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BACKGROUND.OF THE INVENTION

-In vitro nucleic acid amplification techniques have provided powerful tools for

detection and analysis of small amounts of nucleic acids. The extreme sensitivity of such

10  methods has lead to attempts to develop them for diagnosis of infectious and genetic diseases,
isolation of genes for analysis, and detection of specific nucleic acids as in forensic medicine.
Nucleic acid amplification techniques can be grouped according to the temperature
requirements of the procedure. The polymerase chain reaction (PCR; R. K. Saiki, et al. 1985.
Science 230, 1350-1354) , ligase chain reaction (LCR; D. Y. Wu, et al. 1989. Genomics 4,

15 560-569; K. Barringer, et al. 1990. Gene 89, 117-122; F. Barany. 1991. Proc. Natl. Acad.
Sci. USA 88, 189-193), transcription-based amplification (D. Y. Kwoh, et al. 1989. Proc.

Natl. Acad. Sci. USA 86, 1173-1177) and restriction amplification (U.S. Patent No.
5,102,784) require temperature cycling. In contrast, methods such as Strand Displacement
Amplification (SDA: G. T. Walker, et al. 1992. Proc. Natl. Acad. Sci. USA 89, 392-396 and

20 G. T. Walker, et al. 1992. Nuc. Acids. Res. 20, 1691-1696, and EP 0 497 272, all three
disclosures being incorporated herein by reference), self-sustained sequence replication (3SR;

J. C. Guatelli, et al. 1990. Proc. Natl. Acad. Sci. USA 87, 1874-1878) and the QP replicase
system (P. M. Lizardi, et al. 1988. BioTechnology .6, 1197-1202) are isothermal reactions.

In addition, WO 90/10064 and WO 9103573 describe use of the bacteriophage phi2

25  replication origin for isothenna;l repﬁéaﬁén of nucleic acids. ‘WO 92/05287 describes a method
 for isothermal production of sequence-specific oligonucleotides in which a modification in one

strand allows a cutting agent to selectively cleave the opposite strand. The single stranded
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of the restriction endonuclease (e.g., Hincll) are thermolabile (temperature sensitive). The enzymes

which drive the amplification are therefore inactivated as the reaction temperature is increased.
However, the ability to conduct isothermal amplification reactions such as SDA at higher
10  temperatures than previously possible could have several advantages. Amplification at
elevated temperatures may allow for more stringent annealing between amplification primers
and template DNA, thereby improving the specificity of the amplification process.
Background reactions could also be reduced as a result of such improved amplification
specificity. In SDA, a significant source of background reactions are the short "primer dimers"
15  which are generated when the amplification primers interact with each other. Formation of
primer dimers may seriously impair the efficiency of the desired, specific amplification of the
target sequence. The formation of such primer dimers is more likely at lower temperatures
because the reduced stringency of the reaction allows increased transient hybridization between
sequences with limited homology. The ability to conduct SDA at higher temperatures could
20  potentially reduce primer dimer interactions, reduce background and improve the efficiency of
specific target amplification. In addition, amplifying at higher temperatures may facilitate
strand displacement by the polymerase. Improved strand displacing activity might increase the
efficiency of target amplification and result in increased yields of the amplification product.
The use of sufficiently heat stable enzymes could also allow all reagents required for the SDA
25  reaction to;i: be added prior to the initial heat denaturation step. Conventional SDA requires
that the enzymes be added to the reacﬁon mix after double stranded target sequences have

been denatured by heating.
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5 amplicons were generated in the SDA reaction. However, SDA amplification products
generated at lower temperatures (i.e., 37°C to 42°C) may contain a high level of nonspecific
background products. Decontamination of large ambunts of background amplicons may
seriously impede or inhibit elimination of contaminating target-specific amplicons, thus
reducing the efficiency of the decontamination procedure. The ability to perform SDA at
10  higher temperatures, by depressing the amount of non-specific background amplicons
generated, could therefore increase the efficiency of the UDG decontamination procedure.

The SDA reaction requires several very specific enzymatic activities in order to
successfully amplify a target sequence. Thermophilic polymerases have been reported
extensively in the literature. However, as other nucleic acid amplification systems do not

15  require the combination of enzymatic activities of SDA, prior to the present invention little was
known about the activities and reaction requirements of thermophilic enzymes as they relate to
the biological activities required by SDA. Further, because SDA requires concurrent activity
by two different enzymes (restriction endonuclease and polymerase), it was not known prior to
the present invention whether or not compatible pairs of such thermophilic enzymes existed.

20  That is, both a thermophilic polymerase and a thermophilic restriction endonuclease are
required. These two enzymes must have temperature and reaction condition (e.g., salt)
requirements compatible with each other and with SDA in order for béth to function efficiently
in the same SDA reaction mix. In addition, the polymerase must 1) lack 5'-3' exonuclease
activity, either naturally or by inactivation, 2) incorporate the modified nucleotides required by

25 . SD.A.(athio'-dNTPs or other modified dNTPs), 3) displace a downsteam single strand from a
double stranded molecule starting at a -single stranded nick, and preferably 4) incorporate

dUTP to allow amplicon decontamination. The polymerase must extend the complementary
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10

SUMMARY OF THE INVENTION

The present invention provides methods for isothermal Strand Displacement
Amplification which can be performed over a broader temperature range (37°C to 70°C,

15 "thermophilic SDA") than conventional SDA. The preferred temperature range for
thermophilic SDA is 50°C to 70°C. It has been found that certain thermophilic restriction
endonucleases are capable of nicking a hemimodified restriction endonuclease
recognition/cleavage site as required by SDA and then dissociating from the site. It has further

been found that certain thermophilic polymerases are capable of extending from the nick while

20  displacing the downstream strand. These discoveries have made possible development of an
SDA method which, by virtue of being performed at higher temperatures than previously
possible, has improved specificity and éﬂiciency, reduced nonspecific background
amplification, and potentially improved yields of amplification products. In addition, the need

to add the enzymes in a separate step after the initial heat denaturation of double stranded

. 25 ~ targets may be eliminated wﬁen enzymes which are stable at the denaturation temperature are
“used: UDG decdn_tarriination of target-specific amplicons in the SDA reaction is also more

efficient when the amount of nonspecific background amplicons is reduced.
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Fig. 2 illustrates the SDA reaction cycle for a double stranded target with two
amplification primers (exponential amplification). The portion of Fig. 2 showing the reaction

cycle using one of the amplification primers illustrates linear SDA.
10 DETAILED DESCRIPTION OF THE INVENTION

As used herein, the following terms and phrases are defined as follows:
An amplification primer is a primer for amplification of a target sequence by primer
extension. For SDA, the 3' end of the amplification primer (the target binding sequence)
15  hybridizes at the 3' end of the target sequence. The SDA amplification primer further
comprises a recognition/cleavage site for a restriction endonuclease near its 5' end. Additional
nucleotides 5 to the recognition/cleavage site may be present to provide for efficient binding of
the restriction endonuclease. The recognition/cleavage site is for a restrictton endonuclease
which will nick one strand of a DNA duplex when the recognition/cleavage site is
20 hemimodified, as described by Walker, et al. (1992. PNAS, supra). A hemimodified
recognition/cleavage site is a double stranded recogxﬁtion/cleavage site for a restriction
endonuclease in which one strand contains at least one derivatized nucleotide which prevents
cutting of one of the two strands by the restriction endonuclease. In most cases, the strand of
the hemimodified recognition/cleavage site which initially does not contain derivatized
. 25  nucleotides is n‘icked by the restriction endenuclease. After the first SDA cycle, however, half
- -of the recognition/cleavage site of the nicked strand will contain derivatized nucleotides, but

this does not prevent subsequent nicking. The preferred hemimodified recognition/cleavage
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Extension products are nucleic acids which comprise a primer (or a portion of a primer)
and a newly synthesized strand which is the complement of the target sequence downstream of
the primer binding site. Extension products result from hybridization of a primer to a target

10  sequence and extension of the primer by polymerase using the target éequence asa template;

A bumper primer or external primer is a primer which anneals to a target sequence
upstream of the amplification primer, such that extension of the bumper primer displaces the
downstream amplification primer and its extension product. Exténsion of bumper primers is
one method for displacing the extension products of amplification primers, but heating is also

15 suitable. | |

Identical sequences will hybridize to the same complementary nucleotide sequence.
Substantially identical sequences are sufficiently similar in their nucleotide sequence that they
also hybridize to the same partially complementary nucleotide sequence.

The terms target or target sequence refer to nucleic acid sequences to be amplified.

20  These include the original nucleic acid sequence to be amplified, its complementary second
strand and either strand of a copy of the original sequence which is produced in the
amplification reaction. The target sequence may also be referred to as a template for extension
of hybridized amplification primers.

Amplification products, amplified products or amplicons comprise copies of the target

25  sequence and are generated by hybridization and extension of an amplification primer. This

term refers to both single stranded and double stranded amplification primer extension
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recognition/cleavage site, displacement of single stranded extension products, annealing of
primers to the extensidh products (or the original target sequence) and subsequent extension of
the primers occurs concurrently in the reaction mix. This is in contrast to the PCR, in which
the steps of the reaction occur in discrete phases or cycles as a result of the temperature
cycling characteristics of the reaction. SDA is based upon 1) the ability of a restriction
endonuclease to nick the unmodified strand of a hémiphosphorothioate form of its double
stranded recognition/cleavage site and 2) the ability of éertain polymerasés to initiate
replication at the nick and displace the downstream non-template strand. After an initial
incubation at increased temperature (about 95°C) to denature double stranded target sequeixces
for annealing of the primers, subsequent polymerization and displacement of newly synthesized
strands takes place at a constant temperature. Production of each new copy of the target
sequence consists of five steps: 1) binding of amplification primers to an original target
sequence or a displaced single-stranded extension product previously polymerized, 2)
extension of the primers by a 5'-3' exonuclease deficient polymerase incorporating an a.-thio
deoxynucleoside triphosphate (cthio dNTP), 3) nicking of a hemimodified double stranded
restriction site, 4) dissociation of the restriction enzyme from the nick site, and 5) extension
from the 3' end of the nick by the 5'-3' exonuclease deficient polymerase with displacement of
the downstream newly synthesized strand. Nicking, polymerization and displacement occur
concurrently and continuously at a constant temperature because extension from the nick
regenerates another nickable restriction site. When a pair of amplification primers is used, each
of which hybridizes to one of the two strands of a double stranded target sequence,
amplification is exponential. “This is because the sense and antisense strands serve as templates

for. the opposite primer in subsequént_'rounds of amplification. When a single amplification
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Targets for amplification by SDA may be piepared by fragmenting larger nucleic acids
by restriction with an endonuclease which does not cut the target sequence. However, it is
generally preferred that target nucleic acids having the selected restriction endonuclease

10  recognition/cleavage sites for nicking in the SDA reaction be generated as described by
Walker, et al. (1992, Nuc. Acids Res., supra) and in U.S. Patent No. 5,270,184 (hereby
incorporated by reference). Briefly, if the target sequence is double stranded, four primers are
hybridized to it. Two of the primers (S and Sy) are SDA amplification primers and two (B
and Bj) are external or bumper primers. Sj and Sy bind to opposite strands of double

15  stranded nucleic acids flanking the target sequence. B; and B bind to the target sequence 5'
(i.e., upstream) of Sy and S», respectively. The exonuclease deficient polymerase is then used
to simultaneously extend all four primers in the presence of three deoxynucleoside
triphosphates and at least one modified deoxynucleoside triphosphate (e.g., 2'-deoxyadenosine

'-O-(1-thiotriphosphate), “"dATPaS"). The extension products of Sy and Sy are thereby

20 displaced from the original target sequence template by extension of Bj and Bp. The
displaced, single stranded extension products of the amplification primers serve as a targets for
binding of the opposite amplification and bumper primer (e.g., the extension product of Sj
binds S5 and B3). The next cycle of extension and diplacement results in two double stranded
nucleic acxd fragments w1th hemimodified restriction endonuclease recognition/cleavage sites at

25  each end. ; These are sultable substrates for amplification by SDA. As in SDA, the individual
steps of the target generation reaction occur concurrently and continuously, generating target

sequences with the récognition/cleavage sequences at the ends required for nicking by the
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specifically recognized and inactivated by treatment with UDG. Therefore, if dUTP is
incorporated into SDA-amplified DNA in a prior reaction, any subsequent SDA reactions can
be treated with UDG prior to amplification ef double stranded targets, and any dU containing
10 DNA from previously amplified reactions will be rendered unamplifiable. The target DNA to
be amplified in the subsequent reaction does not contain dU and will not be affected by the
UDG treatment. UDG may then be inhibited by treatment with Ugi prior to amplification of
the target. Alternatively, UDG may be heat-inactivated. In thermophilic SDA, the higher
temperature of the reaction itself (> 50°C) can be used to concurrently inactivate UDG and

15  amplify the target. |
SDA requires a polymerase which lacks 5'-3' exonuclease activity, initiates
polymerization at a single stranded nick in double stranded nucleic acids, and displaces the
strand downstream of the nick while generating a new complementary s.trand' using the
unnicked strand as a template. The polymerase must extend by adding nucleotides to a free 3'-
20 OH. To optimize the SDA reaction, it is also desirable that the polymerase be highly
processive to maximize the length of target sequence which can be amplified. Highly
processive polymerases are capable of polymerizing new strands of significant length before
dissociating and terminating synthesis of the extension product. Displacement activity is
. essential to the amp_liﬂcation reaction, as it makes the target available for synthesis of
25 eddiﬁonal copies and generates the single stranded extension product to which a second

amplification primer may hybridize in exponential amplification reactions. Nicking activity is

10
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stranded nick in a double stranded template. The presence of polymerase displacement activity

is essential for SDA. However, 5'-3' exonuclease activity, if present in an otherwise suitable

thermophilic polymerase, can be inactivated by routine methods known in the art (WO

10  92/06200). One of'the thost common methods for selectively inactivating exonuclease activity

in a polymerase is to clone the gene for the polymerase, identify the portion of the gene

sequence which codes for the protein domain responsible for exonuclease activity, and

" inactivate it by in vitro mutagenésis. Alternatively, exonuclease activity may be inactivated by

treating the polymerase with protease to isolate fragments which exhibit only the desired

15  polymerization and displacing activities. Therefore, a thermophilic polymerase identified in the

extension assay which is active at a suitable temperature, initiates extension at a nick and

incorporates modiﬁed or unconventional dNTPs but has 5-3' exonuclease activity is not
eliminated from consideration for thermophilic SDA.

In the extension assay for polymerases, displacement of the single strand from a double

20  stranded nucleic acid and initiation at a nick is staged by annealing two primers immediately

adjacent to each other on an intact sequence complementary to both primers. The primers are

labeled at their 5' ends. If a polymerase.has strand displacement activity, is able to initiate

polymerization at the "nick" formed by the adjacent primers and lacks 5'-3‘ exonuclease

activity, both primers are extended and two extension products will be detected. If the

25 polymerase lacks 5'-3' exonﬁclease activity but cannot initiate extension at the nick (e.g., it

requires a gap) or also lacks .displacement activity, only the extension product of the

11
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Di spl acement Anplification ( I's an isothermal method of nucleic acid
charaeteristics for use in the invention: exo~ Vent (New England Biolabs), exo~ Deep Vent

5 (New England Biolabs), Bst (BioRad), exo~ Pfu (Stratagene), Bca (Panvera), and Sequencing
Grade Taq (Promega). Others may be routinely identified using the foregoing extension assay
without the exercise of inventive skill, and all such polymerases would be suitable for use in
thermophilic SDA. The polymerases Tth (Boehringer), Tfl (Epicentre), REPLINASE
(DuPont) and REPLITHERM (Epicentre) strand displace from a nick, but also have 5'-3'

10  exonuclease activity. These polymerases are useful in the methods of the invention after
removal of the exonuclease activity, e.g., by genetic engineering. Most of the thermophilic
polymerases identified so far have optimal activity at 65°C-75°C and markedly reduced activity
at 50°C-60°C. However, as the thermostability of thermophilic restriction endonucleases is
generaﬂy limited to less than 65°C, thermophilic polymereses with optimal activiry at lower

15 temperatures (e.g., Bst and Bca) are more compatible with thermophilic restriction
endonucleases in the reaction and are therefore preferred.

The restriction endonuclease must dissociate from the recognition/cleavage site
sufficiently quickly to allow efficient amplification of the target sequence, allowing the
polymerase to bind promptly at the nick and initiate extension. Restriction endonucleases

20  suitable for SDA also must cleave only the primer strand of a double stranded hemimodified
recognition/cleavage site for the restriction endonuclease ("nicking"). Because restriction
enzymes generally produce double strand breaks, cleavage of one of the two strands in the
duplex of the cleavage site must be selectively inhibited. This is usually accomplished by
introducing nucleotide analogs (e.g., deoxynucleoside phosphorothioates) into one strand of

25  the DNA during synthesis so that the modified strand is no longer susceptible to cleavage. In
some cases, introduction of nucleotide analogs may result in the unmodified strand being no

longer susceptible to cleavage. In cases where the unmodified strand is protected from

12
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st randsd t aReAONYFlEases, OVEVED n A Jneans dap assessing: theppiskip: thhéws%éc?F

of the targe uence consists of, five eps . ndi ng anpl i fj catlon

oriners tod nep&g#sﬁwaf gl oot < eréocﬁie;#wét&gle s g

extenS|on ro rev usl ner ze ext.,ensi on of th a
-3' exon gnf [{Eq%gﬁg?gggu %??r d‘grsﬁftf YA [8’“? f[h&%ﬁﬁe’ X

screening system for identifying thermophilic restriction endonucleases Wlth the desired

properties was devised based on the ability of a modified deoxynucleotide incorporated into
10  one strand of the double stranded restriction endonuclease recognition/cleavage site to protect
one of the two strands from cleavage by the endonuclease. This is referred to as the analog-
induced nicking assay or the strand protection assay.
In the assay, a single stranded template and a complementary primer are synthesized.
The template and the primer are then labeled, preferably with a radiolabel. The primer and
15 template are hybridized and modified dNTPs are incorporated by extension of the primer,
producing a fully double stranded molecule containing a hemimodified restriction endonuclease
recognition/cleavage site.- This product is treated with the restriction endonuclease under
appropriate conditions for cleavage. Electrophoretic analysis of the reaction products under
denaturing conditions is used to deteﬁnine, by the size of the fragments generated, whether or
20  not the recognition/cleavage site was nicked, cleaved or uncut. The size of the fragments on
electrophoresis was also 'us.ed to determine which of the two strands of the
recognition/cleavage site (i.e., modified or unmodified) was protected from cleavage.
Thermophilic SDA is performed essentially as the conventional SDA described by
Walker; et al. (1992. PNAS and Nuc. Acids Re.;'., supra), with substitution of the desired
25  thermostable polymerase and thermostable restriction endoruclease. Of course, the
temperature of the reaction will be adjusted to the higher temperature suitable for the

substituted enzymes and the HinclI restriction endonuclease recognition/cleavage site will be
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thermophilic SDA. are Bsrl, BstNI, BsmAl, Bsll and BsoBI (New England BioLabs), and

-BstOI (Promega). The preferred fhermophilic polymerases are Bca and Bst.
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To develop an optimized SDA system capable"of high amplification factors (e.g., 108 -
109), evaluation and optimization of the buffer systems is recommended. This is also the case
when evaluating a new restriction enzyme/polymerase pairing for use in thermophilic SDA.
The manufacturer provides a recommended buffer for the restriction endonuclease which is
usually a Tris buffer with 10 mM MgCly. It may also contain 50-150 mM either NaCl and/or
KCl. These conditions are not necessarily optimized for thermophilic SDA but, instead, are
intended to provide 100% double strand cleavage of nucleic acids at the recommended
temperature. In SDA, the restriction endonuclease recognizes its double-stranded site,
however, the substitution of the derivatized dNTP induces the endonuclease to nick the primer
strand rather than cleave both strands. The manufacturer-recommended buffer may therefore
not be the optimum buffer for expression of this modified restriction endonuclease behavior.
In addition, the restriction endonuclease must function in concert with a polymerase in SDA.
The buffer system must therefore support both nicking by the restriction enzyme and
extension/displacement by the polymerase in order for the SDA reaction to occur.

When evaluating a buffer system for use with a new SDA restriction endonuclease, it is
generally useful to begin buffer optimization by evaluating the recommended buffer for the
restriction enzyme. Using a subtractive method one can determine which components are
essential for the nicking action of the endonuclease. Combining this information with buffer
condmons whlch are known to enhance polymerase activity in SDA, a prototype buffering
system can be developed. As dlscussed above an important aspect of buffer optimization is

the interactive nature of the components. For this reason, it is desirable to test various

14
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anplification priners and two [err] and B2) are external or bunper priners.
[err] asmd kginithed thedreblt phesdohtbirfedrcdnckntrafionsooMgCtf amhKPOnwhitkeiprovide the
flanking the target sequence. [err] and [err] bind to the target sequence
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endonucl eases and ot hers whi chThis thBWBRP ¢i red nicking activity: are-

method is described in detail in Experimental Design in Biotechnology by Dr. Perry Haaland
(Marcell Dekker, NY, 1989).

