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PURIFIED THERMOSTABLE ENZYME AND PROCESS Fi
AMPLIFYING, DETECTING, AND/OR CLONING NUCLEIC ACID
SEQUENCES USING SAID ENZYME
1

The 'phesent-wjnvention relates td a purified thermostable
enzyme. In one embodimeht_the_enzyme is DNA polymerase purified from
Thermus aquaticus and has a molecular weight of about 86,000-90,000.

The present invention relates to a process for amplifying
existing nucleic acid sequences if they are present in a test samp1e

~and detecting them if present by using a probe. More specifically, it

relates to a process for producing any particular nucleic acid
sequence from a given: sequence of DNA or RNA in amounts which are

" large compared to the amount initially present so as to facilitate

detection of the sequences, using a ‘thermostable enzyme to catalyze
the reaction. The DNA or RNA may be single- or double-stranded, and
may be a relatively pure species or a cdmpdnent of a mixture of
nucleic acids. The process of the invention utilizes a repetitive
reaction to accomp11sh the amp11f1cat1cn of the desired nuc1e1c acid

Extens1ve research has been conducted on the isolation of
DNA polymerases from me50ph111c microorganisms such as E. coli. See,

for example, Bessman et al., J. Biol. Chem. (1957) g§§_171-177_and

Buttin and Kornberg (1966) J. B101.'Chém. 241:5419-5427.

In contrast,'re1ative1y little investigation has been made
on the 1so1at1on and purif1cation of .DNA polymerases from
thenmoph11es, such as Thermus aquaticus. Kaledin et al., Biokhymiya
(1980) 45 644-651 discloses a six-step isolation and pur1f1cat10n

e

procedune of DNA polymerase. from cells of T aquaticus YTl strain.
These steps involve isolation of_ crude extract; DEAE:=cellulose

:chromatography, fractionation on hydroxyapatite, fractionation on

DEAE- cel]u]ose, and . chromatography on single-strand DNA-cellulose.

‘The pools . from .each: stage were not screened for contaminating endo-

and exonucTease(s) The molecular weight of the purified enzyme is
reported as. 62, 000 da]tons per monomeric un1t.

A second pur1f1cat10n scheme for a polymerase from T.

guat1cus 1s described by A. Chien et al., J. Bacteriol (1976) B

) ,._—-—-——- [ —
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127:1550-1557. In th1s process, the crude extract is applied to a

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) 1is added to

prevent 1oss_of_pb1ymerase aetivity. The resulting mixture is loaded -

on a DNA-cellulose column. The pooIed'materiaI from the column is
dia]yzed and analyzed by gel filtration to have a molecular weight of

“about 63 000 daltons, and, by sucrose gradient centrifugation of about

68 000 da1tons

The use of a thermostable enzyme to amplify ex1st1ng nucleic
ac1d sequences 1in amounts that are large compared to the amount
initially present has ‘been suggested in European Pat. Pub. No. 200, 362
gggj1shed December 10 1986. Pr1mers, nucleotlde trxphosphates, and a
pp1ymerase are used in the process, which involves denaturation,
synthesis of template strands and hybridization. The extension
product of each primer becomes a template for the production of the
desired nucleic acid sequence. The application discloses that if the
polymerase employed is a thermostable enzyme, it need not be added

after every denaturation step, because the heat will not destroy its

activity. No other advantages or details are provided on the use of a
purified thermostable DNA polymerase. The amplification and detection
process is also described by Saiki et al., Science, 230:1350-1354
(1985), and by Saiki et al., Bio/Technology, 3:1008-1012 {1985).

Accordingly, there is a desire in the art to produce a
purified, stable thermostable enzyme that may be used to improve the
diagnostic 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 ONA
polymerase from Thermus aquaticus and has a molecular weight of about
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36, OOD 99,000 daltons. This purified material may be used in a

teascrature-cycling  amplification reaction wherein nucleic acid

(‘.

1upnges are produced from a given nucleic acid sequence in amounts
that are large compared to the amount fnitially present so that they
can be detected easily. _

‘The gene encoding the enzyme from ODNA polymerase from
Thermus aquaticus has also been identified and provides yat another
;;;hs to retrieve the thermostable enzyme of the present invention,
In addition to the gene encoding the approximately 86-000-90,000

dalton encyna, geéne derivatives encoding ONA polywerase activity are

also presentad,

The invention also en“ﬂyasses a stadle enzyme
composition comprising a purified, thermostadble enzyme as descrided
above in a buffer containing one or more non-ionic solymeric

detargents.

The purified enzyme, as well as the enzymes groduced by
recombinant ONA tachniques, provide much more spacificity than the
Xlenow fragment, which is not thermostable. In addition, the purified
Edﬂjhﬁ.iﬂd the recunbinantly oroducad enzymes exhibit the appropriate
activity exyeuted when d1TP or other nuc:e0t1de triphosphates are not
oresent in the 1nrubat1on mixture with the DNA template. Also, the
ERZyT m:s herein have a broader pH profile than that of the thermestable
enzyme from Thermus aquaticus described in the literature, with more
than 5C% “of the activity at pH 7 as at pH 8. In additign, the
thnr*csfab1e enzyme herein can be stored in a buffer with non-fonic

detergents so that it is stible, not Tos1n; activity cver a period of
ti

=3
-

The present invention residés in a process for amplifyfng

sne or acre specific nuclaic acid sequences present ia a nucleic acid

or mixture thereof using primers and a thermostable enzyme. The
extensien product of one primer when hybridfzed to the other becomes a
-m>late for fhe production of the desired specific nucleic acid
equ ence, and vice versa, and the process is repeated as often as is
ecessary to produce the desired amount of the sequence. the ﬂethod

This Sheet Has Been Reﬁlaced

R




10

15

20

25

30

THIS SHEET HAS BEEN.
REPLACED

R 111111111
herein improves the specificity of the amp1%fication reaction,
resulting in a ‘very distinct signal of amplified nucleic acid. - In
addition, the method herein eliminates the need for transferring
reagents from one vessel to another after each amplification cycle.
Such transferring is not required because the thermostable enzyme will
withstand the high temperatures'required to denature the nucleic -acid
strands and therefore_ does not need replacement. The temperature

cycling may, in addition, be automated for further reduction in

manpower and steps required tb'effectuate the amplification reaction.

‘More Spec1f1ca11y, the present ‘invention provides a process
for amp11fy1ng at least one specific nucleic acid sequence contained

in a nucleic acid or a mixture of nucleic acids, wherein if the.

nuclteic acid is double-stranded, it consists of two separated
complementary strands of equal or unequa] length, which process
comprises: '

(a) contacting each nucleic acid strand with four different
nucleotide triphosphates and one oligonuclieotide primer for each
different specific sequence being amplified, wherein each primer is
selected to be substantially complementary to different strands of
each specific'sequehee, 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
primer, said contacting being at a temperature which 'promotes
hybridizatfon of each primer to its ¢omp]ementany nucleic acid strand;

~(b) contacting each nucleic acid strand, at the same time
as or after step (a), with a thermostable enzyme which enables
combination of the nucleotide triphosphates to form primer extension
products complementary to each strand of each nucleic acid;

(c) maintaihing the mixture from step (b) at an effective

temperature' for an effective time to activate the enzyme, and to

synthesize, for each different sequence being amplified, an extension
product of each primer which is complementany to each nucleic acid
strand template, but not so high (a temperature) as to separate each
extension product from its compIementany strand template;

. This Sheet Has Been Replaced

R T

10

15

20

25

30

m o,

N

~ -



10

15

-5-

(d) heating the mixture from step (c) for an effective time
and at an effective temperétufe to separate the primer extension
products from the templates on which they were synthesized to produce
single-stranded molecules, but not so high (a temperature) as’ to
denature irreversibly the enzyme; | '

(e) cooling the mixture from step (d) at an effective
temperature for an effective time to promote hybridization of each

~ primer to each of the single-stranded molecules produced in step (d);

and .

(f) - maintaining the mixture from step (e) at an effective
temperature for an effective time to promote the 'activity of the
énzyme and to synthesize, for each different sequence being amplified,
an extension product of each'primer.which is complementary to each
nucleic acid strand template produced in step (d), but not so high (a
temperature) as to separate each extension product from its
complementary strand template, wherein steps (e) and (f) are carried
out s1mu1taneously or sequentially.

The steps (d), (e) and (f) may be repeated until the desired -

 level of sequence amplification 1is obtained. The preferred

20

25

30

thermostable enzyme herein is a polymerase extracted from Thermus
aquaticus (Taq polymerase). Most preferably, if the enzyme is Tag
polymerase, in step (a) the nucleic acid strands are contacted with a
buffér comprising about 1.5-2 mM of a magnesidm salt, 150-200 yM each
of the nucleotides, and 1 uM of each primer, steps'(a), (e) and (f)
are carried out at about 45-58°C, and step (d) is carried out at about
90-100°C. '

In a preferred embodiment, the nucleic.acid(s) are double-

~ stranded and step (a) is_accomp1i$hed by (1) heating each nucleic acid

in the presence of four different nucleotide triphosphates and one

IOIigonucleotide primer for each different specific sequence being

amplified, for an effective time and at an effective temperature to
denature each nucleic acid, 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,
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when it is separated from its complement, can serve as a template for
synthesis of the extension product of the other primer; and (ii)
cooling the denatured nucleic acids to a temperature which promotes
hybridization of each primer to its complementary nucleic acid strand.

5 _ In otber embodiments the invention relates to a proceSs for
detecting the presence or absence of at least one specific nucleic
acid sequence in a sample containing a nucleic acid or mixture of
nuc]eic ‘acids, or d1st1ngu1sh1ng between two different sequences in
said sample, wherein the sample - is suspected of containing said

10 sequence or sequences, and wherein if the nucleic acid(s) are double-
stranded, they each consist of two separated complementary strands of
equal or unequal length, which process comprises steps (a) to (f)
mentioned above, resulting in amplification in quantity of the
specific nucleic acid sequence(s), if present; '

15 - (g adding to the 'produCt of step (f) a labeled

oligonucleotide probe, for each sequence being detected, capable of
hybridizing to said sequence or to a mutation thereof; and

(h) determining whether said hybridization has occurred.

In yet another embodiment the invention relates to a

20 process for ‘detecting the presence or absence of at least one
" nucleotide variation in sequence in one or more nuc1e1c ac1ds
~ contained in a sample, wherein if the nucleic acid is double-stranded

it consists of two separated complementary strands of equal or unequal
length, which process.comprises steps (a)-(f) mentioned above, wherein

25 steps (d), (e) and (f) are repeated a sufficient number of times to

result in detectable amp]1ficat1on of the nuc1e1c ac1d contain1ng the
sequence, if present;

(g) affixing the product of step (f) to a membrane;

(W) treating the membrane under hybridization cond1t1ons

30 with a labeled sequence- specific oligonuclieotide probe capable of

hybridizing with the amplified nuclefc acid sequence only if a

sequence of the probe is comp1ementany to a region of the amp11f1ed

‘sequence; and
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(i) detecting whether the prade has hybridized to an
amplified sequence in the nucleic acid sample.

If .the sample comprises cells, oreferably they are heated
bafore step {a) to expose the nucleic acids therein to the-reagents.
This step avoids extraction of the nucleic acids prior tq' reagent
addition. = | '

In a variation of this process, the primer(s) and/or
nucteotide triphosphates are labeled so that the resulting amplified
sequence is labeled. ~ The labeled primer(s) and/or nucleotide
triphosphate(s) can be present in the reaction mixture finitially or
Added during a later cycle. The sequence-specific oligonucleotide
(unlabeled) is affixed to a memdrane and treated under hybridizaticn
conditions with the labeled ampTification product so  that
hybridization will occur only if the membrane-bound sequence is
cresent ia the amplification product.

In yet another embodiment, the invention harein relates to a

process for cloning into a cloning vector one or more specific nucleic

acid sequences contained in a nucleic acid or a mixture of nucleic
jcids, which nucleic acidls) when double-stranded consist of *two
sezarated  complementary straads, and which nucieic acid(s) are’
amplified in quantity before cloning, which process comprises steps.
f2)-(f) menticned above, with steps (d), (e) and (f) being repeated a
sufficient number of times to result in detectadble amplification of
the nucleic acid{s) containing the sejuence{s);

- {g) adding to the product of step (f) a restricticn enzyme

- for each of said restriction sites to obtain cleaved products in a

restriction digest; and

(h) ligating the cleaved product(s) of step (g) containing
the specific sequence(s) to be cloned into one or more cloning vectors
containing a proemoter and a selectable marker.

In afurther embodiment, the invantion herein relates to a
process for cloning into a cloning vector one or more specific nuclei¢
cid seogusnces contaired in -2 aucleic acid or miscture of nucleic
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acids, which nucleic acid(s), when double-stranded, consist of two
separated complémentary strands of ~equal or unequal length which
nucleic acid(s) are amplified in quantity before c¢loning, which
process comprises steps (a)-(f) mentioned above, with steps (d), (e)
and (f) being repeated a sufficient number of times to result in
effective amplification of the nucleic acid(s) containing the
sejuence(s) for dlunt-end ligaticn into one or more cloning vectors;

and

{3) ligating the amplified specific sequence(s) to be
cloned obtained from step (f) into one or more of said cloning vectors
in the presence of a lijase, said amplified sequence(s) and vector(s)
Seing present in sufficient amounts to effect the ligation.

~In a product embodiment, the invention provides a
composition of matter useful in amplifying at least one Speciffc
nucleic acid sequance contained in a nucleic acid or a wmixture of
nucleic acids, comprising four different nucleotide triphosphates and
one oligonucleotide primer for each different specific sequence being

—ry

-,--".:,:1 i
conplaventary to diffarent strands of cach specific sezuence, such
that the extension'preduct synthesized from ona primer, w«hen it fis
separated from its compiesent, can secve as a itempliate for synthesis
of the exte: ,ion product of the other primer.

In another product embodiment, the inveation provides a

sample of ¢ne or mcre nucleic acids comprising myltiple strands of a

specific nucleic acid sequence contained in the nucleic acid{s). The

zmple may comdrise about 10-100 of the strands, about 100-1000 of the
strands, or over about 1000 of the strands.

In a further Droduct' embodiment, the invention provides an
anplified nucleic acid ssquence from a nucleic acid or mixture of
nucleic acids comprising muTtiple copies of the sequence produced by
the amplification processes herein.

Figire 1 is a restriction site map of plasmid pFC83 that

‘contains the ~4.5 kb HindlII Thlgquatiqgg DNA insert subcloned into

plasmid 8SM13+,
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Figure 2 is a restriction site map of plasmid pFC85 that
contains the ~2.8 kb HindIII to Asp718 T. aquaticus DNA .insert
subcloned into plasmid BSM13+.

As used herein, "cell", "cell line", and "cell culture" can
be used interchangeably and all such designations include progeny.
Thus,  the words "transformants” or “transformed cells" includes the
primary subject cell and cultures derived therefrom without regard for
the number of transfers. It is also understood that all progeny may
not be precisely “identical in DNA content, due to deliberate or
inadvertent mutations. Mutant progeny that have the same

functionality as screened for in the originally transformed cell are

included.

The term ‘“control sequences" refers to DNA sequences
necessary for the'expression of an operably linked coding sequence in
a particular host organism. The control sequences that are suitable
for procaryotes, for example, include a promoter, optionally an

~ operator sequence, a ribosome binding site, and possibly, other as yet

poorly understood sequences. Eucaryotic cells are known to utilize
promoters, polyadenylation signals, and enhancers.

The term ‘"expression system" refers to DNA sequences
containing a desired coding sequence and control sequences in operable
linkage, so that hosts transformed with these sequences are capable of
producing the encoded proteins. In order to effect transformation,
the expression system may be included on a vector; however, the
relevant DNA may then a1so be integrated into the host chromosome.

The term "gene" as used herein refers to a DNA sequence that
encodes a recoverable biocactive polypeptide or precursor. The

polypeptide can be encoded by a full-length gene sequence or any

portion of the coding sequence so long as the enzymatic activity is
retained.

" “"Operably linked" refers to Jjuxtaposition such that the
normal function of the components can be perfohmed. Thus, a coding
sequence ‘"operably linked" - to control sequences refers to a
configuration wherein the coding sequences can be expressed under the
control of the sequences.
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“Non-ionic po'lymeric detergents" refers to surface-active
agents that have no ionic charge and that are characteriZed, for
purposes of this invention, by their ability to stabilize the enzyme
herein at a pH range of from about 3.5 to about 9.5, preferably from 4
to 8.5. :

_ 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

or use of the oligonucleotide. The oligonucleotide may be derived
synthetically or by cloning.

The termr "primer" as used herein refers to an
oligonucleotide, whether occurring naturally as 1in 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 induced, i.e., in the .

presence of four different nucleotide triphosphates and thermostable
enzyme in an appropriate buffer ("buffer” includes pH, fonic strength,
cofactors, etc.) and at a suitable temperature. For Taq polymerase
the buffer herein preferably contains 1.5-2 mM of a magnesfum salt,
preferably Mgc12, 150-200 uM of each nucleotide, and 1 uM of each
primer, along with preferably 50 mM KC1, 10 mM Tris buffer, pH 8-8.4,
and 100 pg/ml gelatin. -

The primer 1is preferably single-stranded for maximum
efficiency 1in amplification, but may' alternatively be double-
stranded. If double-stranded, the primer is first treated to separate
its strands before being used to prepare extension products.
Preferably, the primer is an oligodeoxyribonucleotide. The primer
must be sufficiently Tong to prime the synthesis of extension products
in the presence of the thermostable enzyme. The exact lengths of the
primers will depend on many factors, including temperature, source of
primer and use of the method.  For example, depending on the
complexity of the target sequence, the oligonucleotide primer
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typica11y contains 15-25 nuc1e0t1des, although it may contain more or
fewer nucleotides. Short primer molecules generally require cooler
temperatures to form sufficiently stable hybrid complexes with
_tempIaté; '

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
.témplaté. For example, a non-complementary nucleotide fragment may be
attached to the 5' end of the primer, with the remainder of the primer
sequence being complementary to the strand. Alternatively, non-
compIementany bases or longer sequénces 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 complementarlty 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. |

As used herein, the temm "DNA polymorphism" refers to the
condition in which two or more different nucleotide sequences can
exist at a particular site in DNA. :

As used herein, the term "nucleotide variation in sequence"
refers to any single or multiple nucleotide substitutions, deletions
or insertions. These nucleotide variations may be mutant or
polymorphic allele variations. Therefore, the process herein can
detect single nucleotide changes in nucleic acids such as occur in 8-
globin genetic diseases caused by single-base mutations, additions or
deletions (some g-thalassemias, sickle cell anemia, hemoglobin C
disease, etc.), as well as multiple-base variations such as are
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ihvolved with a-thalassemia or some B- ~thalassemias. In addition, the

-process herein can detect po1ymorph1sms, which are not necessarﬂy
" associated with a disease, but are merely a condition in wl'nch two or
more different nucleotide sequences {whether having subst1tuted
5 deleted or 1nserted nucleotide base pairs) can exist at a particular
site in the nuc1e1c acid in the population, as with HLA regions of the
human genome: and random polymorphisms such as m1tochondr1 al DNA. The
polymorphic sequence-spemﬁc_ ohgonucleohde probes described in:
detail hereinafter may be used to detect genetic markers linked to a .
10 disease such as insulin-dependent diabetis mellitus or in forensic
applications. 1If the nucleic acid _i's double-stranded, the nucleotide
variation .ih sequence becomes a base pair variation in sequence.

- The term "sequence-specific oligonucleotides" refers to

oligonucleotides which will hybridize to specific sequences whether or
15 not contained on alleles, whﬂich'sequences span the base pair variation
being detected and are specific for the sequence variation being'
detected. Depending on the sequences being ana'lyzed,
sequence-specific nut1eotides_may ‘be “employed for eéch sequence, as

. described further hereinbelow. ~ -

20 As used herein, the the term ‘"restriction fragment length

po1ymorphism
the 1lengths of restr'iction fragments formed by d1gest1on with a

particular restr1ct1 on endonuclease.

: As used herein, the tem “themtostab'le enzyme" refers to an
25 enzyme which is stable to heat and is heat resistant and catalyzes

{facilitates) combination of the nucleotides in the proper manner to

form the primer extension products that are complementary to each

nucleic acid strand. Ge_néraﬂy, the synthes_is will be initiated at

the 3' end of each primer and will proceed in the 5' direction along -

30 the template strand, until synthesis terminates, producing molecules
of different 1eng1:hs; There may be a thermostable enzyme, however,
~which initiates synthesis at the 5' end and proceeds in the other

o di rectwn, using the same process as descnbed above.
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"~ The thermostable enzyme herein must satisfy a s1ngle
cr1ter1on to be effectwe for the amplification reaction, i.e. E the
enzyme must not become irreversibly denatured (inactivated) when

_subJected to the elevated temperatures for the time necessary to

effect denaturation of double-stranded nucleic acids. Irreversible

. denaturation for purposes herein refers to permanent and compliete loss

of enzymatic -activity. The heating conditio'ns_ necessary for

_denaturation will depend, e.g., on the buffer salt concentration and

the length and nucleotide composition of the 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.  Higher temperatures may be

tolerated as the buffer salt concentration and/or GC composition of

the nucleic acid is inereased. Preferab]y, the enzyme will not become

1rrevers1bly denatured at about 90-100°C.

The thermostable enzyme herein preferab'ly has an optimum

- temperature at which it functions that is h1gher_' than about 40°C,

20

25

- 30

35

which is the temperature below which hybridization of primer to
template is promoted, although, depending on (1) magnesium and salt
concentrations and (2) composition and length of primer, hybridi_z'ation

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 prime.r-di rected extension process. However,
enzymes that are active below 40'°C, e.g., at 37°C, are also within the
scope- of this invention provided they are heat-stable. Preferab'l'y,'
the optimum temperature ranges from about 50 to 90°C, more preferably
60-80°C.

The thermostable enzyme herein may be obtained from any
source and may be a native or recombinant protein. Examples of
enzymes that have been reported in the literature as being resistant
to heat include heat-stable polymerases, such as, e.g., polymerases
extracted from the thermophi]ic bacteria Thermus flavus, Thermus

ruber, Thermus thermmophilus, Bacillus stearothermophﬂus (which has a'_'
‘somewhat lower temper_ature optimum  than the others listed), '_I'he_nnus'

aquati cus, Thermus Jacteus, Thermus rubens, and Methanothermus
fervidys. o ' ' '
—2vidus,
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, 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,

10

15

20

25

~and by T. Oshima, Arch. Microbiol. (1978) 117: 189-196. One of these

preferred strains is strain YT-1.

For recovering the native protein the cells are growh using"

any suitable technique. One such technique is described by Kaledin et

al., Biokhimiya (1980), supra. Briefly, the cells are grown on a
medium, in one liter, of nitrilotriacetic acid (100 mg), tryptone (3

g), yeast extract (3 9, succ1nic acid (5 g), sod1um sulfite {50 mg),
riboflavin (1 mg), KoHPO, {522 mg), MgS0,(480 mg), CaCl, (222 mg),
NaCI (20 mg), and trace elements. The pH of the medium is adjusted to

8. 0 t 0.2 with KOH  The yield s increased if cultivated with

vigorous aeration up to 20 g/liter of cells at a temperature of
70°C. Cells in the late logar1thm1c stage (determined by absorbance
at 550 nm) are collected by centr1fugat1on washed with a buffer and

stored frozen at -20°C

In another method for growing the cells, descr1bed in Ch1en
et al., J. Bacteriol. (1976), supra, a defined mineral salts med1un
containing 0.3% glutamic acid supp1emented'with 0.1 mg/1 biotin, 0.1
mg/1 thiamine, and 0.05 mg/1 nicotinic acid is employed. The salts
include nitrilotriacetic acid, CaS04, MgSO4, NaCl, KNO3, NaNO3, ZnSO4,
H3B03, CuSQ4, NaMoO4, Coc12, FeCl3, MnSO4, and NayHPO4. The pH of the
medium is adjusted to 8.0 with NaOH.

In the Ch1en et al. techn1que, the cells are grown initially

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

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

30

enzyme take place in six stages, each of which is carried out at a

placed iﬁ_ hot-air incubators. Sterile air is bubbled through the

cultures and the 'tempereture maintained at 75°C. The cells are
allowed to grow for 20 hours before being co]1ected by centrifuge. '

After cell growth, the isolation and purification of the

| temperature below room;temperature, preferably about 4°C.
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In ‘the first stage or step, the cells, if frozen, are
‘thawed, d1s1ntegrated hy ultrasound suspended 1n a buffer at about pH
7.5, and centrifuged.

