err] for 30 seconds At [err] annealing tenperature, the 2.5
uni §s/ 100 [err] Taq enzynme dilution gave the best-si gmHISSHEETHASBEEN | O by
agafgose gel el ectrophoresis over all other Taq pol yner aseREBAGED r at i ons.

At fferr] the 5 units/ 100 [err] Taq enzyne gave the be ' L=t o-noi se
ratijo over the other concentrations.- At78err], the 5 Hﬂlﬂgmiﬂmﬁm Taq
enzyne gave the best ngnaI -to-noise ratio overthe ot ns and
ovelf the [err] ankeaBn§ amded hincoveamperratere ,ThtheTagd. oryiks/ag8 mas WS e

spedi | cksdmdnGLia Ml G Jerekilih ResehalH o-exper iRatdie NIt 4

DNAfwas 10-Told seria | ute |ntot cell T ne GV\RO , contalnlng
no Het a-‘-’b?C'fdépth'@IléblW“SecﬁJdana@erav@qq AN oMErOIR t ﬁ@nmﬁ @fet i ¢ AUt ant

Cel I} Depgsig ora.y.kCafrdglrb1 ,MWOJG"'SQ‘XQ FhzVd | Qhve COACERLdAT SR IL eI ASiaRt | Ng
var i ng copj es per cel nplif'i cation Was _SArT | ed_out on_these sanples

as qescrTe® ionerhike ék-@ﬁﬁl @Tbﬁ‘"‘éﬁh‘é’eﬂﬂl-ng AEnperat GresSon eyt POand Ta&rr] .

At [lerr]enijfie beglvet hatheCannele SaeQnPY- ROAEPEEL ORIt ecivdphoresi sodtferl
copy in 50 cells. At [err], the be§t,that can be seen is 1/5, oo]o ceI_,ls (a

1004f ol dC?WGV%mﬁ!tS 308r over F’Gﬁ/\e?'sthWét 4R%)and | impEered i A

i mpqr t anTeq @l yierR@SREs MPEAL pd £ ETDLAHUB e 0T yTam pe sﬂ‘érr ase speCI f-
~icitly under these conditions. In a third experinent. DNA froma cell |ine

368H cont ai ni ng HnV-apQEl:éﬂaVc% rimeat | o moﬁr*om BNA Rlalsewvfa‘-’ﬂdakermlw

ver gi a diluted.,into the from
Vhe i Sl (BES il STane et SRefdnhi§ing gRs bedp® of'Cad

EBV-|t r ang¥ elrimeds bgiecee) | dvlamEammEYG@UStﬁeOF Hiden sicelibeicelMutant elcﬂeland

| acKi ng at yvarious,concentrati on resenti n

LV sequences ns ! Varyi ng
copilea_ pB¥esiisr 7o HARARSY Mt 2EPE et LT YsG BhPT i 2ERR T hBReFe fineL
Exarjpl e wdryimgeabpies t;&rme:reatl yr @asd odmpleirfiika tihwh [wasr ]c,aru$edlgodl1heorprt‘m3|es
SK3§ and @gﬁ whi 5 g R nee.

The |r esuT by a aér:%scgvgée ’é‘l gg%%oep)%@tpeg Aspgﬁ'%ﬁéﬁinf% ¥8§1e9ﬂ1[‘?-h§ ?ﬁr:l %@rted
368I-Pbsan41hd9 &6 Ld be Adet35@ @d the hbede that can be seen by agarose gel
electrophoresis is 1 copy in 50 cells. At 559C, the best that can be
seen is 1/5,000 cells (a 100-fold improvement over the lower
temperature), illustrating the Iimportance of increased annealing

- temperature for Taq polymergse specificity under these conditions.

20 - In a third experiment, DNA from a cell line 368H containing
HIV-positive ONA, available from B. Poiesz, State University of New
York, Syracuse, NY, was similarly diluted into the DNA from the SC1
cell line (deposited with ATCC on March 19, 1985; an EBV-transformed
beta cell line homozygous for the sickle cell allele and lacking any
HIV sequences) at various concentrations representing varying copies
per cell, and amplification was carried out as described in this
Example at annealing temperatures of 35°C and 559C, using the primers
SK38 and SK39, which amplify a 115 bp region of the HIV sequence:

s
s

L’ ' 5'-ATAATCCACCTATCCCAGTAGGAGAAAT-3'( SK38) and
0 5'-TTTGGTCCTTGTCTTATGTCCAGAATGC-3 '(SK39)

The results by agarose gel electrophoresis showed that only
the undiluted 368H sample could be detected with the annealing
temperature at 35°C, whereas at least a 1072 dilution can be detected

with the annealing temperature at 55°C, giving a 100-fold improvement
{'35 in detection. —
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0 8%/06@Hperature at 35[err] C. whereas at |east a [erl?fr{j[ij?utli on can

tected with the annealing tenperature at [err] grMBSISHEET HAS-BESN]
venment in detection. The foll ow ng bacteriophage andRERIACGED al strains
deposited with the Arerican Type Culture Collect) | awn