10 The methods for buffer optimization for conventional SDA are useful for thermophilic
SDA. The buffer for conventional SDA (employing HincIl/exo-Klenow) was developed as
follows: SDA was performed using each of the commercially available buffers for restriction
endonucleases. These buffers contained 20-50 mM Tris pH 7.4-8, 50-150 mM NaCl and/or
KCl ( or the acetate salts) and 5-12 mM MgCl,. The buffer that best supported SDA for

15 Hincll was REACT 6 from GIBCO-BRL, although the manufacturer recommended REACT 4
for use with HinclI for double strand cleavage (20 mM Tris, pH 7.4, 5 mM MgCl; and 50 mM
KCI). REACT 6 buffer contains 50 mM Tris pH 7.4, 6 mM MgCly, 50 mM NaCl and 50 mM
KCL. Further experiments were performed in which it was determined that MgCl, and K+
were the most important buffer components. A KPO, buffer was therefore substituted for Tris

20  asthe K¥ source. This buffer sﬁpported both restriction endonuclease activity and polymerase
activity, resulting in high levels of amplification in the conventional SDA reaction. Using
KPO, buffers with restriction endonucleases is not typical, but proved to be appropriate for the
restriction endonuclease/polymerase combination in SDA upon analysis of the buffer
components. More common buffers (i.e Tris) have been examined in a similar _fashion but do

25  not further enhance amplification. - |

Similar optimiiation methods may bé applied to determine ari appropriate buffer for any

restriction endonuclease/polymerase combination for thermophilic SDA, requiring only routine
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EXAMPLE 1
EXTENSION ASSAY SCREENING OF POLYMERASES

Using plasmid pBR322 as a target, two primers were synthesized which annealed
immediately adjacent to each other on the plasmid. Primer PBR1 was the upstream primer and
corresponded to bases 3661-3690 in pBR322. Primer PBR2 hybridized downstream of PBR1
and corresponded to bases 3691-3720. These 30-mer oligonucleotides were synthesized using
an Applied Biosystems DNA synthesizer, Model 380, and purified by electroelution from a
denaturing acrylamide gel. The primers were labeled separately in kinase reactions using 10 p
M primer, 50 mM Tris, pH 7.5, 10 mM MgCl,, 70 uCi 32P-ATP and 10 units polynucleotide
kinase in a reaction volume of 10 pL for 30 minutes at 37°C. The labeled primers were
combined with 200 ng of Pstl/HinclI digested pBR322 at a final concentration of 0.2 uM (each

primer). The target pBR322 DNA was denatured at 98°C for 3 minutes in a buffer containing

25 mM KPO, pH 7.4, 2-8 mM MgCl, and 0.2 - 1 mM dNTPs. The mixture was then cooled

to the selected reaction temperature (50-70°C) for 2 minutes. One unit of the polymerase was
added and the reaction was allowed to proceed for 10 minutes. The reactions were stopped by

addition of an equal volume of 95% formamide/50 mM EDTA/bromOphenoi blue dye.

- Twenty-five uL of the reaction were electrophoresed over a 6% denaturing gel and the gel was

exposed to autoradiographic film (Kodak, XARS).
| The above reaction conditions were used in the assay to test the activities of the
polymerases at 50°C, 60°C and 70°C. In each instance, the polymerase was tested in the

presence of either all conventional deoxynucleotides (ANTPs) or in the presence of the
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already present in the target generat4 %hgeeggstgeg{kepfa@egget SequenddPLACED

generdted autonatically and continuou A cycleand are
anplified. To prevent cross-contam nat | Hmw m reaction by the
anplification products of another, jorated into -

SDA-anplified DNA in place of dTTP vmthout I nhibition of the anplification

reaction. J&e Kl nipg g,ga gﬂe AL Grups &%%Ew% ﬁi{,gdrtgfp f--pegtligg mix).

recogni zed an | nact 1 vat y treatnment wt

i ncor por at eHe poliMerabd-tedted ard RE rdabtor Eonditioht BYe sh?@ﬁﬁd £h8 folRfWin waﬂ@quent SDA
reactions can be treated with UDG prior to anplification of double stranded
targets, and any dU containing DNA from previously anplified reactions wll

be render e <z TO mpr1T [ Sequent
reaction dcgnl%u %3.??.:‘[ Jéﬂgﬁu vﬁEP —%FEPW 15&??}‘.‘%& ‘?‘F@m. nt .
UDG may t hgn-—be—+-nhi-bited-| At—wi-th Ugi—priorto 2rﬂp||f|naf|nn of
the target { Al tel8@tively ﬁ@rﬂ%e heat - i @M vat ed Bstn t her mophi | |
SDA, the hijgher [ 80mper at ur ¢ 1 aiMtdiTPoSaaixi on j § sMf (> BEBfterr]) can be Ysed
to concurrdgmtly |p@ctivate|ghenRgNeppl 1Ty tThe i\l 9et .| Bea

4 50 0.2 mM dCTPaS mix 4 mM Bca

5 50 1 mM dNTP 5.2mM exo-Deep Vent

6 50 1 mM dCTPoS mix 5.2 mM exo-Deep Vent

7 50 0.2 mM dNTP 2 mM exo- Vent

8 50 0.2 mM dCTPaS mix 2 mM exo-Vent

9 50 0.2 mM dNTP 2 mM . exo-Pfu

10 50 0.2 mM dCTPaS mix 2 mM exo-Pfu

11 60 1 mM dNTP 8 mM Bst

12 60 1 mM dCTPaS mix 8 mM Bst

13 60 0.2 mM dNTP 4 mM Bca

14 60 0.2 mM dCTPo.S mix 4 mM Bca

15 60 1 mM dNTP 5.2 mM exo-Deep Vent

16 60 1 mM dCTPaS mix 5.2mM exo-Deep Vent

17 60 0.2 mM dNTP 2 mM exo-Vent

18 60 0.2 mM dCTPaS mix 2 mM exo-Vent

19 60 0.2 mM dNTP 2 mM exo-Pfu

20 60 0.2 mM dCTPaS mix 2 mM exo-Pfu

21 70 1 mM dNTP 8 mM Bst

22 70 1 mM dCTPaS mix 8 mM Bst

23 70 0.2 mM dNTP 4 mM Bca

24 70 0.2 mM dCTPaS mix 4 mM Bcea

25 70 1 mM dNTP 5.2 mM exo-Deep Vent

26 70 1 mM dCTPaS mix 5.2 mM exo-DeepVent

27 70 '} 0.2 mM dNTP 2 mM exo-Vent

28 70 0.2 mM dCTPaS mix 2mM exo-Vent

29 70 0.2 mM dNTP 2 mM exo-Pfu

30 70 -1 0.2 mM dCTPaS mix 2 mM exo-Pfu

5 Polymerases whlch were able to extend both primers with displacement of the

downstream, newly synthes1zed strand generated two bands on the autoradiograph. The larger
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whi ch a seoolybneibphd was deteated pn theautoradiograpl.i Wihee thieroniypandevesithe smaller of the
anplification reactions. Nicking activity is REPLACENMENT SHEET
5 two, only the downstream primer (PBR2) had been extended. Such polymerases would not be
suitable for SDA, either because they are not capable of extending the upstream primer by
initiating extension at the nick or because they are not capable of displacing the strand
downstream from the nick. When only the larger band was detected, polymerization had
initiated at the nick, but the polymerase also exhibited 5'-3' exonuclease activity.
10 The activity profiles of the polymerases identified in the extension assay which are

useful for thermophilic SDA are summarized in the following table:

POLYMERASE STRAND 5'3-EX0O OPTIMUM SOURCE
DISPLACE TEMP

Bst Yes No 65°C BioRad & MBR

(B. stearothermophilus)

Bca (B. caldotenax) Yes No 65°C Panvera (Takara)

exo-Vent Yes No - 72°C NEB

(Thermococcus litoralis) '

exo-Deep Vent Yes No ' 72°C NEB

(Pyrococcus sp. GB-D)

exo-Pfu Yes No 72°C Stratagene

Tth (Thermus Yes Yes 72°C Boehringer Mannheim &
thermophilus HB-8) Epicentre

Tl (Thermus flavus) Yes Yes . 72°C Epicentre

Replinase T Yes ., Yes 72°C DuPont

Replitherm “Yes " Yes 72°C Epicentre
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Al ternatively, @g@rﬁm&} EBibRYA) xnmabgolyﬂaﬁgeg \(RaRéra) YT dkaaatadlsog khdwen as
pol ymerase with protease to isolate fragnents which exhibit only the
desired po ua@érhﬁatﬂogm@aé) picdntaichat extenbivh ppratuctsihahebssaye, Of thdpolymptasési c
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tested in this example, only only these two exhibited all of the required attributes (initiation at

5 the nick, strand displacement and incorporation of thio-substituted deoxynucleotides) over the
entire temperature range 50°C to 70°C. The Bca and Bst polymerases are therefore useful in
thermophilic SDA reactions over the entire range of 50°C to 70°C under normal buffering
conditions. A second group .of polymerases (Exo~ Vent, exo~ Deep Vent and exo™ Pfu)
produced the PBR2 extension product across the temperature range, but failed to produce

10  significant amounts of the PBR1 extension product below 70°C. Using these three
polymerases, none of the 244 nucleotide PBR1 extension product was detected at 50°C and
only a small amount was detectable at 60°C. However, a significant amount of each of the two
extension products was produced at 70°C. These results indicate that displacing activity
and/or initiation at a nick are temperature dependent activities for Exo~ Vent, exo™ Deep Vent

15 and exo~ Pfu. They were, however, capable of incorporating thio-substituted deoxynucleotides
and had all of the other activities required for SDA. The polymerases in this second group are
useful in thermophilic SDA in conjunction with a restriction endonuclease which is functional
at about 70°C or higher, preferably with a restriction endonuclease which has a temperature
optimum at about 70°C. .Altematively, their displacing activity can be enhanced at lower

20 temperatures by addition of a solvent, such as about 15% glycerol or about 15% DMSO.

bnly the PBR1 extenswn product was seen when Sequencing Grade Taq, Tth, Tfl,
REPLINASE and REPLITHERM polymerases were tested in the assay. These results indicate |

that these polymerases are capable of initiating polymerization at a nick, but they have 5-3
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extension assay which is active at a suitable tenperature, THiIS SBEES HAS BEEN
extension at a nick and i ncoryyshadt Hs BeatRépiaed or unconvent(j onal RENLReEBUt

has 5'-3" exonucl ease .activit I at ed from constroaeratFon=fes:

t hermophilic SDA. In the ext e*g I pol ynmer ases, di spl acenent of

the single strand from a doubl ucleic acid and initiation at a
nick is staged by annealing two.priners imedi ately adjacent to each other

on an i nt agkonaElRARRes 'gﬂs? nwlttfﬁ SEBLRE Ylifnfhalish ﬁg@@iss:l?;eﬁgmy&{ﬁﬁ%ﬁ%ﬁ%&emods

| abel ed at their 5 en a pol ynerase | spl ace ctivity,
i s abl e tokhdWi inatheaOthis E6b 6 polfinethses Rulsonisefi! inf tREdRPhAY SD2E adj acent
primers and | acks 5'-3' exonuclease activity, both primers are extended and
two extension products will be detected. If the polynerase |acks 5 -3
exonucl ease activity but cannot initiate extension at the nick (e.g., it
requires a gap) or also |acks displ addXAMPEER vity, only the extension
products of the STRRND RROTRCTIONASSAY FOR SCREENING OF RESTRICTION

ENDONUCLEASES

Double stranded oligonucleotides containing hemimodified recognition/cleavage sites

for restriction endonucleases were constructed. The double stranded oligonucleotides were

10  constructed by first synthesizing a common primer 16 nucleotides in length (SEQ ID NO:1 or
SEQ ID NO:2) and various template strands 44-57 nucleotides in length. Each template strand
contained multiple recognition/cleavage sites in tandem, usually with filler sequences in
between each site. Cleavage sites were positioned on the oligonucleotide such that nicking or
cleavage of each site would result in a fragment which would be distinguishable by size on a

15 gel. In some cases where the endonuclease exhibited degenerate recognition/cleavage sites,

several of these were tested. The templates synthesized were as follows:

CDAvalS1 (SEQ ID NO:3):

5! -TACAATAGTCCCAATCTACCCGAGCTTACACGGAGGCATCAAGTG-3"'
20

CDAva2S1 (SEQ ID NO:4):

5' -TACAATAGTCCCAATCTACTCGGGCTTACACGGAGGCATCAAGTG- 3

TP-1 (SEQ ID NO:5):
25 5'-CCGGAATTCGAATGCCAAAAGACTGGGTCTCCAGGAACCAACTCGGCCGGATCCGC-3!

TP-1C (SEQ ID NO:6):
5' - CCGGAATTCTGGTTCCTGGAGACCCAGTCTTTTGGCATTCACTCGGCCGGATCCGC-3 1

30  TP-3 (SEQ ID NO:7):
5! -GGAATTCCGTCCCAGTCATGAAGATCGCAGCGCCCGAGACTCGGCCGGATCCGC- 3 !

TP-3C (SEQIDNOS): -~ |
5' -GGRAATTCCCTCGGGCGCTGATCTTCATCACTGTCCCACTCGGCCGGATCCGC-3 !
35
TP-4 (SEQ ID NO:9):
5' -GGAATTCCCGAGGAAGGTAGACGCAATGGCGGCACTCGGCCGGATCCGG- 3!
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11 downst r eam primer will be det ected—A-poelyrerase—whi ch ||i MHIS SKEST BAS BEEN
nick but has 5'-3' exonuclease activity will generate only the BEPRAGEDNn -

product of the upstream priner. TﬁbiSdeeﬂ@mBﬁi dopdrer ases

ol
identified as having all of the req ristics for use in the
I nvention: exo Vent (New Engl and Bi
e

ep Vent (New Engl and
Bi ol abs), Bst (BioRad), exo- Pfu (Stratagene), Bca (Panvera), and

Sequenci ngﬁ%@% Qpnega). O hers may be routinely identified using
the foregoing %é%%%g | he exercise of | | i1, and
all such plé Iy %@%&Eﬁ#@hﬁgﬁﬁﬁﬁh‘ﬁ%ﬁ%ﬁ%@@%ﬁ The
pol ynerases Tth (Boehringer), Tfl (Epicentre), REPLINASE (DuPont) and
REPLI TFERNS§E;5M(§%QEINQ@’€9)& ig‘lgace froma nick, but also have 5' -3
exonucl eas8 ' aERGCARTFCCTREAETHERGAEFACESCARECGSEECCTCRARAGCTRECMODARGE -3 he
I nvention after renoval of the exonuclease activity, e.g., by genetic
engi neering. Mst of the ther rm%gai]l i ?N{EO' merases identified so far have
optimal activit PES IBHO: ¥ primes SECHID NP Rt ynd SEQIBINE:Z primes; SEQ ID NO:2-4.
50C 60[err]31_. However, as fhe ther tability of thermpphilic.restriction
endonuc| eadBeseitgmplates cantain qe?(?ﬁmt@g?@em&fs%teﬁ Forrthe Eylleping restrgtionendonpcleases:

pol yme%t Seicx\f, tAr]spfpésia.EB]Lsaﬁit ég{ﬁyBs?lt, Iis(r)n\ie({wo degenerate sites), BsmAl, BsmFI, BsmHI,

BspWI, BsoBI (four degenerate sites), BsoFI, Bsrl (two degenerate sites), BsrBRI, BsrDI

(two degenerate sites), Bst71I, BstNI (two degenerate sites), BstOlI, BstXI, Dpnl, Haell,
MamI, Mboll, Mval, Mwol, S, and Tth1111. |

The primers and templates were purified by gel electrophoresis after synthesis and

15  electroeluted from gel slices using standard methods. They were then 5' end-labeled using T4

polynucleotide kinase and y-[32P]-adenosine triphosphate for later autoradiographic detection.

A typical kinase reaction contained 2 uL of 10X kinase buffer (New England Biolabs), 10 uL

of y-[32P}-ATP (3000 curies/mmol, NEN-DuPont), primer or template to give a final

concentration of 1 uM, 20 units T4 polynucleotide kinase (New England Biolabs), and water -

20 to make a total reaction volume of 20 puL. Kinase reactions were performed at 37°C for 30

min., then terminated by heating in boiling water for 5 min. The primer was then hybridized to

each of the templates and extended using polymerase and various phosphorothioate-substituted

nucleotides, producing a double-stranded oligonucleotide in which the recognition/cleavage

sites were hemimodified. Derivatized dNTPs were incorporated into one or the other of the

25 two strands of the recognition/cleavage sites in different experiments to test the effect on

nicking activity. The radiolabeled primer and template were then annealed by mixing 2 ul of

. Qacfl , 1yl of REACT-1 buffer (Life Technologies), and 11.5 uL of deionized, distilled water

in a closed 0.5 mL pdljpr:opylene microfuge tube. This mixture was heated for 3 min. in a

boiling water bath, then allowed to cool slowlj to 37°C by removing the water bath from the

30 heat source. The tubes were then transferred to a 37°C incubator and the hybridized primers
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temperatures (e.g., Bst and Bca) are nore conpatible w th [ HeHSSpIRET IHAS BEEN
restriction endonucl eases in the rgaGhiPR.sHIG @bl Ner ef org pr efRERIAGED he
restriction endonucl ease nust di ssogj recogni tTon/ creavage srte
sufficiently quickly to allow effi cﬂmlﬂmﬁﬂm Ht ion of the target

sequence, allow ng the pol ynerase t¢& y at the nick and initiate
extension. Restriction endonucl eases suitable for SDA al so nust cleave only

t he priner g _hem £ bt hPR

Site for i Rar SRade b ¥R Hnial b Aihe O L B By ER0RIC bE LAy RAAAR.

enzynes ge Qﬁ%lﬂa'sb%t&r(ﬁm iﬂ@lﬁ@ilhi ablehst e S INFTP, gg&aapﬁfnm dRA8tHRditol I9TTYO

strands in the duplex of Tthe cleavage site nust sel ectively inhibited’

This is usyadlo/5 3dc R 16 Naht/aY sbittibR BiCéxidaudlemk cRliciRt KlhoRgpolyRetise (U.S.

deoxynucl eosi de phosphorot hi oates) into one strand of the DNA during

synt hesi s Piodhemicalshe THe indli cdflcantration of ach ANTM{hEthe exkRASIO rdactior wasREGydMie.
In sone cases, introduction of nucleotide analogs nay result in the

unnodi f § ed Psitrien egtehsiom geantionsonere mlloweadt epprobéed fop 20 Intiavagiewerertherateasinated by
the unnodified strand is protected from
heating at 75°C for 10 mm

After extension, aliquots were diluted 10-fold into the appropriate buffer for restriction

endonuclease activity as recommended by the supplier of the restriction endonuclease. The

final concentration of DNA. molecules in the assay was. 10 nM. Strand protection assays were

10  initiated by adding 5-10 units of the appropriate restriction endonuclease to each reaction mix.

The reactions were incubated at the temperature recommended by the supplier of the

restriction endonuclease. Samples were removed at regular intervals and added to an equal

volume of formamide sequencing reaction stop solution (U.S. Biochemicals) to quench the

reaction. Quenched samples were stored on ice until all were collected. The samples were

15 = then heated in a boiling water bath for 3 min. and loaded onto 8% polyacrylamide, 7 M urea

DNA sequencing gels in Tris-borate buffer (Gibco-BRL). Electrophoresis was performed at a

constant power level of STW for 1 hour. Radiolabeled DNA bands were visualized by
autoradiography using Fuji RX grade x-ray film.