In the second stage, the supernatant is collected and then
fractionated by add1ng a salt such as dry ammonium sulfate. The

| appropriate fraction (typically 45-75% of saturation) is collected,

dissolved in a 0.2 potass1um phosphate buffer preferab]y at pH 6.5,
and dialyzed against the same buffer.

The th1rd step removes nucleic acids and some protein. The
fraction from the second stage is applied to a DEAE-cellulose column

~ equilibrated with the same buffer as used above. Then the column is

waShed'with_the same buffer'and the flow-through protein-containing

, fractions, determined by absorbance at 280 nm, are collected and
"~ dialyzed against a 10 mM potassium phosphate buffer, preferably with

the same ingred1ents as the first buffer, but at a pH of 7.5.

In the fourth step, the fraction so collected is app11ed to
a hydroxyapatite column equi11brated w1th the buffer used for dialysis
in the third step. The column is then washed and the enzyme eluted

: w{th-a linear gradient of a buffer such as 0.01 M to 0.5 M potassium-

20

phosphate buffer at pH 7.5 containing 10 mM 2-mercaptoetnanol and 5%

" glycerine. The pooled fractions containing thermostable enzyme (e.g.,
~ DNA polymerase) activity_are dialyzed against the same buffer used for

- 25

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 coTumn_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

30

‘thermostable enzyme activity are then tested for contaminating

deoxyribonucleases (endo- and exonucleases) using any . suitable
procedure. For example, the endonuclease act1v1ty may be detenm1ned
electrophoretically from the change in molecular weight of phage A DNA
or supercoiled plasmid DNA after ‘incubation with an excess of DNA
polymerase. S1m11ar1y, exonuc1ease act1v1ty may be detenmined
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'electrophoret1ca11y from ‘the change in molecular we1ght of DNA after

treatment with a restr1ct1on enzyme that cleaves at severa1 sites.

"The fract1ons determ1ned to have no deoxyr1bonuc1ease

activity are poo1ed and d1a1yzed aga1nst the same buffer used in the
- third step.

In the s1xth step, the pooled fractions are placed on a

'phosphoce11u1ose column with a set bed vo!ume. The column is washed
and the enzyme eluted with a Tinear gradtent of a buffer such as 0.01

" to 0.4 M KC1 in a potassium phosphate buffer at pH 7.5. The poo1ed'

15

20

25

30

fractions having thermostab1e polymerase activity and no
‘deoxyribonuclease activity are dialyzed against a buffer at pH 8.0.

The molecular weight of the dia1yzedd_product_ May':be
determined by any technique, for example, by SDS PAGE using protein
moletular' weight markers. The molecular weight of one of the
preferred enzymes herein, the DNA po1ymerase purified from Thermus

aquaticus,. is determined by the above method to be about 86 000-90,000

_daltons.

The thenmostable enzyme of this invention may also be

-produced by recomb1nant ‘DNA techniques, as. the gene encoding this

enzyme has been cldned from Thermus aquaticus genqm1c DNA. The

complete coding'sequence for the Thermus agquaticus (Tag) polymerase

can be derived from bacteriophage CH35:Tag#4-2 on an apprqximate1y 3.5

kilobase (kb) BglII-Asp718 (partial) restriction fragment contained
‘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. 40,336. - Alternatively, the gene can be

constructed by ligating an ~750 base pair (bp) BglII-HindIII

restriction fragment isolated from plasmid pFC83 (ATCC 67,422

~deposited May 29, 1987) to an ~2.8 kb HindIII-Asp718 restriction

fragment isolated from plasmid pFC85 (ATCC 67,421 deposited May 29,
1987). The pFC83 restriction fragment comprises the amino-term1nus of
the Taq po]ymerase gene while the restriction fragment from pFC85

comprises the carboxyl-terminus. Thus, 1ligation of these two -

fragments 1into a correspondingly digested'-veCtor with appropriate
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contro‘l sequences will resu1t in the trans'latwn of “\\ ength Taq
polymerase. _

It has also been found that the entire coding sequence of
the Taq polymerase gene is not required to recover a biologically
active gene product with the desired enzymatic activity.  Amino-
_.tennin_al de]eti_ons wherein approximately one-third of the coding
sequence is absent has resulted in prodUCing a gene product that is
quite act'ive in polymerase assays. '

In addition to the N- terminal deletions, individual amino
ac1d residues in the peptide chain comprising Taq polymerase may be
-modified by oxidation, reduction, or other derivatization, and the
protein may be cleaved to obtain fragments that retain activity. ~Such
alterations that do not destroy activity do not remove the DNA
sequence encoding such protein from the definition of gene. |

'Thus, mod1fications to the pr1mary structure itself by
de'let1on, addition, or alteration of the amino acids incorporated into-
the sequence during translatmn can be made without destroying the .
activity of the protein. Such substitutions or other alterations
result in proteins having an amino acid sequence encoded by DNA
falling within the 'contemp.‘lated scope of the present inventi on.

Po1_yclona1 antiserum  from rabbits immunized with the

'- pur1f1ed 86 000-90,000 dalton polymerase of this invention was used to

probe a Thermus aquaticus partial genomc expression 11brary to obtain
the appropr'late coding sequence as described below. The cloned

genomic sequence can be expressed as a fusion polypept1de, expressed

d1rect1y using 1its own control sequences, or expressed by

-constructions using contro'l sequences appropriate to the part1cu1ar

30

host used for expression of the enzyme.

Of course, the avai'labihty of DNA encoding these sequences
provides the opportunity to modify the codon sequence so as to
generate mutein forms a1so having DNA polymerase activity.

Thus, these tooTs can prov1de the complete coding sequence
for Taq DNA po1ymerase from which expression vectors apphcable to a

R \\ll I
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Variety of host systems can be constructed and the coding sequence

' expressed It is also evident from the foregoing that portions of the

Taq poTymefase-enéoding sequence are useful as probes to retrieve

other thermostable polymerase-encoding sequences in a variety of _
- species. Accordingly, portiohs of the genomic DNA encoding at Jeast

~'six amino acids can be replicated in E. coli and the denatured forms

10

used as probes or oligodeoxyribonucleotide probes can be synthesized
which encode at least six amino acids and used to retrieve additional
DNAs encoding a thermostable polymerase. Because there may not be a’

precisely exact match between the nucleotide sequence in the Thermus

aquaticus form and that in the corresponding portion of other species,
oligomers ‘containing approximately 18 nucleotides (encoding the six

"am'ino_ acid stretch) are probably necessary to obtain hybridization

15

under conditions of sufficient stringency to e1iminate - false

positives The sequences encoding six amino acids would supp]y

“information sufficient for such’ probes.

20

25

30

Suitable Hosts, Control Systems and Methods |

In general temms, the production'of a recombinant fonn'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
additionel sequence cleavable under controlled conditions (such as
treatment with peptidase) to give an active protein. If the sequence
is 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
suitable host and the transformed host cultured under favorable
conditions ~ to effect the production of the recombinant Tagq
polymerase. Optionally the Taq polymerase is isolatéd from the medium
or from the cells; recovery and purification of the prote1n may not be
necessaty in some instances, where some impurities may be to1erated.
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Each of the foregoing steps can be done 1n a variety 'of
ways. For example, the desired coding sequences may be obtained from
genomic 'fragments and 'uSed' direct1y in appropriate hosts The
constructions for expression vectors operable in a var1ety of hosts

~are made using appropr1ate replicons and control sequences, as set_-

forth below.  Suitable restriction sites can, if -not normally
‘available, ‘be added to the ends of the coding sequence so as to

.prov1de an exc1sab1e gene to insert into these vectors.

"The  control sequences, express1on vectors, and
transformat1on methods are dependent on the type of host cell used to
express the gene. Generally, procaryotic, yeast, insect or mamma11an:
cells are presently useful as hosts. Procaryotic hosts are in general
the most efficient and convenient for the production of recombinant
proteins and therefore preferred for the expression of Tag polymerase.

In the particuiar_caSe'of'Taq po1ymerase, evidence indicates
that considerable deletion at the N-terminus of the protein may occur

- under both recombinant and_native conditions, and that the activity of

the protein is still retained. It appears that the native proteins
isolated may be the result of. proteo]ytic degradation, and not
translation of a truncated gene. : The mutein produced from the
truncated gene of plasmid pFCBSIis,'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 are active, the gene' constructs used or expression of the

polymerase may also include the correspond1ng shortened forms of the
coding sequence. . . i

. Contro1 Sequences_and Corresponding Hosts

30

. Procaryotes most frequently are represented by various
strains of E. coli. = However, other microbial strains may also be
used, such as bacilli, for example, Bacillus subtilis, various species
of Pseudomonas, or other bacterial strains. In such procaryotic

- systems,. plasmid vectors that contein'replication sites and control

sequences derived from a species competible_with the host are used.

I
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.F.or example, E. coh is typ1ca'!1y transformed I\"MJ”M#]EQJ s of

_pER322, a plasm1d derived from an E. coli Specles by Bolivar, et al.,

'pBR322 contains genes for ampicillin and tetra-

"~ ¢ycline resistance, and thus provides additional markers that can be
in constructing -the desired vector.

.5 either reta1ned__or destroyed

Commonly used'procaryotic control sequences, which are defined herein

to include promoters for transcription initiation, optionally with an
include such

0 (lac) promoter systems (Chang, et al.,

15

- system described by Chang, et al.
196,864 published October 8,

20

" may also be used as hosts. |

cerevisiae, Baker's yeast;_are_mbst'used,_altheugh a number of other
' While vectors employing the 2 micron
' Meth.

25

30

operator,

along with ribosome binding site sequences,

“commonly used;promoters as the g-lactamase (penicillinase) and lactose
Nature (1977) 198:1056),

the

“tryptophan (trp) promoter system (Goeddel, et al., Nucleic Acids Res.
(1980) 8:4057) and the lambda-derived PL promoter (Shimatake, et al.
Nature (1981) 292 128) and N- -gene ribosome binding site, wh1ch has

been made useful as a portable controI_cassette, which comprises a

first DNA sequence that is the P_ promoter operably linked to a second
"DNA sequeﬁce corresponding to NRBS'upstremn'of a third DNA sequence
having at least one restriction site that permits cleavage within six
Also useful is the phosphatase A {phoA)

bp 3' of the Npgg sequence.

be used.

_strainstare commqn1y available.
origin of replication are illustrated (Broach,
other plasmid vectors suitable for yeast expression
- are known (see, for example, Stinchcomb, et al., Nature (1979) 282:39,
et al., Gene (1980) 10:157 and Clarke, L., et al.,

Control sequences for yeast'vectors include

promoters for the synthesis of g]ycoTytic enzymes (Hess, et: al.,.g;
Adv. Enzyme Reg. (1968) 7 149; Ho!land et al., Biotechnology (1978)

(1983) 101:307),

lTschempe,
‘Enz. (19

in European Patent Pubjication No.

'1986 assigned to the same assignee.
However, any available promoter system compatib]e with procaryotes can

“In addition to bacteria, eucanyotic microbes, such as'yeaSt,
Laboratory strains of Saccharomyces

83) 101:300).

' 17 4900).
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Additional promoters known in the art 1nc1ude the promoter

for 3- phosphog]ycerate kinase (Hitzeman, et al., J. Biol. Chem. (1980)
255 2073) and those .for other _egcolyt1c enzymes, such as
t | _g]ycera\dehyde-3-phosphate dehydrogenase, hexdkinase, pyruvate
5 decarboxy1a$e,'phosphofroctokinase, glucose-6-phosphate isomerase, 3-
phosphoglycerate mutase, oyruvate kinase, triosephosphate isomerase,

-

n phosphoglucose isomerase, and glucokinase. Other promoters that have
h the additional advantage of  transcription contro11ed by growth
e _ cond1t1ons are the promoter regions for a1coho1 dehydrogenase 2,
e 10 isocytochrome C, acid phosphatase, degradat1ve enzymes associated with
i; _ nitrogen metabolism, and enzymes responsible for maltose and galactose
©» ultilization (Holland, supra).
1 It is also believed that termihator sequences are desirable
3 at the 3f'end of the coding séddences._ Such terminators are found in
nd 15 the 3' untrans1ated'region following the coding sequences in yeast-
ee_ derived genes. Many of the vectors illustrated contain control
X sequences derived from the enolase. gene conta1ning plasmid peno4d6é
.:” | (Holland, M. J., et al., J. Biol. Chem. (1981) 256:1385) or the LEU2
0.

| gene obtained from YEpL3 (Broach, J., et al., Gene (1978) 8:121);
- 20 however, any vector containing a yeast-compatible promoter, or1g1n of

can replication, and other contro] sequences is suitable.
gﬁ’ C It is ‘also, of course, poss1b1e to express genes;éncoding
-es polypeptides in eucaryotic host <cell cultures derived from
\er multicellular organisms. See, for example, Tissue tulture, Academic
ron 25 "Press, .Cruz and Patterson, editors (1973). Useful host cell lines
. nz. include murine myelomas N51, VERO and Hela ce115, and Chinese hamster
;;;; - ovary (CHO) cells. Expression vectors for such cells ord1nar11y_
.39, ~ include promoters and control sequences compatib1e with mammalian
ieth. | ice11s suoh as, for examp1e, the commonly used early and late promoters
ude 0 from Simian Virus 40 (SV 40) (Fiers, et al., Nature (1978) 273:113),
3. or other viral promoters such as those derived from polyoma,
{;ig;' Adenovirus 2, bovine papiloma virus, or avian sarcoma viruses, or

immunoglobulin promoters and heat shock promoters. A system for
oEXpressing DNA in mammalian systems using the BPV as a rector is

‘5 disclosed in U.S. Patent 4,419,446. A modification of this system is
o described in U,S; Patent 4,601,978. General aspects of mammalian cell

i
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host system transfonmat1ons have been descr1bed by Axel

No. 4,399,216. It now appears,

- important in optimizing expreésion;

~ found upstream of the promoter region.
5 obtained, if'needed, from viral sources.
the chromosome 1is a common
eucaryotes. ' -
~ Plant cells are also now available as hosts,

_22-

also, tha

mechanism
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‘U.S. Patent
t "enhancer" regions are

these are, generally, sequences
Origins of replication may be
‘However, ihtegration into
for DNA replication .in

and control

sequences compatbee with plant cells such as the nopaline synthase
_ 10 promoter and po1yadeny1at1on signal sequences (Dep1cker, A., et al.,
J. Mol. Appl. Gen. (1982) 1: 561) are ava11ab1e :

15

Recently, in add1t1on,

have been descr1bed (Miller, D. W., et al.,
(1986) Setlow, J. K. et al., eds., Plenum Publishing, Vol.

, _ expression systems emplqying insect
-ceHs utilizing the control systems provided by baculovirus vectors

in Genetic Engineering
8, pp. 277-

297). These systemseare'aTso successful in producing Taq polymerase.

Transfonnat1ons

Depending on the host cell
using standard techniques appropr1ate to such cells.

used, transformation is done

The calcium

‘20 treatment employing calcium chloride, as described by Cohen, S. N.,

30

Proc. Natl.

other cells that contain substantial cell wall barriers.

with Agrobacterium tumefaciens (Shaw, C.

- 23:315) is used for certain plant cells.
25 such ce11 walls, the calcium phosphate prec1pitat1on method of Graham

and van der Eb,’ Viro1ogz (1978) 52:546 is preferred Transformations
into yeast are carried out according to the method of Van Solingen,
P., et al., J. Bact. (1977) 130:946 and Hsiao, C. L., et a] Proc.

Nat] Acad. Sci. (USA) (1979) 76: 3829

Construction of a;ggtll_Expfession Librany

The strategy for isolating DNA'enceding desired proteins,

such as the Taq polymerase encoding DNA, uéing the bacteriophage
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Infection
H., et al., Gene (1983)
For mammalian cells without
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-vector 1ambda gtll, is as foHows A library can be constructed of

EcoRI f'Ianked Alul fragments, generated by complete digestion of
Thermus a@atwus DNA, inserted at the EcoRI site in the lambda gtll
phage (Young and Davis, Proc. Natl. Acad. Sci USA (1983) 80:1194-
1198). Because the unique EcoRI site in this bactemophage is Iocated
in the carboxyl-terminus of the g-galactosidase gene, inserted DNA (in

" the appropriate frame and or_'ient_a"tion) is expressed as protein fused

vn_'th s-ga]actosidase unde_r_ the c_ontrb] of the 1lactose operon

-promter/operator.

Genomic expfession libraries are then screened using the
ant1body plaque hybr"id'lzatwn procedure A modification of this

- procedure, referred to as "epitope selection," uses antiserum against

the fusion protein sequence encoded by the phage, to confirmm the 5

“identification of hybridized plaques. Thus, this library of

recombinant phages could be screened with antibodies that recognize
the 86 000-90,000 dalton Taq p01ymerase in order to identify phage

" that carry DNA segments encoding the antigenic detemnnants of this
-protem. -

o Approximately 2 x 10° recombinant phage are screened using
total rabbit Taq polymerase antiserum. "In this primary screen,
positive signals are detected and one or more of these plaques are_'
purified from candidate plaques which failed to react with preimmune
serum and reacted with immune sen_im and analyzed in some detail. To
examine the fusion proteins pr"oduce'd' by the recombinant phage,
Tyso_geris of  the phage in the host Y1089 are produced. Upon 'induct_ion
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 lysogens, or duplicate sequences may result.'. _P'hage
containing positive signals are picked; in this case, one positive
plaque was 'picke,d for further identification and rep1ated'a't lower

- densities to purify recombinants and the purified clones were analyzed

by 'size class via digestion with EcoRI restriction enzyme. Probes can

" then be made of the isolated DNA insert sequences and labeled

appropriately and these ‘probes can be used in conventional colony or
plague hybridization assays descr-ibed in Maniatis et a‘I., MoIecular' _

_C1omng A Laboratory Manual (1982)
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The labe'led probe was used to probe a second genomc hbrary"
constructed in a Charon 35 bacteriophage (Wilhelmine, A. M. et al.

diges‘t_‘io_ns of genomic Thermus aquat1cus DNA and size fractionated

fragments (15-20 kb) were cloned into the BamHI site of the Charon 35
‘phage. The probe was used to isolate phage 'containing DNA encoding
-the Taq polymerase.  One of the resulting phage, designated

CH35:Taq#4-2, was found to contain the entire gene s_equence'; Partial:
sequences encoding portions of the gene were also isolated. -

Vector Construction.

Construction of suitable vectors containing the desired
coding and control sequences employs standard ligation and restriction’
techniques that are well understood in the art. Isolated plasmids,
DNA sequences, or synthesized oligonucleotides are cleaved, taﬂored
and religated in the form desired. '

Site- spec1f1c DNA c]eavage is performed by treatmg w1th the
suitable restriction enzyme (or enzymes) under conditions that are
generally .understood in _t_he art. and the particulars of which are
specified by the manufacturer of these commercially available

restriction enzymes.  See, .e.g., New England Biolabs, Product

Catalog. In general, about 1 ug of plasmid or DNA sequence is c1eaved_
by one unit of enzyme in about 20 1 of buffer solution; in the

examples herein, typically an excess of restriction enzyme is used to
ensure complete digestion of the DNA substrate. Incubati'on times of

‘about one hour to two hours at about 37°C are workable, although
variations can be tolerated.  After each incubation, protein is
removed by extraction with phenol/chloroform, and may be followed by
ether extraction, and the’ hucleit_: acid recovered from aqueous

| f'ra'ctio'ris-by pre'cip'i'iation with ethanol. If desired, size separation _

of the cleaved fragments may be p_er-fonned'by polyacrylamide gel or
agarose gel electrophoresis using standard technique's A general

descriptwn of size separations is found in Methods in EnzymoT gx'

(1980) 65:499-560.
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Restriction-cleaved fragments may be blunt-ended by treating
with the large fragment of E. “coli DNA polymerase I'(Klenow) in the
presence of the four deoxynucleotide . triphosphates (dNTPs) using

incubation times of about 15 to 25 minutes at 20 to 25°C in 50 mM Tris -
- pH 7. 6, 50 mM NaC1 10 mM MgC12, 10 mM DTT and 50-100 uyM dNTPs. The

‘Klenow fragment fills in at 5' sticky ends, but chews back protrud1ng
3' single strands, even though the four dNTPs are present. If
des1red selective repair can be performed by supplying only one of
the, or se1ected dNTPs within the limitations dictated by the nature
of the st1cky ends. After treatment. with Klenow, the mixture is
extracted with phenoI/ch1orofonn and ethanol prec1p1tated Treatment
under appropriate cond1tions with S1 nuc1ease results in hydrolysis of
any single-stranded portion. -

_ Synthetic oTigohutleotides' may be preoared. using the
tr1ester method of Matteucci, et al., (J. Am. Chem. Soc. (1981)

. 103 3185-3191) or using automated synthesis methods. Kinasing of

20

25

30

single strands pr1or to annea11ng or for labeling is achieved using an
excess, e. g., approximate1y 10 units of po]ynucleotide kinase to 1 nM '
substrate in ‘the presence of 50 mM Tris, pH 7.6, 10 mM MgClz, 5 mM
dithiothreitol, 1-2 mM ATP. If k1nasing is for labeling of probe, the
ATP w111 contain high specific act1v1ty 7-32P

Ligations are performed in 15-30 yl volumes under the
following standard conditions and temperatures 20 mM Tris-Cl1 pH 7.5, |
10 mM MgCl,, 10 mM DTT 33 ug/ml BSA, 10 mM-50 mM NaCl, and. either 40
uM ATP, 0.01-0.02 (Weiss) units T4 DNA ligase at 0°C (for "sticky end"
1igation) or 1 mM ATP, 0.3-0.6 (Weiss) units T4 DNA ligase at 14°C_
(for "blunt end" ligation). Intermolecular "sticky end" 1igations are
usually performed at 33-100 ug/ml total DNA concentrations (5-100 nM
total end concentration) Intermolecular blunt end ligat1ons (usually

employing a 10-30 fold molar excess of linkers) are perfonmed at 1 uM
total ends concentration.

In vector construction "employing “vector fragments“, the
vector fragment is common1y treated with bacterial alkaline

'phosphatase (BAP) in order to remove the §' phosphate and prevent

Thi shaﬁ
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religation of the vector. BAP digest1ons are conducted at pH 8 in

approximatély_lSO mM Tris, in the presence of Na* and Mg+2 using about
1 unit of BAP per mg of vector at 60°C for about one hour. In order

dto recover the nucleic acid fragments, the preparation is extracted -
with phenol/chloroform and ethanol precipitated A]ternat1ve1y,

re11gat10n can be prevented in vectors that have been double digested
by additional restr1ct1on enzyme digestion of the unwanted_fragments

Modification of DNA Sequences

For portwns of vectors derived from cONA or genom'ic DNA.
that require sequence modifications, site- spec1f1c pr1mer-directed
mutagenesis is used. This technique is now standard in the art, and
is conducted using a primer synthetic oligonucleotide complementary to
a sing1e-§tranded phage DNA to be mutagenized except for limited

: mismatching, representing the desired'-mutation..' Briefly, the

15
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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.

o Theoretically, 50% of the new plaques wil] contain the phage
having, as a s1ngle strand, the mutated form; 50% will have the
original sequence. The plaques are transferred to n1troce11ulose
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. - Plagues that hybridize w1th the probe are then picked
and cultured, and the DNA is recovered. : :

Verification of Construct1on

In the constructions set forth below, correct ligations for

plasmid construction are confirmed by first transforming E. coli

strain MM294; or other suitable host, with the ligation mixture.

Successfu1'transformants are selected'by ampicillin, tetracycline or
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_'other antibiotic res1stance or us1ng other markers, depend1ng on the

mode of p1asm1d construct1on as is understood in the art. P1asm1ds
from the transformants are then prepared accord1ng to the method of
Clewell, D.B., et al., Proc. Natl. Acad. Sci. (USA) (1969) 62:1159,

'_opt1ona11y following ch]oramphenicol amp11fication (Clewell, D.B., J.
© Bacteriol. (1972) 110:667). The isolated DNA s analyzed by

restr1ction -and/or sequenced by the dideoxy method of Sanger, F., et
al., Proc. Natl. Acad. Sci. (USA) (1977). 74: 5463 as further descr1bed
by Messing, et al., Nucleic Acids Res. (1981) 9:309, or by the method
of Maxam, et a1., Methods in Enzymology (1980) 65:499. '

Host Exemp11f1ed

Host stra1ns used in c1on1ng and expression here1n are as

‘For cloning and 'sequencing, and for expression of
constructions under control of most bacterial promoters,f E. coli
strain MM294 obtained from E. coli Genetic Stock Center GCSC #6135,
was used as the host. For expression under control of the P, Npgs
promoter, E. coli strain KI2 MC1000 lambda lysogen, NyNg3c1857 SusPgp,
ATCC 39531 may be used. Used herein is E. coli DG116, which was
deposited with ATCC (ATCC 53606) on April 7, 1987.