. Rockville, Mryland, USA (ATCC). These deposi s“%ﬁ@ﬁ%ﬂ“der t he
sions of the Budapest Treaty on thé& 9 nternationa nition of the

it of Mcroorganisns for purposes of Patent Procedure and the
ations ther e@helerf{1Bodapestbatierniopha gdepndi t bdetdrgradt i dirains wereCMCC

BATCQe%l%;\'/%g?e %églﬁ%ﬁgﬁgr%fype Culture Collection, %21326% ﬁ;gﬁiw&ﬂz
87 Brieve] i RDCOSNPECSHMaryland, YSA {ATCC). The3g2reposits gyer®] made
3?175%"8%{)!. i%gﬁ’é‘?%i%&%aﬂ she Budapest Treagy hOStne lotefde¥bngl oo
8 1.RepoONAigaqednddeeenas Hy of tHieremazansas DRI pay nAesLase ™ t Rateamas

hucl eobLARIrSCIHENG R RBSPMH 11Gns NGeRBUMHR raE BekisTRRYCNFSagi)ven in Figure 1.
'he DNA sequence of claim1, wherein said pol'ynerase has an amino acid

ence c8ePIFonding to (a) the 832 ami no acid sequence of Figure 1, (b)
hni n@eakanatienj dues 4 to 8EMCRINGEI gure 1; orAICC Ho. Degosit
CH35:Taq#-2 3125 403%,6 5/29/87
0 E.coli D698/ 3128 67422  5/29/87
priCa3
£. coli DGI8/ 3127 | 67421 5/29/87
PFC85 | o
E.coli DGIS ( NyNg3 2103 39789 8/7/84

15 C1857 susPao)/pFC54.t

E. coli DG116/pAW740CHB 3291 67605 1/12/88
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(c) ghe amno acid residues 290 to 832 of Figure 1. 3. The DNA sequence

accdqording to cl mmﬁgmlr“ to one third of the 5 coding sequence is
absgnt. 4. The y one of cIaimsltoS
i %ﬁ#@*ﬁ%ﬁ%h

Therjnus aquat i CUS* “DNA sequence gf any one of cl B
enc des an N-terminal nethionine. 6. Thé DNA sequence of an cl ai ms

1t n usion protein containing said
DNA sequence g‘o’ﬁﬁﬁg agt her nost abl e DNA pol yner ase mmlmllmmﬂ at | on

of tlhe t hernostabl e DNA pol ynerase havi ng the am no acid sequence referred
to ijn any one of clai ei al=G |0n|,.“>d,let n,
addifti on, substititi onnEoFe%ér)]othcmg{gt eér1a |on o e g%n noaac? S ?n sa‘?‘
ami o ac?dl Wenesm c éromx Tepmusor2 QUBST TISA havdast ¢ Gﬁ'ﬁéebﬁbl‘#ﬁarﬁ“v@a Ass
 Toai bl 04780y IWEOBE {ARCONST S 422)cne PESBS 1EATEC 7 542 1heand
mh S\J "% aﬁ Qas"o’b Bl TT/Hi ndl 11 fragment of pFCS3. the - 2.8
i ndHIWaAstlfB*ﬁngnent of pFC85 and the Bglll/Asp718 vector fragment
M 13+) 8. A reconbi nant vector conprising a DNA sequence accordi ng

ny one of claims 1 to 7, excet f he reconbi nant vectors
 Taq#4-2 (ATAS 401ns3@ene pptsd! a(‘)?\T%C éait HES) ngﬁ*%%aL'Z%‘T 698097 Oind

CH3

pLSEL (crHErmuaeda@fatiles: 750 bp [err] fragment of pFC83, the-2.8 kbp [err]
fra nt—of pFC85 and the Bgll1/Asp718 vector fragment of BSM 13+). 9. The
rec i nant vector of claim8 wherei.n said DNA sequence is in operable

| i nkpge with exnrsessima gené r@f Seqrepdcemat h8s thd ONATREGEEHcehaSt Fi@ire
ini a vecf) .according.to claim8 or 9. 11. The reconbi nant host
accor &lﬁ?ﬁ‘@'\ﬁnf‘m‘ﬁ °J-E coli. 12. A nethod for the

production of a reconbl nant thernostabl e DNA polyrrerase conprising the

ring of a host cell accordi to cl,aim10.or dISO at|n the
i nant enzy frorln t IHEN ﬁec?fng-nlésmf rzorﬁ"tcﬁ&@%l fs. po ymerase having '3
molecular weight of about 86,000-95,000 daltons.