Of the thermophilic restriction endonucleases tested, eleven which completely or nearly

20  completely nicked the hemimodified recognition/cleavage site were identified in this study:

They are listed in the following table. In some cases, only one of the degenerate sites for the

restriction endonuclease was nicked when hemimodified in the strand protection assay. The

position of the recognition/cleavage site in the templates is indicated by nucleotide position

along with the results of the various phosphorothioate substitutions. If incorporation of a

25 .dNTPocS gave complete or nearly complete protection 6f the derivatized strand (i.e., the

unmodified strand was nicked), the nudeotide substitution is listed. "None" indicates that no

thionucleotide substitutions were found which resulted in nicking.
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REPLACEMENT SHEET 12 cleavage, nucl-eotidé analogs may be i|hapoenateeias BEEN |
during synthesis of the priner to Ca‘H\SGSthit Kigigh replased €l i i nat i rRERUACEDEEd
to add nucl eoti de anal ogs to the anpt’} Eﬁ;l on an } =

that the pol ynerase be capable of inc uj nucl eoti de anal ogs.
Nucl eoti de anal og substitutions do not rimer strand from al
restriction endonucl eases, however. A neans for assessing the nicking
characteristics of restriction endonoucl eases was therefore required in
order to identi i tabl e en ng th n 'IaMeaé#T ﬂé&ic
restriction enaﬁ%% ses, ifﬁiﬁiﬁpgﬁgynes 39%3?&'. refor Biggg ni ng
system for identifying thermophilic restrictionSEFbnucl easYITHANTPeS
desired properties was devi sed based on the ability of a nodified
deoxynucl ecAtcde i ncor por at SEQ IDNMBe strand of 172 doubl e strandkd
restriction endonucl ease recognition/cleavage site to protect one of the

t wo strand?;ur om cl eavage kypd gngpgonucl ease. Thyg is referred (@ as the
anal og- induced nicking assay or the strand protection assay.
B

sml SEQID NO:5 10-15 C - unmodified
strand protected
SEQ ID NO:6 35-40 A - modified strand
protected
BsmAI SEQ ID NO:5 27-31 G+T
SEQ ID NO:19 22-31 G
BsoBI SEQ ID NO:7 33-38 None
SEQ ID NO:10 29-34 C
SEQ ID NO:3 19-24 T
| SEQ ID NO:4 19-24 C
Bsrl | SEQ ID NO:5 - 22-26 None
SEQ ID NO:7 12-16 A
BsrDI SEQ ID NO:9 | 23-28 None
| SEQ ID NO:10 13-18 T
BstNI SEQ ID NO:5 31-35 None
SEQ ID NO:6 ' 15-19 A+C
BstOI SEQ ID NO:5 3 1-35 None
'SEQIDNO:6 15-19 A+C
BstXI . SEQIDNO:S o 15-27 T
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In the assay, a single stranded tenplsag nt ary“ '

synt hesi zed. The tenpl ate and the priﬁﬁsesh&pﬁas% Ll%gFed, p gﬁa'%iﬁ%%ﬁ%m
a radi'ol abel. The primer and. tenpl ateWF“ ﬂHMﬂﬂHM ﬂ and nodittied-dNERs—are

i ncor porated by extension of the primet} fully doubl e stranded

nmol ecul e containing a hem nodified restriction endonucl ease S

recogni tion/cleavage site. | s product is trea with the restriction
endonucl ea wﬁﬁder appropriS:E;aeﬁ)cﬁpd?t ions for c#:g'géage. El ect rogﬁ retic
anal ysis of the ,eactjon products under denaturing conditions is used to
det ermine, by t HeRespepitionsites prs givep jn gucleptiesdiog &y & egobste episSF8F or not t he

recognition/cleavage site was ni cked, cleaved or uncut. The size of the
fragnents on el ectrophoresis was al so used to determ ne which of the two

t ds of th | 1d: ' - iS4 26l f i
or ot ect ed from o BaiashAbihGEURD e lelforitonis i SEOLINGS of PARRLA 1653 cf
convent | OnmilBnbas probafbnyr e 'ihfloditRl dand, (e e YRS nicked dorhis
Res., supra), wth substitution of the desiréd t’hernostabl e pol ynerase and

t her rmssab!ss,rz,ge@,&t theCHdsaiBiliey @ wﬁge@.&erecogiﬁm Wt8Gn doRfinbtfid Vitht thicdé&Hvatibgy
reaction wilT be adjusted to the higher Tenperature suitable for the

subst it ut e@rigivey e sherMdphilie SHANG plate DfIth€ covenfionkd Vnflodifiee primers. In such a
recogni tion/cleavage site will be

system, nicking and displacing would proceed in the absence of derivatized dNTPs, eliminating

s

the need for the polymerase to be capable of incorporating derivatized dNTPs.
These candidate restriction endonucleases were further tested for their thermal stability
10  inthe 50°C to 65°C range. Only Accl had unsatisfactory stability in this temperature range and
could not stabilized by addition of common stabilizers such as double-stranded DNA and BSA.
The remaining nine restriction endonucleases were tested in a linear SDA reaction as in
Example 3. All resulted in amplification product except Mwol. It is possible that this enzyme
dissociates too slowly from its nicked recognition/cleavage site or is not able to nick the site
15  again (i.e,, to initiate subsequent amplification cycles) after the first extension step incorporates
thiolated nucleotides into both strands of the recognition/cleavage site. Alternatively, Mwol
nicking activity may be incompatible with the buffer system and may therefore be optimizable
as described above, making Mwol also useful in thermophilic SDA.
Linear SDA as in Example 3 was performed using BsoBI, Bsrl, BstNI, BsmAI and Bsll
20  with substitution of dUTP for TTP. This was to confirm the compatibility of these restriction
endonucleases with UDG decontamination methods. BsoBI, BstNI and BsmAI were not
negatively affected by dU in their recognition/cleavage sites, but the efficiency of hnear SDA
was reduced for Bsrl and BslI under these conditions. Because the Bst and Bca polymerases
appear to be unaffected by dUTP substitution, reduced nicking activity for Bsrl and BslI is
25  probably due to the incorporation of dU into the recognition/cleavage site of the enzyme. As
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13 repl aced by the appkopri ate restricrion endonucl ease THIS SHEET HAS BEEN

recognition/cleavage site for the sel e@t?ie ok tﬁ(gsréygékiﬁik& enflonuc! gEsecEd SO
i

in contrast to Wal ker, et al., the pra clu
muwn F step if they are
M8 Preferred restriction

the reaction mxture prior to the i nitiei
sufficiently stable at the denaturation
endonucl eases for use in thernophilic SDA are Bsrl, BstNl, BsmAl, Bsll and
BsoBl ( New ' , : .
t her nophi | i@%&%gr% gggtgg%%;grgcgiclag ik yekont &%ﬁ%& ‘g%%aeﬁé‘%gﬁ{‘énﬁ%e‘?“s?ﬁ tered
syst em capagoPerebmb HiE efREIPA dU 6/ tHeMCKiRE 4ty 6fthi enzyitS - 109), eval uation
and optim zation of the buffer systens 1s recommended. This is also the
case when eval uSevérgl thenRUpHilRS testrictibn en@oiticl¥ades Gheteidentified athichnave Opartidl ori N
t her nophi li ¢ SDA. The manufacturer provides a recommended buffer for the
restricti oowmitkingcaotiatty under ¢he initial scredring eonditions lf tHeestrand protédionidsiayr (elg.,
It may al so contain 50-150 nM either NaC and/ or '

5 Tth1l1ll, BsiYI and BsoFI). Nicking activity of these endonucleases may be optimized by

!

optimizing the the reaction conditions (e.g., by optimizing the buffer or adjusting the reaction
temperature), remiering them more useful for thexmophilic SDA. In addition, as it is known
that sequences flanking a restriction endonuclease recognition/cleavage site may affect
endonuclease activity, altering the flanking sequences of the templates may also improve
10 nicking activity for endonucleases which nicked only partially or promote nicking activity in

endonucleases which did not nick under the conditions of this example.

'EXAMPLE 3
LINEAR THERMOPHILIC SDA

15
The polymerase Bst and the restriction endonuclease Bsrl were tested in a linear SDA
reaction performed at 60°C. Successful amplification of the target sequence indicates not only
that both the polymerase and the restriction endonuclease are functioning under the conditions
6f the thermophilic SDA reaction, but also that SDA "tumover" is occurring, ie., the
20  restriction endonuclease dissociates after nicking the hemimodified recognition/cleavage site so
as to allow initiation of polymerization, with repetition of the cycle following polymerization.
Two DNA oligomers having the following nucleotide sequences were synthesized:
CCACCTCTGACTTGAGCGTCCCAGTGTCAATACGGCGGAGCCTATGGAGTAACGCC
(SEQID NO:11)
25 GCAAAAGGCCAGGAACCGATAAAAGGATGCGTTGCTGGCGTTACTCCATAGGCTCCG
(SEQ ID NO:12) '
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KO. These conditions are not necessarity optiTmized for ther mgSHERT ISEABEEN
but, instead, are intended to provide 100% doubI e stra d cI eavagBEBLACED

nucl ei'c aci ds at t he recommended terrpeTth St et ron
endonucl ease recogni zes its double-stra \ ver t he substitution
of the derivatized dNTP i nduces the end I ck the prinmer strand
rat her than cI eave both strands. The manuf acturer-recomrended buf fer may

therefore fq gangrohfeea emm@%&ea‘ﬁn gg@xfﬁf%ié i bvdr [Apsanﬂ‘)é’rbirh&ﬂg single-

restrlctlon en behavi or. e restfriction

endonucl eaggadiegts f ti BErICRBGEH: | §13) fyer
system nust t heref oéfﬂggsu%%oﬁgdbot h nt?%%%dga Qi? g%dg‘?ﬁdc?l gﬁ)éenz;lqngbgngﬁ
ext ensi on/ dhdaplidaxfiey by the polynerase in order for the SDA reaction to
occur. Wen evaluating a buffer systemfor use with a new SDA restriction
endonucl ease, i-The sligemers aleky anteled by tincubstiiighat 10DIE for nirtitesa followvel \by slow
eval uati ng the reconmended buffer for the restriction enzyne. Using a

subt ract i veoolingtods00e Timy wetdhen exendedctb formmaoraietelgrdoublesstandesl frigment he
ni cking action of the endonuclease. Conmbining this information with buffer
condi t i onsusihg Bst polymkraseyrthree conveational plebxymeclestides {dCTP; ¢TTRH a@DAGH’ one of
prototype bufferlng syst can be developed As di scussed above,

mpor t ant - #bisbcearted Buo-HP abeDidaZ dsmyagenosine 5-0-(1-thotriphosphate) (4ATPS).

This duplex was 92 nucleotides in length. Ber endonuclease was then added to start the

amplification reaction (time=0). Bsrl nicks fhe ﬁnmodiﬁed strand of the recognition/cleavage

10  site between the two C's when the complementary strand contains the modified adenosine.

The polymerase then initiates at the nick and polymerizes in the 5'-3' direction, displacing a

single stranded oligomer 70 nucleotides in length. After the first cycle of polymerization, the

endonuclease recognition/cleavage site is regenerated but the strand of the

recognition/cleavage site which was previously unmodified is partially substituted with dAaS 3'

15 to the nick. This does not interfere with SDA, however. Repetitive cycles of ‘nicking and

polymerizing generate multiple copies of the 70 nucleotide extension product from each duplex
initially present in the reaction. |

SDA reactions were performed at 60°C in 20 L of a buffer comprising 25 mM K;PO,

pH 7.6; 6 mM MgCly. 50 mM KCl, 0.5 mM dCTP, TTP, dGTP and dATPa:S; 100 uCi fa-

20  32p] dCTP (3000 Ci/mmol); SO nM each oligomer; 50 units Bsrl endonuclease and 2 units Bst

polymerase. Aliquots (5 pL) were removed from the reactions after 5, 10 and 20 minutes.

Labeled products were separated by electrophoresis on a dedaturing polyacryl_amide gel and

visualized by autoradiography. A first series of SDA reactions contained the complete list of

reagents given above. In a second series of SDA reactions BsrI was omitted. In a third series

25 of SDA reactions Bst polymerase was inactivated by heating (100°C, 5 min.) after formation of

the duplex and prior to addition of the restriction endonuclease.
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the'interactive nature of the conponents. For this reason, THIS GESET AASSBEEN

concentratlons are
exam ned whil e keeping the KPO4 con IS the best [err]

cogggnt ration at that particular concentration of KPO4 But if various .
§§nbl EZ&' SBﬁcéﬁtﬁ%ﬁ?ﬁ%ﬁ?ﬁ P98 Sl Rlib P RACTRUERGL e RS dbdoriol by
fo 1nsure Chare (he HBE MU 6 oANBCER SRl | RO oS tinhi 1o ThE St

anplificati d in
Bi of echnol ggf," g%ﬁrﬁ%g%@y%ggéﬁgogfg&( RAG, S Ph sckh N@w%bﬂ@ Biris oPRScAohs

showed only the 92 nucleotide reaction product, as wﬁhout the nicking activity of Bsrl no 70

to test various REPLACEMENT SHEET 14 c ﬁntlk d.ons of dlaferemEpLAcED
conponents rather than keepi ng one nt and varFRg—hes
others one at a tine. For exanple, if

st

5 nucleotide extension products could be generated. The third series of reactions showed only
nicking of the duplex, evidenced by a faint band 70 nucleotides in length and a faint band 92
nucleotides in length, both resulting from the unamplified duplexes initially present in the
reaction. The turnover rate of the SDA cycle in this expériment was estimated from the film
density to be approximately 1 min-1.

10

EXAMPLE 4
EXPONENTIAL THERMOPHILIC SDA

BsoBI (isolated by New England BioLabs from a Bacillus species) and Bca polymerase
15 (PanVera Corporation, cloned from Bacillus caldotenax) were used to demonstrate
exponential amplification of a target sequence by thermophilic SDA. Complementary
oligomers were synthesized to serve as the two single strands of a double stranded target
sequence (SEQ ID NO:13). Five uL, containing various concentrations of this target
sequence, was added to each of the reaction mixtures. Some reactions received no target
20 sequence. Amplification primers were also synthesized. Primer XBsoB1-1 (SEQ ID NO:14)
contained a BsoBI restriction endonuclease recognition/cleavage site in single stranded form,

as did primer XBsoB1-2 (SEQ ID NO:15). _
Primer XBsoB1-1 hybridizes to one strand of the target sequence to form a 17 base
pair overlap with protruding single stranded 5' ends. Extension of the recessed double
25  stranded 3' 'endsf"'iby the polymerase renders a completely double-stranded fragment 103
nucleotideé .‘long containing a--dout;le_l stranded hemimodified BsoBI recognition/cleavage site.

Similarly, primer XBsoB1-2 hybridizes to the opposite strand of the target sequence to form a
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The- met hods for buffer optinization for convéntional SDA a eTfulseSNEtEﬁfM-S BEEN

thermophilic SDA. The buffer for co lg ét?ﬁ?ﬂse RA&P! oY REPLACED
Hi ncl I'/ exo- Kl enow) was devel oped as s perfor €ach
of the commercially available buffer on endonucl eases. These
buffers contai ned -20-50 MM Tris pH 7. , NaCl and/or KO (- or

the acetate salts) and 5-12 mM[err]. The buffer t hat best supported SDA
for Hinclly F fic otr ;
recommndedy\gég@?ﬁqgflﬁle sﬁ@@e\% t%‘lfﬁ%@ &ra?ﬂand C éeja‘gralllg]e %renlﬁ/l
T H7 f

ris, pH 7gidy fﬂle&“ﬂ\[l? bmeﬁsé% "BéhEiate a @gﬁg f_ﬁ‘\au rnhﬁée 105-hé@Néctitaifing G Abhtle | S

pH74 6 MM [err] and 50 nv r experinments were
per f o 1ed tfarided Réminfodiid BloBe rebaftlod igivaged, and [err] were the nost

i mportant buffer conponents. A KPO4 buffer was therefore substituted for

Tris as the K+ -Thel keaction hibdtudes,f s Beppad BydBDOkére hested ifeit 3 aimstedttndealacas e
activity and polynerase activity, resulting in high levels of anplification

i n the Tonthenargen BINADAen eadled to the eactiprkfefipelinirt af S0YC.t Aftee squilibration for 3
endonucl eases is not typical, but proved to be appropriate for the
restricti ominstessfwoiteafBeappolymensesandciérusiits of BsoBI wergddedhinra toted volume offS he
B R il oo of oo te o s s 20 5 ot 28
mM K;PO, pH 7.6; 1.375 mM each dCTPaS, dATP, dGTP and dTTP; 100 pg/ml acetylated
bovine serum albumin; 6.5 mM MgCl,; 0.05 uM XBsoB1-1; 0.05 pM XBsoB1-2; 16 units
10  BsoBI, 4 units Bca, +/- the ‘target sequence. The amplification reactions were allowed to
proceed for 1 hour, then stopped by placing the tubes in a boiling water bath for 5 minutes.
Amplification products were detected as follows. A 10 pL aliquot of each reaction was
removed and a 32P-labeled primer (SEQ ID NO:16) was added. After hybridizing the primer
to any ampliﬁcation products present, the primer was extended to diagnostic length by addition
15  of polymerase as described by Walker, et al. 1992. Nuc. Acids Res., supra. Ten pL of a
denaturing loading solution were édded to the aliquot, which was then heated. Ten pL were
electrophoresed on denaturing polyacrylamide gels for analysis.
The predicted lengths of detectable oligonucleotides in this experiment were 1) 58
nucleotides, produced by extension of the primer on the nicked, displaced amplification
20  product, and 2) 81 nucleotides, produced by.extension of the primer on the intact, full length
target. The method was sufficiently sensitive that amplification product was detected when as

few as 150 molecules of target sequence were added to the amplification reaction, even though

reaction conditions were not optimized.
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not »furt her enhance anplification. Sim SimTar optimz opti m zation met GdﬂsrthEhJ&{As BEEN
applied to determ ne an appropriate §lfe ”_{apgeeanma{c&st rictjon  REPLACED
endonucl ease/ pol ynmerase conbi nati on SDA, r &t S

routine 15 testing w thout the exer ive skill. In many
cases the [err] buffer typically errpl |onal SDA is suitable
for thernophilic SDA, either- as.described or vmth sone routine nodification
of the concentrations of these conmpongRhpegs Exanple 5). EXAMPLE 1

EXTENSI ON ASSAY (\iﬁc@'ﬁ% ﬁw target,
two priners were%g;? esl z&j anneaplr%ifrrrredl e y a JacentDt%o each

other on the plasmd. Prinmer PBRL was the upstream prinmer and corresponded
to bases 3661-3690 in pBR322. Prinmer PBR2 hybridi zed downstream of PBR1

Thermophilic linear SDA using BsoBI as the restriction endonuclease was compared to
5  conventional linear SDA using HincIl. The amplification reactions were performed under the

following conditions:

HincII (Reaction Condition A)

45 mM K;POy, pH 7.6
10 10% DMSO

0.25 mM each dATPaS, dCTP, dGTP, dTTP

100 pg/mL acetylated bovine serum albumin

6 mM MgClz

50 nM primer/target complex (SEQ ID NO:17 and SEQ ID NO:18)
15 150 units HincIl '

10 USB units exo™ klenow polymerase

0.01 mCi o-32P-dCTP

BsoBI (Reaction Condition B)
20

25 mM K;PO,, pH 8.3
0.25 mM each dCTPaS, dATP, dGTP, dTTP
100 pg/mL acetylated bovine serum albumin
15 mM MgCl,
25 50 nM primer /target complex (SEQ ID NO:15 and SEQ ID NO:13
complementary strand)
16 units BsoBI
4 units Bca polymerase

0.01 mCi a-32P-dATP
30 :

BsoBI (Reaction Condition C)

25 mM K;POy, pH 8.3
0.25 mM each dCTPasS, dATP, dGTP, dTTP
35 : ' ' 100 pug/mL acetylated bovine serum albumin
-7 6 mMMgCly
- 50 nM primer /tatget complex (SEQ ID NO:15 and SEQ ID NO:13
complementary strand)
16 units BsoBI
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synt hesi zed using an Ap lmeeeumaﬁa{mﬁceﬂ)NA synt hesi zer FHEPLAQHD

and cor‘responded to bases 3691-3720. These 30-ner ol i gonucm S SEIEETRIAS BEEN
del

purified by el ectroel utlo uring acryl am de gel=—The prrners —
were | abel ed separately | j ons using 10 [err] Mprinmer, 50 nM
Tris, pH 7.5 10 mM[err], 2p- ATP and 10 units pol ynucl eoti de

ki nase in a reaction vol u‘ﬂe @If_nfor 30 mnutes at 37[err]. The | abel ed
prinmers were conbined wt t@@cﬁ 0 ef3§‘FI/H| ncll digested pBR322 at a final
concentration of 0.2 [err K"@he‘h Tq The target pBR322 DNA was

‘?el?f“ 2. gdmawt ot % fo@@mas t&ﬁ#&gﬁzv%%&)f s ireiea 06 S OriaRe Kb Pfs B,
pol yrrer as diuigh D B R e e o Hn R Sk ampltiosfin SO gEndl thg Brinicd®
][n opﬁéaéde/(gqurﬁﬂamgromp enggggﬁ A/%&%hﬁ"b %f‘gff?l Vgﬁrﬁlg% ]Z\I_iﬂbyﬂ?ﬂg&ew

1, it U USSR 0 AL o e

exposed to autoradi ograp

condi ti ongq &elyscﬁﬁblensﬁahee@&? 39nﬁ&§6t1d%§1% ?&&‘tﬁ/fdr' @8 Mihcll h9staal aie108es

at 50C, 60[e and 70C. I n each instance, the polynerase was tested in the
nucleotldes in length for the BsoBI systems. A 3.5 pL aliquot was then removed to 5 pL of

stop solution as a control for the extension reaction. The appropriate restriction endonuclease

10  was then added (2 puL). For Hincll, time points were taken at 5, 20 and 60 minutes. For
BsoBI, time points were taken at 1, 3, and 6 minutes. Aliquots for each time point were added
directly to 5 uL of stop solution. The samples were then heated by boiling for 2 minutes and 5
pL were loaded for electrophoresis on a denaturing polyacrylamide gel. The gels were
analyzed by autoradiography.

15 The expected reaction pi'oducts for the HinclI conventional SDA reaction were the full
length, intact target molecule (85 nucleotides in length) and a nicked, displaced amplification
product 60 nucleotides in length. The expected products for the BsoBI reactions were the full
length target (103 nucleotides in length) and an 81-mer amplification product. All of these
products were detected. However, there was a marked difference in reaction rates between the

20 conventional HincIl/exo~ klenow system and the BsoBI/Bca system. The HincIl reaction
required approximately 60 minutes to generate a detectable level of nicked, diplaced
amplification products. In contrast, the BsoBI system required only about 6 minutes to
generate detectable levels of target sequence amplification. Of the two reaction conditions
tested for the BsoBI system, Reaction Condition C with a lower concentration of MgCl,

25  produced an improved rate of amplification as compared to Reaction Condition B.
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presence of elther al | conventleﬁa4—dee*yﬁuel~ee{—i—des dI\I'I'P<)T;q|r59',mEgTheAS BEEN

presence of the REPLACEI\/EI\FI' SHEET 2 4 OCT 1995 Date : REPLACED
............................... Hes BeernReplpdPs and o =

t hi o- substi t ut ed deoxynucl eot i de ( llmﬂ‘ﬂrm P[ err]S m x") The

pol ymer ases tested and the reactlo e shown |n the foll ow ng

Tabl e: Rxn# Tenp ([err]) dl\ﬂ'P or [err] mx - Jerr]
Pol ynerase (1 unit) 1 1 nmM dNTP 8 MM
Bst 2 50 1 mvldCTP[ergg: X 1\ Bst 3
50 0.2 mM dNTP SpoRefied Lrstavg, 50
0.2 MM dCTP[err]S m x 4 v . Bca

5 (1) GENERAL INFORMATION:

(i) APPLICANT: Fraiser, Melinda S.
' Spargo, Catherine A.
Walker, George T.
10 Van Cleve, Mark
) Wright, Daviqd J.