For M13 phage recombinants, E coli stra1ns susceptibIe to
phage infection, such as E. coli K12 strain DG98, are employed. The
DG98 strain has been déposited with ATCC July 13, 1984 and has
accession number 39768. | o

Mammalian expression can be accomp11shed in CO0S-7 COS-AZ

~ Cv-1, and murine ce11s, and ‘insect cell based expression in Eodogtera '

frugipeida).

Stabi1ization of-Enzymé Activity

For 1ong-term stobility, the enzyme herein must be stored in o
_a buffer that contains one or more 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

/
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200 000 da]tons 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 295-298 of McCutcheon's

-28- '

Emulsifiers & 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 neference_. Preferably, the detergents are selected from the group

~comprising ethoxy‘lated fatty alcohol ethers and lauryl ethers,

'ethoky'lated alkyl pheno'ls,' octylphenoxy polyethoxy ethanol compounds ;
modi fied oxyethylated and/or oxypropy'lated straight- cham alcoho]s,
polyethy1ene glycol monooleate compounds, polysorbate compounds, and
phenolic fatty alcohol ethers. More part1cu1ar1y preferred are Tween
20, from ICI Americas Inc., Wilmington, DE, which is a

po!yoxyethylated (20) sorbitan monolaurate, and Iconol™ NP-40, from

BASF Wyandotte C_orp. Parsippany, N3, which is an ethoxylated alky!l
phenol . {nony1). | | |

The thermostab]e enzyme of this invention may be used for
any purpose in which such enzyme is necessary or des1rab1e In a
particularly preferre_d embodiment, the enzyme herein is emp1oyed in

_the amplification protocol set forth below.

Amplifi cat1 on Protocol

The ampHﬁcatmn protoco'l us1ng the enzyme of the present

1nvent1on may be the process for amphfymg existmg nucleic acid

sequences that is disclosed and clajmed in . European Pat Pub. No.
200,362, upra. Preferab]y, however, the enzyme herein is used in the
amphficatwn process described below. '

In general, the amplification process involves a chain’

,reaction for producing, in exponential quantiti_es relative to the
number of reaction steps 'involved, at least one specific nucleic acid
~sequence gi ven (a) that the ends of the requ1red sequence are known in
sufficient detail that oligonuc'leotides can be synthesized which will

hybmdue to them, and (b) that a small amount of the se_quence is
~ available to initiate the chain reaction. The product of the chain
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reaction wi11"bé a discrete nuc1eic acid duplex wit enn1n1

correspond1ng to the ends of the spec1fic pr1mers employed.

Any nuc1e1c ac1d sequence, in pur1f1ed or nonpur1f1ed form

'can be utilized as the start1ng nucleic acid(s), provided it conta1ns
~or 1S suspected to ‘contain the specif1c nucleic ‘acid  sequence

desired. Thus, the process may employ, for example, DNA or RNA,
jncluding messenger RNA, which DNA or RNA may be single-stranded or
double-stranded. Ih.addition, a DNA-RNA hybrid which contains one
strand of each may be utilized. A mixture of any of these nucleic
acids may also be employed, or the nuclei¢ acids produced from a

previous amp11f1cat1on reaction herein us1ng the same or different'

 primers may be so utilized. The specific nuc1e1c acid sequence to be

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 necessany that the sequence to be amplified be

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

compliex mixture, such as a port1on of the g-globin gene conta1ned in

~ whole human ONA (as exemplified: in Saiki et al., Science, 230, 1530-

20

25

10

1534 (1985)) or ‘a portion of a nucleic acid sequence due to a
particular microorganism which organ1sm might constitute only a very
minor fraction of a particular biological sample. The starting
nucleic acid sequence may contain more than one desired specific
nuclefc acid sequence which may be the same or different. Therefore,
the amplification process is useful not on1y for producfng large
amounts of one specific nucleic acid sequence, but also for amplifying

-simu1taneou51y more than one different specific nucleic acid sequence

located on the same or different nucleic acid molecules.

The nucleic acid{s) may be obtained from any source, for
example, from plasmids such as pBR322, from cloned DNA or RNA,_dr from
natural DNA or RNA from any source, including bacteria, yeast,
viruses, organelles, and higher organisms such as plants or animals.
DNA . or RNA may be extracted from ‘blood, tissue material such as
chorionic vi1li, or amniotic cells by a variety of techanues such as -

"that described by Maniatis et al., sugra p. 280-281.
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If probes are used wh1ch are Spec1f1c to a sequence be1ng

~amplified and thereafter detected, the cells may be directly used

without extraction of the nucleic acid if they are suspended in

hypotonic buffer and heated to about 90-100°C, until cell lysis and

'dispersion of intracelluTar components occur, genera11y"1 to 15

- minutes. After'the heating step the ahp]ificacfon reagents may be
-added d1rect1y to the lysed cells. | |

_ | Any specif1c nucleic acid ‘sequence can be produced 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_wil1 hybridize

-to different strands of the desired sequence and at relative positions

along the sequence such that an extension product synthesized from one
primer, when it is separated from its template (chplement), can serve

'as 'a template for extension of the other primer into a nucleic acid

sequence of defined length. The greater the know1edge about the bases

at both ends of the sequence, the greater can be the specificity of

the pr1mers for the target nucleic acid sequence and thus the greater

the eff1c1ency of the process.

It will be understood that the word ‘“primer" as used

- hereinafter may refer to more than one primer part1cu1ar1y in the

25

- 30,

- case where there is some ambiguity in the information regarding the
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 pr1mers containing sequences
representing all possible codon variations based on degeneracy of the

‘genetic code will be used for each strand. ~One primer from this
~collection will be homologous with the end of the desired sequence to

be amp11f1ed

The 011gonuc1eot1de primers may ‘be prepared .using any
suitable method, such as, for - example, the phosphotriester and
phosphodiester methods described above, or automated embodiments
thereof. In one such automated embodiment, diethylphosphoramidites
are used as starting materials and may be synthesized as described by
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g. | . peaucage et a1.;_Tetrahednon Letters (1981), 22:1859-1862. One method
d R - for synthesizing oligonucleotides on a modified solid support is
'n described in U.S. Patent No. 4,458,066. It is also possible to use a
d primer which has been isolated from a biological source (such as a
15 5 restriction endonuclease digest).
be

The specific nuc1e1c aC1d sequence is produced by - using the
| nuc1e1c acid containing that sequence as a temp1ate. The first step

he involves contact1ng each nucleic acid strand with four different
er - npucleotide triphosphates and one _ol1gonuc1eot1de primer for each
SO 10 different nucleic acid sequence being amplified or detected. If the
ize " nucleic acids to be amplified or detected'are DNA, then the nucleotide
ons triphosphates are dATP, dCTP, dGTP and TTP.

one _ The nucleic acid strands are used as a template for the
rve ~ synthesis of édditiona1.nuc1efc atid_strands.' This synthesis can be
cid 15 ~performed using any suitable method. Generally it occurs in a
ses

buffered aqueous so1ution; preferably at a pH of 7-9, most preferably
of . about 8. Preferably, a molar excess (fur'cloned nucleic acid, usually
iter about 1000}1 primer:template, and for genomic nucleic acid, usually
about 10%:1 primer:template) of the two oligonucleotide primers is

used. 20'added to the buffer containing the separated template strands. It is

the understood, however, that the amount of complementary strand may not
 the be known if the process herein is used for diagnostic applications, so
ce, that the amount of primer relative to the amount of complementary
-ein strand cannot be determined With certainty. As a practical matter,
wces %9 however, the amount of primer ‘added will generally be in molar excess
the over the amount of comp]ementany strand (template) when the sequence
this - to be amplified is contained in a mixture of complicated_long?enain
ce to - nucleic acid strands. A large molar excess is preferred to improve -
: the efficiency of the process. ' '
| anY 0 | Preferably 'the concentration of:nucieotide triphosphates is
'« and - 150-200 uM each in the buffer for amplification and MgCl, s present
iments in the buffer in an amount of L. 5 2 WM to increase the efficiency and
idites spec1f1c1ty of the reaction.
bed by
i
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The resulting solution is then treated accord1ng to whether

the nucleic acids being amplified or detected are double or single-

stranded. If the 'nuCTeic acids are single-stranded, then no
denaturation step need by emp1oyed and the reaction mixture is held

at a temperature which promotes hybridization of the primer to its

complementary target (template) sequence.  Such temperature is
generally from about 35°C to 65°C or more, preferably about 37-60°C

for an effective time, generally one-half to five minutes, preferably

_ one-three minutes. Preferany, 45-58°C is used for Taq polymeraSe and

10

>15-mer pr1mers to increase the specificity of primer hybr1d1zation

- Shorter pr1mers need lower temperatures

The complement to the or1g1na1.sing1e-stranded nucteic acid
may be synthesized by adding one or two oligonucleotide primers

~ thereto. If an appropriate single primer is added a primer extension

15

product is synthesized in the presence of the pr1mer, the thenmostab1e

enzyme -<and the nuc]eot1de triphosphates. The product will be_'

partially complementary to the sing]e-Stranded nucleic acid and will

~ hybridize with the nucleic acid strand to form a duplex of strands of

- 20

;uhequal length which may then be separated into"single strands as
described - above ~produce two single separated oomplementary

strandé._ A1ternat1ve1y, two appropriate pr1mers may be added to the

._s1ng1e ~stranded nucleic acid and the reaction carr1ed out.

25

30

'35

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
“acid involves heating the nucleic acid until it is completely (>99%)

denatured.  Typical heat denaturation'invo}ves'temperatures ranging
from about 90 to 105°C for times genera11y ranging from about 0.5 to 5
minutes. Preferably the effective denaturing temperature is 90-100°C

for 0.5 to 3 minutes. Strand separation may also be induced by an-
i’enzyme from the class of enzymes known as helicases or the enzyme
RecA, which has helicase act1vity and in the presence of riboATP is
‘known to denature DNA. The react1on conditions suitable forh
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'separatmg the strands of nuc1e1c acids with hehcases are descmbed
py Kuhn 'Hoffmann- -Berling, CSH-Quantitative Bio1og__, 43:63 (1978), and
techniques for using RecA are reviewed in C. Radding, Ann. Rev.
Genetics, 16:405- 37 (1982). The denaturation produces two separated
complementary strands of equa] or unequal. length.

W

If the double- stranded nuc1e1c acid is denatured by heat,
the reaction mixture is allowed to cool to a temperature which
promote_s hybridjzat'lon of each primer_present to its c_omp"_lementa_ry_

__ target (template) sequence. This temperature is usually from about

10 35°C to 65°C or mo.re,' depending on reagents, preferably 37-60°C, |
| maintained for an effective time, generally 0.5 to 5 minutes, and
preferably 1-3 minutes. In practical terms, the temperature is simply

4 lowered from about 95°C to as low as 37°C, preferably to about 85-58°C
s _ for Tagq po!ymerase, and hybriduatmn occurs at a temperature within
R 15 this range. |
)Z whether the nucleic acid is s1ngle— or double-stranded, the
e -themostame.enzyme may be added at the denaturat1on step or when the
af' temperatur_e is being reduced. te or is in the range for promoting
as hybridization. The reactiqn mixture is then heated to a tempera_ture
xry' 20 at which the activity of the enzyme is prqn:oted pr optimized, i.e., a
“he temperature sufficient tol increase the activity of the enzyme in
facilitating synthesis of the primer extension ‘products from the
: hybridized primer and template. The temperature must actually be
to ~ sufficient to synthesize an extension product of each primer which is
the g complementary to each nucleic acid teinp]ate, but must not be so high
ple as to denature ,each' extensi on prcduct from its comp1ementary template
ans. - ({.e., the temperature is generally less than about 80°C-90°C).
;:; | _ Depending mainly on. the types of enzyme and n_ueleic acid(s) .
\ging employed, the typica1 temperature effective for ‘this synthesis
- to: 5 } reaction generaﬂy ranges from about 40 to 80°C, preferably 50-75°C.
100°C The temperature more preferably ranges from about 65-75°C when a DNA
by an polymerase from Thermus aquaticus is employed. The period of time
;enzymé : requ1 red for this synthesis may range from about O. 5 to 40 minutes or
1P is more, dependmg mainly on the temperature, the _1ength of the nucleic
» for
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aeid the enzyme and the complexity of the nuc1e1c ac1d m1xture,

'.preferab1y one to three mwnutes If the nucleic acid is longer, a

10

15
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longer time per1od is generaﬂy requi red . The presence ofi'
dimethy1 sulfoxide (DMSO) is not _necessary or recommended because DMSO
‘was found to inhibit Taq polymerase. enzyme act1v1t_y. '

The newly synthesued strand and its comp1ementary nuc]elc
acid strand form a “double-stranded molecule which is used in the
succeeding steps of the process. In the next step, the strands of the

- 'double- stranded molecule are separated by heat dematuration at a |

temperature effective to denature the molecule, but not ) h1gh that

the thermostable enzyme 1is comp'letely and irreversibly denatured or
inactivated. Depending mainly on the type of enzyme and the length of
nche_i'c acid, this temperature generally ranges from about 90 to
105°C, more preferably 90- .100°C, and the  time for  denaturation
typ1ca11y ranges from 0.5 to four m1nutes, depending maimy 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 complementary
sing1e-stranded molecule (template) produced from the previous step

Such temperature is described above.

After this 'hybridization' step, or in lieu of - (or
concurrently with) the hybridization step, the temperature is adjusted

. to a temperature that is effective to promote the activity of the
.. 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 h1gh as to- separate

(denature) the extension product from its template, as prekusly'

described (usuany from 40 to _80‘_’C for 0.5 to 40 minutes, preferably
50 to 70°C for one-three minutes). Hybridization may -occur during

this step, s0 that the prev1ous step of cooling after denaturation is

not required. In such a case, using simultaneous steps, the preferred
temperature range is 50-70°C. -

The hea_ting and cooling steps '.of_ stra_nd' separation,
hybridization, and extension product synthesis can be repeated as
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| often as needed to produce the desired quantity of the specific
uc]e1c acid sequence, depending on the ultimate use. The only

11mitation is the amount of the primers, thermostable enzyme and
nuc1e0t1de tr1phosphates present. Preferab1y,.the'steps-are répeated

at least twice. For use in detect1on the number of cycles will:

depend, e.g., on the nature of the sample. For example, fewer cycles
will be required if the sample being amplified is pure. If the sample
is a complex mixture of nucleic acids, more cycles will be required to

amplify the signal sufficiently for its detect1on For general'

amp11ficat1on and detect1on, preferably the process is repeated at
1east 20 times. - _ : _

~ When 1abe1ed sequence-specific probes -are employed as
descr1bed below, preferably the steps are repeated at 1east 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 detectabie signal is produced, i.e., so

~ that background noise does not interfere with detection. -

20

25

30

As will be descr1bed in further detail below, the amount of
the speciﬁc nucleic acid sequence produced will accumulate in an
exponential fashion.

_ No additional nucleotides, prfmers, or thermostab1e enzyme
need be added after the initial addition, provided that the enzyme has

not become denatured or inactivated irreversibly, in which case it is

necessary to rep1enish the enzyme after each denaturing step.
Addition of such mater1als at each step, however, w111 not adversely
affect the reaction.

When it is desired to produce more than one specific nuc1e1c
acid sequence from the first nuc]eic acid or mixture of nucleic acids,

'the_ appropriate number of different o1igonuc1eotide:'primers are
utilized. For examp1e, if two different specific nucleic aCidd
sequences are to be produced, four primers are utilized. Two of the

primers are spec1f1c for one of the spec1f1c nucleic acid sequences

and the other two primers are specific for the second specific nucleic
acid sequence. In this manner, each of the two different specific

sequences can be produced exponentia11y by the present process.
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After the appropriate length of time has passed to produce
the desired amount of the specific nucleic acid sequence, the reaction
may be ha]ted_by 1nactivat1ng the_enzyme in any known manner_(e g., by

_ adding'EDTA phenol, SDS or CHC13) or by separating the compohehts of
5 the react1on : - :

‘The amp11f1cat1on process may be conducted cont1nuously In
one embodiment of an automated process, the reaction mixture may be
‘temperature cycled such that the temperature 1is programmed to be
controlled at a certain level for a certain time. | '

10 One such instrument for this purpose is an automated machine 10
- for hand1fng_ the amplification reaction of this invention, This
instrument utilizes a liquid handling system under computer control to
make liquid transfers of enzyme stored at a controlled temperature in
a first receptacle 1into a second receptacle whose temperature is
15 controlled by the computer to conform to a certain incubation is'
profile. The second receptacle’ stores the nucleic acid sequence(s) to
. be amplified plus the nucleotide tr1phosphates and prwmers. The
computer includes a user interface through which a user can enter
process parameters that control the characteristics of the various _
20 steps in the amplification sequence such as the times and temperatures 5
,of incubation, the amount of enzyme to transfer, etc. e - '

A preferred ‘machine that may be employed ut111zes .
' temperature cycling without a liquid handling system because the -

~ enzyme need not be transferred at every cycle. Such a machine o

25 consists of the following systems: o D 25 1

1. A heat-conduct1ng container for ho1d1ng a given number Oi

of tubes, preferab1y.500 ul tubes, which contain the reaction mixture t-

of ndc1eot1de triphosphates, primers, nucleic acid sequences, -and ar

‘enzyme. | - R - 5
30 2, A means to heat, cool, and maintain the heat-conducting ‘0

th

container above and below room temperature, which means has an input
for receiving a control signal for contro11ing which of the
temperatures at or to which the conta1ner is heated, cooled or
‘maintained. (These may be Pe]tier heat pumps ava11ab1e from MateriaIs o di
e — ' '
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. Electron1cs Products Corporat1on in Trentdn; NJ hor a water heat
exchanger ) ' ' “

-37-

3. A computer’ means (e g., a microprocessor controller),
coup1ed to the input of said means, to generate the signals .that
control automatically ~the amp11ficat1on sequence, the temperature
]eVels,_and the temperature ramping and timing. | |

.U‘

In another embodiment, the enzyme used for the synthesis of
_'primer extension products can be immobilized in a column. The other .
reaction components can be continuously circulated by a pump through
10 the column and a heating coil in series. Thus, the nucleic acids
| produced can be repeatedly denatured without inactivating the enzyme.

' The amp]ification protocol is demonstrated diagrammatica11y

" below, where double-stranded DNA containing the desired sequence [S]

" comprised of complementary strands [s*] and [S™] is utilized as the

15 nucleic acid ~ During the first and each subsequent reaction cycle,
extension of each o]1gonuc1eot1de pr1mer on the original temp]ate will
. produce one new ssDNA molecuTe product of indefinite length that '

_ term1nates with only one of the primers. These products, hereafter

3 | referred to as’ "long products,” will accumu1ate in a linear fashion;
5 20 that"is, the amount present after any number of cycles W111 be

' -proportional to the number of cycles.

; o | The long products thus produced will act as templates for
? one or the other of the oligonucleotide primers during subsequent
2 cycles and will produce molecules of the desired sequence [s*1 or [sl.
25 These molecules will also function as templates for one or the other

of the oligonucleotide primers, producing further [S*] and [S7]1, and

er ,

re . thus a chain reaction can be sustained that will result in the

nd  accumulation of [S] at an exponential rate relative to the number of
' cycles.

, ing 30 . By-products formed by oligonucleotide hybridizations other
put " than those intended are not self-catalytic (except in rare instances)
the -and thus accumulate at a linear rate. '

-or ' o The spec1f1c sequence to be amp1ified {S], can be depicted
als diagrammatically as: | =
R
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(s*] 5 AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3

871 3" TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5'

The appropriate oligqnucleotidé primers would be:

Primer 1: . 3' GGGGGGGGGG 5
Primer 2: 5' AAAAAAAAAA 3' -

so that if DNA containing [s]

;...zzzzZzz:ziizzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz....
v es.222222222222222ZTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGZZ22222222222222. . . .

is séparated fnfo:sing1e strands and its'single strands are hybridized

to Primers 1 and 2, the following extension reactions can be catalyzed -

by a thermostable _poTymérase in the presence of the four nucleotide
triphosphates: |

o : : 3! 5
extends<; : — GGGGGGGGGG Pr1mer 1

....zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCszzzzzzzzzzzzzzz
original template strand ' _

original tempTate strand”

cene zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzzzz....

Primer 2 - ARAAARAAAA — —> extends
: 5 3

On denaturation of the two duplexes formed, the-producté are:
31 ' ’ 5!
...,.zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG

new]y synthesized 10ng product 1

5" | 3!

'....zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCszzzzzzzzzzzzzzz....

- original temp1ate strand

30

3! ) ) 5'
cee zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGZzzzzzzzzzzzzzzz....
orig1na1 temp1ate strand”

5] . . ) . . 3. .
AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz ‘e
newly synthesized long product 2
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1f these four strands are allowed to rehybr1d1ze with Primers 1 and 2
in the next cycle, the thermostable polymerase will catalyze the
following reactions: ' _

Primer 2 5' AMAAAARAAA > extends to here

3'.. zzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5'
newly synthesized 10ng product 1

extends &———————— - GGGEGEGEGE 5' Pr1mer 1

5'. zzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzz .3
or1g1na1 template strand

Primer 2 -5 AAAAAAAAAA - : — }extends’
3'.. zzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYGGGGGGGGGGzzzzzzzzzz ..5'

”or1g1na1 temp]ate strand”

extends to here &————— GGGGGRGGGGE 5' Primer 1

5 AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzZzzz;.3'
newly synthesized long product 2

If the strands of the above four duplexes are separated the fol1ow1ng
strands are found '

5' AAAAAAAAAAXXXXXXXXXXECCCCCCCCC 3'
newly synthesized [S ,

3'. zzzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5'
f1rst cyc1e synthesized long product 1 '

3'. ...zzzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5
newly synthesized long product 1

5%.. zzzzzzzzzzzzzzzzzz5AAAAAAAAAAXXXXXXXXXXCCCCCCCCCszzzzzzzz I A
orig1nal template strand

5! AAAAAAAAAAXXXXXXXXXXCCCCCCCCCszzzzzzzzzzzzzzz..,3'
newly synthesized long product 2 '

h3‘ zzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzzzz...5‘

30

' or1g1na1 tempTate strand

3! TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5
newly synthesized [S$”]

5' AAARAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzz.. .3
first cycle synthesized Tong product 2

This Sheet Has Been Replaced
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It is seen ‘that each strand. which- tenm1nates with the

_o]1gonuc1eotide sequence ‘of one primer and the comp1ementany sequence
of the other is the spec1f1c nucleic acid sequence [S] that is desired

. 1o

'broducts

to be produced
| ' The amount of origina1 nucleic'aeid remains constant in the

entire process, because it is not replicated. The amount of the Tong

increases 1iﬁear1y because they are produced only from the
The amount of the specific sequence increases

original nucleic acid.
become’ the

ekponentia11y. Thus, the specific sequence will
predominant species. This §s illustrated in the following table,
which _

present after n cycles, assuming 100% efficiency at each cycle:

This Sheet: Has Been Replaced
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After 0 to n Cycles

| | - . Long =~ .  Specific
Cycle Number ‘Template Products Sequence [S]-
. 0 S 1 ' = -
1 1 1 0
2 1 2 1
3 1 3 4
5 1 5 26
o 10 1 10 1013
15 1 REEY: 7R
20 1 20 11,048,555
n - . 1. - o (2Mn-1)

When a sing1e -stranded nucleic acid is ut111zed as the temp1ate, only
15 one long product is formed per cycle.