5. The. gene of claim 4 encoding a polymerase having the
amino acid residues of 4-832 of Figure 1.

6. The gene 6f ¢laim 4 encoding a polymerase having the 832
5 amino acid sequence of Figure 1.

7. The gene of claim 2 encoding a polymerase having a
molecular weight of about 60,000-65,000 daltons.

8. The gene of claim 7 encoding a polymerase having the
amino acid residues 290-832 of Figure 1.

fo 9. A thermostable enzyme tha_t is a polymerase containing at
- least 50% homology to any contiguous stretch of nine or more amino
acids shown in Figure 1.

10. The thermostable polymerase of claim 9 wherein said
contiguous stretch of nine or more amino acids is selected from the

ps following sequences:
I

heet Has Been Replaced

I




: 7 PCT/US89/00127
13. 08IMS6Abd of clraimri2—wherein said reconbi nant therrmstlabl e/

pol yjrerase i s pr i.n. 3 heat-labile host, and wherein the medi um
contjai ni ng t he rliuﬁﬂ ﬂn ysat is treated by heat with tenperatures
in tjhe range of 72| er W] C. 14. A nethod for purifyin

a
t herjnost abl e pol ynerase whi ch conprises treating an H488HEET HARBEEN
contjai ni ng the thernostabl e pol ynerase with a hydrophobi%EplLﬁPEPact I on

supdort under conditions which pronote hydrophobic i : nd
el utl ng sai d ther edsteanidupsl Y Nef8%e from said supp“n"m"nmlm;ﬂ ent whi ch
att dnuat es hydrophobic interactions, wherein said thernostable pol'ynmerase
is produced by a Wdstreddrencd®rdihy to claim 10 or 11. 15. The method of
claijm 14, wherein t\he hy_draghp_b,j c.support is Phenyl Sepharose[err]. 16 The
met hpd of cl ai m 14 Jor 25 CUfhei®di-A86ai d hydr ophobi ¢ interactions are
provf ded by a buffer with an _;S%ngg,, strength corresponding to greater than
or efual to 0.05 M/Nat$2'<8pt i ‘oral Py sai d hydr ophobic interaction pronotion
condj tions being provided usiﬂ g-puffer containing greater than or equal
to 0l 2 M amoni umsdul F&'E¥1 77 °Tha° né"od of any one of clains 14 to 16,
whergin said elutign sgl.ven e 0-4 Murea gradient. 18. The nethod of
any pne of clai msf(i}4 t%sxfﬁ'?évmri?ﬁ'the aqueous m xture has previously been
enrighed In thernosta- ble polynerase activity-by heat-treating the medi um
conthi ning the enzyne ok, th | | t t] I

j conduct ed atZMt‘errpg?eat g’i’%@e' ‘sté’?\jg%%nggg%&q%?“fa%w %'fdgré%{%i’y

bei n | err] to 7
claim 1.

12, The enzyme of claim 11 which has a non-blocked amino
19 terminus.

13. The enzyme produced recombinantly from the gene of
claim 4.

14. The enzyme produced recombinantly from the gene of
claim 7. )

15 15, A stable enzyme composition comprising the enzyme of
claim 11 in a buffer comprising one or more non-ionic polymeric
detergents.

16 A method for purifying a thermostable polymerase which
comprises treating an aqueous mixture containing the thermostable
50 polymerase with a hydrophobic interaction support under conditions
which promote hydrophobic interactions and eluting said thermostable
polymerase from said support with a solvent which attenuates
" hydrophobic interactions. '

17. . The method of claim 16 wherein the hydrophobic
95 chromatographic support is Phenyl Sepharose. ‘ .
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18. The method of claim 16 wherein said hydropnobic

interactions are orovided by a buffer with an ionic strengtih

corresponding to greater than or squal o 0.05 M NaCi.

19, The method of <claim 18 whersin said thydrochobic

interaction ' promotion conditions ar orovided using a buffer

\n

a
containing greater than or equal to 0.2 M aimonium sulfate,

20. The method of claim 16 wherein said elution solvent
uses a 0-4 M urea gradient.

21, The method of claim 15 wherein the thermostabie
ﬁg pol ymerase is DNA polymerase isolated from Thermus aquaticus.

22. The method of claim 16 wherein said thermostable
polymerase is a recombinant enzyme.

23. The method of claim 22 wherein the aqueous mixture has
previously been enriched in thermostable polymerase activity by heat

5 . treating the cell lysate.

24. . The method of claim 23 wherein the heat treatment is
conducted at temperatures in the range of at least 45 C to about 90 C.

25. A method for purifying a recombinant thermostable
polymerase produced in a heat labile host cell which method comprises
P treating the cell lysate with temperatures in the range of at least 45
C to about 90 € and recovering the thermostable polymerase activity.

26. The method of claim 25 wherein said thermostable
polymerase is from Thermus aquaticus.
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