(ii) TITLE OF INVENTION: STRAND DISPLACEMENT AMPLIFICATION USING
15 THERMOPHILIC ENZYMES

(iii) NUMBER OF SEQUENCES: 19

{iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Richard J. Rodrick, Becton Dickinson and
20 Company

{B) STREET: 1 Becton Drive

(C) CITY: Franklin Lakes

(D) STATE: NJ

(E) COUNTRY: US
25 (F) ZIP: 07417

{(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
30 {C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
35 (B) FILING DATE:
(C) CLASSIFICATION:

{(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Fugit, Donna R.
40 (B} REGISTRATION NUMBER: 32,135
{C) REFERENCE/DOCKET NUMBER: P-2961

(2) INFORMATION FOR SEQ ID NO:1:

45
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
50 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
55

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
GCGGATCCGG CCGAGT 16
60 (2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
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50 1 mM dNTP g GH@SHEE"?HIASE‘BEEN

5 »
50 _ 1 MM dCTP[err]S ni x This SheetH exo-|Deep WEMLAGED
50 . 0.2 andNTP |ﬁ“‘ | exo- Vent=$ 58
02nMddHeH] m ' 50 0.2 nv
dNTP exo Pfu 10 0.2 mM dCTPaS m x
2 mvi exo P£ ﬁaﬁ?“ 6o 1 nNIdNTP 8 nM
Bst 12 60 (af! nax ASBEET TS mix 8 M Bst 13 60
0.2 nM dNTP (C) SYRPHIEDNESS: sifiyda 14 60 0.2 nM
dCTP[erd] S nmi x ADI\IOPOLOGY: linmgay 15 60 1 mv dNTP
5.2 nM X % 8Nvpkl pra . 1 MM dCTP[err]S m x
5.2 M J8) BBEReyE ek o fdenomic) 0.2 mM dNTP 2 mu
exo- Vent 18 60 0.2 MM dCTP[err]S m x 2 mv
exo-Vbﬂf 19 60 0.2 M dNTP 2mvi exo- Pfu
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: .
CACTTGATGC CTCCGTGTAA G _ . 21
15 (2) INFORMATION FOR SEQ ID NO:3:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 45 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
20 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
25

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
TACAATAGTC CCAATCTACC CGAGCTTACA CGGAGGCATC AAGTG 45
30 (2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 45 base pairs
{B) TYPE: nucleic acid
35 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
40
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
45 TACAATAGTC CCAATCTACT CGGGCTTACA CGGAGGCATC AAGTG 45
{2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 56 base pairs
50 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
55 (ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
60 CCGGAATTCG AATGCCAAAA GACTGGGTCT CCAGGAACCA ACTCGGCCGG ATCCGC 56
(2) INFORMATION FOR SEQ ID NO:6:.
(i) SEQUENCE CHARACTERISTICS:
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20 -

60 0.2 mM dCTP ass qthangen laced HPIHIS8HEET HAS BEEN
1 mM dNTP 8 mv III "lll B M dSEPLREED 8

m x 8 mm Bst 23 2 m\/l dNTP _ ’!
Bca 24 70 0.2 [err] Bca 25

70 1 nmM dNTP 5 2 n1VI exo Deep Vent 26 70

1 MM dCTP[err] S m xa) nenctu?Z sgMhase pair@X0- Deep Vent 27 70 0.2
mM dNTP () MWPE: nuclei@Xxoid/ent 28 70 0.2 mM
dCTP[err]S m x AC))\FTRANDEDNESS p §dogient 29 70 0.2 mM dNTP -

2 mM ' exo- P tPPOLOG¥;gLineax 0.2 MM dCTPaS nmix 2 nM

exo- Pfu Pol ym&gs%wm.enﬁbl(geﬁ&iaxtend both prinmers with
di spl acenent of the downstream newly synthesized strand generated two
bands on the autoradi ograph. The | arger

10

15

20

25

30

35

40

45

50

55

60

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

CCGGAATTCT GGTTCCTGGA GACCCAGTCT TTTGGCATTC ACTCGGCCGG ATCCGC

(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 54 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
GGAATTCCGT CCCAGTGATG AAGATCGCAG CGCCCGAGAC TCGGCCGGAT CCGC
(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 52 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
GGAATTCCCT CGGGCGCTGA TCITCATCAC TGTCCCACTC GGCCGGATCC GC
(2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 49 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
GGAATTCCCG AGGAAGGTAG ACGCAATGGC GGCACTCGGC CGGATCCGG
(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
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17 band represents ext ensi on of PBRL to the Hi ncII site of %FﬁtfﬁsEEN

target plasmd and is 244 nucl eoti smal | 5 banﬁE,g,EA
ext ensi on product of PBR2 extended t a ite and 214
nucleotides in | ength. When only one duct was generat ed, only -

one band was detected on the aut or adi ograph. \Wen the only band was the
snal l er of the two,, g e sgopnst seqm prinmer (PBR2) had been extended.
Such pol yner ases WO(J t 3&1&&& taeba e for SDA, either because they are not
capabl e of extendi ng) tSwrRANpEDNESSIMSpAgI®Er by initiating extension at the

ni ck or because the‘}” aFQPOHHY ch’gﬂfl?lfe of displacing the strand downstream
fromthe nick. LE&!’% Irﬁegh g) was detected, polynerization had
initiated at tﬁe nic e poI yrrerase al so exhibited 5 -3 exonucl ease
activity. The activity profiles of the polynerases identified in the
extena}(ﬁn assa(guv\,hl ch are usc(;,;‘flgur_;c orSEt her mpphi lic SDA are sunmarized in the
fol | om'hg tabl'&) PERYRESARES NG SECISHRAND  5'-3- EXO  OPTIMUM

SOURCE DI SB&aMorceca GeCaTTGCGT CTACCHRMET CGGGACTCGG CCGGATCCGG 50
s (2) INFORMATION FOR SEQ ID NO:11:
' {i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 56 base pairs
{B) TYPE: nucleic acid

(C) STRANDEDNESS: single
20 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
25
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
CCACCTCTGA CTTGAGCGTC CCAGTGTCAA TACGGCGGAG CCTATGGAGT AACGCC 56
30 {2) INFORMATION FOR SEQ ID NO:12:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: S7 base pairs
{(B) TYPE: nucleic acid
35 (C} STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
40 '
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
45 GCAAAAGGCC AGGAACCGAT AAAAGGATGC GTTGCTGGCG TTACTCCATA GGCTCCG 57
(2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 70 base pairs
50 (B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear
55 {ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
60  CCGGAGCTGA® ATGAAGCCAT ACCARACGAC GAGCGTGACA CCACGATGCC TGCAGCARTG 60
GCAACAACGT - ' - 70

(2) INFORMATION FOR SEQ ID NO:14:
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Bst -

MBR ( B.

65[ err]

72[err]

No

Yes

Yes

HB- 8)

Yes 5

Yes

Yes
10
15
20
25
30
35
40
45
50
55
60

No ' 72[ ert]

Yes SiRet Has Been Replacﬁﬁ[ err] THis sRERRAA Beeen
st ear ot her nophi | us) Bca (B. wmlmﬂ“ Yes : PLACED
Panvera (Takara) ex " Yes —Ng—
NEB ( Ther mococcus | Deep Vent - Yes
72[ err] NEB (Pyrococcus sp. GB-D) exo-Pfu

Stratagene Tth (Thernus

Yeq) SEQUENCE chARRAR¥rkkrstrcsBoehringer. Mannhei m t her nophi | us
(Thermus fl avus)
Yes  (B) TYPB:7 @@FF acid Epi centre Replinase

(A) LENGTH: 50 base pairs & Epicentre Tfl

Yes (C) sT

72[err icentre
(ii) MOLECULE TYPE DNA {genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
GTATTCTGCT GCTCTGTTCC GCCTCGGGTA GACACGTTGT TGCCATTGCT
(2) INFORMATION FOR SEQ ID NO:15:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION; SEQ ID NO:15:
GGATTCGCCT CCAGATCTGG TCCTCGGGTA GACCCGGAGC TGAATGAAGC
(2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
CATCGTGGTG TCACGCTCGT CGT
(2) INFORMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 49 base pairs
(B) TYPE: nuclexc’ac:.d
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (gencmic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

ATACGGGTTA CTGATGATGA ACATGCCCGG TTACTGGAAC GTTGTGAGGE

(2) INFORMATION FOR SEQ ID NO: 18‘

35

single .
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18 Taq (Thernus aquati cué) Yes hegtHas Re lace?l errl , THIS SHEET HAS BEEN
Per ki n- El mer Cet.us, USB & Boehri nge nci ng Glade TREPLACERS

No . 72[err] Promega ( cus) Bs{ porymerase
(Bi oRad) and Bca pol ynerase (Panvera, known as Ladder man
pol ymerase) produced both extension products in the assay. O the

pol ynerases tested in this exanple, only only these two exhibited all of
the required attini begustck i diakhatErosTies: t he ni ck strand di spl acenent and
i ncorporation of thl(lo\- SERCTH: tm daselaaiysuc| eoti des) over the entire
tenperature range 5 E; lé’g&lehe Bca and Bst pol ynerases are
therefore useful ing )hq-b IY TG @actions over the entire range of
50[err] to 70[err] under nornal buffering conditions. A second group of
pol ynmer ases ( Exih) WeLRCULBXTYPEDMP Vgemomield exo- Pfu) produced the PBR2
extensilan product across the tenperature range, but failed to produce

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

15 GAGAATTCGT GGACTGCAGA TCGTTGACGT GATTACCCTC ACAACGTTCC AGTAACC 57
(2) INFORMATION FOR SEQ ID NO:19:

(i) SEQUENCE CHARACTERISTICS:
: (A) LENGTH: 55 base pairs
20 (B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
25 {(ii) MOLECULR TYPE: DNA (genomic)
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

30 CGAGRATTCGT GGACTGCAGA TGTCTCCAAT CCCCCCTCAC AACGTTCCAG TAACC 55
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signi ficant anounts of the PBRl “extensi on “product bel ow 70’E.-|-H,érJ§E !Egm_,[&gngEN

t hree pol ynerases, none of tgs”mn“u BR1 extensijpn
detected at 50C and only a s lj nm H ectable at &
signi ficant amount of each of the twd extenmsion products was produced at

70C. These results indicate that displacing activity and/orinrtratronat
nick are tenperature dependent activities for Exo- Vent, exo- Deep Vent and

exo- Pfu. THEATWIELANRBPVSH, capabl e of incorporating thiof: laced
deoxynucl eoti des and had all of the other activities requir He

pol ymer ases in this second group are useful in thernophilic
conjunctio

ri ct| cl ease which.is functional at about
70C or hi g B\‘@F@\pgg n%a aéglirsp%qqx%cmﬁgd ease which has a
t enper at ure opt iajrum @to‘adlmgtt a 79xgle Attaadethtnuvielcy acitl hfragmetits poraining et itaréty
bout - 150 argatedthe flltiert GRS £ bfan 3088 ' DERY Xt ansi on. pr oduct v
seen when Seque®gi ng btadmearﬂva@phﬁmpn primer fﬂEﬁDANAm Hrend REFhel fragmmmt such that
pol ymer aseshewj,hﬁtet eRhRe 4 B tshgleammed T&%ﬁﬁn;,e%w taﬁtghmhsatmé}atoﬁ,
Egl/gmglr ag-e?'ecoggltlgg}) ﬁaavaegeosfttelfgll' taltﬁcttrlmrophl%c rt‘.strtc’aoznaetmld?)nuc(filet:aséJI wrhlxc(h does not CEE he
target nucleic acid sequence;
10 ©) extending the amplification primer on the fragment in the presence of
i) a thermophilic DNA polymerase, the polymerase being active between
about 50°C and 70°C, having strand displacing activity and lacking 5'-3'
‘exonuclease activity,
it) deoxynucleoside triphosphates,
15 iii)  atleast one derivatized deoxynucleoside triphosphate, and
iv) a thermophilic restriction endonuclease which nicks the
recognition/cleavage site when the site is hemimodified by incorporation of the
derivatized deoxynucleoside triphosphate, the endonuclease being active
between 50°C and 70°C,
20  thereby producing a first extension product of the amplification primer comprising a first newly
synthesized strand complementary to the target sequence and a double stranded hemimodified
restriction endonuclease recognition/cleavage site;

d) nicking the double stranded hemimodified restriction endonuclease
recognition/cleavage site with the restriction endonuclease;
25 e) extending from the nick using the DNA. polymerase, thereby displacing the first

newly synthesized strand from the fragment and generating a second extension product
comprising a second newly synthesized strand, and;
) repeating the nicking, extending and displacing steps such that the target
sequence is amplified.
30
2. The method of Claim 1 wherein the DNA polymerase is selected from the group
consisting of Bca polymerase and Bst polymerase.

3. | The method of Claim 2 wherein the restriction endonuclease is selected from the group
35 consxsttng of Bsrl, BstNI BsmAl, leI BsoBI and BstOL
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19 exonucl ease activity. Wth sel f the 5! TRIIS SHEET HAS BEEN
exonucl ease activity using methods known in the art, this gr pup OfHEpLACED

pol ynmerases is also useful in therrmulﬂulﬂm MPLE 2 STR
ASSAY FOR SCREENI NG OF RESTRI CTI ON ubl e st randed

ol i gonucl eoti des contai ni ng hem nodi fi &d t edogri t Fon/ cl eav ?ﬁéﬁ%ég&rk laced

restriction endonucl eases were constructed. The double stra
ol i gonucl eotides were constructed by first synthe5|2|ng a co

nucl eotideg in Iy and vari ' u““’“ﬂl
st rands 44§57 nugtlﬂggét?‘ligy$ !@f@qm#epgquﬁgt "&Jﬁ strand cont ai, neoL

mul tiple recogndki onP'iS’lVE’éRBaQ@f%laﬂé§ seﬁomchnaalmstragdpélfrggmm ROmpTi§ig the target
sequences idqubide)\@RFir& A6 s&dohssmglb@ﬁ:mma fits\MREEha gl 3' endshdod3'tehe,

O O o i 50 SOl i 3 el B k"
stranded fragment and a second amplification primer for SDA to the 3' end of the second single
stranded fragment such that the first and second amplification primers form $' single stranded
overhangs on the first and second single stranded fragments, respectively, the first and second
amplification primers each comprising a 5' end comprising a recognition/cleavage site for a

10  thermophilic restriction endonuclease which does not cut the target nucleic acid sequence;
d) extending the first and second amplification primers on the first and second
single stranded fragments, respectively, in the presence of

i) a thermophilic DNA polymerase, the polymerase being active between

about 50°C and 70°C, having strand displacing activity and lacking 5'-3'
15 exonuclease activity,

i) deoxynucleoside triphosphates,

iii) at least one derivatized deoxynucleoside triphosphate, and

iv) a thermophilic restriction endonuclease which nicks the

recognition/cleavage site when the site is hemimodified by incorporation of the

20 derivatized deoxynucleoside triphosphate, the endonuclease being active

between about 50°C and 70°C,
thereby producing a first extension product of the first amplification primer comprising i) a first
newly synthesized strand complementary to the first single stranded fragment and a first double
stranded hemimodified restriction endonuclease recognition sequence and i) a second

25  extension product comprising a second newly synthesized strand complementary to the second
single stranded fragmeﬁt and a second double stranded hemimodified restriction endonuclease
recognition/cleavage site; .

e) nicking the first and second hemimodified restriction endonuclease
recognition/cleavage sites with the thermophilic restriction endonuclease; _

30 H extending from the nicks using the DNA polymerase, thereby displacing the first
newly synthesized strand from the first single stranded fragment and displacing the second
newly synthesized strand from the second single stranded fragment, thereby producing a third
and a fourth newly synthesized strand, respectively;

. g) repeating the nicking, extendmg and displacing steps such that the target

35 _sequence is amplified.
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gelh In some cases where the endonucl ease exhi bited degenerﬁt &HIS SHEET HAS BEEN

e t emRERLASED

recogni tion/cl eavage sites, sever ested. T
synt hési zed were as fol |l ows: CDAVM mm5 T-2901
5' - TACAATAGT CCCAATCTACCCGAGCTTACA CDAva2S1 (SEQ ID NO 4):

5' - TACAATAGT CCCAATCTACTCGGGCTTACACGGAGECATCAAGTG 3' TP-1 (SEQ I D NO 5):
5' - CCGGAATTCGAATGCCAAAAGACT GGGTCTCCAGGAACCAACTCGECCGGATCCGEC- 31 TP-1C ( SEQ

ID NO 6):
TP—3 ( SE

- GGAATT
N08) 5 -
ID NO'9):

5

10

15

20

25

30

35

C@G‘F@@QA&‘E&

oo CNg*?F?é%HlGBGGF Cldirh A0me( R Wbk T R Bl e R tarket
retsdnrermeshad compRsingSACT CGGCCGGATCCGS- 3' TP- 3C (SEQ | D
COAATICCCTRRSREORT GAT Gh GAJsab GHpLEeRAST RS fieRic 3cid TiragindnBEQ
comprising the target sequence, the first and second amplification primers binding 3' to the
target sequence on opposite strands of the nucleic acid fragment;

b) extending the first and secondn amplification primers on the fragment, thereby
producing a first extension product of the first amplification primer and a second extension
product of the second amplification primer;

b) displacing the first and second extension products by extension of a first and
second bumper primer, and;

) synthesizing complementary strands for the displaced first and second extension
products in the presence of the derivatized deoxynucleoside triphosphate, thereby generating
double stranded fragments comprising the target sequence which are amplifiable by SDA.

6. The method of Claim 5 wherein the DNA polymerase is selected from the group
consisting of Bca polymerase and Bst polymerase.

7. The method of Claim 6 wherein the thermophilic restriction endonuclease is selected
from the group consisting of Bsrl, BstNI, BsmAl, BslI, BsoBI and BstOl.

8. A method for amplifying a target sequence comprising:
a) binding an amplification primer for SDA to a single stranded nucleic acid
fragment comprising the target sequence, the fragment having a 5' end and a 3' end, the
amplification primer comprising a recognition/cleavage site for a thermophilic restriction
endonuclease which does not cut the target nucleic acid sequence and binding to the fragment
3' to the target sequence;
b) extending the amplification primer on the fragment in the presence of
i) a thermophilic DNA polymerase, the polymerase being active between
about 50°C and 70°C, having strand displacing activity and lacking 5'-3'
exonuclease activity,
ii) . deoxynucleoside triphosphates,
iif)  atleast one substituted deoxynucleoside tnphosphate and
iv) a thermophilic restriction endonuclease which nicks the
' recognition/cleavage site when the site is hemimodified by incorporation of the
derivatized deoxynucleoside triphosphate, the endonuclease being active
between about 50°C and 70°C,
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5 - @GAA%TCCCGAGGAAGGTAGACGCAATG{IIH:ACTG@C‘CGGATCCGG 3 ” 21113 RHEET (HARS(BEEN

NO 10):  5'- GGAATTCGCAGCCATT CTCGGOCGGAT] REMICHSMA
(SEQ I'D N0 19) | _
5' - GAGAATTCGTGGACTGCAGATGTCT TCCAGTAACC-3' SEQ 1D NO. 1

primes SEQ ID NO 5-10 and SEQ ID NGO 2 prinmes SEQ ID NO 2-4. These tenpl ates -
contain recognition/cleavage sites for the followng restriction

endonucl easgsreb h P birst BR@hsiorR5rdBhot 0B kdtionFtifer CoMPrisig & figst Akl
sites), BsrrAIe um rs1 ssrl)(\)/\v BsoBI (efoﬂﬁdeg’gnerate g?tes% BsoFlI Y

Bsrl (two cfe‘é tes) BsrBRI, BsrD (two degenerate sites), Bst?ll
BstNI (two degengrat alispldcing)the Bt Eitensﬁmtﬁfbdudi)ﬁl&inthb‘lﬁﬁgxhentr\/am Mool |, M/al

Mwl, Sfil. and d-gt h 1]s§?nthesxzmg a complementary strand for the first extension product in the
5  presence of at least one of the substituted deoxynucleoside triphosphates, thereby generating a
double stranded hemimodified restriction endonuclease recognition/cleavage site;
e) nicking the double stranded hemimodified restriction endonuclease
recognition/cleavage site with the thermophilic restriction endonuclease; '
d) extending from the nick using the polymerase, thereby displacing the first newly
10  synthesized strand from the fragment and generating a second extension product comprising a
second newly synthesized strand, and;
f) repeating the nicking, extending and displacing steps such that the target
sequence is amplified.

15 9. The method of Claim 8 wherein the DNA polymerase is selected from the group
consisting of Bca polymerase and Bst polymerase.

10.  The method of Claim 9 wherein the thermophilic restriction endonuclease is selected
from the group consisting of Bsrl, BstNI, BsmAl, BslI, BsoBI and BstOL
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The-prinmers and tenpl ates were purified. by gel elect ropjﬁl’rﬂ&i SHeET BAS BEEN
synthesis and el ectroeluted fromgel slices using standard neRepgacephey
were then 5 end-I|abel ed using T4 pol ynucl eoti de ki nase -aftFfer=—agdenasi-ng
tri phosphate for | ater autoradiographic detection. A typical kinase
reaction contained 2 [err]L of 10X kinase buffer (New England Biol abs), 10
[err]L of [err]-ATP (3000 curies/nmol, NEN DuPont), prinmer or tenplate to
give a final concentration of | [err%ngkgg.‘j{fs T4 pol ynucl eoti de ki nase
(New Engl and Biol abs), and water to nmake al reaction volunme of 20
[err]L. Kinase reactions were perfornmed at 37C for 30 mn., then term nated
by heating in boiling water for 5 mn. The priner was then hybridized to
each of the tenmt@hesm?ﬁcaﬁ&xﬁn@%ﬁiﬁ&ﬂm RIAHOUS" AREMRPRILY ASDAYSwhich can be
phosphor ot hi oat e- substi tuted nucl eoti des, producing a doubl e-stranded

ol i gonucl eqletfdfinédovediaitodd nipefabies irﬁriger(év**ceed/m%s IThe preferred teaiperavaticirangt
Derivatized dNTPs were incorporated into one or the other of the two

st rands5of fohthermsphilici SIDAri$ 50%t6aTPSCS Tt has baen dbidrddethandertainpthernraphilis restrictiomt
the effect on nicking activity. The radi ol abel ed priner and tenplate were .
t hen annealeadoringleasesi rege 2 chpabld LoHf nicking, the [ demjrhodifiedREreSTiction ufehdonugleasee
Technol ogies), and 11.5 [err]L of deionized, distilled water in a closed

0.5 nL pol yptogpifionfeleanagersitt ageequiredkby $PAandidissociatingfsomn thersite. Ttdhas Burthen beqmn
a - .
found that certain thermophilic polymerases are capable of extending from the nick while

displacing the downstream strand. Thermophilic SDA, because of reaction temperatures

10  higher than previously possible with conventional SDA enzyme systems, has improved
specificity and efficiency, reduced nonspecific background amplification, and potentially
improved yields of amplification products. In addition, the need to add the enzymes in a
separate step after the initial heat denaturation of double stranded targets is eliminated when
enzymes capable of tolerating the denaturation temperature are used.