A sequence w1th1n a given sequence can be amp11f1ed after a
given number of amplifications to obtain greater specificity of the
-reaction by adding after at least one cyc1e of amb]ification a set of
primers that are complementary to internal sequences (that are not on

20 the ends) of the sequence to be amplified. Such primers may be'added
| at any stage and will  provide a shorter amplified fragment.
Alternatively, a 10nger'fragment can be prepared by'using primers with
non-complementary ends but having some overlap with the pr1mers
prev1ous1y utilized in the amp11f1cation

25 ' The 'method herein may be ut111zed to clone a particular
nucleic acid sequence for insertion 1into a suitable expression
“vector. The vector may then be used to transform an appropfiate host
organism to produce the gene product of the sequence by standard

- methods of recombinant DNA technology

n30' . The amplification process herein may yield a mfkture of
nucleic acids, resulting from the original temp]ate nucleic acid, the

R
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_.expected target amp11f1ed products, and various background non-target

o products. The: amp11f1ed.product can also be a mixture if the orig1na1

template DNA contains multiple target sequences, such as in a
 heterozygous diploid genome or when there is a family of related
genes. o s IR
The primers herein may be modified to assist the rapid and
- specific c10hing-of'the mixture of DNAs produced by the amplification
reactidh; In one'such hodifitation,'a restriction site is contained
in each of the primers or 1in the sequence to be amplified and
cloned. Preferably, the same or different restriction sites are 10
incorporated at the 5 ends of the primers to result in restriction
sites at the two ends of the amplified product. When cut with the
appropriate enzymes, the amp]if1ed product can then be easi]y'inéerted

.Y

into plasmid or vial vectors and cloned. This cloning allows the ;
analysis or expression of individual amplified products, not a 15 p
mixtune; | - | - c
If the primers have restriction sites incorporated therein, be
the same restriction .site can be used for both primers. The use, P
however, of different sites allows the insertion of the product into | "t
the vector with a specific orientatioh and suppresses multiple 20 ex
- insertions as. we11 as insert1ons arising from amplifications based on _ se
on1y one of the two primers. The spec1fic orientation is useful when
cloning into single-strand sequenc1ng ‘vectors, when single-strand 3!
hybridization probes are dsed, or when the cloned product. is being .re
expressed. - | | | 25 ay
~ 'One 'methdd to prepare the prﬁmeks is to choose a primer e
sequence which differs m1n1ma11y from the target sequence. Regions in 5?'
- which each of the primers is to be located are screened for homo1ogy t.
to restriction sites appropriate to the desired vector. For examp1e,' o0 ff'
the target sequence "CAGTATCCGA..." differs by only one base from one S
'containing a BamHI site. A primer sequence is chosen to match the -
target exactly at 1ts 3' end, and to contain the. altered sequence and oa,
restriction site near its &' end (for example, “CAGgATCCGA...“, where
mei

~ the lower case letter symbolizes a mismatch with the target

is Sheet Has Been Reﬂlaced :
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'-sequence) This minimally altered sequence will not interfere with
the ability of the primer to hybr1dize to the original target sequence
and to 1n1tiate polymerization. After the first amp11f1cat1on cycle

-the pr1mer is copied, becomes the target and matches exactIy with new
s primers. : '

_After the amplification process, the products are cleaved
with the'appropriate restriction enzymes, the restriction digest is
optionally separated from inhibitors of 1ligation such as the
nucleotide triphosphates and salts by, for example, passing over a

10 'desa1tfng column, or a molecular weight chromatography column, or

through- a membrane, and the digestion product(s) containing the

_ amplified sequence to be cloned is/are inserted by ligation into a

‘ cloning vector such as bacteriophage M13. The cloning vector

generally has a selectable marker and -may optionally also have a

15 promoter. The gene may then be sequenced and/or expressed, if it

~ codes for a.prOtein; using well known techniques. The gene may also

be sequenced by adding an appropriate primer during the ampliffcation

- process which primer is complemeﬁtary to the desired portion which is
to be sequenced. The primer wiII'fonm an extension product' and the

20 extent of amplification with such extension product wm11 provide

sequence information.

: ~ Another method for preparing the primers involves taking the
3' end of the primers from the target sequence and adding the desired
restriction site(s) to the 5' end of the ‘primer. For the above
25 example, a 'ﬂigglll site could be fadded to make the sequence
"cgaagcttCAGTATCCGA...", where lower case letters are as described

n above. The added bases would not contribute to the hybridization in.
;y' the first cycle of amplification, but would matth in subsequent

~ cycles. The final amplified products are then cut with restriction
- 30 enzyme(s) and cloned and expressed as described above. The gene being

ne
he ampiified may be, for example, human beta-hemog1ob1n or the human HLA
nd DQ, DR or DP-a and -8 genes.
sre | In an alternative, but 1ess preferred and less efficient,
jet method of cloning wherein blunt-end ligation is employed rather than

This Sheet Has Been Replaced
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sticky-end ligation (using restf{ction  enzymes), the basic
amplification procedure is employed without concern for restriction

enzymes in the primers or séquen¢é(s) to be cloned. The steps must be
repéated- sufficient1y, ~however, to produce enough amplified
sequence(s) to effect31igation.'_B1unt-end ligation requires greater
concentrations of sequence(s) and cToning vector(s) to be present than
sticky-end 1igatioh. In addition, the ligation must take place in the
presence of a ligase, such as T4 ligase, E. coli ligase and ligase.
Once the amp]ifieﬂ product is obtained, the ligation procedure_is a

standard procedure using conditions well known to those skilled in the
- art. . | |

" The cloning method which does not involve b!dht éhd-1igatfon
controls the orientation or multiplicity of insertion of the amp11f1ed
product into the cloning vector.

In addition,_the process herein can be used'for.ig vitro

mutagenesfs.  The oTigonuc]eotide. primers need not  be exactly
complementary to the nucleic acid sequence which is being amplified.

It is only necessary that they be able to hybridize to the sequence
sufficiently well to be extended by the thermdstab1e énzyme, The

product of an amplification reaction wherein the primers employed are

- not exactly cbmp]ementahy to the original template will contain the
seduence of the primer rather than the temp1ate;_therehy introducing
an in vitro mutation. -In further cycles this mutation will be

amplified with an undiminished efficiency because no further mispaired
primings are required. The'mutant thus produced may be inserted into

an appropriate vettor 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
above COuld_be repeated on the altered DNA using different primers to-

induce f'urth'er_ sequence changes. In this way a series of mutated
sequences could gradually be produced wherein each new addition to the

_ser1es could differ from ‘the last in 'a minor way, but from the

or191na1 DNA source sequence in an 1ncreasing1y maaor way. In this
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'manner changes could be made ultimately which were not feasible in a
_ singie step_due to the inability of a very seriously mismatched primer

to function.

In addition, the primer can contain as part of its sequence
a non- compiementary sequence, provided that a sufficient amount of the

- primer contains a sequence which is complementary to the strand to be

10

15

20

25

amplified. For example, a nucleotide sequence which 1is not

" complementary to the template sequence (such as, e.g., a promoter,

1inker, coding sequence, etc.) may be attached at the 5' end of one or
both of the primers, and thereby appended to the product of the
amplification process. After the extension primer is added,
sufficient cycles are run to achieve the desired amount of new
template containing the non-complementary nucleotide insert. This
allows production of 1arge quantities of the combined fragments in a
relatively short period of time (e. g.; two hours or less) using a
simple technique - '

The method . herein may also be used to enabie detection
and/or characterization of specific nucleic acid sequences associated
With 1nfectious diseases, genetic disorders or cellular 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 prenatai'diagnosis of sickle cell anemia using DNA obtained
from fetal cells. Ampiification is particularly useful if such an
analysis is to be done on ‘a2 small sample using non-radioactive
detection techniques which may be inherently insensitive, or where
radioactive techniques are being_empioyed but where rapid detection is
desirable. S | o '

. For purposes of this invention genetic_diseases may include'

. specific deletions and/or mutations in genomic DNA from any organism,
130

such as, e.g., sickle cell anmemia, a-thalassemia, 8-thalassemia, and

‘the 1ike. Sickie cell anemia can be readily detected via oligomer

restrittion analysis as described in' EP Patent' Publication 164,054
pubiished December 11, 1985, or via a RFLP-like analysis foilowing
ampiification of the appropriate DNA sequence by the present method
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-Thalassem1a can be detected by the absence of a sequence, and 8-

thalassemia can be detected by the presence of a polymorphic
restniction site closely linked to a mutation that causes the disease.

| A1l of these genetic diseases may be detected by amplifying
~ the appropriateisequence and analyzing it by Squthern blots without

using radioactive probes. In such a process, for example, a small
sample of DNA from, e.g., amn1ot1c fluid containing a very low level

. of the desired sequence is amplified, cut with a restriction enzyme,

10

and analyzed via a Southern b]otting technique. The use of non-
radioactive probes is facilitated by the high level of the amp]%fied
signal.

In another embodiment, a small sample of DNA. may be

_amp1ified'to_a'convenient level and then a further cycle of extension

" reactions performed wherein nucleotide derivatives which are readily

15

20

25

- 30

deteCtab1e (such as 32. labeled or biotin-labeled nucleotide

‘triphosphates) are incorporated directly into the final DNA product,

which may be analyzed by restr1ct1on and e1ectrophoretic separation or
any other apprOpr1ate method

In a further embod1ment the nuc1e1c 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
emplified sequence. The presence or'absence of an amplified sequence
can be detected by an appropriate method. o

A pract1ca1 app1ication of this technique.can be 111ustrated

by its use in facilitating the detection of sickle cell anemia via the

ol1gomer restr1ction technique described here1n and in EP 164, 054
supra, and Saiki et al., Bio/Technology, 3, pp 1008- 1012 (1985).
Sickle cell anemia is a hemoglobin disease which is caused by a-single_

- base pair change in the sixth codon of the g- g\obln gene.

‘The method of this 1nvent1on may ‘also be used to detect .

directly singIe-base pa1r variations in nucleic acid sequence (such as
genomic 'DNA) using 'sequencehspecific oligonucleotides. ~In this
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method, the 'sequence variation, whether resu1t1ng from cancer, an

infectious dis_ease'; or a genetic disease, e.g., a genetic lesion, is _
'_directTy detected ehminating the need for restmction digestion,

e1ectrophores1s, and gel manipulations othennse requ1red The use of

h-sequence spec1f1c oligonucleotides in a dot blot format after

amplification, as described herein, proVides‘ for iinproved specificity
and sensitivity of the probe; an interpretable signal can be obtained

with a 0.04 ug sample in six hours. Also, if the amount of sample

spotted on a membrane is increased to 0.1-0.5 ug, non-isotopically
labeled o'ligpnuc]eotides may be ut'i_h'_zed rather than the' radioactive

probes used in previous methods. Furthermore, the process described
hereinbelow is applicable to use of sequence-specific oligonucleotides
" less than 19-mers in s1ze, thus allowing use of more discmmmatory

sequence-spec1 fic 01 igonuc] eotides.

15

20

25

30

Regarding genetic  diseases, ~while RFLP _requires a
polymorphic restriction site to be associated with the disease,
sequence- specific ohgonucleotides directly detect the genetic. lesion

and are generally more useful for the analys1s of such diseases as.

hemoglobin C disease, a-1- antitrypsm and g-thalassemia, which result
from single-base mutations. = In addition, the oligonucleotides can be

‘used to distinguish between genetic variants which represent different
alleles (e.g., HLA typing), indicating the feasibility of a sequence-

specific ngonuc]eot1de -based HLA typ1ng kit that includes a
thennostab'le enzyme. ' o _

_ In one embodiment of the invention herein wherein a
nucleotide variation in . sequence is to be detected, the sample,
amplified as'descr_'ibed,_ above usihg one primer for each strand of each
nucleic acid suspected of containing the nucleotide variation, is
spotted directly on a series of membranes and each membrane is
hybridized with a different labeled s'equence -specific oligonucleotide

probe. One procedur'e for spotting the samp\e on a membrane is

descibed by Kafotos et a1., Nuc}eu: Acids Research, 7:1541-1552

(1979)
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Briefly, the DNA sample affixed to the membrane may be

-48-

pretfeated with a pbehybridization solution containing sodium dodecyl

sulfate, Ficoll, serum albumin- and various salts prior to the probe
being added. Then, a labeled oligonucleotide probe which is specific
to each Sequence'variation to be detected is added to a hybridization
solution similar to the prehybridization so1ution.' The hybridization

solution is applied to the membrane and the membrane is subjected to
-hybridization conditions that will depend on the probe type and

~ length, the type and concentration of 1ngred1ents, etc. Generally,

10

15

" the wash.

20

25

hybrid1zat1on is carried out at about 25 to 75°C, preferably 35 to

65°C for 0.25-50 hours, preferabTy less than three hours. The

greater the stringen@y' of conditions, the greater the required
complementarity for hybridization betweeh'the probe and sample. = If
the background level is high, stringency may be - increased
accordingly. The'stringentICOnditions can also be incorporated in

After the hybridization, the sample is washed of
unhybridized probe using any suitable means such as by washing one or

more times with varying concentrations of standard saline phosphate

EDTA (SSPE) (180 mM NaC],”lO mM NaHPO, and 1 M EDTA, pH 7.4) solutions

at 25-75°C for about 10 minutes to one hour, depending on the

temperature. The label is then detected by using any appropriate
detection technique. ‘ .

The seouenoe-specific oligonucleotide employed herein is an
oligonucleotide which is ‘generally prepared and selected as described
above for ‘preparing and se1ect1ng the primers. As described above,

the sequence-specific oligonucleot1de must encompass the region of the

| sequence which spans the nucleotide variation be1ng detected and must

30

be specific for the nucleotide variation being detected. For example,
if it is desired to detect whether a sample contains the mutation for
sickle cell anemia, one oligonucleotide will be prepared which

'_ contains the nucTeotide sequence site characteristic of the normal 8-

35

globin gene and one o1igonuc1eot1de will be prepared which contains

the nucleotide sequence characteristic of the sickle cell allele.

Each ngonucTeotide would be hybridized to duphcates of ‘the same

sample to determine whether the sample contains the mutation.
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The po1ymorph1c areas of HLA c]ass Il genes are 1oca11zed to
specific regions of the first exon and are flanked by conserved
sequences, so that oligonucleotide primers éomp1ementany'to opﬁosite _
strands of the ‘conserved 5' and 3' ends of the first exon can be

-49-

. - The number of ol1gonuc1eot1des employed for detection of the
polymorphic areas of the HLA class II genes will vary depending on the

" type of gene, which has:regions of base pair variation which may be
'c1ustered or spread apart. If the regions are c]ustered,.as in the

case with HLA-DQ-a, then one oligonucleotide is employed for each

~allele. If the regions are spread apart, as in the case with HLA-DQ-8
_and'HLA-DR-s; then more than one probe, each encompassing an allelic

variant, will be used for each allele.. In the case of HLA-DQ-8 and
HLA-DR-8, three probes are employed for the three regions qf'the Tocus
where allelic variations may occur. For detection of 'insulin—
dependent diabetes me11itus (IDDM) four probes for the HLA-DRg second .
exon are emp1 oyed

Haplotypes can be inferred from segregation analysis in
families or, in some cases, hy direct analysis of the individual DNA

:samp1e. Specific allelic combinations (haplotypes) of sequence-

specific ' oligonucleotide reactivities can be- identified in
heterozygous cells by using restriction enzyme digestion of the
genomic DNA prior to amplification.

For example, if in DQg one finds three highly variable
subregions A, B, and C within a single amplified region, and if there

- are six different sequences at each region (Al-6, Bl1-6, C1-6, then an

individua)l could be typed in the DQs locus by sequence-specific
oligonucleotide probe analysis as containing Al, A2; B2, B3; Cl, C4,
with the possible haplotype combinations of Al, B2, Cl; Al, B2, C4;
A2, B2, Cl; A2, B2, C4; Al, B3, Cl; Al, B3, C4; Al, B2, Cl; and Al,
B2, C4. ' ' '

1f the genomic DNA s digested with a polymorphic
restriction enzyme prior to ampllfication and if the enzyme cuts both

'a11e1es between the primers, there is no reactivity with the sequence-

ect Has Been Replaced

\\||\|\\ MG



THIS SHEET HAS BEEN
REPLACED - -

T

speCific probes due to 1ack of ampiification, and the result is

“uninformative. If the enzyme cuts neither allele, the probe results

with digested and undigested genomic DNA are the same and the result

- is uninformative If the enzyme cuts only one allele, however, then

10
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one can infer both hapiotypes by comparing the probe react1v1ty-
'patterns on digested and undigested DNA. '

.The hapiotypes can be deduced by comparingrsequence-spetific

oligonucteotide reactivities'with uncut genomic DNA and genomic DNA

cut with one or several enzymes known to be polymorphic and to

_recognize sites between the primers. :
The - iength of the sequence- specwfic o]igonucieotide will

depend on many factors, 1nc1ud1ng the particular target molecule being
detected the source of oligonuc1eotide, and the nucleotide

composition. 15 For  purposes herein, the sequence specific-
oiigonucleotide typically contains 15-25 nucieotides, although it may
_contain more or fewer nucleotides. Hhiie oligonucleotides which are

at least 19 mers in length may enhance Specificity and/or sensitivity,
probes which are less than 19 mers, e.g., 16-mers, may show more
sequence-specific discrimination presumabiy'because'a single mismatch
is more destabilizing. Because amplification increases specificity so
that a longer length is less critical, and hybridization and washing
temperatures can be lower for the same salt concentration, it is
preferred to use o1igonuc1eot1des which are less than 19 mers in
iength

Where the sample is-first placed on the membrane and then
detected with the oligonucleotide, the oligonucleotide must be labeled
with a suitable label moiety, which may be detected by_Spectroscopic,
photochemicai, " biochemical, | immunochemical or chemical means.
Immunochemical means include antibodies which are capable .of forming a
complex with the ~oligonucleotide under suitable conditions, and
biochemical means inciude'po]ypeptides or'1ectins'capab1e of forming a

complex with the oligonucieotide under the appropriate conditions.
Examples include fluorescent dyes, 'eiectron-dense reagents, enzymes

capab?e.of depositing insoluble reaction products or being detected

chromogenically, such as horseradish_perqxidase, alkaline phosphatase,
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"e_radioactive label such as 32P, or'biotin. If biotin is employed, a
© . spacer arm may be utilized to attach it to the o11gonuc1eot1de

Preferab1y, the label mo1ety is horseradish peroxidase.

A1ternat1ve1y, in one "reverse" dot blot format, at least
one of the primers and/or at 1east one of the four nucleotide
tr1phosphates is 1abe1ed with a- detectable label, so that. the
resu1t1ng amp11f1ed sequence is labeled. These labeled moieties may
be present initially in ‘the reaction mixture or added during a later

'-~cyc1e of the amp1if1cat1on to introduce the label to the amplification

10

20

30

'

- s

25
~amplified nucleic acid sequence containing the variation, if present

product. = Then an un1abe1ed sequence-specific o]igonuc1eot1de capab1e
of hybridizing with the amplified nucleic acid sequence, if the
sequence variation(s) (whether normal or mutant) is/are present, is.
spotted on (affixed to) the membrane'under prehybridization conditions

‘as described above. The amplified sample is then added to the

pretreated membrane under hybridization conditions as described
above. Finally, detect1on means are used to determ1ne if an amplified

sequence in the ; nuc1e1c ~acid sample has hybridized to . the
o1igonuc1eotide affixed to the membrane. Hybr1dizat1on will occur
only if the membrane-bound sequence containing the variation is
present in the amplification product, i.e., only if a sequence of the

_probe is comp1ementany to a region of the amplified sequence.

In another version of the "reVerse “dot blot format, the

amp]ificat1on is carried out without employing a label as with the

"forward" dot blot format described above, and a labeled sequence-
specific oligonucleotide probe capable of hybridizing with the

is spotted on (affjxed to) the membrane under prehybr1dization
conditions as described above. The amp]ified sample is then added to
the pretreated membrane under hybridization conditions as described
above. Then the 1labeled oligonucleotide or a fragment thereof is
released from the membrane in such a way'that a detection means'can be

used to determine if an amplified sequence in the sample hybridized to

_the 1abe1ed oligonuc1eetide. The release may take place, for example,

by adding a restriction_ enzyme to the membrane which recognizes a
restriction site in the probe. This procedure, Kknown as oligomer
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In both the forward and reverse dot .biot _methods, ‘the

genetic diseases which may be detected include specific deletions,

insertions and/or substitutions in’ any - base pair mutation or

'oolymorphism in nucleic acids, for example, genomic DNA, frmm any

organism, Examp]es of diseases in which base pair variation is known
include sickle cell anemia, hemoglobin C disease, a-thalassemia, 8-
thalassemia, and the like. Other diseases that may be detected
include cancerous diseases such as those involving the RAS oncogenes,
e. g., ‘the n-RAS oncogene, and 1nfectious diseases. -

" A dot blot process may also be used for HLA typing in the

o areas of tissue transp]antation, disease Susceptibility, and paternity

15

detehnin‘a‘ti-bn. The HLA class II genes, consisting of the o and 8
genes from the HLA-DR, HLA-DQ and HLA-DP regions, are highly

- polymorphic; their genetic complexity at the DNA level s

20

25

30

significantiy greater than the polymorphism currently defined by

~serological typing. In addition, the process herein may be employed

to detect four DNA sequences coding for HLA class II g proteins (e. g.
DRB) associated with - 1nsulin-dependent diabetes mellitus (IDDM).
Briefly, the four DNA sequences associated with IDDM are seiected from
the group consisting of:

1) 5'-GAGCTGCGTAAGTCTGAG-3',

2) 5'-GAGGAGTTCCTGCGCTTC-3',
3) 5'-CCTGTCGCCGAGTCCTGG-3', and .
4) 5'-GACATCCTGGAAGACGAGAGA-3',

or the DNA strands that are complementary thereto. Sequence- -specific
probes may be prepared that will hybridize to one or more of these
sequences. :

~ Various 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 Salmoneila,
Chlamydia,' Neisseria; Viruses, such as the hepatitis viruses, and
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parasites, such as the Plasmodium responsibie for malaria. U.S.
patent Reexamination Certificate B14,358,535 issued on May 13, 1986 to.
Falkow et al. describes the use 6f specific DNA hybridization probes
for the diagnosis of infectious diseases. A relatively small number
of péthogem’t orgam"sms may be preSen_t' in a clinical sample from an
infected patient and the DNA extracted from these may constitute Ohly
a very small fraction of the total DMA in the sample. - Specific
amplification of suspected 'sequences prior to immobilization and
hybridization detection of the ONA samples could greatly improve the
sens1t1v1ty and spec1f1c1ty of trad1t1ona1 procedures.

~ Routine clinical use of DNA probes for the diagnosis of
infectious diseases would be simphﬁed cons1derab1y if non-
radioactively labeled probes could be emp10yed as described in EP
63,879 to Ward. In this procedure b1otin-contain1ng DNA probes are -
detected by chromogenic enzymes linked to avidin or biotin- spec1f1c
antibodies.  This type of detection is convenient, but relatively
insensitive. .The combi’natio'n'of specific DNA amplification by the
pr-esent method and the use of stably labeled probes could provide the
convenience and sens1t1vity r'equn'ed to make the Falkow and Ward
procedures useful in a routine clinical sett1 ng.

A specific use of the amplification technology for detecting |
or monitoring for the AIDS virus is described as follows.  The
amplification and detection process fs used with primers and probes
which are designed to amplify and detect, respectively, nucleic acid

‘sequences which are substantiaﬂy conserved among the nucleic acids in

AIDS viruses and specific to the nucleic acids in AIDS viruses. Thus,

~ the sequence to be detected must be suffiéient'ly complementary to the

nucleic acids in AIDS viruses to initiate po1ymerization, preferably B
at room temperature, in the presence of .the enzyme- and nucleotide
triphosphates. '

In -additio_n, the probe may be a biotinylated probe in which
the biotin is attached to a spacer am of the formula:
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where Y is 0, NH or N-CHO, x is a number from 1 to 4, and y is a

number from 2 to_4. The spacer ‘arm is in turn attached to a psoralen

moiety of the formula:
CH3 ' CHz- '
0”0 07 " CHy
The psoralen moiety intercalates into and crosslinks a “gapped ci rcje“

probe as described by Courage-Tebbe et al., Biochim. B1ophys Acta,
697 (1982) 1-5, wherein the single- stranded hybr1dizat1on region of

the gapped circ1e spans the region contained in the primers. The
details of this biotinylation and dot blot procedure are described
more fully in commonly assigned U.S. Patent No. 4,582,789 issued'Aprﬂ
15, 1986 and U.S. Patent No. 4,617,261 issued October 14, 1986.

The ampliﬁcation process can also be utilized to produce

~sufficient quantn:ies of DNA from a single copy human gene such that

detection by a s1mp1e non-specific DNA stain such as ethldwm bronnde
can be employed to diagnose DNA directly.

- In  addition to detecting infectious' dise_ases and
pathological abnormalities in the 'genome of organisms, the

amplification process can also be used to detect DNA polymorpmsms
which may not be associated with any patho!l ogical state. :

In summary, the amphﬁcatwn process is seen to provide a
process for. amphfymg one or more specific nucleic acid sequences

using a chain reaction and a thermostable enzyme, in which re_actmn'

primer extension products- are produced which can sUbsequenﬂy_"act as
templates for further primer ‘extension reactions. The process is
especially useful 1in detecting nucleic acid sequences which are
initially present in only very small amounts. |

Th'e' following examples are of fered by way of illustration -

only and are by no means intended to Timit the scope of the claimed
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- invention. In these examples, all percentages are by we1ght if for
sohds and by vo'lume if for liquids, unless othennse noted, and all
' temperatures are g1 ven in degrees Celsius.

| - EXAMPLE T
‘5 1. Synthesis of the Primers
The following two o11gonuc'leot1de primers were prepared by_
'the method described below:

5'-ACACAACTGTGTTCACTAGC 3' (PCO3) -
5'-CAACTTCATCCACGTTCACC-3' (PCO4)

10 These. primers, both 20-mers, anneal to opposite strands of the Qenonﬁc
DNA mth their 5' ends separated by a distance of 110 base pairs.

A. Automated Synthesis Procedures The
di'ethy1phos_phoramidites, synthesized according to Beaucege and
Caruthers (Tetrahedron Letters (1981) 22:1859-1862) were sequentially

15 -_co_ndense'd to a nuc'leoside'derivati'zed controlled 'por_e glass support.
The procedure included detritylation"w'ith trichloroacetic acid in
dichloromethane, condensation usi ng benzotriazole as activati ng proton
- donor, and capping with aceti¢ anhydride and dimethylaminopyridine' in
tetra‘hydrofura_n and pyridine.  Cycle time was approximately 30

20 ‘minutes. Yields at each step were essentiaﬁy quantitative and were
determined by collection and spectroscopic ex'ami nati _on' of the
dimethoxytrityl a1coh01 released during detrity1ation "

B;. 011godeoxyr1bonuc1eot1de Deprotectmn and Purification
_ Procedures: The solid support was removed from the column and exposed
25 to 1 ml concentrated ammonium hydroxide at room temperature for four
hours in a closed tube. The support was then removed by filtration
and the so‘lut1on - containing the pa"rtially protected
oligodeoxynuc'leot'ide was brought to 55°C for five hours. Anlneni_a was
removed and the res1_due_was ‘applied to a preparative  polyacrylamide
.39 gel. Electrophoresis was carried out at 30 volts/cm for 90 minutes .
after which the band:centaining the product was identified by UV
~ shadowing of a fluores'cent plate. The band was excised and eluted
with 1 ml _di:sti-1'_1ed.water overr’n'-ght at 4°C. This solution was applied -
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to a RP-HPLC column and eluted w1th a 7-13% grad1ent of acetonitrile

~in 1% ammonium acetate buffer at pH 6.0. The elution was monitored by
- UV absorbance at 260 nm and the appropriate fraction collected,

quantitated by UV absorbance in a fixed volume and evaporated, to
dnyness at room temperature in a vacuum centrifuge.

C. Characterization of 011godeoxyr1bonuc1eot1des Test

aliquots of the purified 011gonuc1eot1des were 32p labeled with
polynucleotide kinase and 1-32P-ATP. The labeled compounds were
examined by autoradiography of 14-20% polyacrylamide gels after

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 and a 10% acetonitrile, 1% ammonium acetate mobile
phase '

_IIl Isolation of Human Genomic DNA_ffom Cell Line

High molecular weight genomic DNA was isolated from a T cell

line, Molt 4, homozygous for norma1 B-g]ob1n available from the Human

Genetic -Mutant Cell Depository, Camden, NJ as GM2219C using
essentia]ly the method of Maniatis et al., supra, p. 280-281.
- III. Purification of a Polymerase From Thermus aquaticus ,
Thermus aquaticus strain YT1, available without restrict%on - 25
from the American Type Culture Collection, 12301 Parklawn Drive,
_Rockv111e, MD, as ATCC No 25,104 was grown in flasks in the following
med1 um:
Sodium Citrate 1 mM :
Potassium Phosphate, pH 7. 9 5 mM 30
Ammonium Chloride _ 10 mM '
Magnesium Sulfate 0.2 mM
Calcium Chloride 0.1 mM
Sodium Chloride _ 1g/1
Yeast Extract 1 g/7
| Tryptone - S R TA N
_ Glucose - _ 29N K _
' Ferrous Su]fate '.‘ 0.0l mM - L
(The pH was adJusted to 8.0 prior to autoclavi ng ) Th,“,ﬁ]‘i‘,’,*,ii‘i,ﬂ‘ﬂel“,i‘ellll
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A 10-liter fennentor ‘was 1inoculated from a seed flask
cultured overnight in the above medium at 70°C. A total of 600 mi
from the seed flask was used to inoculate 10 liters of ‘the same
medium. The pH was controlled at 8.0 with ammonium hydroxide with the
dissolved oxygen at 40%, vnth the temperature at 70°C, and w1th the
stirring rate at 400 rpm

After gr-owth of the ce'ﬂs, they were purified us1ng the
protocol (with slight modiﬁcatwn) of Kaledin et al., supra, through
the first five stages and using a different protocol for the sixth
stage. A1l six steps were conducted at 4°C. ' The rate of
fract'uonat'lon on columns was 0.5 co'lumns/hour and the volumes of
gradients durmg elution were 10 column vo1umes. An alternative and
preferred purification protoco] is provided in Example VI below. '

Briefly, the above culture of the T. aquaticus cells was
harvested by centrifugatidn after nine hours of cuTtiva_tio‘n, in late
1og 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
Tris*HC1 pH 7.5, 0.1 mM EDTA. Cells were lysed and the lysate was

-centrifuged for two hours at 35,000_' rpm in a rotor at 4°C. The

supernatant was collected (fraction A) and the protein fraction
precipitating between 45 and 75% _:saturat_ion of ammonium sulfate was
collected, dissolved in a buffer consisting of 0.2 M potassium

~phosphate buffer, pH 6.5, 10 mM 2-mercaptoethanol, and 5% glycerine,

and finally dialyzed agai nst the same buffer to yield fraction B.

Fraction B was appHed to a 2.2 x 30-cm column of DEAE-
cellulose, equi'librated with the above described buffer. _The column
was then washed with the same buffer and the fractions containing

‘protein (determined by absorbance at 280 nm) were collected. The
combined protein fraction was dialyzed against a second buffer,
~ containing 0.01 M potassium phosphate buffer, pH. 7.5, 10 mM 2- '

mercaptoethanol, and 5% glycerine, to yield fraction C.

Fraction C was applied to a 2.6 x 2l-cm column of
hydroxyapat1te, equilibrated with a second buffer. The column was

" then washed and the enzyme was eluted with a Hnear gradient of 0.01-
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0.5 M potassium phosphate buffer, pH 7.5, containing 10 mM 2-
mercaptoethanol and 5% glycerine. Fractions containing DNA polymerase

activity (90-180 mM potassium phosphéte) were combined, concentrated

four-fold using an Amicon stirred cell and YM10 - membrane, and dialyzed
aga1nst the second buffer to y1eld fraction D.

- Fraction D was ‘applied to a 1.6 x 28-cm column of DEAE- -

;e11uTose, 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 exonuc1ease(s) by
e]ectrophoret1ca11y detecting the change in molecular weight of phage
A DNA or supercoiled plasmid DNA after incubation with an excess of
DNA polymerase (for endonuclease) and after treatment with a
restr1ct1on enzyme that cleaves the DNA into several fragments (for
exonuclease). Only those DNA polymerase fractions (65-95 mM potassium

phosphate) having minimal nuclease contamination were pooled. To the

pool was added autoclaved gelatin in ‘an amount of 250 ug/ml, and
dialysis was conducted aga1nst the second buffer to yield Fraction E.

_ Fract1on E was app11ed to a phosphocellulose column and
eluted with a 100 ml gradient (0.01-0.4 M KC1 gradient in 20 mM
potassium phosphate buffer pH 7.5). The fractions were assayed for

contaminating endo/exonuclease(s) as described above as well as for

- po1ymerase activity (by the method of Kaledin et al.) and then

25

30

o weight of about 86,000-90,000 daltons, not 62,000-63;000 daltons

pooled. The pooled fractions were dialyzed against the second buffer,

then concentrated by dia1ysis against 50% glycekine and the second
buffer. .

The mo1ecu1ar'weight of the pdlymehase was determined by SDS
PAGE.  Marker proteins were phosphorylase B (92, 500), bovine serum
albumin (66,200), ovalbumin (45,000), carbonic anhydrase (31,000),

“soybean trypsin inhibitor (21,500), and lysozyme (14,400).

Preliminary data suggest that_the polymerase has a molecular

reported in the literature (e.g., by Kaledin et al.).
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The polymerase was incubated in 50 ul of a mixture
containing 25 mM Tris-HC) pH 6.4 and pH 8.0, 0.1 M KC1, 10 mM MgCl,, 1

'9

il

1
i
I8

“mM . 2-mercaptoethanol, 10 nmoles’ each of dGTP, dATP, and TTP, and 0.5

uCi (3H) dCTP, 8 ug "dctivated” calf thymus ONA, and 0.5-5 units of
the po1ymerase "Act1vated" DNA is a nat1ve preparation of DNA after

.part1a1 hydro1ys1s with DNase I until 5% of the DNA was transferred to
" the acid-soluble fraction. :The reaction was conducted at 70°C for 30

minutés, and stopped by adding 50 u1 of a saturated aqueous solution

of deium pyrophosphate containing 0.125 M EDTA-Nay.  Samples were

processed and activity was determined as described by Kaledin et al.,
52231- . | T

The results showed that at pH 6.4 the polymerase was more
than one-half as active as at pH 8.0. In contrast, Kaledin et al.
found that at pH about 7.0, the'enzyme therein had 8% of the activity
at pH 8.3. Therefore, the pH profﬂe for the ther'mostable enzyme
herein is broader than that for the Kaledin et a1. enzyme.

Finally, when only one or more nucleotide triphosphates were
e11m1nated from a ONA polymerase assay reaction mixture, very little,
if any, activity was observed using the enzyme herein, and the
activity was consistent with the expected value, and with an enzyme
exhibiting high fidelity. In COntrast,'the activity'observed using
the Kaledin et al. (supra) enzyme is not consistent with the expected
value, and suggests misincorporation of nucleotide tr1phosphate(s)

1v. Amplificatlon Reaction .

One microgram of the genomic DNA descr1bed above was di1uted
in an ihitial 100 u1 aqueous reaction volume containing 25 mM Tris'HC1

" buffer (pH 8.0), 50 mM KC1, 10 mM MgCl,, 5 mM dithiothreitol, 200

30

ug/ml gelatin, 1 uM of primer PCO3, 1 uM of primer PCO4, 1.5 mM dATP,
1.5 mM dCTP, 1.5 mM dGTP 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 yl

mineral ofl cap. The sample was then placed in the aluminum heating

This Sheet Has Been
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“block of the liquid handling and heating instrument described above

employing pipettes programmed to deliver 11quids and a temperature-
control dev1ce to effect temperature changes. '

- The DNA sample underwent 20 cycles of amp11ficat1on in the

mach1ne, repeating the following program cyc]e

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

2) cooling from 98°C to 37°C over-a per1od of three minutes

to allow the primers and DNA to anneal. _
~ After the 1last cycle, the sample was 'incubated_ for an

‘additional 10 minutes at 55°C to complete the final extension

reaction. N
Vﬂ Synthesis and Phosphorylation of 01igodeoxyribonucleotide Probes

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

5' *CCCACAGGGCAGTAACGGCAGACTTCTCCTCAGGAGTCAG 3' (RS24)

where * ind1cates the label. This probe is 40 bases long, spans the
fourth through seventeenth codons of the gene, and is complementary to
the normal g-giobin allele (g*). The schematic diagram of primers and
probes is given below: |

Y 110 bp N
N g-globin 7
b v 2 —PCOr

This probe was synthesized according to the procedures'

described in Section I of Example I. The probe was labeled by

'contacting 20 pmole thereof with 4 units of T4 polynucleotide kinase

and about 40 pmole y-32p-ATP (about 7000 Ci/mmole) in a 40 u1 reaction
volume containing 70 mM Tris buffer (pH 7.6), 10 mM MgClz, 1.5 mM

‘spermine, and 10 wM dithiothreitol for 60 minutes at 37°C. The total

volume was then adjusted to 100 pl with 25 mM EDTA and purified
according to the procedure of Maniatis et al., supra, p. 466-467 over
a 1 ml spin dialysis column equilibrated with Tris-EDTA (TE) buffer

(10 mM Tris buffer, 0.1 mM EDTA, pH 8.0). TCA precipitation of the
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reaction product 1ndicated that for RS24 the Spec1f1c act1v1ty was 4.3
uCi/pmole and the f1na1 concentration was 0.118 pmole/ul.

Vi. Dot Blot Hybr1d1zat1ons _'

Four microliters of the amp11f1ed sample from Section IV and

. 5.6 ul of appropriate d11ut1ons of g-globin plasmid DNA calculated to'

represent amplification efficiencies of 70, 75, 80, 85, 90, 95 and
100% were diluted with 200 u1 0.4 N NaOH, 25 mM EDTA and spotted onto
a nylon filter by first wetting the filter with'water,'p1acing it in

" an apparatus for preparing dot blots which holds the filters in p]ﬁce,
- 10 .

applying the samples, and rinsing each well with 0.1 ml of 20 x SSPE
(3.6 M NaCl, 200 mM NaH,PO,, 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.

' After bak1ng, each filter was then contacted with 16 ml of a

" hybridization solution consisting of 3 x SSPE, 5 x Denhardt's solution

(1 x = 0.02% polyvinylpyrrolidone, 0.02% Ficoll, 0.02% bovine serum
albumin,, 0.2 mM Tris, 0.2 mM EDTA, pH 8.0), 0.5% SDS and 30%

'.fonmamide and incubéted'for two hours at 42°C. Then 2 pmole of probe

20

25

RS24 was added to the hybridization so1ution and the filter was
incubated for two minutes at 42°C.

Finally, each hybr1d1zed filter was washed twice kith_lOO ml
of 2 x SSPE and 0.1% SDS for 10 minutes at room temperature. Then the
filters were treated once with 100 ml of 2 x SSPE, 0. 1% SDS at 60°c
for 10 minutes.

Each fi]ter was then autoradiographed with the signal

' readily apparent after two hours.

.'VII. Discussfon of Autoradiogram

30

The autoradiogram of the dot blots was analyzed after two
hours and compared in intensity to standard serial dilution s—glob1n |
reconstruct1ons prepared with Haelll/Mael- -digested pBR: BA, where 8P is
the. wild- -type a11e1e, as described in Saiki et al., Science, supra.
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Analysis of the reaction product indicated that the overall

amplification efficiency was about 95%, corresponding to a 630,000-""

fold increase in the s-globin target sequence.

EXAMPLE 1I

I. Amp11ficat1on Reaction

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

cell line as described in Example I were each diluted in a 100 1

- reaction volume contain1ng 50 mM KC1, 25 mM Tris'HC1 buffer pH 8.0, 10

mM MgCl,, 1 uM of primer PC03 1 uM of primer PCO4, 200 ug/ml gelatin,
10% d1methylsu1fox1de (by vo1ume), and 1.5 mM each of dATP, dCTP, dGTP

and TTP. After this mixture was heated for 10 minutes at 98°C to-
denature the genomic DNA, the samples were cooled to room temperature
ahd 4 1 of the pb]ymerase from Thermus aquaticus described in Example_
I was added to each samp1e. The samples were overlaid with m1nera1

ol to prevent condensat1on and evaporative lToss.

One of the samples was placed in the heating block of the
machine described in Example I and subJected to 25 cyc1es of

amplification, repeat1ng the fo1lowing program cycle:
(1) heat1ng from 37 to 93°C over a period of 2.5 minutes;

(2)  cooling from 93°C to 37°C over a period of three

‘minutes to allow the primers and DNA to anneal; and

(3) maintaining at 37°C for two minutes.

After the Tlast cycle the sample was incubated for an
add1tiona1 10 minutes at 60°C to complete the final extension
reaction. ' '

The second sample was placed 1n the heat -conducting

~container of a temperature cycling (heating and cooling) mach1ne. In

this machine, the heat-conduct1ng container is attached to Peltier

‘heat pumps which adjust the-temperatuﬁe'upwards or downwards ane_a

microprocessor controller to contrb]_automatibal1y the amplification
sequence, the temperature levels, the temperature rampjng and the
timing of the temperature. -

is Sheet Has Been Replaced

i ||||

|

(B A



15

20

25

SHEET HAS BEEN
THIS REPLACED .

The second sample was subjected 'to' 25

' : _ cycl
amplification, repeating the f011°W1"9 program cycle: e

(1) heat1ng from 37 to 95°C over a period of three min.t
utes;

(2) ma1nta1n1ng at 95°C for 0.5

m1nutes to allow
denaturation to occur; . '

: {3) ICOo1ing from 95 to 37°C over a period of one minute:
and ' ' | ’

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

“II. Analysis

Two tests were done for ana1ys1s, a dot blot and an agarose
ge1 analysus

For the dot blot ana1ysis, a labeled DNA probe, designated
RS18, of the fo11ow1ng sequence was prepared

5 *CTCCTGAGGAGAAGTCTGC 3! (RSIS)

where * indicates the label. This probe is 19 bases long, spans the

.fOurth through seventeenth codons of the gene, and is complementary to

the normal g-globin allele (gA). The schematic diagram of primers and
probes is given below: ' o

s 110 bp | \
N 8-globin - 7

" This probe was _eynthesized according to the procedures

described in Section I of Example I. The probe was labeled by

contacting 10 pmoIe thereof with 4 units of T4 polynucleotide kinase

'and about 40 pmole 7'32P-ATP (about 7000 Ci/mmole) in a 40 yul reaction

volume containing 70 mM Tris*HC1 buffer (pH 7.6); 10 mM MgClp, 1.5 mM
spermine and 10 mM dithiothreitol for 60 minutes at 37°C. The total

_volume was then adjusted to 100 1 with 25 mM EDTA and purified

30

: according to the procedure of Maniatis et al., ugra, p. 466-467 over
a 1 ml spin dia)ysis column equilibrated with Tris-EDTA (TE) buffer
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“enzyme were diluted with 195 ;1 0.4 N NaOH,
‘onto two replicate nylon filters by first wetting .the filters with
water, placing them in an_apparatus'for preparing dot blots which’

'EDTA), as disclosed by Reed and Mann, supra.
rinsed 1n 20 x SSPE, and baked for 30 minutes at 80°C in a

" THIS SHE
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(10 ™M Tris*HC1 buffer, 0.1 mM EDTA, pH 8.0). TCA precipitation of

the reaction product indicated that for R518 the spec1f1c actithy was
4.6 uC1/pmo1e and the f1na1 concentrat1on was 0.114 pmole/ul.

Five m1cro11ters of the amp11f1ed sample from Section I and
of a sample amp11f1ed as described above except using the Klenow
fragment of E. SEHJ_ DNA Polymerase 1 instead of the thermostable
25 mM EDTA and spotted

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 NaH‘2P04,' 20 mM
The filters were then
removed,
vacuum oven.

After baking, each filter was.then confécted with 6 ml of a
hybridization solution consisting of 5 x SSPE, 5 x Denhardt's solution
(1 x = 0.02% polyvinylpyrrolidone, 0.02% Ficoll,

Then 5 u1 of probe RS18 was added to the
hybridization solution and the filter was incubated for 60 minutes at
55°C. '

Finally, each hybridized filter was QaShed twice w{th 100 ml;
Then the

of 2 x SSPE and 0.1% SDS for 10 minutes at room temperature.
filters were treated twice more with 100 ml of 5 x SSPE, 0.1% SDS at
60°C for 1) one minute and 2) three minutes, respectively.

 Each filter was then autoradlographed

with the signal
readily apparent after 90 minutes. '

" In the agarose gel analysis, 5 ul
(0 089 M Tris, 0.089 M boric acid, and 2 m EDTA) and electrophoresed
for 60 minutes at 100V, After staining with ethidium bromide, DNA was

visua1ized by UV fiuorescence.
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0.02% bov1ne serum
_ -a1bum1n, 0.2 mM Tris, 0.2 mM EDTA, pH 8.0) and 0.5% SDS, and 1ncubated
- for 60 minutes at 55°C.

each amplification
reaction was loaded onto 43 NuSieve/0.5% agarose gel in 1 x TBE buffer
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The results sh; : i
o _ show that the machines used in Example I and
this example were equally effective in 1ifyi .

] > amp ifying the DNA, showing -
| * pair bands of similar '
corresponding to the desired sequence, as well As a few oth

. . - I l e
bands of much lower intensity. 1In contrast, the amplification method
that involves reagent transfer after each cycle uéing thé. K .
. . | _ , enow
fragment of E. coli Polymerase I gave a DNA smear resulting from the.

non-specific amplification of many unrelated DNA sequences.

intensity,
r discrete .

It is expected that similar improvements. in amplifitatfon
and detection would be achieved in evaluating HLA-DQ, DR and bp
regions. ' | - . '

If in - the above 'experiments 'the amplification reaction
buffer contains 2 mM MgCl, instead of 10 mM MgCl, and 150-200 M of
each nucleotide rather than 1.5 mM of each, and if the Tlower
temperature of 37°C is raised to 45-58°C during amplificafion; better
specificity and efficiency of amplification occurs. Also, DMSO was
found not ne;essény or preferred for amplification.

"EXAMPLE III

“Amplification and Cloning

o - For amplification of a 119-base pair fragment on the human
g-globin geme, a total of 1 microgram each of human _genomic DNA

.iSOTated from the Molt 4 cell line or from the GM2064 cell 1line -
(representing'a homozygous deletion of the g- and s-hemoglobin region _

and available from the Human Genetic Mutant Cell Depository, Camden,

NJ) as described above was amplified in a 100 u) reaction volume |

‘containing 50 mM KC1, 25 mM Tris‘HCI pH 8, 10 mM MgCl,, 200 ug/ml

gelatin, 5 mM 2-mercaptoethanol, 1.5 mM each of dATP, dCTP, TIP, and

dGTP, and 1 uM of each of the following primers:

5'-CTTCTGcagCAACTGTGTTCACTAGC-3'  (GH1S)
5'~CACaAgCTTCATCCACGTTCACC-3' (GH19)

where lower case letters denote mismatches from wi1d¥typé éequence td

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

complementary to the negative strand and contains an internal Pstl
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'site. GH19 is a 29-base oligonucleotide complementary to the plus

strand and contalns an internal HindIII recogmtwn sequence. These
pmmers were selected by fi rst screening the regions of the gene for
homology to the Pstl and HindIII restriction sites. The primers were
then prepaked"as described in Example I.

~ The above reaction mixtures were heated for 10 minutes at
95°C and then coc>_1éd to room temperature. A total of 4 ul of the
polymerase described in Example I was added to each reaction mixture,
and then each mixture was 0ver1ayed with minéraﬂ 0il. The reaction
mixtures were subjected to 30 cyc'les of ampﬁﬁcatwon with the

following program' -

2.5 min. ramp, 37 to 98°C

3 min. ramp, 98 to 37°C
_ 2 min. soak, 37°C

After the last cycle, the reaction mixtures were 1ncubated
for 20 minutes at 65°C to complete the final extensmn The mineral

0i1 was extracted with chloroform and the mixtures were stored at

-20°C.