15

This Sheet Has Been Reﬂlaced i

41



boi:l. i né wat er bat h,
water bath fromthe heat source.
37[err]

then all owed to cool

i ncubat or and the hybridi zed priners

slowly to 37[er[j] THI$ SHEFD\HAR)BERE
The tubes were then tra sf er rREPLACED
21 wer e extended o tre——ri

tenplate by adding 1 [err]L of the appropriate m x of deoxynucl eoside

tri phosphat es (dNTPs)
dithiothreitol (DTT),

exonucl eas f' i ent
concentratifan
ext ensi on rlea t

each
term nated by heating at, J5lewLl]

I ncl udi ng at
and 0.5 [err]L of a 10 unit/[err]L soI ution of
| enow pol yner ase (
NTP in the extensi
ns wele allowed to

fAr

| east one thio-dNTP, 2 [err]L of 10 mM

The fi nal

EF%&%Q;@? 250 [err]M Priner
and were then

ALl Qlpxt-aasSt @GN al i quots were

OC

“diluted 10-fold into the appropriate buffer for'zgx
activity as reconmended by t:g sBgplier of ther

The final concentration of
protection assays Were€e « o

& i on endonucl ease
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=
|nnt|ated by adding 5-10 units of the approprlate restrd_%H@mﬁﬂmﬂonu;ggg§e
to each reaction m x. The reactions were incubated at t t eNREPIACE®
recomrended by the supplier of the restriction endonucl@

renmoved at regular intervals and added to an equal volune of fornmam de
sequenci ng reaction stop solution (U. S. Biochem cals) to quench the
reacti on. Quenched sanples were stored on ice until all were collected. The
sanpl es were then heated in a boiling water bath for 3 mn. and | oaded onto
8% pol yacryl am de, 7 Murea DNA sequencing gels in Tris-borate buffer

(G bco-BRL). Electrophoresis was perforned at a constant power |evel of 57W
for 1 hour. Radiol abel ed DNA bands were visualized by autoradi ography using
"Fuji RX grade x-ray film O the-thernophilic restriction endonucl eases
tested, el even which conpletely or nearly conpletely nicked the

hem nodi fi ed recognition/cleavage site were identified in this study: They
are listed in the following table. In sone cases, only one of the
degenerate sites for the restriction endonucl ease was ni cked when
heninndifieEan he sizénd protection assay. The position of the

recognition age. syfte in the tenplates is indicated by nucleotide
position al rth t results of the various phosphorothi oate
substitutions. |If incorporation of a

5 $4 ' 5 T2
v ] w

T ’ S 51
1 1 POLYMERIZE USING 2

dGTP, dCTP, TTP AND
dATP(xS)

* NICK WITH HINC H

POLYMERIZE AND

—~ o~ ‘ DISPLACE STRAND

HYBRIDIZE_SDA PRIMERS TO DISPLACED STRANDS
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dI\I'I'P[éF'SrE]";', gave conplete or nearly conplete protection of fErederivattzet—;

strand (i.e., the unnodified strand was ni cked), the nucl §ARERIACEMENT SHEET

substitution is listed. "None" indicates that no thi onucl goti de

substitutions were found which resulted in nicking. 22 ENZG(NE.Z..‘.'....U&.'...EES
TEMPLATE RECOGNI T1 ON PROTECTI ON SI TE t W aINT PR
Accl SEQ I D NO 9 : 1 17-22 C Bsl |
ﬁg?; D Na 9 D, DISPLACEMEN [TON UST k R JPHIL] u_l_:t-_ gEg :B
NOC. 6 35-40 A - nodified strand protected

FIELD OF THE INVENTION

The invention relates to methods for amplification of nucleic acid target sequences and

in particular relates to isothermal methods for amplification of nucleic acid target sequences.
BACKGROUND OF THE INVENTION

In vitro nucleic acid athpliﬁcation techniques have provided powerful tools fof
detection and analysis of small amounts of nucleic acids. The extreme sensitivity of such
methods has lead to attempts to develop them for diagnosis of infectious and genetic diseases,
isolation of genes for analysis, and detection of specific nucleic acids as in forensic medicine.
Nucleic acid amplification techniques can be grouped according to the temperature
requirements of the procedure. The polymerase chain reaction (PCR; R. K."Saiki, et al. 1985.
Science 230, 1350-1354) , ligase chain reaction (LCR; D. Y. Wu, et al. 1989. Genomics 4,
560-569; K. Barringer, et al. 1990. Gene 89, 117-122; F. Barany. 1991. Proc. Natl. Acad.
Sci. USA 88, 189-193), transcription-based amplification (D. Y. Kwoh, et al. 1989. Proc.
Natl. Acad. Sci. USA 86, 1173-1177) and restriction amplification (U.S. Patent No.
5,102,784) require temperature cycling. In contrast, methods such as Strand Displacement
Amplification (SDA; G. T. Walker, et al. 1992. Proc. Natl. Acad. Sci. USA 89, 392-396 and
G. T Walker, et al. 1992. Nuc. Acids. Res. 20, 1691-1696, and F;P 0 497 272, all three
disclosures being incorporated herein by reference), self-sustaine(} sequence replication (3SR;
J. C. Guatelli, et al. 1990. Proc. Natl. Acad. Sci. USA 87, 1874-1878) and the QP replicase
system (P. M. Lizardi, et al. 1988. BioT echnology 6, 1197-1202) are isothermal reactions.
In addition, WO 90/10064 and WO 91/03573 describe use of the bacteriophage phi29
replication origin for isothermal replication of nucleic acids. WO 92/05287 describes a method
for isothermal production of sequence-specific oligonucleotides in which a modification in one

strand allows a cutting agent to selectively cleave the opposite strand. The single stranded



BsmAl ' SEQ ID NO 5 27-31

NO 19 22-31 G BsoBl BEPDAGEMENT SHEET
33- 38 None SEQ I D NO 10 29- 34 2] SEQ I D
NO. 3 19- 24 T SEQ ID NO 4 | Date -8 % Ll..1505 -
C Bsrl SEQ ID NO'5 22- 26

NO: 7 12-16 A B2r DI SEQ ID N0 9

é:I;-QZ?D NO. %omplementmn %HE’&%!%E&@ islpeleased, %\Aﬁtg&%‘gég‘ygleﬂg%on of an ddditedrM

&Ign ég SEQ lg)fﬂ%.elgentaﬁrﬁigﬂugeotfg? 1 glsothemds%pii&aﬁgg’ §§? >8onducted at 5%&3%

ID NG5S temperature, in domtraét to the cycling betwedn high and low temperatures characteristic of
amplification reactions such as the PCR.

The conventional SDA reaction is conducted at a constant temperature between about
37°C and 42°C. This is because the exo~ klenow DNA polymerase and particularly the
restriction endonuclease (e.g., HinclI) are thermolabile (temperature sensitive). The enzymes
which drive the amplification are therefore inactivated as the reaction temperature is increased.

'However, the ability to conduct isothermal amplification reactions such as SDA at higher
temperatures than previously possible could have several advantages. Amplification at
‘elevated temperatures may allow for more stringent annealing between amplification primers
| and template DNA, thereby improving the specificity of the amplification process.
Background reactions could also be reduced as a result of such improvéd amplification
specificity. In SbA, a significant source of background reactions are the short "primer dimers"
which are generated when the amplification primers interact with each other. Formation of
primer dimers may seriously impair the efficiency of the desired, specific amplification of the
target sequence. The formation of such primer dimers is more likely at lower temperatures
because the reduced stringéncy of the reaction allows increased transient hybridization between
sequences with limited homology. The ability to conduct SDA at higher temperatures could
potentially reduce primer dimer interactions, reduce background and improve the efficiency of
specific target amplification. In addition, amplifying at higher tetﬁperatures may facilitate
strand displacement by the polymerase. Improved strand displacing activity might increase the
efficiency of target amplification and result in increased yields of the ampliﬁéation product.
The use of sufficiently heat stable enzymes could also allow all reagents required for the SDA
reaction to be added prior to the initial heat denaturation step. Conventional SDA requires
that the enzymes be added to the reaction mix after double stranded target sequences have

been denatured by heating.
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Mol . SEQID NO 9 23- 33

eREPOAGEMENT SHEET
on sitE I n SEQ
Datendikt!

[err] Recognition sites are given in nucleotides fromthe 5
tenplate strand. It is interesting to note that the recogniti
ID NO5 at position 10-15 for Bsm exhibits protection of thg

strand, i.e., the nodified strand is nicged. This suggests tf

I 0 W s A o o w

of using this recognition site in conjunction with thio-derivatized pri mer
intherm)philic@Pﬁ' P ' I rgg,cg he |

such a system (Ii’ll C |nlﬁa§b%r}g g *‘g%fegrc}ﬁtr?g %@P%E%Q%cl)elgg ’n ‘?ﬁedra séelir%%é?dlﬁons :
der | vat | ZegofiNI biior fnplifichan Which"\iay EGitlarmitiatel & SulfiRlyJehe aipAfittion Tesidi o e
I ncorporating derivatized dNTPs. ThHese candi date restriction endonucl eases

vere furt hepdére$t afashplifiablecivy tth@tmBlt SHaPi biakly DNA helyeBiybise] (UD®5C The

range. Only Accl had unsatisfactory stability in this tenperature range and
coul d not @dcohwamination bivethdd i itselincanl be ausetd nregirdlvss iofethe fertperaddre at which the

doubl e- stranded DNA and BSA. The remaining nine restriction endonucl eases

wer e t est eainplivons Iwere sgené&iredr madtie SDAagedction. However, SDA amplification products
generated at léwer temperatures (i.e., 37°C to 42°C) may contain a high level of nonspecific
bacicground products. Decontamination of large amounts of background amplicons may
seriously impede or inhibit eliminﬁtion of contaminating target-specific amplicdns, thus
reducing the efficiency of the decontamination procedure. The ability to perform SDA at
higher temperatures, by depressing the amount of non-specific background aﬁpﬁcom
generated, could therefore increase the efficiency of the UDG decontamination procedure.

The SDA reaction requires ‘several very specific enzymatic activities in order to
successfully amplify a target sequence. Thermophilic polymerases have been reported
extensively in the literature. HoWever, as other nucleic acid.. amplification systems do not
require the combination of enzymatic activities of SDA, prior to the present invention little was
known about the activities and reaction requirements of thermophilic enzymes as they relate to
the biological activities required by SDA. Further, because SDA requires concurrent activity
by two different enzymes (restriction endonuclease and polymerase), it was not known prior to
the present invention whether or not compatible pairs of such thermophilic enzymes existed.
That is, both a thermophilic polymerase and a thermophilic restriction endonuclease are
required. These two enzymes must have temperature and reaction condition (e.g., salt)
requirements compatible with each other and with SDA in order for both fo function efficiently
in the same SDA reaction mix. In addition, the polymerase must 1) lack 5'-3' exonuclease
activity, either naturally or by inactivation, 2) incorporate the modified nucleotides required by
SDA (athio-dNTPs or other modified dNTPs), 3) displace a downsteam 'single strand from a

ldouble stranded molecule starting at a single stranded nick, and preferably 4) incorporate

dUTP to allow amplicon decontamination. The polymerase must extend the complementary



Exanple 3. All resulted in anplification product except Mwol. i _
possible that this enzyne dissociates too slowy fromits nic diFPLACEMENT SHEET
recognition/cleavage site or is not able to nick the site agajin fi .€2.4 t
initiate subsequent anplification cycles) after the first ext on.-st.£
I ncorporates thiolated nucleotides intogboth strands of the
recogni tion/cleavage site. Alternatively, Mwl nicking activity may be

i nconpat i k@ndvohithé emplife 8 addittdrc6F ANIPERY al i PIOHE R4s aRbiprefAblethas the
descri bed above, making MwIl al so useful in thernophilic SDA. Linear SDA as

| n Exanp! olisse e or gl pHivesvifs Ot i€33kd polfinibe siAMtbe ablé 1Bidd asi iy
substitution of dUTP for TIP. This was to confirmthe conpatibility of

t hese restnuclebtides es)@ossibile clrefore disddeiating ahedc teninimating tthe rextensiondprodbsto Bl The
Bst Nl and BsmAl were not negatively affected by dUin their

recogni t i aestdttion endonuiciease, mustt 1) migkefifei, cileaveya singlei steand @fp/tsndouble dtranded
for Bsrl and Bgl|l| under these conditions, Because the Bst and Bca .
pol yner as gecegpitinn/cleavage site avhrea the deengnitionfclesuage: site,is bemimodifiede @) lisseriate
activity for Bsrl and Bsll is probahly due to the incqrporation of dUipto
the recogrifam #sesogaifionicleavage site rapidlysnoyghto allow the polymerase to bind an ampﬁﬁy

the target efficiently, and preferably 3) be unaffected by dUTP incorporated into its

recognition/cleavage site. In addition, the restriction endonuclease must exhibit these activities

under temperature and reaction conditions compatible with the polymerase,
SUMMARY OF THE INVENTION

The present invention provides methods for isothermal Strand Displacement
Amplification which can be performed over a broader temperature range (37°C to 70°C,
"thermophilic SDA") than conventional SDA. The preferred temperature range for
thermophilic SDA. is 50°C to 70°C. It has been found that certain thermophilic restriction -
endonucleases are capable of nicking a hemimodified restriction endonuclease
recognition/cleavage site as required by SDA. and then dissociating from the site. It has further
been found that certain thermophilic polymerases are capable of extending from the nick while
displacing the downstream strand. These discoveries have made possible development of an
SDA method which, by virtue of being performed at higher temperatures than previously
possible, has improved specificity and efficiency, reduced nonspecific background
amplification, and potentially improved yields of amplification products. In addition, the neea
to' add the enzymes in a separate étep after the initial heat denaturation of double stra;nded
targets may be elinlinated when enzymes which are stable at the denaturation temperature are
used. UDG decontamination of target-specific amplicons in the SDA reaction is also more

efficient when the amount of nonspecific background amplicons is reduced.



24 the cleavage site for Bsll occurs in a degenerate sequence, it is
believed the site can be altered to overcone the effect pot—ttd—on=the
nicking activity of this enzyne. Several thernophilic r@SREPIACEMENT SHEET
endonucl eases were identified which have partial or |owjni cki n% gcblg ity
under the initial screening conditions of the strand pr ¢t Bati.orf.dsd..1995
(e.g., Tthllll, BsiYl and BsoFl). Nicking activity of t -
may be optim zed by optim zing the the reaction conditions (e.g., by

optim zing the buffer or adjusting the reaction tenperature), rendering
them nore useful for ther mOpRSCRIPPION OF EREDRAWINGSi t i s known t hat
sequences flanking a restriction endonucl ease recognition/Cl eavage site my
af fect endonucl ease activity, altering the flanking sequences of the

tenpl ates may al so i nprove ni cking activity for endonucl eases whi ch nicked
only parti al | yFigr 1 fllustretes the SIDAtgrget géneratipnischesrechfiWalker st al. (I1192h Nac.ddeide

ni ck under. the conditions of this exanple. EXAMPLE 3 LI NEAR THERMOPHI LI C
SDA Res., supra).

Fig. 2 illustrates the SDA reaction cycle for a double stranded target with two
amplification primers (exponential amplification). The portion of Fig. 2 showing the reaction

cycle using one of the amplification primers illustrates linear SDA.
DETAILED DESCRIPTION OF THE INVENTION

As uséd herein, the following terms and phrases are defined as follows:

An amplification primer is a primer for amplification of a target sequence by primer
extension. For SDA, the 3' end of the amplification primer (the target binding sequence)
hybridizes at the 3' end of the tarQet sequence. The SDA amplification primer further
comprises a recognition/cleavage site for a restriction ehdonuclease near its 5' end. Additional
nucleotides 5' to the recognition/cleavage site may be present to provide for efficient binding of
the restriction endonuclease. The recognition/cleavage site is for a restriction endonuclease
which will nick one strand of a DNA duplex when the recognition/cleavage site is
hemimodified, as described by Walker, et al. (1992. PNAS, supra). A hemimodified
recognition/cleavage site is a double stranded recogrﬁtion/cleavage site for a restriction
endonuclease in which one strand contains at least one deri\_vatized nucleotide which prevents |
cutting of one of the two strands by the restriction endonuclease. In most cases, the strand of
the hemimodified recognition/cleavage site which initially does not contain derivatized
nucleotides is nicked by the restriction endonuclease. After the first SDA cycle, however, haif
of the recognition/cleavage site of the nicked strand will contain derivatized nucleotides, but

this does not prevent sﬁbsequent nicking. The preferred hemimodified recognition/cleavage



The pol ynerase Bst and the restriction endonucl ease Bsrl were

| i near SDA reaction performed at 60C. Successful anplificatio
target sequence indicates not only that both the polynerase a
restriction endonucl ease are functioning under the conditions
t hermophilic SDA reaction, but also that SDA "turnover" is oc :
the restriction endonucl ease di ssoci atesgafter nicking the hem nodified

recogni ti o cloe e héles PA gf &n@pbﬂ»eof&mbat%a'%%ﬁc%a&[@g d Zibd Por e th

repetition of the cycle fo rization oners havi ng

the foll Oﬁ@sﬁﬂtl&’k‘%&ﬁﬁkﬂﬁsé YHHET CHIndE Aval m&h%ﬁa J9H4HI. The am hﬁcatxon rimer
CCACCTCTGACT TGAGCGT CCCAGT GT CAATA GCCTATGGAGTAACGCC ( SE ‘_’L

WWTWWWMMWWE&W tﬁptaté&)

binding sequence of the amplification primer is hybridized to the target sequence. For the
majority of the SDA reaction, the axﬁpliﬂcation primer is responsible for amplification of the
target sequence.

Extension products are nucleic acids which mmpﬁse a primer (or a portion of a primer)
and a newly synthesized strand which is the complement of the targei: sequence downstream of
the primer binding site. Extension products result from hybridization of a primer to a target
sequence and extension of the primer by polymerase using the target sequence asa template.

A buﬁlper primer or external primer is a primer which anneals to a target sequence
upstream of the amplification primer, such that extension of the bumper primer displaces the
downstream amplification primer and its extension product. Extension of bumper primers is
one method for diéplacing the extension products of amplification primers, but heating is also
suitable. '

Identical sequences will hybridize to the same complementary nucleotide sequence.
Substantially identical sequences are sufficiently similar in their nucleotide sequence that they
also hybridize to the same partially complementary nucleotide sequence. |

The terms target or target sequence refer to nucleic acid sequences to be amplified.
These include the original nucleic acid sequence to be amplified, its complementary second
strand and either strand of a copy of the original sequence which is produced in the
amplification reaction. The target sequence may also be referred to as a template for extension
of hybridized amplification primers.

Amplification products, amplified products or amplicons comprise copies of the target
sequencé and are generated by hybridization and extension of an amplification primer. This

term refers to both single stranded an& double stranded amplification primer extension



These ol igomers hybridize to each other with a 21 base pair overlap and

protruding single- stranded 5 ends. The Bsrl recognition/clEavage, sl s
indicated in SEQ ID NO 11 by underlined italics. The oligof ?’%P%Féwé&r SHEET
anneal ed by incubating at 100C for 3 ninutes, followed by skiow co@l4 ngl qga5
60[err]. They were then extended to forma conpletely doubl - BfPanded

fragnment using Bst polynerase, three conlent i onal deoxynucl eotides (dCIP,
dTTP and pfsiaetsovhcto Conthinchcapyrofi thel originhletardet Isequenge, dmduding iltermedidessasfithe
5'-0O(1-thiotriphosphate) (dATP[err]S). This duplex was 92 nucl eotides in
| engt h.  Bsmplificationteactiome was t hen added to start the anplification
reaction (tinme=0. Bsrl nicks the unnodified strand of the

recogni ti on/ cl Strasd) Displacement Vamplification; (DAY isvar risathermab methode of angleict acidd
contains the_ nodified adenosine. The polynerase then jnitiates at the nick

and pol yn@mplfication in which extension pfprimers, nicking,pba hergimodified gestrictiongndemuclease
[ 70 I ides i.n | th. After, the fifst | f I i zati ,
£ he" endon(reeBiiien/Plervags: st Aiselestieotosinge srandsdermitain Praghors, amsafi, of o
th L.tion/ it ' . [ I ified i t. al
e e A The PR e by o P Bl T B bt RO
however.  jRRShdr becdr¥ Shichrithtty tr'th '}eac?iaﬂ mix. This is in contrast to the PCR, in which

the steps of the reaction occur in discrete phases or cycles as a resuit of the temperature

cycling characteristics of the reaction. SDA is based upon 1) the ability of a restriction
endonuclease to nick the unmodified strand of a hemiphosphorothioate form of its double
stranded recognition/cleavage site and 2) the ability of certain polymerases to initiate
replication at the nick and displace the downstream non-template strand. After an initial
incubation at increased temperature (about 95°C) to denature double stranded target sequences
for annealing of the primers, subsequent polymerization and displacement of newly synthesized
strands takes place at a constant temperature. Production of each new copy of the target
sequence consists of five steps: 1) binding of amplification primers to an original target
sequence or a displaced single-stranded extension product previously polymerized, 2)
extension of the primers by a 5'-3' exonuclease deficient polymerase incorporating an o-thio-
deoxynucleoside triphosphate (athio dNTP), 3) nicking of a hemimodified double stranded
restriction site, 4) dissociation of the restriction enzyme from the nick site, and 5) extension
from the 3' end of the nick by the 5'-3' exonuclease deficient polymerase with displacement of
the downstream newly synthesized strand. Nicking, polymerization and displacement occur
concurrently and continuously at a constént temperature because extension from the nick
regenerates another nickable restriction site. When a pair of amplification primers is used, each
of which hybridizes to one of the two strands of a double stranded target sequence,
amplification is exponential. This is because the sense and antisense strands serve as templates

for the opposite primer in subsequent rounds of amplification. When a single amplification
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nicking activity are suitable for use in conventional SDA. However, they are relatively

thermolabile and lose activity above about 40°C.