A total of 10 u1 of the amplified product was digested with
0.5 ug Mi3mpl0 cloning vector, which is pubHcly available, in a 50 u}

volume containing 50 mM NaCl, 10 mM Tris-HC1, pH 7.8, 10 mM MgClz, 20

units Pstl and 26 units HindIII for 90 minutes at 37°C. The reaction
was stopped by freezing at -20°C. The volume was adjusted to 110 ul

~with TE buffer and 1oaded (100 u1) onto a 1 ml BioGel P-4 spin
25

dialysis column. One 0.1 ml fraction-was collected and ethanol
prec1pitated | '

traced the source of contamination to the primers, either GH18 or
GH19.  Because no other source of primers was available, the
experi'_ment" was continued with the understanding that some cloned
sequences would be derived from the contaminating DNA in the primers.)

| The - ethanol pellet was resuspended in 15 ul water, then
adjusted to 20 ul1 volume containing 50 mM Tris-HC1, pH 7.8, 10 mM

ThlS Sheet Has Been Re lac
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(At this point it ‘was discovered that there was R- g1obin'
ampliﬁcation product in the GM2064 samp1e. Subsequent experiments
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transformed strain is described in Messing, J.
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iy, 0.5 it AT, . Ly

. 10 "M dithiothreitey,
unit is the amount of enzyme ‘required to

d1gested ADNA in 30 mi nutes at 16°C
concentration of 0.12 mM (about 330 Thi . ,
‘incubated for three hours at 16°C.. | S Mmixture . was

» and 400 units ligase.  [One

1'n 20 41 at a s termini

Ten microliters of Hgation reaction mixture containin Mo1
4 DNA was transformed into E. coli strain JM103 competent cells, 9 ho :
whic

are pubﬁcly available. The procedure followed for preparing the

(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 aimost
20-fold over the percentage of g-globin positive plaques among Ithe
primer-positive o‘laques' from the amplification techm’qué’ using Klenow

~fragment of E. coli _PoTymer'ase I, where the reaction proceeded for two

minutes at 25°C, after which the steps of heating to 100°C for two

minutes, co’oi_ing,__' adding Kienow fragment, and reacting were repeated

nine times. These results confirm the impro(:ed specificity of the
amplification re.action'employing the thermostable enzyme herei'n.

~In a later cloning experiment with GM2064 and the
contaminated primers, 43 out of 510 colorless plaques (8%) had the
(+)- stra_nd insert. This suggests that approximately one-half of the
119 clones from Molt 4 contain the contaminant seque’nce'. _

. Ten of the (+)- strand clones from Molt 4 were sequenced.
Five were normal wild-type sequence and five had a single C to T
mutation in the third position of the second codon of the gene (CAC to
CAT). Four of the contaminant c1ones from GMZO$4 were sequenced and
all four were normal. '

Restrictmn 51te-mod1fied primers may also be used to
amphfy and clone and partially sequence the human ‘N-ras oncogene and
to clone base pair segments of the HLA DQ-a, DQ-s and DR-g genes using
the above technique. :
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Aga1n,'1f the concentrations of MgClz and nucleotides are
reduced to 2 mM and 150 200 uM, respect1ve1y, and the minimum Cycling
temperature is increased from 37°C to 45-58°C, the ‘specificity ang
efficiency of the amplification reaction can be increased.

EXAMPLE'IV .

Gede Retrieval.

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

A spec1f1c DNA sequence probe for the Taq 201 gene was

~ obtafned following 1mmuno1ogica1 screening of a agtll expression

1ibrary. T. aguaticus ONA was digested to completion with Alul,
1igated with EcoRI 12-mer linkers (CCGGAATTCCGG, New England Biolabs),

digested with'gggﬁl and Iigated with dephosphorylated, EcoRI-digested

Agtll DNA (Promega Bfotech). The ligated DNA was packaged (Gigapack

‘Plus, Strategene) and transfected into E. coli K-12 strain Y1090

(prov1ded by R. Young)

The initial 11brany of 2 x 10° plaques was screened (Young,

R.A., and R.W. Davis (1983) Science, 222:778-782) with a 1:2000

dilution of a rabbit polyclonal antiserum raised to purified Taq .

polymerase (see Examp1es_I and VI). Candidate plaques were replated
at limitingd dilution and réstreened until homogeneous (~3 .cyc1es).
Phage were purified from candidate plaques which failed to react with
preimmune serum and reacted with {mmune serum.

Candidate phage were used to lysogenize E. coli K-12 strain

: Y1089 (R. Young). Lysogens were screened for the production of an
25 .

IPTG. inducible fusion protein . (larger than g-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).

30

The "fished"; epitope-selected antibodies were used, in
turn, in a weStern ahalysi§ to identify which Agtll'phage candidates

encoded DNA sequences uniqugly'specific to Taq polymerase. One agtll
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phage candidate, designated agt:l, specifically selecteq antibodi
odies

from the total rabbit polyclonal Tagq po1ymerase antiserum which
. wni

uniquely reacted with both purified Tag po1ymerase and crude ext ct

rac

~ fractions conta1n1ng Taq polymerase. This phage, kgt 1

» Was used .for
further study

The ~115 bp ECoRI- adapted A1uI fragment of Thermus EHEEE!EEi

DNA was labeled’ (Man1atis et al., supra) to generate a Tagq polymerase-
specific. probe. The probe was used in Southern analyses and to screen

a T. aquaticus DNA random genomic library.

~B. CONSTRUCTION AND SCREENING OF A THERMUS AQUATICUS RANDOM GENOMIC

LIBRARY

Lambda phage Charon 35 (wi1he1m1ne A. M. et al., supra) was
annealed and 1igated via its cohesive ends, digested to completion -
with BamHI, and the annealed arms were pur1fied from the "stuffer"
fragments by potassium acetate density gradient ultracentrifugation

~ {Maniatis, et al., supra). T. aquaticus DNA was partially digested

20

25

with Sau3A and the 15-20 kb size fraction purified by sucrose density
gradient ultracentrifugation; The = random genomic 1library was
constructed by ligating the target and vector DNA fragments at a 1:1
molar ratio. The DNA was packaged and transfected-into E. coli K-12
strains LE392 or K802. A_Tibfany of »20,000 initial phage containing

>99% recombinants was amplified on E. coli K-12 strain LE392.

The CH35 Taq genomic phage library was screened (Maniatis et
al., supra) with the radiolabeled EcoRl ‘insert of agtll:l,
Specifically hybridizing candidate phage plaques were purified and
further analyzed. One phage; designated Ch35::4-2, released > four T.

agquaticus DNA fragments upon digestion with HindIII (~8. 0, 4.5, 0.8,

30

0.58 kb)

The four HindIII T. aguaticus DNA fragments were 11gated
with HindIII digested p1asm1d BSM13+ (3.2 kb, Yector Cloning Systems,
San Diego) and 1ndividua1]y cloned f0110w1ng transformation of E. coli

K-12 stra1n 0698
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The ~8.0 kb_ﬂiﬂﬁlll DNA fragment from CH3$ | ated

in plasmid pFC82 (11.2 kb), while the 4.5 kb ﬁiﬂﬂlli ONA fragment from
CH35::4-2 was isolated in plasmid pFC83 (7.7 kb). '

E. chi strain DGY8 harboring pFCBZ.was shown to contain a

thermostable, h1gh temperature DNA polymerase activity (Table 1). 1In
addition, these cells synthesize a new ~60._kd molecular weight
polypeptide which is immunologically. re]ated to Taq DNA polymerase.

 The Taq polymerase cod1ng region of the 8. 0 kb HindIII DNA
fragment was further localized to the Jac-promoter prox1ma1 2.8 kb
HindIII to Asp718 port1on of the 8.0 kb HindIIl fragment. This region

was subcloned to yield plasmid pFC85_(6.0 kb). Upon induction with:
1PTG, E. coli DG98 cells harboring plasmid pFC85 synthesize up to 100-
_fo1d more thermostable, Taq polymerase- -related activity (Table 1) than

the original parent clone (pFC82/DG98) While. cells harbor1ng pFC85
synthes1ze a s1gn1ficant amount of a thennostab1e DNA polymerase

_act1vity, only a port1on of the Taq pol DNA sequence is transIated

resulting in the accumulation of a ~60 kd Taq polymerase-related

" polypeptide.

TABLE 1

Expression of a Thermostable DNA Polymerase Activity inlg;_COTi#

-Sample Units*/ml
T . IPTG +IPTG

~ BSM13/DG98- . . 0.02
pFC82/D698 - 2.2 2

pFC85/DG98 1.9 643.8

fCells were grown to late log phase (+/- IPTG, 10 mM), 'hArvested
sonicated, heated at 75°C for 20 minutes, centrifuged and the

_ c1arif1ed supernatant assayed at 70°C for DNA polymerase activ1ty

30

* 1 unit = 1 nM dCTP 1ncorporated in 30 minutes.
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'Express1on of Tag Polymerase

The thermostab]e gene of the present ‘invention can be
expressed in any of a var1ety of bacterial expression vectors

“including DG141 (ATCC 39588) and pP NpggATG.  Both of these host -

vectors are pBR322 der1vat1ves that have either a sequence containing

. a tnyptophan promoter-Operator and ribosome binding site with an

operab1y linked ATG start codon (DG141) or a sequence containing the
lambda P promoter and gehe N ribosome binding site operably linked to
an ATG start codon (pPNpggATG). Either one of these host vectors may
be restricted with Sacl, and blunt ended with Klenow or S1 nuclease to
construct a convenient restr1ct1on site for subsequent insertion of
the Tag poTymerase gene.

The full-length Taq polymerase gene was constructed from the
DNA insert fhagments subcloned into plasmids pFC83 and pFC85 as
fol]ows.' Yector BsM13't (eommercfal1y available from Vector Cloning
Systems, ' San Diego, "CA) was digested at the unique HindIII site,

* repaired with Klenow and dNTPs, and ligated with T4 DNA ligase to a

Bgl11 octanucleotide linker, 5'-CAGATCTG-3‘, and transformed into E.
coli - strain DG98.  Plasmids were isolated from AmpR 1acZa

transformants. One of the clones was digested with BglII and Asp718

restriction enzymes, and the 1arge vector fragment purified by gel

'e1ectrophoresis.

Next plasmid pFC83 was digested with Bglll and H1ndIII and
the ~750 base pair fragment was jsolated. Plasmid pFC85 was digested

‘with HindIII and Asp?18 and the ~2.8 kb fragment isolated and joined

in a three-piece Tigation to ‘the ~750 base pa1r'_§L}I-H1ndIII fragment
from pFC83 and the .551}11552718 vector fragment of BSM13*.  This
Tigation mixture was used to transfom E. gglj;'strain 0G98 (ATCC
39,768 deposited July 13, 1984) from which AmpR colonies were selected
and an ~6.75 kilobase plasmid (pLSGL) ‘was isolated. Isopropyl-g-D-
thiogalactoside (IPTG)-induced DG98 cells harboring pLSGl ‘synthesized
Taq DNA po]ymerase 1nd1st1ngu1shab1e in size from the native enzyme

isolated from TI. guaticus. Plasmid pLSGl can then be used to
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generate a s1ng1e strand DNA temp?ate accordmg‘ muw”w! EU!l,re

. recommended by Vector Clom ng Systems.
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011gonuc1eot1de-d1 rected mutagenes1s (see Zoller and Smith,
Nuc. Acids Res. (1982) 10:6487-6500) can then be used to introduce an

'r

Sphl restriction site as part of the ATG start codon (upstream of the -
'_'-i-nternal HindIII site in the coding sequence of the Tag polymerase

vector. After the site-directed mutagenesis is performed, the gene

" can be 1isolated from the BSM13* wector on an ~3.2 kb ‘SphI-BstEll

restriction fragment, treated with Klenow fragment and all four dNTPs,
and inserted with T4 DNA ligase (blunt-end conditions) into either one

of the aforementioned expres_sion vectors, which have been digested

with Saci, repaired with Klenow and dNTPs, and treated with calf

‘intestine phosphatase to generate dephosphorylated blunt ends. This

gene). Similarly, a BglII site can be introduced after the carboxyl- - |
.terminus of the gene (~0.7 kb upstream from the Asp718 'site) to
facilitate subcloning of the Taq polymerase gene into an expression

ligation mixture is used to transform E. coli DG116 and the resulting

t:ransfoman’ts are screened for production of | Taqg polymerase.
Expression of the enzyme can be confirmed by Western immunoblot
analysis and activity analysis. '

. A greater proportion of the Taq po1ymerase gene contained "
within the ~2.8 kb HindIII-Asp718 fragment of plasmid pFC85 can be

_expressed using, for examp]e, pla’smid pP NppsATG, by" operably linking

the amino-temnna‘l HindIII restmction site encoding the Taq pol gene
to an ATG initiation codon. The product of this fusion upon
expression will yie‘ld an ~66 .000-68 000 dalton truncated po‘lymerase.

This specific construction can be made by digesting ‘plasmid

of dATP, dGTP and dCTP. The resu]ting fragment is treated further
with ST nuclease td_ remove' any single-stranded extensions, and the
resulting DNA digested with Asp718 and treated with K]e'nw'f'i'agment in
the presence of all four dNTPs. The recovered fragment can be 11gated
using T4 DNA Hgase to dephosphorylated plasmid PPLNRBSATG wh1ch had
been d1gested with _S_gg_I and treated with Klenow fragment in the
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' pFCSS with HindIll and treating with Klenow fragment in the presence._ '
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presence of dGTP to construct an ATG b1unt end. This ligation mixture
can then be used to transformed E. coh DG116 and the transformants

Again, expression can be
confi nned by Western immunoblot ana‘lys1s and actw1ty analysis

~ EXAMPLE . VI

Puri ficat‘i-on

_ The thennostab'le po’lymerase may be purified directly from a
culture of Thermus aquaticus fo]‘lom ng the example d1sc105ed be\ow or,

: _alternatwely, from a bacterial culture containing the recombinantly

10

15

produced enzyme with on'ly minor mod1f1cat1ons necessary in the
preparation of the crude extract. ' -

After- harvesting by centr1fugation 60 grams of cells were
resuSpended in 75 ml of a buffer consisting of 50 mM Tris-C1 pH 8, 1
M EDTA. Cells were lysed in a French Press at 14,000-16,000 PSI
after which 4 volumes (300 ml1) of additmna] Tris-EDTA were. added.
Buffer A (3-mercaptoethanol to 5 mM and NP-40 and Tween 20 to 0.5%
(v/v) each) was added and the solution was sonicated thorougMy while

cooling. The resultant homogeneous suspension was diluted further

- with Buffer A such that the final volume was 7.5-8 times the starting

30

cell weight; this was designated Fraction I.

The polymerase " actfivity in Fraction I and 'subse_queht
fractions was determined in a 50 ul mixture containing 0.025 M TAPS-
HC1 pH 9.4 (20°C), O. 002 M MgCl,, 0.05 M KC1, 1 mM 2-mercaptoethanol,
0.2 mM each dGTP, dATP, TTP, 0.1 mM dCTP [a-32P .05 Ci/mM], 12.5 ug
“activated” salmon sperm DNA and 0.01-0.2 units of the polymerase
(diTuted in 10 mM Tris-HC1, pH 8, 50 mM KC1, 1 mg/ml autoclaved
gelatin, 0.5% NP-40, 0.5% Tween 20, and 1 mM 2-mercaptoethanol). One |
unit corresponds to 10 nM product in 30 minutes. "Activated" DNA is a
native preparation of DNA after partial hydrolysis with DNase I until
5% of the DNA was transferred to the acid-soluble fraction. The
reaction was conducted at 74°C for 10 minutes and then 40 1 was
transferred to 1.0 ml of 50 ug/ml carrier DNA in 2 mM EDTA at 0°C. "An
equal volume (1.0 ml) of 20% TCA, 2% scdium pyrophosphate was added.
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After 15-20 minutes at 0°C the samp1es were filtere
' GF/C discs and extensively washed with cold 5% TCA-l%_pyrophosphate,
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followed by cold 95% ethanol, dried and counted.
Fraction. I was centrifuged for two hours at 35,000 rpm 1n a
Beckman TI 45 rotor at 2°C and the collected supernatant was

des1gnated Fract1on II.

The Taq polymerase act1v1ty was prec1p1tated with Polymin p

(BRL Gaithersburg, MO} (10%, w/v, adausted to pH 7.5 and autoclaved)'
after the minimum amount of Popym1n P necessary to precipitate 90-95%

of the activity was determined, which amount was genera]ly found to be
between 0. 25% and 0.3% final voiume

An appropriate _1eve1 of Polymin P was added slowly to
Fraction II while stirring for 15 minutes at 0°C. This solution was
centrifuged at 13,000 rpm for 20 minutes in a Beckman JA 14 rotor at
2°C.  The supernatant was assayed for activity and the pellet was
resuspended in 1/5 volume of 0.5X Buffer A (diluted 1:2 with,HéO).

~ This suspension was recentrifuged and the-pe11et'resuspended_in 1/4

volume of Buffer A containing 0.4 M KC1. Thfs suspension was
homogenized thoroughly and 1eft.0vernight at 4°C. The homogenate was
centrifuged as above and the co11ected_supernatant designated Fractioh
I11. - '

The protein fraction was collected by “precipitation” at 75%

- saturation of ammonium sulfate, centrifuged (at 27,000 rpm, SW27
rotor, 30 minutes) and the floating pellicle was resuspended in 50 mM

Tris-C1 pH 8, 1 mM EDTA. These steps were repeated and the prote1n
suspension was d1a1yzed extensive]y w1th P- ce11 buffer (20 mM KPO,; pH

7.5, 0.5 mM EDTA, 5 mM s-mercaptoethanol 5% (w/v) glycerol, 0.5%

(v/v) NP-40 and Tween 20) containing 80 mM KC1.

"~ The diaIysate was transferred to a centrifuge bottle to

which was added any recovered protein from sacks rinsed with the Pf'
cell buffer containing 80 mM KC1. Centrifugation was performed at
20,000 x g and the time was reduced to 15 minutes. The supernatant

was saved and any pellet remaining was washed, extracted with P-cell
buffer and 80 mM_KC1, and recentrifuged. ‘The supernatants were then
comb{ ned to form Fraction 1V. '
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Fract1on IV was app11ed to a 2.2 x 22-cm column  of
phosphoce]\u]ose equilibrated with the P-cel buffer containing 80 mM
KC1. = The column was washed (2.5-3 column ‘volumes) with the same
buffer and the protein eluted using a linear gradient of 80 to 400 mM
KC1 in P-cell buffer. Fractions containing DNA polymerase activity
(~0.18-0.20 M KC1) were pooled and concentrated 3-4 fold on an Amicon

stirred cell and YM30 membrane. The cell was rinsed with the P-cell

10

15

buffer without KC1 and added to the fraction concentrate 0.15 M K1
adJusted final volume) to fonn Fraction V.

Fraction V was. apphed to a 5 ml- Heparin-Sepharosé CL-GB

‘column (Pharmacia) equilibrated with P-cell buffer and 0.15 M KC1.

The column was washed with 0.15 M KC1 buffer (3-4 column volumes) and
the protein eluted with a linear gradient from 0.15 to 0.65 M KC1 in
P-cell buffer. A 1:10 dilution into diluent without gelatin was made

for SDS-PAGE analysis and a subSequent'l:ZO ditution 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

| template for specific and non-specific endonucleaseS/topoisomerase by

20

25

'e1ectk0phoretica11y 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 ~88
kd protein was found to be the major band. The major pool, 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.

-30

Fraction VI was dialyzed aga1nst 10 mM KP04 pH 7.5, § mM, 8-

: mercaptoethanol 5% glycerol, 0.2% NP- 40, and 0.2% Tween 20 (HA

buffer). The dialyzed sample was app]ied to a 3 ml column of
hydroxyapatite and the enzyme eluted with a Tinear gradient of 10 to

250 mM KPO, pH 7.5, HA buffer. DNA polymerase activity began to elute

~at 75 mM KPO4 with the peak at 100 mM KPO,. ~ Active peak fractions

were assayed at 1:100-1:300 dilution. As in the prior chromatography
step, a 1:10 dilution in "diluent was prepared without gelat1n for SDS--

35 PAGE ana1ys1s. Fractions with no significant endonuc1ease or double-
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Fraction VII was d1a1yzed against a solution of 25 mM sodium_

acetate pH. 5. 2, 5% g1ycer01 5 mM B-mercaptoethano\ 0.1 mM EDTA, O. 1%
NP-40, and 0.1% Tween 20, adjusted to pH 5-at room temperature. The .

dia'l'yzed sample w'as applied to a 2 ml DEAE-Tris-Acryl-M (LKB) column

‘pre-equilibrated and subsequently washed with the same buffer The -

fraction containing polymerase activity that d1d not adhere to the
column was pooled and adjusted to 50 mM NaCl 1n the same buffer to
yield Fraction VIII.

Fraction VIII was app1fed to a 2 ml CM-Tris-Acryl M (LKB)

column equillbrated 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
. acetate - buffer. The polymerase a;twvity peak eluted ~0.15-0.20 M
~ NaC1. The'p01ymerase 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

using 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 s1ng1e ~88 kd band w1th a spec1f1c
activity of ~250,000 un1ts/mg

This spec1fic activity is more than an order of magn1tude

g higher than that claimed for the. previous1y isolated Taq polymerase
and is at least an order of magnitude higher than that for E. coli

polymerase I.’

EXAMPLE VII -

The Taq polymerase purified as described above in Examp]e V1
was found to be free of any contaminat1ng Taq endonuclease and
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th
stored in storage buffer °°nta1mn Polymerase ig sreferably

g f
volume/vomme of each non-onic 5ol rom about 0.

to - .
Ymeric d 3vout 2.5¢

preferaiﬂy the storage buffer consists of Sozte(rgfnt employedq.
v/iv) 9‘.Ycero]

5 KC1, 20 mM Tris-C1 -pH 8.0, 0.1 mm Sthylenediami ey
-~ (EDTA), 1 mM d1th1othre1to1 0.5% v/v NP- 40, 0.5y Etraac.nl:
v ﬁ
200 ng/ml gelatin, and is preferably Stored at -zge. /N Tween 25 and

_“dne
100 M

5‘\1

The stored Taq polymerase was diluted in buffer co
~of 25 mM Tris C1 pH 8. 0, 20 mM KC1, 1 mM B-mercaptoethanm gS;S’Mg
5 NP

. 10 40, 0.5% Tween-20, and 500 wg/mi gelatin. A reaction buffe,. was th
en

prepared containing 50 mM KCY, 10 mM Tris-Cl, pH 8.3, 1.5 LY MgeY,,

0.01% (w/v) gelatin, 200 uM each dNTP, 1 uM each of the pmmers that
define a 500 base pa1r target sequence on a control template from
bacteriophage 1, and 2. 0 2.5 units Taq po]ymerase/assay in a final

15 volume of 100 ul. Temp'late was added to the reaction buffer, the

s samp'le placed in a 0.5 ml po]ypropﬂene tube, and the sample topped
wjth 100 41 of heavy white mi neral oil to prevent evaporation.

At least a 10°-fold amp]iﬁcat'ion was achieved when the

foﬂomng conditions were employed, using 1 ng of .control template

20 {bacteriophage - A 'DNA) where the target sequence "'represen'ted
approximatefy 12 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
placed in a heat bath at 37°C ‘for two minutes. Then the tube was

25 placed in a heat bath at 72°C for three minutes, and then in the heat
bath at 94°C for one minute. This cycle was repeated for a total of
25 cycles. At the end of the 25th cycle, the heat denaturation step
at 94°C was omitted and replaced by extending the 72°C incubation step
by an additional three minutes. Following termination of the assay,
30 the samples were allowed to cool to room temperature and anaIyzed as

described in previous examples.
The temp!ate may be optima'ny amplif':ed with a d1fferent

 concentration of dNTPs and a different amount of Taq po1ymerase
"Also, the size of the target seq_uence.in the DNA sample will directly

~ This Sheet Has Been Reﬂ
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1mpact the minimum t1me required for proper extension (72 1ncu atxon
step) An optimization of the temperature cycling prof11e should b

performed for.'each"indiVidual_ template to be amplified, to obtaij, -

maximum efficiency.

'EXAMPLE VIII

Taq polymerase purified as'described'above in Example I was

formulated for storage as described in the previous example, but

without the non-ionic polymeric dgtergents. When assayed for activity

-as described in that example, the enzyme storage mixtuhe_was found to

be inactive. When the NP-40 and Tween 20 were added to the storage
buffer, the full enzyme acti§fty was réstoréd, indicating that the
presence of the non-ionic detergents is necessary to the stability of
the enzyme formulation.