Targets for amplification by SDA may be prepared by fragmenting larger nucleic acids
by restriction with an endonuclease which does not cut the target sequence. However, it is
generally preferred that target nucleic acids having the selected restriction endonuclease
recognition/cleavage sites for nicking in the SDA reaction be generated as described by
Walker, et al. (1992, Nuc. Acids Res., supra) and in U.S. Patent No. 5,270,184 (hereby
incorporated by reference). Briefly, if the target sequence is double stranded, four primers are
hybridized to it. Two of the primers (S} and S;) are SDA amplification primers and two (B}
and Bj) are external or bumper primers. S; and S bind to opposite strands of double
stranded nucleic acids flanking the target sequence. B} and By bind to the target sequence 5'
(i.e., upstream) of Sy and Sp, respectively. The exonuclease deficient polymerase is then used

- to simultaneously extend all four primers in the presence of three deoxynucleoside
triphosphates and at least one modified deoxynucleoside triphosphate (e.g., 2'-deoxyadenosine -
5'-O-(1-thiotriphosphate), "dATPaS"). The extension products of S; and Sy are thereby
displaced from the original target sequence template by extension of By and Bz. The
displaced, single stranded extension products of the amplification primers serve as a targets for
binding of the opposite amplification and bumper primer (e.g., the extension product of Sy
binds S and B2). The next cycle of extension and diplacement results in two double stranded
nucleic acid fragments with hemimodified restriction endonuclease recognition/cleavage sites at
each end. These are suitable substrates for amplification by SDA. As in SDA, the individual
steps of the target'generation reaction occur concurrently axid continuously, generating target

sequences with the recognition/cleavage sequences at the ends required for nicking by the
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specifically recognized and inactivated by treatment with UDG. Therefore, if dUTP is
incorporated into SDA-amplified DNA in a prior reaction, any subsequent SDA reactions can
be treated with UDG prior to amplification of double stranded targets, and any dU containing
DNA from previously amplified reactions will be rendered unampliﬁable. The target DNA to
be amplified in the subsequent reaction does not contain dU and will not be affected by the
UDG treatment. UDG may then be inhibited by treatment with Ugt prior to amplification of
the target. Alternatively, UDG may be heat-inactivated. In thermophilic SDA, the higher
temperature of the reaction itself (> 50°C) can be used to concurrently inactivate UDG and
amplify the target.

SDA requires a polymerase which lacks 5-3' exonuclease activity, initiates

polymerization at a single stranded nick in double stranded nucleic acids, and displaces the

strand downstream of the nick while generating a new complementary strand using the
unnicked strand as a template. The polymerase must extend by adding nucleotides to a free 3'-
OH. To optimize the SDA reaction, it is also desirable that the polymerase be highly
processive to maximize the length of target sequence which can be amplified. Highly
processive polymerases are capable of polymerizing new strands of significant length before
dissociating and terminating synthesis ‘of the extension product. Displacemgnt activity is
essential to the amplification reaction, as it makes the target available for synthesis of
additional copies and generates the single stranded extension product to which a second

amplification primer may hybridize in exponential amplification reactions. Nicking activity is
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candidate thermophilic polymerases if any existed. The screening system is an extension assay

which tests the ability of the polymerase to displace a downstream strand initiating at a single
stranded nick in a double stranded template. The presence of polymerase displacement activity
is essential fdr SDA. However, 5'-3' exonuclease activity, if present in an otherwise suitable
thermophilic polymerase, can be inactivated by routine methods known in the art (WO
92/06200). One of the most common methods for selectively inactivating exonuclease activity
in a polymerase is to clone the gene for the polymerase, identify the portion of the gene
sequence which codes for the protein domain responsible for exonuclease activity, and
inactivate it by in vitro mﬁtagenesis. Alternatively, exonuclease activity may be inactivated by
treating the polymerase with protease to isolate fragments which exhibit only the desired
polymerization and displacing activities. Therefore, a thermophilic polymerase identified in the
 extension assay which is active at a suitable temperature, initiates extension at a nick and
incorporates modified or unconventional dNTPs but has 5'-3' exonuclease activity is not
eliminated from consideration for thermophilic SDA. | |
In the extension assay for polymerases, displacement of the single strand from a double |
stranded nucleic acid and initiation at a nick is staged by annealing two primers immediately
adjacent to each other on an intact sequence complementary to both primers. The primers are
labeled at their 5' ends. Ifa polymerase.has strand displacement activity, is able to initiate
polymerization at the "nick” formed by the adjacent primers and lacks 5'-3' exonuclease
activity, both primers are extended and two extension products will be detected. If the
polymerase lacks 5'-3' exonuclease activity but cannot initiate extension at the nick (e.g., it

requires a gap) or also lacks displacement activity, only the extension product of the
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(DuPont) and REPLITHERM (Epicentre) strand displace from a nick, but also have 5'-3'

exonuclease activity. These polymerases are useful in the methods of the invention after
fembfral of the exonuclease activity, e.g., by genetic engineering. Most of the theﬁnopﬁﬁc
polymerases identified so far have optimal activity at 65°C-75°C and markedly reduced activity
at 50°C-60°C. However, as the thermostability of thermophilic restriction endonucleases is
generally limited to less than 65°C, thermophilic polymerases with optimal activity at lower
temperatures (e.g., Bst and Bca) are more compatible with thermophilic restriction
-endonucleases in the reaction and are therefore preferred. |

The restriction endonuclease must dissociate from the  recognition/cleavage site
sufficiently quickly to allow efficient amplification of the target sequence, allowing the
polymerase to bind promptly at the nick and initiate extension. Restriction endonucleases
suitable for SDA. also must cleave only the primer strand of a double stranded hemimodified
recognition/cleavage site for the restriction endonuclease ("nicking"). Because restriction
enzymes generally produce double strand breaks, cleavage of one of the two strands in the
duplex of the cleavage site must be selectively inhibited. This is usually accomplished by
introducing nucleotide analogs (e.g., deoxynucleoside phosphorothioates) into one strand of
‘the DNA during synthesis so that the modified strand is no longer susceptible to cleavage. In
some cases, introduction of nucleotide analogs may result in the unmodified strand being no

longer susceptible to .cleavage. In cases where the unmodified strand is protected from
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Nucleotide analog substitutions do not protect the primer strand from all restriction
endonucleases; however. A means for assessing the nicking characteristics of restriction
endonoucleases was therefore required in order to identify suitable enzymes among the many |
availaﬁle thermophilic restriction endonucleases, if such enzymes existed. Therefore, a
screening system for identifying thermophilic restriction endonucleases with the desired
properties was devised based on the ability of a modified deoxynucleotide incorporated into
one strand of the double stranded restriction endonuclease recognition/cleavége site to protect
one of the two strands from clegvage by the endonuclease. This is referred to as the analog-
induced nicking assay or the strand protection assay.

In the assay, a single stranded template and a cbmplementary primer are synthesized.
The .template and the primer are then labeled, preferably with a radiolabel. The primer and
template are hybridized and modified dNTPs are incorporated by extension of the primer,
producing a fully double stranded molecule containing a hemimodified restriction endonuclease
recognition/cleavage site. This product is treated with the restriction endonuclease under
appropriate conditions for cleavage. Electrophomﬁc analysis of the reaction products under
denaturing conditions is used to determine, by the size of the fragments generated, whether or
not the recognition/cleavage site Was nicked, cleaved or uncut. The size of the fragments on
electrophoresis was also used to determine which of the two straﬁds of the
recognition/cleavage site (i.e., modified or unmodified) was proteéted from cleavage.

Thermophilic SDA is performed essentially as the conventional SDA described by
Walker, et al. (1992. PNAS and Nuc. Acids Re.;'.,_supra), _with substitution of the desired
thermostable polymerase and thermostable restriction endonuclease. Of course, the
temperature of the reaction will be adjusted to the higher temperature suitable for the

substituted enzymes and the HincII restriction endonuclease recognition/cleavage site will be
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replaced by the appropriate restriction endonuclease recognition/cleavage site for the selected
thermostable endonuclease. Also in contrast to Walker, etal, the practitioner may include the
enzymes in the reaction mixture prior to the initial denaturation step if they are sufficiently
stable at the denaturation temperature. Preferred restriction endonucleases for use in
thermophilic SDA are Bsrl, BstNI, BsmAl, Bsil and BsoBI (New England BioLabs), and
BstOI (Promega). The preferred thermophilic polymerases are Bca and Bst.

To develop an optimized SDA system capable of high amplification factors (e.g., 108 -
109), evaluation and optimization of the buffer systems is recommended. This is _also the case
when evaluating a new restriction enzyme/polymerase pairing for use in thermophilic SDA.
The manufacturer providés a recommended buffer for the restriction endonuclease which is
usually a Tris buffer with 10 mM MgCly. It may also contain 50-150 mM either NaCl and/or
KCl. These conditions are not necessarily optimized for thermophilic SDA but, instead, are
intended to provide 100% double strand cleavage of nucleic acids at the recommended
temperature. In SDA, the restriction endonuclease recognizes its double-stranded site,
however, the subsﬁiution of the derivatized dNTP induces the endonuclease to nick the primer
strand rather than cleave both strands. The manufacturer-recommended buffer may therefore
not be the optimum buffer for expression of this modified restriction endonuclease behavior.
In addition, the restriction endonuclease must function in concert with a polymerase in SDA.
The buffer system must therefore support both nicking by the restriction enzyme and
extension/displacement by the polymerase in order for the SDA reaction to occur.

When evaluating a Buﬂ'et system for use with a new SDA restriction endonuclease, it is
generally useful to begin buffer optimization by evaluating the recommended buffer for the
restriction enzyme. Using a subtractive method one can determine which components are
essential for the nicking action of the endonuclease. Combining this information with buffer
conditions which are known to enhance polymerase activity in SDA, a prototype buffering
system can be developed. As discussed above, an important aspect of buffer optimization is

the interactive nature of the components. For this reason, it is desirable to test various
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concentrations of different components rather than keeping one component constant and
varying the others one at a time. For example, if various MgCl, concentrations are examined
while keeping the KPO,4 constant, the result is the best MgCl, concentration at that particular
concentration of KPO,. But if various combinations MgCl, and KPO, concentration are
examined the result is the combined concentrations of MgCl, and KPO, which provide the
best result. Therefore, each of the buffer components should be examined simuitaneously to
insure that the concerted effects of the components provides optimum amplification. This
method is described in detail in Experimental Design in.Biotthologg_ by Dr. Perry Haaland
(Marcell Dekker, NY, 1989).

The methods for buffer optimization for conventional SDA are useful for thermophilic
SDA. The buffer for conventional SDA (employing HincIl/exo-Klenow) was developed as
follows: SDA was performed using each of the commercially available buffers for restriction
endonucleases. These buffers contained 20-50 mM Tris pH 7.4-8, 50-150 mM NaCl and/or
KCl ( or the acetate salts) and 5-12 mM MgCiz. The buffer that best supported SDA for
HincII was REACT 6 from GIBCO-BRL, although the manufacturer repommended REACT 4
for use with HinclI for double strand cleavage (20 mM Tris, pH 7.4, 5 mM MgCl, and 50 mM
KCl). REACT 6 buffer contains 50 mM Tris pH 7.4, 6 mM MgCl,, 50 mM NaCl and 50 mM
KCL Further experiments were performed in which it was determined that MgCl, and K+
were the most important buffer components. A KPO, buffer was therefore substituted for Tris
as the K¥ source. This buffer supported both restriction endonuclease activity and polymerase
activity, resulting in high levels of arﬁpliﬂcation in the conv_entional SDA reaction. Using
KPO, buffers with restriction endonucleases is not typical, but proved to be appropriate for the
restriction endonuclease/polymerase combination in SDA uﬁon analysis of the buffef
corﬁponents-. More common buffers (i.e Tris) have been examined in a similar fashion but do
not further enhance amplification.

Similar optimization methods may be applied to determine an appropriate buffer for any

restriction endonuclease/polymerase combination for thermophilic SDA, requiring only roﬁtine
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EXAMPLE 1

EXTENSION ASSAY SCREENING OF POLYMERASES

Using plasmid pBR322 as a target, two primers were synthesized which annealed
immediately adjacent to each other on the plasmid. Prirher PBR1 was the upstream primer and
“corresponded to bases 3661-3690 in pBR322. Primer PBR2 hybridized downstream of PBR1
and corresponded to bases 3691-3720. These 30-mer oligonucleotides were synthesized using
an Applied Biosystems DNA. synthesizer, Model 380, and purified by electroelution from a
denaturing acrylamide gel. The primers were labeled separately in kinase reactions using 10 p
M primer, 50 mM Tris, pH 7.5, 10 mM MgCl,, 70 uCi 32P-ATP and 10 units polynucleotide
kinase in a reaction volume of 10 uL for 30 minutes at 37°C. The labeled primers were
combined with 200 ng of PstI/HincII digested pBR322 at a final concentration of 0.2 uM (each
primer). The target pPBR322 DNA was denatured at 98°C for 3 minutes in a buffer containing
25 mM KPO, pH 7.4, 2-8 mM MgCl, and 0.2 - 1 mM dNTPs. The mixture was then cooled
to the selected reaction temperature (50-70°C) for 2 minutes. One unit of the polymerase was
added and the reaction was allowed to proceed for 10 minutes. The reactions were stopped by
addition of an equal volume of 95% formamide/S0 mM EDTA/bromophenol blue dye.
Twenty-five uL. of the reaction were electrophoresed over a 6% denaturing gel and the gel was
exposed to autoradiographic film (Kodak, XARS). |
The above reaction conditions were used in the assay to test the activities of the
polymerases at 50°C, 60°C and 70°C. In each instance, the polymerase was tested in the

presence of either all conventional deoxynucleotides (dNTPs) or in the presence of the
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2 50 1 mM dCTPaS mix 8§ mM Bst

3 50 0.2 mM dNTP 4 mM Bca

4 50 0.2 mM dCTPaS mix 4 mM Bca

5 50 1 mM dNTP 52mM exo-Deep Vent

6 50 1 mM dCTPaS mix 15.2mM exo-Deep Vent

7 50 0.2 mM dNTP 12mM exo- Vent

8 50 0.2 mM dCTPaS mix 2 mM exo-Vent

9 50 0.2 mM dNTP 2 mM exo-Pfu

10 50 0.2 mM dCTPaS mix 2 mM exo-Pfu

11 60 1 mM dNTP 8§ mM Bst

12 60 1 mM dCTPaS mix 8§ mM Bst

13 60 0.2 mM dNTP 4 mM Bca

14 60 0.2 mM dCTPaS mix 4 mM Bca

15 60 - 1 mM dNTP 5.2 mM exo-Deep Vent

16 60 1 mM dCTPaS mix 5.2 mM exo-Deep Vent

17 60 0.2 mM dINTP 2mM exo-Vent

18 60 0.2 mM dCTPaS mix 2mM exo-Vent

19 60 0.2 mM dNTP 2mM exo-Pfu

20 60 0.2 mM dCTPaS mix 2mM exo-Pfu

21 |70 1 mM dNTP 8 mM Bst

22 70 1 mM dCTPaS mix 8§ mM Bst

23 70 0.2 mM dNTP 4 mM Bca

24 70 '} 0.2 mM dCTPaS mix 4 mM Bca

25 70 1 mM dNTP 5.2mM exo-Deep Vent

26 70 1 mM dCTPaS mix 5.2 mM exo-DeepVent

27 70 0.2 mM dNTP 2mM exo-Vent

28 70 0.2 mM dCTPaS mix 2mM exo-Vent

29 70 0.2 mM dNTP 2 mM | exo-Pfu

30 70 0.2 mM dCTPaS mix 2mM exo-Pfu

Polymerases which were able to extend both primers with displacement of the

downstream, newly synthesized strand generated two bands on the autoradiograph. The larger
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band represents extension of PBR1 to the HinclI site of the digested target plasmid and is 244

nucleotides in length. The smaller band is the extension product of PBR2 extended to the
HinclI site and is 214 nucleotides in length. When only one extension product was generated,
only one band was detected on the autoradiograph. When the only band was the smaller of the
two, only the downstream primer (PBR2) had been extended. Such polymerases would not be
suitable for SDA, either because they are not capible of extending the upstream primer by
initiating extension at the nick or because they are not capable of displacing the strand
downstream from the nick. When only the larger band was detected, polymerization had
initiated at the nick, but the polymerase also exhibited 5'-3' exonuclease activity.

The activity profiles of the polymerases identified in the extension assay which are
useful for thermophilic SDA are sﬁmmatized in the following table:

POLYMERASE STRAND “3-EX0O OPTIMUM SOURCE
DISPLACE TEMP

Bst Yes No 65°C BioRad & MBR

(B. stearothermophilus) : :

Bca (B. caldotenax) Yes No 65°C Panvera (Takara)

exo-Vent Yes No 72°C NEB

(Thermococcus litoralis) '

exo-Deep Vent Yes No 72°C NEB

(Pyrococcus sp. GB-D)

exo-Pfu Yes No 72°C Stfatagene

Tth (Thermus Yes Yes 72°C Boehringer Mannheim
thermophilus HB-8) -. & Epicentre

Tfl (Thermus flavus) Yes Yes 72°C - Epicentre

Replinase Yes Yes 72°C. DuPont

Replitherm Yes Yes _ 72°C Epicentre
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Sequencing Grade Taq Yes No 72°C Promega
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Bst polymerase (BioRad) and Bca polymerase (Panvera, Takara, also known as
Ladderman polymerase) produced both extension products in the assay. Of the polymerases
tested in this example, only only these two exhibited all of the required attributes (initiation at
the ﬁick, strand displacement and incorporation of thio-substituted deoxynucleotides) over the
entire temperature range 50°C to 70°C. The l;’.ca and Bst polymerases are therefore useful in
thermophilic SDA reactions over the entire range of 50°C to 70°C under normal buffering
conditions. A second group of polymerases (Exo‘ Vent, exo™ Deep Vent and exo™ Pfu)
produced the PBR2 extension product across the temperature range, but failed to produce
significant amounts of the PBRI extension product below 70°C. Using these three
polymerases, none of the 244 nucleotide PBR1 extension product was detected at 50°C and |
only a small amount was detectable at 60°C. However, a significant amount of each of the two
extension products was produced at 70°C. These results indicate that displacing activity
and/or initiation at a nick are temperature dependent activities for Exo™ Vent, exo™ Deep Vent
and exo~ Pfu. They wefe, however, capable of incorporating thio-substituted deoxynucleotides
and had all of the other activities required for SDA. The polymefases in this second group are
useful in thermophilic SDA in conjunction with a restriction endonuclease which is functional
at about 70°C or higher, preferably with a restriction endonuclease which has a temperature
optimum at about 70°C. Altemnatively, their displacing activity can be enhanced at lower
temperatures by addition of a solvent, such as about 15% glycerol or about 15% DMSO.

Only the PBR1 extension product was seen when Sequencing Grade Tag, Ttli, T,
REPLINASE and REPLITHERM polymerases were tested in the assay. These results indicate

that these polymerases are capable of initiating polymexization;at a nick, but they have 5'-3'



(B) REG STRATI ON NUMBER: 32,135 (C) ‘REFERENCE/ DOCKET NUVBER: FF
| NFORVATI ON FOR SEQ I D NO 1: (i) SEQUENCE CHARACTERI STICS: (A RERIGGEMEGT SHEET
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single ( TOPOLOGY:

linear (ii) MOLECULE TYPE: DNA (genomc) (xi) SEQUENCE DESCRI Hat----
NO | : GCGGATCCGG CCGAGT

16 (2) | NFORVMATION FOR SEQ ID NG 2: (1) S%JENCE CHARACTERI STI CS:
exonuclease activity. With selective elimination of the 5'-3' exonuclease activity using methods

known in the art, this group of polymerases is also useful in thermophilic SDA.

EXAMPLE 2 :
STRAND PROTECTION ASSAY FOR SCREENING OF RESTRICTION
ENDONUCLEASES

Double stranded oligonucleotides containing hemimodified récognition/clmvage sites
for restriction endonucleases were con#tructed. The double stranded oligonucleotides were
constructed by first synthesizing a common primer 16 nucleotides in length (SEQ ID NO:‘l or

'SEQID NO:2) and various template strands 44-57 nucleotides in length. Each template strand
contained multiple récognitionlcleavage sites in tandem, usually with filler sequences in
between each site. Cleavage sites were positioned on the oligonucleotide such that nicking or |
cleavage of each site would result in a fragment which would be distinguishable by size on a
gel. In some cases where the endonuciease exhibited degenerate recognition/cleavage sites,

several of these were tested. The templates synthesized were as follows:

CDAvalS1 (SEQ ID NO:3):
5' - TACAATAGTCCCAATCTACCCGAGCTTACACGGAGGCATCAAGTG- 3!

CDAva2S1 (SEQ ID NO:4):
51- TACAATAGTCCCAATCTACTCGGGC'ITACACGGAGGCATCAAGTG- 3!

TP-1 (SEQ ID NO:5):
51! -CCGGAATTCGAATGCCAAAAGACTGGGTCTCCAGGAACCRACTCGGCCEGGATCCGC-3

TP-1C (SEQ ID NO:6): |
5' -CCGGAATTCTGGTTCCTGGAGACCCAGTCTTTTGGCATTCACTCGGCCGGATCCGC -3

TP-3 (SEQ ID NO:7):
5' -GGAATTCCGTCCCAGTGATGAAGATCGCAGCGCCCGAGACTCGGCCGGATCCGC-3!