© EXAMPLE IX

Several 1 ug samples of human genomic DNA were subjected to
20-35 cycles of amplification as described in Example V, with
equivalent units of either Klenow fragment or Taq polymerase, and

analyzed by agarose gel  e1ectrophoresis ‘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

_-poiymerase amplifications exhibited the smear of DNA “typically

observed with this enzyme, the apparent cause of which is the non-

specific annea1ing and extension of primers to unrelated genomic

sequences under what were essentially non-stringent hybridization
conditions (1x Klenow salts at 37°C).. Neverthe1ess, by Southern blot
a specific 110-bp beta-globin target fragment was ‘detected in al

lanes. A substantiai]y different_e1ectrophoretic pattern was seen in’

the amp]ificatiqhs done with Taq polymerase where the single major

‘band is the 110-bp target sequence. This remarkable specificity was.

undoubtedly due to the temperature at which_the_primers were extended.

Although, 1ike Klenow fragment amplifications, the annealing
step was performed at 37°C, the temperatUre of Tag-catalyzed reactions
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~activity.  During thiOsUtt::h:i::::rir'z;e ;"Zytme 7‘3*:': TLedisTgniricant -

primer-template hyb”i¢$.(which formed at.37°c$ldp <, p?orly matched

by the. timé thg reaction ”éﬂched . énzyde-act:sas?gcmated so.thgt

5 only highly complementary sub;trate w&s avaiiab\e ;:fan teTDErature.

.specificity a];o'results in a greater yie‘d.of targ::t:nsxan.: M

similar ampH_ﬁ'cations done with Klenow ff‘agr'nent' b_éca‘_‘::ue::e. .

. spe;i-fic extension products effectively compete for the_pm_-:ernon-,
thereby reducing the amogx_nt. of .110_-mer that can be made by th:)q:i:‘

10 fragment.

EXAMPLE X

| : Amb]ifiéation was carried out of a'samp1e containing 1 g
Molt 4 DNA, 50 mM KC1, 10 mM Tris pH 8.3, 10 mM MgCl,, 0.01% gelatin
1 uM of each of the following primers (to amplify a 150 bp region):

15 5'~CATGCCTCTTTGCACCATTC-3'(RS79) and
| 5'-TGGTAGCTGGATTGTAGCTG-3'(RS80) _
1.5 mM of each dNTP, andl 5.0 units of Tagq pblymerase per 100 1
reaction volume. Three additional samples were prepared containing
2.5, 1.3, or 0.6 units of Taq polymerase. The amplification was.
20 carried out in the temperature cycling machine des_cribed above 'using__
the following cycle, for 30 cycles: ) '
from 70 to 98°C for 1 minute
hold at 98°C for 1 minute
' from 98°C to 35, 45 or 55°C for 1 minute
25 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_ :

At 35°C annéaHn’g__temperﬂure, the 2.5 units/100 w1 Taq
enzyme dilution gave the best-signal-to noise ratio by agarose gel -
30 electrophoresis over all other Taq polymerase concentrations. At
45°C, the 5 units/100 ul1 Tag enzyme gave the best signal-to-noise
ratio over the other concentrations. At 55°C, the 5 units/100 1 Tagq
enzyme gave the best signal-to-noise ratio over the other
concentrations and over the 45°C annealing and improved yield. The

35 Taq polymerase has more specificity and better yield at 55°C.

o This Sheet Has Been Replaced -
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In a separate experiment the Mo]t 4 DNA was 10-fold serially

‘dituted into the cell line GM2064 DNA, conta1n1ng no 8- or_ﬁ globin

10

sequences, available frmn'the Human Genetic Mutant Ce11.0epository,
Camden, New Jersey, at various concentrations representing varying
copies per cell, and amplification was carried out on these samples as

“described - in this example at annealing temperatures of 35°C. and

55°C. - At 35°C, the best that can be seen by agarose gel
electrophoresis is 1 copy in 50 cells. At 55°C, the best that can be
seen is 1/5,000 cells (a 100-fold improvement over the Tower
temperature), - i11ustratfng the importance of 1increased annealing
temperature for Taq polymerase speCificity under these conditions

In a third experiment, DNA from a cell 1ine 368H conta1n1ng

- HIV posit1ve DNA, ava11ab1e from B. Poiesz, State University of New

15

20

25

30

York, Syracuse, NY, was similarly diluted into the DNA from the SCl

“cell line (depos1ted with ATCC on March 19, 1985; an EBV- transformed B

cell line- homozygous for the sickle cell allele and - 1ack1ng any HIV
sequences) at various concentratlons represent1ng varying copies per
cell, and amp11f1cat1on was carried out as described in this Example

‘at annealing temperatures of 35°C and 55°C, using the primers SK38 and

SK39 which amplify a 115 bp region of the HIV sequence:

5'-ATAATCCACCTATCCCAGTAGGAGAAAT-3'(SK38) and
5'-TTTGGTCCTTGTCTTATGTCCAGAATGC-3' (SK39)

The resuIts by agarose ge1 electrophoresis showed that only
the und11uted 3684 sample couid 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 giv1ng a 100- fold improvement
in detection.

EXAMPLE XI

cDNA was made from 1 ug of rabbwt reticulocyte mRNA.
(Bethesda Research Laboratories) in a 100 ul  reaction volume
containing 150 mM KC1, S0 mM Tris:HC1 (pH 8.3), 10 mM MgCl,, 5 mM DTT,

- 0.5 mM dATP, 0.5 mM dCTP, 0.5 mM TTP, 0.5 mM dGTP, 0.2 ug oligo(dT)lZ-

18 (Pharmacia), 40 units .RNasin (Promega Biotec), and 5 units AMY
reverse transcriptase (BRL) and incubated for 30 minutes at 42°C. The

This Sheet Has Been Reilaced

W

10 . g¢

- = O

15

20

25



w

REPLACED

BRI 11T

reaction was | | |

A was added ::Oz:ed by heating for 10 minutes at 35°C wo 3 Ivise
. : e e Samp]e (2 ‘.11- of : ) . . .3 ..\.
jncubated for 10 minutes at 37°C 3 _2 mg/ml solition n wates’ 17

o | . o THIS SHEET -HAS BEEN

. Three amplification reacti .

f : L : ions were done wi%~ o %® . :

d::z“r:nta. u:;(:-gb dirrerent p_aif_s of .Dfi_mers. The Oar-iﬂe“: —;:n; , ‘; ‘ﬂ-

an about ‘3.70-1;p product. The primer pair R$45/0) 1'30".4’.:23--'-' n

an @ ‘ p product, and the primer pair 5e93 /014 A .
- aboqt.GOO-bp product. PCO3, PCO4, and’ RS4S are'c o‘x.go-al\-..;,_. ‘-

human g-globin gene and each has two m-smatCh::‘Q e.'nentar,_ %yt
10 gene: pCO3 and PCO4 are described in Example rma The rasEn
sequence: §' _CAAGAAGGTGCTAGGTGCC-3" . e 1. R385 nes

[EI0

ne

The. amp\ificat‘idn reac't_io.n_s'were p'e.rfomed withlli,/zgth (3
of the CDNA described above ina 100 u1 reaction volume containing su
: _“‘M NaCl, 10 mM Tris‘HC\ (pH 7.6), 10 wM MoCls, 200 ug/ml gelatin, 10%
15 DMSO, 1 uM PCO3 or RS45, 1 uM pCcoO& or oligo(dT)25-30, 1.5 mM dATP, 1.5
M dcTP, 1.5 m TTP and 1.5 M 4GTP. The samples were neated for five
ture and overl ayed with

'm'inutes at 98°C, then cooled to room tempera

100 wl mineral oil. |
_ The samples were subjected to 10 cycles of automated
20 amph’fi_cati on using the machine described in gxample 1 and using the

following ‘program: | _
79¢ to 98°C in 2 heating block over 2.5

Y heating from 3
minutes (denature);

- 2) cooling from gg°C to 37°C over 3.0 minutes (anneal);

s 3} adding 1 unit Klenow fragment; and
_4) ‘maintai nin_'g'at 37°C for ZOIminutes (extend).

The final volume of each sample was about 140 ul.

. One_-twentie_th (7 wl) of each sample ‘was analyzed by
' e\éctrophoresis on a 2% agarose gel. After staining with ethidium'

30 bromide, discrete bands were seen in the pCcO3/PCO4 a_nd Rs45/011goldT)

. samples. The sizes of the bands were consistent with-the expected
b lengths: 110-bp for the former, about 370-bp for the latter. No

e
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ev1dence of amp11f1cat1on of an about 600 bp fragment with the

PCO3/olwgo(dT) primer pa1r was observed

The contents of the . gel were Southern b]otted onto a
Genatran nylon membrane and hybridized w1th a nick- trans1ated human 8-
globin probe, pBR328:betaA, described in Saiki et al., Science, supra,
using standard techniques. The resulting autoradiogram extended the
conclus1ons reached previoust - the 110 and about 370-bp fragments

. were 8- globin specific amp]ificat1on products and no s1gn1f1cant
_amp]if1cat1on_of ‘the about 600-bp band was detected.

Three additional -samples were ampIified ‘with the Taq

‘polymerase obtained as described above using the same primer pairs
described previously. Five microliter portions of cDNA were amplified

4in 100 ul reaction volumes containihg 50 mM KC1,-25.mM Tris*HC1 (pH
8.0), 10 mM MgCl,, 200 ng/m gelatih;_IO% DMSO, 1 uM PCO3 or RS45, 1
uM PCO4 or oligo-(dT)25-30, 1.5 mM dATP, 1.5 mM dCTP, 1.5 mM TTP and
1.5 mM dGTP. The samples were heated for five minutes at 98°C, then
cooled to room temperature. One microliter of Taq polymerase (1/8

dilution of lot 2) was added to each and overTayed with about 100 u1
mineral oil.

The samples were subjected to 9 cycles of amp11f1cat1on in
the Peltier device described in the previous example using the

-fo11ow1ng program

1) 1 m1n., 35 to 60°C ramp,

2) 12 min., 60 to 70°C ramp (extend);
3). 1 min., 70-95°C ramp (denature);

: 4)“ 30 sec., 95°C soak;
5) 1 mfn;, 95 to 35°C ramp.(anneal);'and'
6) 30 sec., 35°C soak.

After"the last cycle, the samples  were incubated an

additional 10 m1nutes at 70°C to complete the final (10th cycle)
extension. The final volume of each was about 100 u1

-;__*____;____~___*_~-
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As before 1/20th (10 u]) of each sample was analyzed on a
2% agarose gel. . In this gel,.amp11f1cat1on products were present in
all  three samples:. 110-bp for PCO3/PCO4, about 370-bp for
RS45/011go(dT), and about 600-bp for PC03/o11go(dT) These resu1ts
were conf1nned by Southern transfer and hybr1dizat1on with the

- pBR328:betaA probe.

_ The production of the 600- bp product w1th Taq po1ymerase but
not with the Klenow fragment is s1gn1f1cant and suggests that Taq
polymerase 1is capable of produc1ng Tonger DNA than the Klenow
fragment. ' _ ' "
The fo11owing bacteriophage and bacterial strains _wefe
deposited with the Cetus Master Culture Collection, 1400 Fifty-Third
Street, Emeryville, California, USA (CMCC) and with the American Type

‘Culture Collection, 12301 Parklawn Drive, Rockville, Maryland, USA

(ATCC). These deposits were made under the provisions of the Budapest .
Treaty .on the International Recogn1t1on of the Deposit of
M1croorganvsms for purposes of Patent Procedure and the Regulat1ons
thereunder (Budapest 'Treaty) Th1s assures maintenance of a viable
culture for 30 years from the date of deposit. The organisms will be
made available by ATCC under the terms of the Budapest Treaty, and
subject to an agreement' between applicants and ATCC that assures

_unrestricted availability upom issuance of 'the' pertinent U.S.

patent} 'Avai1abi1ity of_the depbsited'strains is not to be construed
as a license to practice the invention in contravention of the rights
granted under the authority of any government in accordance with its

patent laws.

Deposit ' - : S
Des1gnation CMCC No. . ATCC No. Deposit
CH35:Taq#4- ' 3125 40,336 B _ = 5/29/87
E. coli DG98/pFC83 3128 ' 67;421_ - 5/729/87
g: coli DGQQ/pFCBS 3127 . | 67,422 : 5/29/87
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‘In summary, the p_r‘ese-nt dnventwn is sl'll,lc

process for amplifying one or'mbre specwfic nu;1e1c acid sequences
using a temperature-cycled chain reaction and a thermostable enzyme,
in ‘which reaction primer extension 'products_ are produced that can
subsequently act as templates for further primer extension
reactions. The process is_especially'usefu1 in detecting nucleic acid

' sequences that are initially present in only very small amounts and in
_detecting nucleotide variations using sequence-specific
"oligonucleotides. Also. the amplification process herein can be used

for mo1ecu1ar cloning.

_ - The process here1n results in increased y1e1ds of amplified
- product, greater specificity, and fewer steps necessary to carry out

the amplification procedure, over what has been previously disclosed.

T
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1. A 'pdr1f1ed thermostable  enzyme that cété1yzes

' comb1nat1on of nucleotide triphosphates to form a nuc1e1c acid strand

complementary to a nucleic acid template strand.

- 2. An'enzyme'according to claim 1 that is DNA polymerase._

3. An enzyme according to claim 1 or 2 that has a mo]ecu1ar

'we1ght of about 86,000 to 90 000 da1tons
4. An enZyme'according to claim 3 from Thermus aquaticus.

5. An enzyme according to any one of claims 1-4 hav1ng at
least 50% of the act1vity at pH 6.4 that 1t has at pH 8.0.

nétﬁve form.
7. A gene encoding the enzyme of claim 2.

8. A géne according to claim 7 that was cloned from the
genome of Thermus aquaticus. ' ' :

9} . A gene according to claim 8 that encodes an enzyme
having a molecular weight of about 86,000-90,000 daltons.

10. A'gene actording to'c1aﬂn'8:that.encodes an enzyme

having a molecular weight of about 60,000-65,000 daltons.

11, A gene according to claim 9 that is contained w1th1n an

approx1mate1y 3.5 kb BglII-Asp718 (partial) restriction fragment of

either Thermus aquaticqs or bacterfophage CH35:Taq#4-2.

* ¢ L L s *

6. An enzyme according to any one of'c1aims 1-5 that s in
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| 12. A gene arc =J1n3 to c1axﬂ 10 that is contained withig
- an approximately 2. 3 k5 Hiadill- Asp718 «asur1«twon fraigment of either
the génome of Thamaus aquaticus or the plasmid pFCBS5.

13. A p lasmid sel
2 or

ected from pFCBS or pFC83XV stainable from
AlCC 67321, re s ect

ively),

14. Bacteriophage CH36:Tag#d-2 fobtainable from ATUC 4(:338),

_ 15, A stabdle en‘,;e com cs1t1on Lownr1s1ng an erz;me
“according to any one of claims 1-6 in a beFer rqrpr15\ng aae or wnore
. .

non-icnic polymeri detargents.

16. - A composition according claim 15 whersin the
etery nfs are each present in a concentration of sbout 0.1% to about
5%

oldme/vo1uJe of the total compcsition.

17. A composition according to claim 15 or .5 wherein the
dete ents are a polyoxyethylated sorbitan monsliaurate  and an

ethoxylated nonyl phenol.

18. _A-'com;ositibn according to any one of claims 15-17
wharein the  buffer  cemprises' glycerol, Tris-C1, o 8.0,
ethylesediamine tetraacetfc acid, dithicthreito1, 3 polyoxyethylated
sorbitan mono1auréte, an ethoxylated nonyl'pﬁeno1, and gelatin

19. A process for anp11fy1ng at least one spec1f1c nucleic
'_acid- sequence contained in a nucleic acid or a misture of nucleic
-”écids, whérein if'the.nut1eic acid is doudle-stranded, it consists of
two separated complementary strands of equal or unequal length, which
process comprises: : | |

{a) contacting each nur1e1c acid strand with four different

nuc]eof1de triphosphates and one oligonucleoti de primer for eauh

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
_R_;_ﬁ__;h____‘___;‘__h“ .
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- combination of the nucleotide tr‘lphosphates t
- products complementary to each strand of each nuclej

" enzyme, and to synthesize, for each different
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rron one ortver, wen 55 10 i (AN

arat
as a template for Synthesis o: d from its complement, can serve

primer, caid contacting bemg th: extensmn product of the other
' At 2 temperatyr -
e which o
hybridization of each primer tq its °°mplementa,y erer promotes
Y€ acid strand:
(b) contacting each nucleic acid strang
f * -
as or after step (a), with a themostable enzymea ; tha 5

o form primer e,

1C acid;
(c) ma1nta1mng the mixture from Step (b) at an e
n [ .
temperature for an effective time to promote the activitg :‘-\va
Y of the

sequence being
amplified, an extension product of each primer which is Complementa
ry

‘to each nucleic acid strand template, but not so mgh as 10 separate

each extens1 on product from its complementary strand template;

(d) heating the mixture from step (c) for an effectwe time

and at an effective temperature to separate the primer extension

products from the templates on which they were synthesized to produce
smgle-stranded molecules, but not so h1gh as to denature irreversibly
the enzyme;

(e) cooling the mixture from step (d) to an effective'
temperature to promote hybr1d1zation of each primer to each of the
single-stranded molecules produced in step (d); and

(f) ma'lntai'ning the mixture from step (e) at an effective
temperature for an effective time to promote the activity of the

‘enzyme and to synthesue, for each different sequence being amplified,

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 steps (e) and (f) are conducted simultaneously or

- sequentially.

'20. A process for amplifying at least one specific nucleic
acid sequence contained in a nucleic acid or a mixture of nucleic
acids, where_'in the’ nucleic acid consists of two complementary strands
of equal or unequal length, which process comprises:

AR O
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different nucleotide tmphosphates and one oh.gonucleotme primer for
each different specific sequence being amplified, for an effective
time_an_d at an effective temper"ature to denature each' nucleic acid,
wherein each primer is selectéd 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 synthes1s of the extension
product of the other primer,

REPLACED

(a)  heating each nuc1:7c acid in thJMU"ﬂHM"H"L

(b) coohng the denatured nucleic acids to a temperature
which promotes hybmdizatwn of each primer to its complementary
nucleic ac1d strand; '

(c) ~ contacting the denatured nucleic acids, at the same
time as or after step (a) or (b), with a thermostable enzyme which
enables combination of the nucleotide triphosphates to form pmmer
‘extension products complementary to each strand of each nuc1e1c ac1d

. (d) maintaining the mixture from step (c) at an effective .
temperature for an effective time to promote the activity of the

thermostable enzyme, and to synthesize, for each different sequence
being amplified, an. extension product of each primer which is

complementary to each nucleic acid strand template, but not so high és
to separate each extension product from its complementary strand

" template;

{e) heating the m1xture from step (d) for an effective time
" and at an effective temperature to separate the primer extension

products from the temp'lates on which they were synthes1zed to produce
single-stranded molecules, but not so high as to denature irreversibly
the enzyme; ' '

(f) cooling the mixture from step (e) for an effective time
and to en effective temperature to premote hybridization of the primer
to its complementary sihgle-strande‘d_ molecule produced in step (e);

- and
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{g) ma1nta1n1ng the m1xture from step (f) at an effective
temperature for an effective time to promote the ' activity of the
enzyme, and to synthesize, for  each different sequence being
amplified, an extension product of each primer which is compTementary
to each nucleic acid strand tempiate produced in step (f), but not so
high as to Separate each extension product from its complementary

strand template, wherein steps (f) and (g) are carried out
~ simultaneously or sequentially. : . S

2. A process for detecting the presence or absence of at

least one specific nucleic acid sequence in a samp1e containing a

nucleic acid or mixture of nucleic acids, or distinguishing between.
two different sequences 1in said _sample, wherein the sample is-
suspected of conta1n1ng said sequence or sequences, and wherein if the
nucleic acid(s) are double- stranded they - each consist of two
separated comp]ementary strands of equal or unequal length, which
process comprises: - | | |
(a) contacting the samp1e with four different nuc1eot1de

tr1ph05phates and one o11gonuc1eot1de primer, for each different
specific sequence be1ng detected, 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' primer, said
contacting being at a temperature which promotes hybridization of each
pr1mer to its complementary nucleic acid strand; '

(b) contacting the sample, at the same time as or after
step (a), with a thermostable enzyme which cata1yzes combination of
the nucleotide triphosphates to. fonn pr1mer extension products
complementary to each strand of each nuc1eic acid;

(¢) -ma1ntaining the.m1xture from step (b) at an effective
temperature for an effective time to promote the activity of the
enzyme, and to synthesize,.for each different sequence beingidetected,
an extension product of each primer which is complementary to each
nuc1e1c acid strand template, but not so high as to separate each
extension product from its complementary strand tempIate,

| AT o
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and at an effective temperature to. separate the primer extension
"products from the templates on which they were synthesized to produce

single-stranded molecules, but not so high as to denature irreversibly.

“the thermostable enzyme;

_ (e) cooling the mixture from step (d) for an effective time
and to an effective temperature to promote hybridization of each

primer to its complementary single-stranded molecule produced in step
(d);

(f) maintaining the mixture from step (e) at an effective
temperature for an effective time to promote the activity of the
enzyme and to synthesize, for each different sequence being detected,
an extension product of eaoh primer which is complementary to each
-nuc?eic acid strand template, but not so high as to separate each

‘extension product from its complementary strand template, resulting in

_ amplifioation' in quantity of the specific nucleic acid sequenée or
sequences 1if present, wherein steps (e) and (f) are carried out
simultaneously or sequentially; '

{g) adding to the product of step (f) a labeled
oligonucleotido probe for each sequence being 'detecteq capable of
hybridizing to said sequence or to a mutation thereof; and

(h} determining whether said hybridization hos occurred.

'22. A process for detecting the presence or absence of at

least one specific nucleic acid sequence in a sample containing a-

nucleic acid or mixture of nucleic acids, or distinguishihg between

- two _different' sequences in said sample, wherein' the sample is
‘suspected of containing said sedueﬂce or sequences and the nucleic

acid(s) are double-stranded, which process comprises:

(a)} heating the sample in the presence of four different
nucleotide triphosphates and one oligonucleotide primer, for each

different specific sequence being detected, for an effective time and

at an effective temperature to denature each nucleic acid in the
sample, . wherein each primer is selected to be substantially

* c L M S *
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complementary to different strands of each spec1f1c sequence, such
that the extension product synthesized'from one primer, .when it is
'separated from its complement, can serve as a template for synthes1s
of the extens1on product of the other pr1mer,

(b) cooling the denatured nucleic ac1ds t0 a temperature
wh1ch promotes hybridization of each primer to its complementary
nuc1e1c acid sequence, '

(c) contact1ng the denatured nucleic acids, at the same
‘time as or after step (a) or (b), with a thermostable enzyme which
catalyzes combination of the nucleotide triphosphates to form primer
extension products complementary to each strand of each nucleic acid;

" {d)  maintaining the mixture from step (c) at an effective
temperature for an effective time to promote the activity of the
enzyme and to synthesize, for each different sequenee being detected,
an extension product of each primer which is complementary to each
nucleic acid strand template, but not so high as to separate each
extension product from its compIementary strand temp1ate,

. (e) ‘heating the mixture from step (d) for an effective t1me

e and at an effective temperature to separate the primer extension

products from the templates on wh1ch they were synthesized to produce

_ single-stranded moleeu1es,‘but not so high as to denature irreversibly
- the enzyme; | |

(f) cooling the mixture from step (e) for an effective time
'and_ to an effective temperature to promote hybridization of each
primer to its complementary single-stranded molecule produced from
step (e); : '

(g) maintaining the mixture from stépi(f) at an effective
temperature for an effective time to promote the activity of the
enzyme and to synthesize, for each dffferent sequence being detected,
an extension prbdnct_of each primer which is comp1ementahy to each
nucleic acid strand tempiate, but not so high as to separate each

. extension product from its complementary strand template, iesulting in .
amp1ification in quantity of the specific nucleic acid sequence or
sequences if present, wherein steps (f) and (g) are carr1ed out
51mu1taneous1y or sequentially; o
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(h) adding to the product of step a 1abe1ed

. oligonucleotide prcbe for each sequence being detected capable of

hybridizing to said sequence or to a mutation thereof; and

(1) _detenminingawhetherjsaid hybridization has pCCurred.