TP-3C (SEQ ID NO:8):
5! -GGAATTCCCTCGGGCGCTGATCTTCATCACTGTCCCACTCGGCCGGATCCGC-3 !

TP-4 (SEQ ID NO:9):
5! -GGAA'I‘I‘CCCGAGGAAGGTAGACGCAATGGCGGCACTCGGCCGGATCCGG- 3!



31 (A) LENGTH. 21 base pairs (B) TYPE: nucl ei ¢ aci d (C STRANDEDNESS:

single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genom Cj
DESCRI PTION: SEQ I D NGO 2: CACTTGATCGC CTCCGIGTAA G

21 (2) I NFORVATION FOR SEQ ID NO 3: (i) QUENCE CHARACTERI 5&@1
LENGTH: 45 base pairs (B) TYPE: nucleic i d (C) STRANDEDNES '

TOPOLOGY:

et

i near

TP-4C (SEQ ID NO:10):
GGAATTCGCAGCCATTGCGTCTACCAACCTCGGGACTCGGCCGGATCCGG KR

SSP-BSMA (SEQ ID NO:19)
5' -GAGAATTCGTGGACTGCAGATGTCTCCAATCCCCCCTCACAACGTTCCAGTAACC-3 ' -

SEQ ID NO:1 primes SEQ ID NO:5-10 and SEQ ID NO:2 primes SEQ ID NO:2-4.
These templates contain recognition/cleavage sites for the following restriction endonucleases:
Accl, Aspl, Bsal, BsaBI, BsiY], Bsll, Bsml (two degenerate sites), BsmAl, BsmFI, BsmHI,
BspWI, BsoBI (four degenerate sites), BsoFI, Bsrl (two degenerate sites), BstBRI, BerI'
(two degenerate sites), Bst71I, BstNI (two degenerate sites), BstOl, BstXl, Dpnl, Haell,
Maml, Mboll, Mval, Mwol, Sfil, and Tth1111.

The primers and templates were purified by gel electrophoresis after synthesis and
electroeluted from gel slices using standard methods. They were then 5' end-labeled using T4
polynucleotide kinase and '.y-[32P]-adenosine triphosphate for later autoradiographic detection.
A typical kinase réaction contained 2 uL of 10X kinase buffer (New England Biolabs), 10 uL
of 75[32P]-ATP (3000 curies/mmol, NEN-DuPont), primer or template to give a final
concentration of 1 uM, 20 units T4 polynucleotide kinase (New England Biolabs), and water
to make a total reaction volume of 20 puL. Kinase reactions were performed at 37°C for 30
min., then terminated by heating in boiling water for 5 min. The primer was then hybﬁdized to
each of the templates and extended using polymerase and various phosphorothioate-substituted
nucleotides, producing a double-stranded oligonucleotide in which the recognition/cleavage
sites were hemimodified. Derivatized dNTPs were incorporated into one or the other of the
two 'strands of the recognition/cleavage sites in different experiments to test the effect on
nicking activity. The radiolabeled primer and template weré then annealed by mixing 2 pL of
each, 1 pL of REACT-1 buffer (Life Technologies), and 11.5 pL of deionized, distilled water
in a closed 0.5 mL polypropylene microfuge tube. This mixture was heated for 3 min. in a
boiling water bath, then allowed to cool slowly to 37°C by removing the water bath from the

heat source. The tubes were then transferred to a 37°C incubator and the hybridized primers




(ii) MOLECULE TYPE: DNA (genonic) (xi) SEQUENCE DESCRI PTI ON:

TACAATAGTC CCAATCTACC CGAGCTTACA CGGAGGCATC AAGTG REPLACE

(2) I NFORVATION FOR SEQ I D NG 4: (i) SEQUENCE CHARACTERI STI CH:. (A GTH
45 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: si ngl : Dap T O
| inear (ii) MOLECULE TYPE: DNA (genom c)_Z}_xi) SEQUENCE DESCRIFTF& Q=

NO 4: TACAATAGIC CCAATCTACT CGSGCTTACA CGGAGGECATC AAGTG

45 (2) | NwerdMbEeddsd FéeRtHeEQRmipRitd 6y ddinig) 1 SEQIEINeEappriyRALe it SF |deSiynlubieoside
LENGTH:. 56 base pairs

triphosphates ({NTPs) including at least one thio-dNTP, 2 puL of 10 mM dithiothreitol (DTT),
and 0.5 pL of a 10 unit/uL solution of exonuclease deficient Klenow polymerase (U.S.
Biochemicals). The final concentration of each dNTP in the extension reaction was 250 uM.
Primer extension reactions were allowed to proceed for 20 min. and were then terminated by
heating at 75°C for 10 min.
 After extension, aliquots were diluted 10-fold into the appropriate buffer for restriction
endonuclease activity as recommended by the supplier of the restriction endonuclease. The
final concentration of DNA molecules in the assay was 10 nM. Strahd protection assays were
initiated by adding 5-10 units of the appropriate restriction endonuclease to each reaction mix.
The reactions were incubated at the temperature recommended by the supplier of the
restriction endonuclease. Samples were removed at regular int_érvals and added to an equal
volume of formamide sequencing reaction stop solution (U.S. Biochemicals) to quench the
reaction. Quenched samples were stored on ice until all were collected. The samples were
then heated in a boiling water bath for 3 min. and loaded onto 8% polyacrylamide, 7 M urea
DNA éequencing gels in Tris-borate buffer (Gibco-BRL). Electrophoresis was performed at a
constant power level of STW for 1 hour. Radiolabeled DNA bands were visualized by
autoradiogfaphy using Fuji RX grade x-ray film. |
Of the thermophilic restriction endonucleases tested, eleven which completely or nearly
completely nicked the hemimodified recognition/cleavage site were identified in this study:
They are listed in the following table. In some cases, only one of the degenefate sites for the
restriction endonuclease was nicked when hemimodified in the strand protection assay. The
position of the recognition/cleavage site in the templates is indicated by nucleotide position
along with the results of the various phosphorothioate substitutions. If incorporation of a
dNTPoS gave complete or nearly complete protection of the derivatized strand (ie., the
unmodified strand was nicked), the nucleotide substitution is listed. "None" indicates that no

thionucleotide substitutions were found which resulted in nicking.

SHEET

.



(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPQL .REPLACEM NT SHEET

MOLECULE TYPE: DNA (genomc) (xi) SEQUE imear (i)
NCE DESCRI PTI ON: SEQ|l !
CCGGAATTCG AATGCCAAAA GACTGGGICT CCAGGAA CT - SEQN DN 2.4..0 :
CCA ate .64 Ut
(2) | NFORVATI ON FOR SEQ I D NO 6: ACT COOE0CE ATCCE o085 1

. : _ (i) SEQUENCE CHARACTERI STI CS:
LENGTH. 56 base pairs (B) TYPE: nuclei ng‘:’i d (O STRANDEDNESS: i nglze(A)

ENZYME TEMPLATE RECOGNITION PROTECTION
| SITE 1 WITH dNTPaS
Accl SEQ ID NO:9 17-22 C
Bsil SEQ ID NO:9 7-17 C
Bsml SEQ ID NO:5 10-15 C - unmodified
_ strand protected
SEQ ID NO:6 35-40 A - modified strand
protected
BsmAl SEQ ID NO:5 27-31 G+T
SEQ ID NO:19 22-31 _ G
BsoBI SEQ ID NO:7 33-38 _ None
SEQ ID NO:10 - 29-34 C
SEQ ID NO:3 19-24 | T
SEQ ID NO:4 19-24 (ol
Bsrl SEQ ID NO:5 _ 22-26 None
SEQ ID NO:7 12-16 A
BsrDI SEQ ID NO:9 23-28 None
| SEQ ID NO:10 13-18 - T
BstNI | SEQ ID NO:5 31-35 None
SEQIDNO:6 15-19 A+C
BstOI 'SEQ ID NO:5 31-35 None
SEQ ID NO:6 15-19 | A+C

BstXI SEQ ID NO:5 15-27 T



(D TOPOLOGY: linear (ii) NL']_ECULE TYPE: DNA (genomic) (xi) SE

ACTCGGCCGG ATCCGC 56 (2) | NFORVMATION FOR SEQ ID. NO 7:
CHARACTERI STI CS: (A) LENGTH 54 base pairs (B) TYPE: nucleic aj

DESCRI PTI ON: SEQ | D NO 6: CCGGAATTCT GGITCCTGRA GACCCAGICT TTT mi

, I(thq C)%JEN(&ET 1gg:

EMENT SHE=

STRANDEDNESS: single (D) TOPOLOGY: |inea3(ii) MOLECULE TYPE: DNA (genomoJ

(xi) SEQUENEGIDESCRI PTI ON:SERF@NDNO. 7:  GGAATTGGGT3 CCCAGTGATG AGEATCGCAG
CGOCCGAGAC TCGGCCGGAT COGC 54 (2)' | NFORMATI ON FOR SEQ I D NQ 8:

( I ) SEQJENCE CHAW ﬂlag%ven in nucleotides from the §' end of the template strand.

It is interesting to note that the recognition site in SEQ ID NO:5 at position 10-15 for
Bsml exhibits protection of the unmodiﬁed strand, i.e., the modified strand is nicked. This
suggests the possibility of using this recognition site in conjunction with thio-derivatized
primers in thermophilic SDA in place of the conventional unmodified primers. In such a
system, nicking and displacing would proceed in the absence of derivatized dNTPs, eliminating
the need for the polymerase to be capable of incorporating derivatized dNTPs.

These candidate restriction endonucleases were further tested for their thermal stability
in the 50°C to 65°C range. Only Accl had unsatisfactory stability in this temperature range and
could not stabilized by addition of common stabilizers such as double-stranded DNA and BSA.
The remaining nine restriction endonucleases were tested in a linear SDA reaction as in
Example 3. All resulfed in amplification product except Mwol. It is possible that this enzyme
dissociates too slowly from its nicked recogﬁition/cleavage site or is not able to nick the site
again (i.e., to initiate subsequent amplification cycles) aﬁer the first extension step incorporates
thiolated nucleotides into both strands of the recognition/cleavage site. Alternatively, Mwol
nicking activity inay be incompatible with the buffer system and may therefore be optimizable
as deécribed above, making Mwol also useful in thermophilic SDA. |

Linear SDA as in Example 3 was performed using BsoBI, Bsrl, BstNI, BsmAl and BslI
with substitution of dUTP for TTP. This was to confirm the compatibility of these restriction
endonucleases with UDG decontamination methods. BsoBI, BstNI and BsmAI were not
negatively affected by dU in their recognition/cleavage sites, but the efficiency of linear SDA
was reduced for Bsrl and BslI under these conditions. Because the Bst and Bca polymerases
appear to be unaffected by dUTP substitution, reduced nicking activity for Bsrl and Bsll is

probably due to the incorporation of dU into the recognition/cleavage site of the enzyme. As



(A) LENGTH: 52 base pairs (B) TYPE: -nucleic acid (C) STRANDEDNESS: single
D TOPOLOGY: i ii) MOLECULE TYPE: DNA ' [ -
(D) i near (i) (genom ¢) (xi) E‘Egg@%mﬂsﬂ

) :

DESCRI PTI ON: SEQ I D NGO 8: GGAATTCCCT CGGGECGCTGA TCTTCATCAC |
GGCCGGATCC GC ' 52 (2) | NFORVATION FOR SEQ I D NQFD&@-
CHARACTERI STICS: (A) LENGTH: 49 base paigg (B) TYPE: nucl ei ¢=achd -
STRANDEDNESS: single (D) TOPOLOGY: linear—(ii) MOLECULE TYPE: DNA (genonTE)'\’

(xi) SEQUIthE Heddagéitd Tor BNIT ooklis!ifPaMegStierate sequence, it is believed the site can be altered
to overcome the effect of dU on the nicking activity of this enzyme.

Several thermophilic restriction endonucleases were identified which have partial or
low nicking activity under the initial screening conditions of the strand protection assay (e.g.,
Tthll1], BsiYI and BsoFI). Nicking actmty of these endonucleases may be optimized by
optimizing the the reaction conditions (e.g., by optimizing the buffer or adjusting the reaction
temperature), rendering them more useful for thermophilic SDA. In addition, as it is known
that sequences flanking a restriction endonuclease recognition/cleavage site may affect
endonuclease activity, altering the flanking sequences of the templates may also improve
nicking activity for endonucleases which nicked only partially or promote nicking activity in

endonucleases which did not nick under the conditions of this example.

EXAMPLE 3
LINEAR THERMOPHILIC SDA

The polymerase Bst and fhe restriction endonuclease Bsrl were tested in a linear SDA
reaction performed at 60°C. Successful amplification of the target sequence indicates not only
that both the polymerase and the restriction endonuclease are functioning under the conditions
of the thermophilic SDA reaction, but also that SDA "turnover" is occurring, i.e., the
restriction endonuclease dissociates after nicking the hemimodified recognition/cleavage site so
as to allow initiation of polymerization, with repetition of the cycle following polymerization.

. Two DNA oligomers having the following nucleotide sequences were synthesized:
CCACCTCTGACTTGAGCGTCCCAGTGTCAATACGGCGGAGCCTATGGAGTAACGCC
(SEQ ID NO:11)

GCAAAAGGCCAGGAACCGATAAAAGGATGCGTTGCTGGCGTTACTCCATAGGCTCCG
(SEQ ID NO:12)



GGAATTCCCG AGGAAGGTAG ACGCAATGEC GGCACTCGEC CGGATCCGG _
(2) INFORVATI ON FOR SEQ I D NO 10: (i) SEQUENCE CHARACTERI STI .E!’LA'\'}(.'EA()E?\ITSHEE‘Ij
LENGTH: 50 base pairs (B) TYPE: nucleic acid (C) STRANDEDNE D

TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic) (xi) SEQ
DESCRI PTI ON:  SEQ I D NO 10: GGAATTCGCA TTGCGT CTACCAACCT
CCGGATCCGG 50-(2) INF TION FOR SEQ | D NG 11: (i)

SEQUENCE Thdsbfigtafters Hybidize to each other with a 21 base pair overlap and protruding single-
| stranded 5' ends. The Bsrl recogrﬁtion/cleavage site is indicated in SEQ ID NO:11 by

underlined italics.

The oligomers were annealed by incubating at 100°C for 3 minutes, followed by slow
cooling to 60°C. They were then extended to form a completely double-stranded fragment
using Bst polymerase, three conventional deoxynucleotides (dCTP, dTTP and dGTP, one of
which carried an a-32P label) and 2'-deoxyadenosine 5'-O-(1-thiotriphosphate) (dATPaS).
This duplex was 92 nucleotides in length.' Bsrl endonuclease was then added to start the
amplification reaction (time=0). BsrI nicks the unmodified strand of the recognition/cleavage
site between the two C's when the complementary strand contains the modified adenosine.
The polymerase then initiates at the nick and polymerizes in the 5'-3' direction, displacing a
single stranded oligomer 79 nucleotides in length. After the first cycle of polymerization, the

‘endonuclease recognition/cleavage site is regenerated but the strand of the
recognition/cleavage site which was previously unmodified is partially substituted with dAaS 3'
to the nick. This does not interfere with SDA, however. Repetitive cycles of nicking and
polymerizing generate multiple copies of the 70 nucleotide extension product from each duplex
initially present in the reaction. _

SDA reactions were performed at 60°C in 20 uL of a buffer comprising 25 mM K;POy,
pH 7.6; 6 mM MgCly. 50 mM KCl, 0.5 mM dCTP, TTP, dGTP and dATPaS; 100 uCi [o-
32p) dCTP (3000 Ci/mmol); 50 nM each oligomer; 50 units BsrI endonuclease and 2 units Bst
polymerase. Aliquots (5 pL) were removed from the reactions after S, 10 and 20 minutes.
Labeled products were separated by electrophoresis on a denaturing polyacrylamide gel and
visualized by autoradiography. A first series of SDA reactions contained the complete list of
reagents given above, In a second series of SDA reactions Bsrl was omitted. In a third series
of SDA reactions Bst polymerase was inactivated by heating (100°C, 5 min.) after formation of

the duplex and prior to addition of the restriction endonuclease.



DESCRI PTI ON: SEQ I D NO 11: CCACCTCTGA CTTGAGCGTC CCAGTGICAA ||
CCTATGGAGT AACGCC 56 (2) | NFORMATI ON FOR SEQ I D NG
SEQUENCE CHARACTERI STICS: (A) LENGTH. 57,pase pairs (B) TYPE
(C) STRANDEDNESS: single (D) TOPOLOGY: I|4kear (ii) MOLECULE TYPE: DNA

(genomi c) (xi ) ThéEkfeted ToFmiclotidt ehtensibitpiddubiGvdsdetected in the first reaction series

at the first time point (5 minutes) and thereafter. A band corresponding to the intact

ACGGCGCGAG

-
= — s (A
i

complementary strand, 92 nucleotides long, could also be seen. The second series of reactions
showed only the 92 nucleotide reaction product, as without the nicking activity of Bsrl no 70
nucleotide extension products could be generated. The third series of reactions showed only
nicking of the duplex, evidenced by a faint band 70 nucieotides in length and a faint band 92
nucleotides in length, both resulting from the unamplified duplexes initially present in the
reaction. The turnover rate of the SDA cycle in this experiment was estimated from the film

| ‘density to be approximately 1 min-!.

EXAMPLE 4
EXPONENTIAL THERMOPHILIC SDA

BsoBI (isolated by New England BioLabs from a Bacillus species) and Bca polymerase
(PanVera Corporation, cloned from Bacillus caldotenax) were used to demonstrate
exponential amplification of a target sequence by thermophilic SDA. Complementary
oligomers were synthesized to serve as the two single strands of a double stranded target
sequence (SEQ ID NO:13). Five L, ﬁontaining various concentrations of this target
sequence, was added to each of the reaction mixtures. Some reactions received no target
sequence. Amplification primers were also synthesized. Primer XBsoB1-1 (SEQ ID NO:14)
contained a BsoBI restriction endonuclease recognition/cleavage site in single stranded form,
as did primer XBsoB1-2 (SEQ ID NO:15).

Primer XBsoB1-1 hybridizes to one straﬁd of the target sequence to form a 17 base
pair overlap with protruding single stranded 5' ends. Extension of the recessed double
stranded 3' ends by the polymerase renders a completely double-stranded fragment 103
nucleotides long containing a double stranded hemimodified BsoBI recognition/cleavage site.

Similarly, primer XBsoB1-2 hybridizes to the opposite strand of the target sequence to form a



GCAAAAGGCC AGGAACCGAT AAAAGGATGC GTTGCTGGECG TTACTCCATA GCGCTCC Bz
(2) | NFORVATION FOR SEQ I D NGO 13: (i) SEQUENCE CHARACTERI STI Ci: REF)ACEHNNTHSHEET
70 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: doublel|(D T ;

linear (ii) MOLECULE TYPE: DNA (genomic) (xi) SEQUENCE DESCRI PThdoh: JUS.f 1995

NO 13: CCGGAGCTGA ATGAAGCCAT ACCAAACGAC ﬁAGCGT GACA CCACGATGCC-FCEASEARTS
60 GCAACAACGT

70 (2) | NFORAée Palehdouble sﬁEﬂd&dﬁﬂhﬁ%th protruding single stranded 5" ends. This structure is

also filled in by polymerase to generate a double stranded 103-mer contalmng a double

stranded hemimodified BsoBI recognition/cleavage site.

The reaction mixtures, minus .tha and BsoBI, were heated for 3 minutes to denature
the target DNA, then cooled to the reaction temperature of 60°C. After equilibration for 3
minutes, 4 units of Bca polymerase and 16 units of BsoBI were added in a total volume of 5 n
L. The final concentration of reagents in the reaction mixtures (final volume 50 pL) was 25
mM K;POy pH 7.6; 1.375 mM each dCTPaS, dATP, dGTP and dTTP; 100 ugﬁnl acetylated
bovine serum albumin; 6.5 mM MgCly; 0.05 uM XBsoB1-1; 0.05 uM XBsoB1-2; 16 units
BsoBI, 4 units Bca, +/- the target sequence. The amplification reactions were allowed to
proceed for 1 hour, then stopped by placing the tubes in a boiling water bath for 5 minutes.

Amplification products were detected as follows. A 10 pL aliquot of each reaction was
removed and a 32P-labeled primer (SEQ ID NO:16) was added. After hybridizing the primer
to any amplification products present, the primer was extended to diagnostic length by addition
of polymerase as described by Walker, et al. 1992. Nuc. Acids Res., supra. Ten uL of a
denaturing loading solution were added to the aliquot, which was then heated. Ten puL were
electrophoresed on denaturing polyacrylamide gels for analysis. _

The prediéted lengths of detectable oligonu;:leotides in this experiment were 1) 58
nucleotides, produced by extension of the primer on the nicked, displaced amplification
product, and 2) 81 nucleotides, produced by extension of the primer on the intact, full length
target. The method was sufficiently sensitive that ampliﬁcation product was detected when as
few as 150 molecules of target sequence were added to the amplification reaction, éven though

reaction conditions were not optimized.