23. A process for detecting “the presence or absence of at
_ 1east one nucleotide variation in sequence in one or more nucleic
acids contained in a .sample, wherein if the nucleic acid is double-

stranded, it consists of two separated complementary strands of equal
or unequai length, which process comprises:

(a) contacting the sample with four different nucleotide

triphosphates and one oligonucleotide primer, for each strand of each'

nucleic acid suspected of containing said variation, 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 primer, said contacting being at a temperature which promotes
hybridization of each primer to its complementany nucieic acid strand;

(b) contacting the sampie, at the same time as or after

step (a), with a thermostable enzyme which catalyzes combination of

the nucleotide triphosphates to form primer extension products

compiementary to each strand of each nucleic acid;

(c) maintaining the mixture from step (b) at an effective
temperature for an effective time to promote the activity of the
enzyme, and to synthesize, for each different nucleic acid suspected

of containing said variation(s), an extension product of each primer
which is compiementary to each nucieic acid strand tempiate, but not

so high as to separate each extension product from its compiementary
strand tempiate,

(d) heating the ‘mixture from step (c) for an effective time
and at an effective temperature to separate the primer ‘extension

“products from the templates on which they were synthesized to produce

single-stranded molecules, but not so high as to denature irreversibly
the thermostable enzyme; '
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3 . (e) ‘cooling the mixture from step (d) for aLEQMEEﬂwﬂJMM
I ~ and to an effect1ve temperature to promote hybridization of ~each
primer to its comp1ementary s1ng1e stranded molecule produced 1n step

(d); _ | '

| (f) ma1nta1n1ng the mixture from step (e) at an effectwve
it temperature for ‘an effective time to promote the activity of the
¢ enzyme and to synthesize, for each different nucleic acid suspected of
< ' containing said variation(s), an extension product of each primer.
] ' wh1ch is comp1ementary to each nucleic ‘acid strand template, but not

SO h1gh as to separate each extension product from its complementary
strand template, wherein steps (d), (e} and (f) are repeated a

:- sufficient number of times to result in detectable amplification of
) the nucleic acid containing the sequence variation(s), if present, and
¢ wherein steps (e) and  (f) are carried out simultaneously or
" ‘sequentially; ' R ' |

, {g) affixing the product of step (f) to a membrane;

3 S : (h}  treating the membrane under hybridization condi tions

with a labeled sequence-specific oligonucleotide probe capable of

"hybridizfng with the amplified nucleic acid sequence only if a’
sequence of the probe is compTementany to a region of the amplified
sequence; and

1) detect1ng whether the probe has hybr1d1zed to an
amp11f1ed sequence in the nucle1c acid sample. - :

| _ 24. A process for detecting the presence or absence of at

" least one nucleotide variation in 'sequence in one or more nucleic
acids contained in a sample, wherein the nucleic acid(s) each consist
of two compIementary strands of equal or unequal length, wh1ch process
comprises

(a) heating the sample in the presence of four d1fferent

' nucleotide triphosphates. and one ol1gonuc1eot1de primer, for ‘each
strand of each nucleic acid suspected of containing said variation(s),
for an effective time and at an effective temperature to denature each
nucleic acid, wherein each primer is selected to be substantially

(o
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complementary to different strands of each spec1f1c nucleic acid, such
that the extension product synthesized from one primer, when it is
separated from its complement, c'ah serve' as a temp1ate for synthesis
of the extenswn product of the other primer; -

'(b) coo'hng the denatured nuc1e1c ac1ds to a temperature

which promotes hybr1dizat1on of each primer to its comp1ementary'

nucleic acid strand;

(¢) contacting the denatured nucleic acids, at the-'same
time as or after step (a) or (b), with a thermostable enzyme which
catalyzes combination of the nucleotide triphosphates to form primer
extension products comp'lementar_y to each strand of each nucleic acid;

(d) -maintaining the mixture from step (c) at an effective
temperature for an effective time to promote the activity of the
enzyme and to synthesize, for each different nucleic acid suspected of

containing said variation(s), an extension product of each pr1mer_-.

which is complementary to each nuc1e1c acid strand template, but not
SO h1gh as to separate each extension product from its complementary
strand template; |

- (e) heating the mixture from step (d) for an effective time
and at an effective temperature to separate t_he' primer extension
pro'd'uct's from the templates on which they were synthesized to produce
s1ng1e-stranded molecu]es but not so h1gh as to denature irreversibly
the enzyme;

(f) cooling the mixture from step (e) for an effective time
and to an effective temperature to promote hybridization of - each
primer to its compiementary sing1e -stranded mo!ecu1e produced in step
(e); '

.('g) maintammg the ‘mixture from step (f) at an effective

temperature for an effective time to promote the activity of the
enzyme and to synthesue, for each different nucleic ‘acid suspected of

containing said variation(s) an extension product of each primer -

which is complementary to each nucleic acid strand temp'late, but not
) h1gh as to separate each extension product from its comp]ementary
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strand template, steps (e)-(g) being repeated a su E“ “l“ My‘!l“&

“times to result in detectable amplification .of - the nucleic ac1d'

containing the sequénce variation(s), if present, wherein steps (f)
and (g) are carried out simultaneously or sequentially;

(h) affixing the product of steo {(g) to a membrane;
(i)  treating the membrane under hybridization conditions

_with' a labeled sequence-specific ngonuc'leotide'_ probe capable of

hybridizing with the amplified nucleic acid sequence only if a
sequence of the probe is’ complementary to a region of the amprled
sequence; and ' - '

{j) detecting whether' the probe has hybr1d1zed to an

_ amp1if1ed sequence in the nuc1eic acid samp'le

25. A process for detecting the presence or absence of at
least one nucleotide variation in sequence in one or more nucleic

~ acids contained in a sample, wherein if the nucleic acid is double-

stranded, it consists of two separated comp'lementary strands of equa1.
or unequal Iength which process compri ses:

(a) contacting the sample with four d1fferent nucleotide
triphosphates and one ohgonucleotide primer, for each strand of each
nucleic acid suspected of containing said variation(s), wherein each
primer is selected to be substantiany comp1ementary to d1fferent'
strands of each spec1f1c 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 primer, said contactmg being at a temperature which promotes
hybndizatwn of each primer to its comp'lementary nucleic acid strand;

(b) contacting the sample, at the same t1me as or after
step (a), with a thermostable enzyme which catalyzes combination of
the nucleotide triphosphates to form primer extension products

. Comp’lementaw to each strand of each nucleic acid;

(c) maintaining the reaction mixture from step (b) at an
effectwe temperature for an effectwe time to promote the activity of
the enzyme, and to synthesize, for each different nucleic acw_d' '

A
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suspected of containing said 'variation(s), an extension product of

each primer which 1is complementary to each nucleic acid strand
’temp1ate, but not so high as to separate each extens1on product from
©its complementary strand temp1ate,

| - (d) heating the reaction mixture from step (c) for an

- effective time and at en_effective_temperature'to sebarate the primer
extension'products from the templates on which they were synthesized
to produce singlie-stranded molecules, but not so h1gh as to denature
irreversibly the thermostable enzyme;

| {e) cooling the reaction mixture from step (d) for an

' effective time and to an effective temperature to promote
hybridization of each primer' to its complementary single-stranded
molecule produced in step (d); S

(f) maintaining the reaction mixture from step (e) at an

effective temperature for. an effective time to premote the activity of

the enzyme and to synthesize, for each different nucleic 'acid
suspected of containing said variation(s), an extension product of
each primer which {s complementary to each nucleic acid strand
template, but not so high as to separate each extension product from
‘its complementary strand template, wherein steps (d), {e) and (f) are’
repeated a sufficient number of times to result in detectable
amplificat1on of the nucleic acid containing the sequence
var1atwpn(s), if present, and wherein at least one primer and/or at
least one of the four nucleotide triphosphates is labeled with a
detectable moiety,. and wherein steps (e) and (f) are carried out
51mu1taneously or sequentially,

- (g) affixing to a membrane a  sequence-specific
~oligonucleotide capable of hybridizing with the amplified nucleic acid
sequence only if a sequence of the oligonucleotide is comp1ementary to

a region of the amplified sequence,

: {h) treating the membrane under hybrid1zation conditions
with the product of step (f); and

(i) detecting whether an amplified sequence in the nucleic
acid sample has hybridized to the o1igonuc1eotide affixed to the
' membrane. '
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. 26. A process for detectmg the presence or absence of at
least one nucleotide variation in sequence in one or more . nucleic
acids contained in a sample, wherein the nucleic acid(s) each consist
of two complementary strands of equal or unequal length, wh1ch process'
comprises:

(a) héating the sample in the presence of four different

' ‘nuc1eot1de tr1ph05phates and one oligonucleotide primer, for each

strand of each nucleic acid suspected of containing said variation(s),
for an,effect1ve time and at an effective temperature to denature each

‘nucleic acid, wherein each primer is selected to be substantially

complementary to different strands of each specific nucleic acid, such

that the extension produ;t 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 primer;

(b) coo1ing'the denatured nucleic acids to a temperature
which promotes hybr1d1zat10n of each primer to its complementary
nucleic ac1d strand; '

(c) contacting the denatured nucleic acids, at the same
time as or after step (a) or (b), with a thermostable enzyme which
catalyzes combination of the nucleotide triphosphates to form primer

- extension products complementary to each strand of each nucleic_acid;

(d) maintaining the reaction mixture from step (c)-at an

effective temperature for an effective time to promote the activity of

the enzyme and to synthesize, for each different nucleic acid

- suspected of containing said variation(s), an extension’ product of

each primer which is comp\ementary to each nucleic acid strand

" template, but not so high as to separate each extension product frmn.'*--ii

its complementary strand temp1ate,

{e) heat1ng_ the reaction mixture from step (d) for an

eeffective time and at an effective temperature to separate the primer

extension products from the templates on which they were synthesized'
to produce singIe-stranded molecules, but not so high as to denature

_irrevers1b1y the enzyme;

* c L M s *
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{f)  cooling the reaction mixture from step (e} for an

effective time and to an effective temperature to promote
hybridization of each primer to its complementary single-stranded

" molecule produced in step (e):

~(g)  maintaining the reaction m1xture from step (f) at an
effective temperature for an effective time to promote the activity of
“the enzyme and to synthesize, for each _different nuclei¢ acid
suspected of containing said variation(s), an extension product of
each p?imer which is complementary to each nucleic acid strand’
template, but not so high as to separate each extension product from
its complementary strand template, steps (e)—(g) being repeated a

sufficient number of times to result in detectable amplification of

the nucleic acid containing the sequence variation(s), if present,
wherein at least one primer and/or at least one of the four nucleotide
triphosphates is labeled with a detectable moiety, and wherein steps'
(f) and (g) are carried out simultaneously or sequentially;

(h). affixing to a membrane a sequence-specific
'oligonucleotide capable of hybridizing with the amplified nucleic acid
.sequence only if a sequence of the oligonucleotide is complementary to
a region of the amplified sequence; ' |

(i)  treating the membrane under hybridization cond1tions
with the product of step (g); and

(j) detect1ng whether an amp1ified sequence in tﬁe nucleic
acid sample has hybridized to the o11gonuc1eotide affixed to the
membrane. :

27. A process for detecting the presence or absence of at
least one nucleotide variation in sequence in one or more nucleic
acids contained in a sample, wherein if the'nuc1eic acid is double-

- stranded, it consists of two separated complementany strands of equal

or unequal length, which process comprises:

. (a) contacting the sample with four different nucleotide
triphosphates and one oligonucleotide primer, for each strand of each
nucleic acid suspected of containing said variat1on(s) wherein each

—
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primer is selected to be substant1a11y comple to different

‘strands of each specific sequence, such that the extension product
synthesized from one pr1mer when it is separated from its complement,
can serve as a template for synthesis of the extension product of the
other primer, said contacting being at a'temperature which.promotes
hybridization of each primer to its complementary nucleic acid strand;

{b) contacting the sample, at the same time as or after
step (a), with a thermostable enzyme which catalyzes combination of
the nucleotide triphosphates to form pfimer extension products
complementary to each strand:of each nucleic acid;

=Tt M th h 3

(¢). maintaining the mixture from step (b) at an effective

. temperature for an effective time to promote the activity of the

| enzyme, and to synthesize, for each different nucleic acid suspected

of containfng safd variation(s), an extension product of each primer

which is complementary to each nucleic acid strand template, but not

so high as to separate each extens1on product from . its comp1ementany
strand template; - )

(d) heating the mixture from step (c) for an effective time
and at an effective temperature to Separate the primer extension
products from the templates on which they were synthesizéd to produce
single-stranded molecuIes, but not so high as to denature 1rrevers1b1y
‘the thermostable enzyme, '

(e) ~cooling the mixture from step-(d) for an effective time
and to an effective temperature to promote hybridization of each
primer to its complementary single-stranded molecule produced in step
(d); | o

(f) maintaining the mixture from step (e) at an effective

~ temperature for an effective time' to promote the activity of the
enzyme and to synthesize, for each different nucleic acid suspected of
containing said variation(s), an extension product of each primer
which 1s'comp1ementany'to each nucleic acid'strand template, but not
so high as to'séparate each extension product from jts complementary
strand template, wherein steps (d), (e) and (f) are repeated a
sufficient number of times to result in detectable amplification of

* € L M s =
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- the nucleic acid containing the sequence variation(s), if present and -

wherein step (e) and (f) are carried out simultaneously or cata
sequentially; exite
_(g)' affixing to a membrane a labeled sequence-specific |
oligonucleotide probe _capab.'le of hy_b'ridizing with the. amplified tamt
nucleic acid sequence, only if a sequence. of the probe is enz
_'complementary_ tb a region of the amp'lifi'ed sequence; ar
(h)  treating the membrane under hybmd‘izatmn cond1twons ' nu:
with the product of step (f); | ext
(i) treating the product of step (h) with a restriction
enzyme which will c1eave'any hybrids. .formed if the probe and .ant
variation(s) to be detected both contam a restriction site recognized pr
'by the enzyme; and L ' - _ : - ;1
- th
(J) detecting whether a labeled restriction fragment of the :
requ1red Tength is present in the restr1ct1on digest to indicate that
hybridization occurred. ' '- : ' :r

28. A process for cloning into a cloning vector one or more
specific nucleic acid sequences c_onta'ined in a nucleic acid or a
mixture of nucleic acids, which nucleic acid(s) when double-stranded
consist of two separated comple_mentary strands, and which nucleic S
acid(s)_ are amplified in quantity before cloning, which process '
comprises: | -

-

(a) contacting each nucleic acid with four different ‘
nucleotide triphosphates and one o'l"'igonucleotide- primer for each
di fferent specific sequence being amplified, wherein each primer is
selected to be substantially comp1ementary to different strands of
each specific sequence, such that tﬁe 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
primer, and wherein each sequence being amphﬁed or each primer
contains a restriction site, said contactmg being at a temperature

which promotes hybr1d1zat1on of each primer to its complementary
nuc1eic acid strand

T m
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(b) contacting each nucleic acid strand, at the same time
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nd as or’ after' step (a) or (b}, with a thermostable enzyme which

o catalyzes combination of the nucleotide triphosphates to form primer
extension products complementary to each strand of each nucleic acid;

_; {c) maintaining the mixture from step (b) at an effective

temperature for an effective time to promote the activity of the
enzyme and to synthesize, for each different sequence being amplified,
an extension product of each primer which is complementary to each
S nucleic acid strand template, but not so high as to separate each
extensioh product from its complémentany strand template;

~ {d) heating the mixture from step (c) for an effective time
and at an effective temperature to separate the primer extension
products from the templates on which they were synthesized, to produce
single-stranded molecules, but not so high as to denature irreversibly
the enzyme;

L34

(e) cooling the mixture from step (d) for an effect1ve time

and to an effective temperature to promote hybridizat1on of each

~primer to its complementany sing]e -stranded molecule produced in step
(d), '

(f) maintaining the mixture from step (e) at an effective
 temperature for an effective time to promote the activity of the
enzyme and to synthesize, for each different sequence being amplified,
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, steps (d), (e) and (f)'beihg repeated a sufficient number of
times to result in detectable amplification of the nucleic acid(s)
containing the sequence(s), wherein steps (e) and (f) are carried out
simuiteneous]y or sequentially; ' o

(g) adding to the product of step (f) a restrict1on enzyme
_ for each of said restrict1on sites to obtain cleaved products in a
restriction digest, and

(h) ligating the cleaved product(s) of step (g) containing
the specific sequence(s) to be cloned into one or more cloning
vectors. ' -

* ¢ L M s *
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29. A pro'cess for cloning into a .clom'ng vect_or at least | and
- one specific nucleic acid sequence (;ontainéd in a nucleic acid or 4 '_P'”"?‘
mixture of nucleic acids, wherein the nucleic acid(s) consist of two te!
comp'lemente_r'y strands' of - equal or unequ_el length, and '_wh'erei'n the
nucleic acid(s) are amplified in quantity before cloning, which ' ten
process comprises: - ' - en
(a) heating. each nucleic acid in the presence of four e
different nucleotide triphosphates and_ one oligonucleotide primer, for nu
each different specifie sequence being"'amph’fied, for an '_effective_ to
time and at an effective temperature to denature each nucleic acid, ' e
wherein each primer is selected to be substantially complementary to '; of
different stkan_ds of each specific sequence, such that the extension | c
product synthesized from one primer, when it is separated from its _ S
complement, can serve as a template for synthesis of the extension
product of the other primer, and wherein each sequence be1ng amplified ' f

or each primer contai ns a restriction site;

(b)  cooling the denatured nucleic acids to a temperature
effectwe to promote hybridization between each pmmer and its
complementary strand;

{¢) contacting the dena‘t.u'r‘e'd nucleic acids, at the same
time as or after step (a) or (b), with a thermostable enzyme which
catalyzes combination of the nucleo_tide triphosphates to form primer
“extension products complementary to each strand of each nucleic acid;

(d) maintaining the mixture from step (c) at an effective
temperature for an effective time to promote the activity of the
enzyme and to synthesize, for each different sequence being amplified,
an extension product of each pr'i'me_r which is complementary to each
nucleic acid strand template, but not so high as to separate eech
extension product from its comp'lementary strand template;

. (e) heating the mixture from step (d) for an effective time
-and at an effectwe temperature to separate the primer extension
products from the templates on which they were synthesized to produce
sing1e-stranded mo'lecu'les. but not s0 high as to denature irreversibly

, the enzyme;

N
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- (f) coo]1ng the mixture from step (e) an effective time
and to an effective temperature to promote hybridization of each
primer to its comp1ementany single~ stranded mo1ecu1e produced in step

(e);

(g) ma1nta1n1ng the mixture from step (f) at an effect1ve
temperature for ‘an effective time to promote the activity of the
enzyme and to synthes1ze, for each different sequence being amplified,

~an extension product of each primer which is compiementany to each

nucleic acid strand template produced in step (e), but not so high as
to separate each extension product from its complementary strand
template, steps (e), (f), and (g} being repeated a sufficient number
of times to result in detectable amp1ification'of the nucleic acid(s)
containing the sequence{s), wherein steps (f) and (g) are carried out

simul taneously or sequentialTy:

(h) adding to the product of step (g) a restriction enzyme
for each of said restriction sites to obtain cleaVed products in a
restriction digest; and o '

(i) ligating the cleaved product(s) of step (h) eontaining
the specific sequence(s) to be cloned into one or more cloning vectors
containing a selectable marker. - '

-30. A process for clon1ng into a cloning vector one or more
spec1fic nucleic acid sequences contained in a nucleic acid or mixture
of nucleic acids, which nucleic acid(s) when double- stranded consist
of two separated Complementany strands of equa1 or unequal length and
which nucleic acid(s) are amplified in quantity before cloning, which
process comprises:

(a)  contacting each nucleic acid w1th four different
nucleot1de triphosphates and one oligonucIeotlde primer for each
different spec1f1c sequence being amplified, wherein each primer is
selected to be substantially complementary to di fferent 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
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hybridization of each primer to its complementary nucleic acid strand;
(b) contacting'eath nucleic acid strénd; at the same time
as or after step (a) or (b}, with a _thermostable enzyme which
catalyzes combination of the nucleotide triphosphates to form primer

~ extension products complementary to each strand of each nucleic acid;

(c) maintaining the mixture from step (b) at an effective
temperature for an effective time to promote the activity of the
“enzyme and to synthesize, for each different sequence being amplified,
an extension product of each pfimer which is complementary to each

S BEEN

nucleic acid strand template, but not so high as to separate each

extension product from its complementary strand temp1éte;

(d) " heating the mixture from step (c) for an effective time
and at an effective temperature to separate the primer extension
products. from the templates on which they were synthesized to produce
single-stranded molecules, but not so high as to denature irreversibly
the enzyme,

“(e) cooling the mixture from step (d) for an effective time
and to an effective temperature to promote hybridizatfon of each
primer to its cgmplementany'sing1e-stranded mo1ecd1e produced in step

C(d)s |
(f)' ma1ntain1ng ‘the m1xtune from step (e) at an effective
temperature for an effective t1me to promote the activity of the
enzyme and to synthesize, for each different sequence being amplified,

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 comp1ementary _strand,

template, steps (d), (e) and (f) being repeated a sufficient number of

times to result in effective amplification of the nucleic acid(s)

containing the sequence(s) for blunt-end ligation into one or more
cloning _vectors, wherein . steps (e) and (f) are conducted
simultaneously or sequentially; and -

{g) ligating the amplified specific sequence(s) to be
cloned 6btained from step (f) into one or more of said cloning vectors

N
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in the presence of a ligase, said amplified sequence (s) and vector(s)
being present in sufficient. amounts to effect the ligation.
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31. A process for c]on'ing' into '@ cloning vector at least
one specific nucleic acid sequence contained in a nucleic acid or -
mixture of nucleic acids, which nucleic acid(s) consist of two
complementary strands of equal or unequal length and which nucleic
acid(s) are amp'l'ified in quantity before cloning, which process
comprises: .

(a) heating each nucleic acid in the presence of four
different nucleotide triphosphates and one oligonucleotide primer for
each different specific sequence being amplified, for an effective
time and at an effective temperature to denature each nucleic acid,
wherein each primer is selected to be substantially coinp]ementary to
different strands of each specific sequence, such that the extension
product synthesized from one primer, when it is separated from its
compiement, can serve as a template for synthesis of the extension
product of the other primer;

(b) cooling the denatured nuc1e1c acids to a temperature
effective to promote hybridization between each primer and its
compTementary strand;

"(¢) contacting the denatured nucleic acids, at the same
time as or after step (a) or (b), with a thermostable enzyme which
catalyzes combination of the nucleotide triphosphates to form primer
extension products complementary to each strand of each nucleic acid;

(d) maintaining the mixture from step (c) at an effective
temperature for an effective time to promote the activity of the
enzyme and to synthesize, for each different sequence being amplified,
an extension product of each primer which is .comp‘lementai'y to each
nucleic acid strand template, but not so high as to separate each
extension _prdduct from its complementary strand template;

(e) heating the mixture from step (d) for an effective time |
and at an effectivé__ temperature to separate the primer extension
products from the templates on which they were synthesized, to pt‘oduce
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single-stranded @olecules, mut not so high as to Jenature 1 ﬂml“m‘lmnl”“!
the enzyme; '

{f) coo11ng the mixture from step (e) for an effective time
nnd to an effective temperature to prowcte hydridization of each

_primer to its complementary single-stranded molecule produced in step
(e);

(g) maintaining the mixture from'step (f) at an effective

teacerature for an effective time to _promoté the activity of the
éhzyme and to synthesize, for each different sequencé being amplified,
an extension product of each primer which is complementary to each
‘nucleic acid strand template produced in step (e) byt not so high as
to ssrarate each axtension croduct from its c0ﬂ* ementary strand
temolate, steps (e), (f) anrd (g) being repeated a sufficient numSer of
times to result in effective amplification of the nucleic acid(s)
containing each sequence for blunt-end Yigation into one or mcre
cloning vectors, wherein  steps (f) and (q) are conducted
simultanecusly or sequentially; and

(h)' -ligating the amplified specific sequence(s) to be
cloned obtained from step (g) into cne or wore of said clonirg vectors
in the presence of a ligase, said amplified sequence(s) and vector(s)
Seing present in sufficient amounts to effect the ligation.

32. An amplified nucleic acid sequence from a nucleic acid
or mixture of nucleic acids conpr1s1ng multiple copies of said
‘sequence produced by an amplification process of claim 19 or 20.

33. A method of producing a purified thecim

DT St&J-e enz \-“’e t:u t

cataly:es combination of necleotide triphesphdtes to form a nucleic acid

strand complementary to a nucleic acid terplate strand which method cormri

expressing a gene according to any one of claims 7 to 12 or purifying the

enzyine . from Thermus aquatlcus.

31, A nethod of producing a stable enzyme composition conprising

formulating an enzyme aycording to any one of claims 1-6 in a buffer

corprising one or more non-ionic polywmeric detergents.
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