34 (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 50 base pairs (B)_TYPE:

nucl eic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear (1fi | -
TYPE: DNA (genomic) (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 14: éﬁ%lﬁ SHEET
GCTCTGITCC GCCTCGGGTA GACACGTITGT TGCCATTGCT

- 2
| NFORMATI ON FOR SEQ I D NG 15: (i) SEQUENCE CHARACTERI STI CS: A?Q?LJ\IZT&ED%'*Q%‘ ‘

base pairs (B) TYPE: nucleic acid (C) STRBNDEDNESS: single (D) TOPOLOGY:
l'i near EXAMPLE 5
COMPARISON OF CONVENTIONAL AND THERMOPHILIC SDA

Thermophilic linear SDA using BsoBI as the restriction endonuclease was compared to

conventional linear SDA using HincIl. The amplification reactions were performed under the

following conditions:

HincII (Reaction Condition A)

45 mM K;POy, pH 7.6
10% DMSO
0.25 mM each dATPaS, dCTP, dGTP, dTTP
100 yg/mL acetylated bovine serum albumin
6 mM MgCl, '
50 nM primer/target complex (SEQ ID NO:17 and SEQ ID NO:18)
150 units HincIl
10 USB units exo™ klenow polymerase
0.01 mCi a.-32P-dCTP

BsoBI (Reaction Condition B)

25 mM KiP04, pH 83

0.25 mM each dCTPaS, dATP, dGTP, dTTP
100 pg/mL acetylated bovine serum albumin
15 mM Mg012

50 nM primer /target complex (SEQ ID NO:15 and SEQ ID NO:13
complementary strand)
16 units BsoBI

4 units Bca polymerase
0.01 mCi «-32P-dATP

BsoBI (Reaction Condition C)

25 mM K;PO,, pH 8.3

0.25 mM each dCTPaS, dATP, dGTP, dTTP
100 pg/mL acetylated bovine serum albumin

6 mM MgCl,

50 nM primer /target complex (SEQ ID NO:15 and SEQ ID NO:13
* complementary strand)
16 units BsoBI



(ii) MOLECULE TYPE: DNA (genonic) (Xi) SEQUENCE DESCRI PTI ON—-SEQ.1.D NQ .15

(2) I NFORVATION FOR SEQ I D NO 16: (i) SEQUENCE CHARACTERI ST|iCS
23 base pairs (B) TYPE: nucleic acid (C)298TRANDEDNESS: si ng q)gtp) ____________________________
linear (ii) MOLECULE TYPE: DNA (genonm c¥xi) SEQUENCE DESCREPH-ON-—SEQ. 1D |

NG 16: CATCGIGGTIG TCA %p
23 (2) | NFORMATI ON FOR. S tBC 3§ ﬁ; SEQUENCE CHARACTERI STICS: (A)
LENGTH: 49 base pairs I mGia-

The reaction mixtures (minus the enzymes) were heated for 3 minutes to denature the

GGATTCGCCT CCAGATCTGG TCCTCGGGTA GACCCGGAGC TGAATGAAGC Rl:PLACEMEN &,}ﬁ

target DNA and cooled to the desired temperature for amplification to anneal the primers
(40°C for Hincll and 60°C for BsoBI). After equilibrating for 3 minutes, 2 pL of polymerase
were added and the extension reaction was allowed td proceed for 20 minutes to produce a
completely double stranded farget 85 nucleotides in length for the HincIl systeni and 103
nucleotides in length for the BsoBI systems. A 3.5 pL aliquot was thgn removed to 5 uL of
stop solution as a control for the extension reaction. The appropriate restriction endonuclease
was then added (2 puL). For Hincll, time points were taken at S, 20 and 60 minutes. For
BsoBI, time points were taken at 1, 3, and 6 minutes. Aliquots for each time point were added
directly to 5 uL of stop solution. The samples were then heated by boiling for 2 minutes and §

ML were loaded for electrophoresis on a denaturing polyacrylamide gel. The gels were
analyzed by autoradiography.

The expeé-ted reaction products for the HinclI conventional SDA reaction were the full .
length, intact target molecule (85 nucleotides in length) and a nicked, displaced amplification
product 60 nucleotides in length. The expected products for the BsoBI reactions were the full
length target (103 nucleotides in length) and an 81-mer amplification product. All of these
products were detected. However, there was a marked difference in reaction rates between the
conventional Hincll/exo~ klenow system and the BsoBI/Bca system. The Hincll reaction
required approximately 60 minutes to generate a detectable level of nicked, diplaced
amplification products. In contrast, the BsoBI system required only about 6 minutes to
generate detectable levels of target sequence amplification. Of the two reaction conditions
tesfed for the BsoBI system, Reaction Condition C with a lower concentration of MgCl,

produced an improved rate of amplification as compared to Reaction Condition B.




(B) TYPE:

nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:
MOLECULE TYPE: DNA (genom c) (xi) SEQUENCE DESCRI PTI ON: SEQ ID %K)l? R see——
ATACGGGTTA CTGATGATGA ACATGCCCGG TTACTGGAAC GITGTGAGG o

| NFORMATI ON FOR SEQ I D NO 18:
LENGTH: 57 base pairs (B) TYPE

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: Fraiser, Melinda S.
Spargo, Catherine A.
Walker, George T.
Van Cleve, Mark
Wright, David J.

l'i near (i)

35 (i) SEQUENCE CHARACTE

nucl ei c %%id (C) STRANDEDNESS

(ii) TITLE OF INVENTION: STRAND DISPLACEMENT AMPLIFICATION USING

THERMOPHILIC ENZYMES
(iii) NUMBER OF SEQUENCES: 19

{iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Richard J. Rodrick, Becton Dickinson and

Company
(B) STREET: 1 Becton Drive
{(C) CITY: Franklin Lakes
(D) STATE: NJ
(E) COUNTRY: US
(F) ZIP: 07417

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B} COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Fugit, Donna R.
(B) REGISTRATION NUMBER: 32,135
{(C) REFERENCE/DOCKET NUMBER: P-2961
{2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
GCGGATCCGG CCGAGT
(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:

16



(D TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic) (xi) SEQUENCE
DESCRI PTI ON:  SEQ I D NO 18: GAGAATTCGI GGACTGCAGA TCGITGACGT . 1
ACAACGTTCC AGTAACC 57 (2) 1 NFORVATI ON FOR SEQ I D NO 10! @M@'JEI%EET

CHARACTERI STICS: (A) LENGTH. 55 base pairs (B) TYPE: nucl ei g BCi d 2())
STRANDEDNESS: single (D) TOPOLOGY: |ineaBl(ii) MOLECULE TYPH: HRA- cre&%-&%gﬁ--
(xi) SEQUENCE DESGH} REhéPd: SEQR4sP pddrt9: GAGAATTCGT GGACTGCAGA TGICTCCAAT

CCCCCCTCAC AACGTTODAGYEFRAGRIcleic acid 55
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
CACTTGATGC CTCCGTGTAA G 21
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 45 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
TACAATAGTC CCAATCTACC CGAGCTTACA CGGAGGCATC AAGIG 45
(2) INFORMATION FOR SEQ ID NO:4:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 45 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOIOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
TACAATAGTC CCAATCTACT CGGGCTTACA CGGAGGCATC. AAGTG 45
(2) INFORMATION FOR SEQ ID NO:S:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 56 base pairs
* (B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA {(genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5S:
. CCGGAATTCG AATGCCAAAA GACTGGGTCT CCAGGAACCA ACTCGGCCGG ATCCGC 56
(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:



VWHAT IS CLAIMED | S: 1.

A nethod for anmplifying a target sequence

conprising: a) provi ding a single stranded nucl eic acid fragnment

containing the target sequence, the fragnent having a 5 end
bi nding an anplification prinmer fo82SDA to the 3' end e
such that the primer forns a 5 single stranded overhang, the _anpli¥jcati

primer conprising- (@) rEENGIH: t560basd pavege site for a thernoph Iqarﬁg)'"'z """ 3“0@395

b)

P doRven

restriction endonu®) cEéRE:wmalieidmsddnot cut the target nucleic acid

sequence;
presence of i)

C) e4§§

t

@m N fgh;ﬂif‘ﬁ?'%ation primer on the fragnent in the

ernophi | e DNA pol ynmer ase, the pol ynerase being

active bet weaiaipheueci¥CTevel DRA etgehomitavi Ng strand di spl acing activity and

| acki ng 5'-3" exonucl ease activity, ii) deoxynucl eosi de tri phosphates,
at | east one derivatized deoxynucl eoside tri phosphate, and

iii)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

CCGGAATTCT GGTTCCTGGA GACCCAGTCT TTTGGCATTC ACTCGGCCGG ATCCGC

(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 54 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA {genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: ]
GGAATTCCGT CCCAGTGATG AAGATCGCAG CGCCCGAGAC TCGGCCGGAT CCGC
(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 52 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
GGAATTCCCT CGGGCGCTGA TCTTCATCAC TGTCCCACTC GGCCGGATCC GC
(2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 49 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
GGAATTCCCG AGGAAGGTAG ACGCAATGGC GGCACTCGGC CGGATCCGG
{(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:

56

54

52

49




I V) a thernophilic restriction endonuclease which nicks the
recognition/cleavage site when the site is hem nodified by incorporation of
the derivatized deoxynucl eosi-de tri phosphate, the endonucl efse=being |

between 50[err] and 70C, thereby producing a first extensiofj BFRIAGEMENT $iveet
anplification prinmer conprising a first Wy synt hesi zed sfrand ,

conpl ementary to ghertsrfietss edsepaersind a doubl e stranded é?ﬁemcgéuggrB%
restriction endonim| vz hneclednpi dd¢ian/ cl eavage site; d) n ;

doubl e stranded (NeATRAYQEPNESG: simgleiction endonucl ease

recogni tion/cl eav‘é’de'r%‘?ql@ew 1#7¢%#e restriction endonucl ease; e)

extendi ng frgQeytiseobeX ¥k NGk NEyeDIRL IOl yer ase, thereby displacing the
first newy synthesized strand fromthe fragnment and generating a second

ext ensi on product conprising a second newy synthesized strand, and; f)
repeating thg. i&ﬁ& &M,# .ag | {) Ing steps such that the target
sequence i s §‘r’fgll egc.:g %ﬁg Egum% ﬂgifg %‘ai m 1 wherein the DNA
pol ymer agGAATTCSCA GTCATIIGOGT NCTACCARIOTUPGGGACTCGG CCGGATCCGG 50
(2) INFORMATION FOR SEQ ID NO:11:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 56 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11l:
CCACCTCTGA CTTGAGCGTC CCAGTGTCAA TACGGCGGAG CCTATGGAGT AACGCC 56
{(2) INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 57 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOILOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
GCAAAAGGCC AGGAACCGAT ARAAGGATGC GTTGCTGGCG TTACTCCATA GGCTCCG 57
(2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 70 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
CCGGAGCTGA ATGAAGCCAT ACCAAACGAC GAGCGTGACA CCACGATGCC TGCAGCAATG 60
GCAACAACGT | | 70
(2) INFORMATION FOR SEQ ID NO:14:




consi sting of Bca pol ynerase and Bst- pol ynerase. 3. The nethod of Caim

2 wherein the restriction endonucl ease is selected fromthe gr

consisting of Bsrl, BstNI, BsmAl, Bsll, BsoBl and BstO . 37 H‘%pmcﬁ?"’a"“’s’”&?
met hod for anplifying a target sequence conprising: a) pr oy glé{%g a2f4r%[ 1695

and a second single stranded fragnment conprising the target s¢g

CE',""t"hé ...............

first and second single stranded fagrmer4s each having a 5 end and a 3
end; b) bi ndingeauiNoes thaowrEdiscats-on priner for SDA to the 3' end of
the first single stiPhriddGTEy $@nksre Bxiksa second anplification priner for
SDA to the 3' end ¢f) tI¥EEs 83348 stranded fragment such that the
first and second a ;i Po ,p_nlg{é'age?s form5' single stranded overhangs on
the first and second single stranded fragnents, respectively, the first and
second anpl i f i(éa iMOREGTLENBYRE :c B (gemgmdicyi ng a 5° end conprising a
recogni tion/cleavage site for a
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
GTATTCTGCT GCTCTGTTCC GCCTCGGGTA GACACGTTGT TGCCATTGCT 50
(2) INFORMATION FOR SEQ ID NO:1S5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: S50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
GGATTCGCCT CCAGATCTGG TCCTCGGGTA GACCCGGAGC TGAATGAAGC 50
(2) INFORMATION FOR SEQ ID NO:16:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
CATCGTGGTCG TCACGCTCGT CGT . 23
-(2) INFORMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 49 base pairs
(B) TYPE: nucleic.acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
ATACGGGTTA CTGATGATGA ACATGCCCGG TTACTGGAAC GTTGTGAGG 49

(2) INFORMATION FOR SEQ ID NO:18:



t hermophilic restriction endonucl ease which does not cut the target nucleic
aci d sequence; d) extending the first and second anplification priners
on the first and second single stranded fragnments, respecti Vi ==l

presence of i) a thernophilic DNA pol ynmerase, the pol yner(g
active between about 50[err] and 70[er5§, havi ng strand di sg
and | acking 5'-3" exonucl ease activitys2=ii) deoxynucl eosi qg =g ...,

tri phosphat es,{i}i§ ) : BFEFLG8f  vat i zed deoxynucl eosi de
triphosphate, and {gy) L rﬁﬁfﬁg‘i’ﬁi‘ﬁs restriction  endonucl ease which
ni cks the recognitgo BMMaEe : Séiinglehen the site is hem nodified by

i ncorporation of t{» TRRALYGY{ Addeadeoxynucl eosi de tri phosphate, the

endonucl ease Qein j.ve bet n,about 50[err] and 70[err], thereby
produci ng a f&?‘it”%é%&yrﬁi‘gﬁg‘p:ﬁ%guﬁmﬁl?he first anplification priner
conprising i) a first newy synthesized strand conplenentary to the first
single stranded fragnent and a first doubl e stranded hem nodified

restriction et¥ddntRAUENSR DEECRHIFAIOY 0 #EQ FPL¥ATE:and ii) a second
GAGAATTCGT GGACTGCAGA TCGTTGACGT GATTACCCTC ACAACGTTCC AGTAACC 57

{2) INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: S5 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:
GAGAATTCGT GGACTGCAGA TGTCTCCAAT CCCCCCTCAC AACGTTCCAG TAACC 55



extensi on product conprising a second newy synthesized stran

conplenentary to the second single str d a seff cEk; o
stranded hem nodified restriction endJm ﬁ H !mmigb,ﬁrl on/ cl
e) nicking the first and second *hewmi nodisi srestrict] Qate:,

endonucl ease recognition/cl eavage siteg with the thernophilic=
endonucl ease; f) ext endi ng from t he3fi cks usi ng the DNA pol yner ase, o
t her eby dWEBARAB I QLAIMEDIISst newl y synthesized strand fromthe first single
stranded- fragnent and di spl acing the second newy synthesized strand from

t he second single stranded fragnent, thereby producing a third and a fourth

ot ied P R AU gl configP 10,0 00
38 - a) providing a single stranded nucleic acid fragment containing the target
sequence, the fragment having a 5' end and a 3' end; '
b) binding an amplification primer for SDA to the 3' end of the fragment such that
the primer forms a 5' single stranded overhang, the amplification primer comprising a
recognition/cleavage site for a thermophilic restriction endonuclease which does not cut the
target nucleic acid sequence;
c) extending the amplification primer on the fragment in the presence of
i) a thermophilic DNA polymerase, the polymerase being active between
about 50°C and 70°C, having strand displacing activity and lacking 5'-3'
exonuclease activity,
i) deoxynucleoside triphosphates,
iif) at least one derivatized deoxynucleoside tﬁpﬁosphate, and
iv) a thermophilic restriction endonuclease which nicks the
recognition/cleavage site when the site is hemimodified by incorporation of the
derivatized deoxynucleoside triphosphate, the endonuclease being active
between 50°C and 70°C,
thereby producing a first extension product of the amplification primer comprising a first newly
synthesized strand complementary to the target sequence and a double stranded hemimodified
restriction endonuclease recognition/cleavage site; '
d) nicking the double stranded hemimodified restriction endonuclease
recognition/cleavage site with the restriction endonuclease;
€) extending from the nick using the DNA polymerase, thereby displacing the first
newly synthesized strand from the fragment and generating a second extension product
comprising a second newly synthesized strand, and;
f) repeating the nicking, extending and displacing steps such that the target
sequence is amplified.

2. The method of Claim 1 wherein the DNA polymerase is selected from the group
consisting of Bca polymerase and Bst polymerase.

3. The method of Claim 2 wherein the restriction endonuclease is selected from the group
consisting of Bsrl, BstNI, BsmAl, BslI, BsoBI and BstOL



5. The nmethod of C aim 4 wherein a doubl e stranded f ragment SFFSHaS

the target sequence is generated b I ng: a) ‘
first and second anplification pri mu’mmlmmnmmram d fraf
conprising the target sequence, the ¥ir‘st *tanti stcdnd anplifi L\_\‘
binding 3" to the target sequence on o ?osme strands of the nucleit=a

fragnment; b) extending the first a econdn anplification prinmers on
the fragnent, thereby-producing a first extension product of the first

anpl i ficafion pmetwsd tbﬂdm@l@ﬁ:gmdrg@x&equ&i&rtoﬁf peisiigt of the second
arrpllflcatlon rimer; g%ng zﬁéacm he f|r % second ex.ten
products by e ensi RV aaﬁ ﬂ‘b@ it comipgsng etarget
synt hesi zequencethe firse andisegond smgldstrimiedﬁagm‘dmspheicm:fgzstendmnﬂ sébendd

ex_tension pro Ctse‘t&h{%nera 8&@@%@“&%@{,}3@ goeﬂ‘ed?omnggh@o&sgg-m

trlphosphate her ande ra ment's “conpri Sing,
target setfandesdragnent and esmpdmpbﬁn@omynmfar@DAm é'qntcpfdhemomiamg%

g@le;reé pats B %S éﬂifﬁﬁﬁﬁe@gts fg)esﬂ?ét%fd%csﬂdoiﬂlﬁlﬂﬁaﬁﬁpr&%&%%hﬁ t5i §ifglefseraid
overhangs on the rst and second single stranded fragments, respectively, the first and second
~ amplification primers each comprising a 5' end comprising a recognition/cleavage site for a
thermophilic restriction endonuclease which does not cut the target nucleic acid sequence;
d) extending the first and second amplification primers on the first and second
single stranded fragments, respectively, in the presence of :
i) a thermophilic DNA polymerase, the polymerase being active between
about 50°C and 70°C, having strand displacing activity and lacking 5'-3'
exonuclease activity,

ii) deoxynucleoside triphosphates,

iii) at least one derivatized deoxynucleoside triphosphate, and

iv) a thermophilic restriction endonuclease which nicks the

recognition/cleavage site when the site is hemimodified by incorporation of the

derivatized deoxynucleoside triphosphate, the endonuclease being active

between about 50°C and 70°C,
thereby producing a first extension product of the first amphﬂcanon primer compnsmg i) a first
newly synthesized strand complementary to- the first single stranded fragment and a first double
stranded hemimodified restriction endonuclease recognition sequence and ii) a second
extension product comprising a second newly synthesized strand complementary to the second
single stranded fragment and a second double stranded hemimodified restriction endonuclease
recognition/cleavage site;

e) nicking the first and second hemimodified restriction endonuclease
recognition/cleavage sites with the thermophilic restriction endonuclease;

1)) extending from the nicks using the DNA polymerase, thereby displacing the first
newly synthesized strand from the first single stranded fragment and displacing the second
newly synthesized strand from the second single stranded fragment, thereby producing a third
and a fourth newly synthesized strand, respectively;

g) repeating the nicking, extending and displacing steps such that the target
sequence is amplified.



7.. The nethod of Caim6 wherein the therrmi)hlllc restricti on ——==mm—m——

endonucl ease is selected fromthe group c u wmg llﬁfﬂll sﬁl&ﬂ’;»\mu SHEET
Bsl I, BsoBl and BstO-. 8. A net hod for get; sequenQeQ 0CT 1935!

conprising: a) bi ndi ng an anplification prlner f'or *SDA to! ‘aDgengl.€
stranded nucleic acid fragnment conprisBfg the target sequence**tﬁ@zFFa
having a 5 end and a 3' end, the anplification prinmer conprising a

recogni t i fin/ c| Hey agthodli bECla'm 4 vieesinraplouble str@fded | fedgnient comprising ahes eargbi Ch
does not cut the t% %g bnuc egh daci d.sgguence and binding to the fragnent
3" to t he™HEFERe &G Sty a ppythod comppy ng the anplification primer on the
fragment in tha) preclndiog thé first and sacdrdeamplifivatiorc piidérsptnl g maclerceacid lfimgment
pol ymer a n d

G ol 261 remiEEig, 46 okl P&@E‘?& gPA} aid (?ﬁ%c? SBififtclon piied hisding 3%1o the
deoxynuc| taegst mupmemmmmeesﬁanﬁs pfthe nyeleicagidifragmentubst i t ut ed

deoxynucl eosi QS? tri Eﬁ&ﬁﬁi@aﬁﬁ ﬁrﬁ:"ﬁld' séondnZampliERATEN PirhérS on'tRE FragmbntO thereby

endonucl eagSucmg a t{}st Qxltgnswn prosuct of the first amphﬁcatlon primer and a second extension
product of the second amplification pnmer
b) displacing the first and second extension products by extensmn of a first and
second bumper primer, and;
) synthesizing complementary strands for the displaced first and second extension
products in the presence of the derivatized deoxynucleoside triphosphate, thereby generating
double stranded fragments comprising the target sequence which are amplifiable by SDA.

6. The method of Claim 5 wherein the DNA polymerase is selected from the group
consisting of Bca polymerase and Bst polymerase.

7. The method of Claim 6 wherein the thermophilic restriction endonuclease is selected
from the group consisting of Bsrl, BstNI, BsmAl, BslI, BsoBI and BstOIL

8. A method for amplifying a target sequence comprising:

a) binding an amplification primer for SDA to a single stranded nucleic acid
fragment comprising the target sequence, the fragment having a 5' end and a 3' end, the
amplification primer comprising a recognition/cleavage site for a thermophilic restriction
endonuclease which does not cut the target nucleic acid sequence and binding to the fragment
3' to the target sequence;

b) extending the amplification primer on the fragment in the presence of

i) a thermophilic DNA polymerase, the polymerase being active between
about 50°C and 70°C, having strand displacing activity and lacking 5'-3'
exonuclease activity,

ii) deoxynucleoside triphosphates,

iii) at least one substituted deoxynucleoside triphosphate, and |

iv) a thermophilic restriction endonuclease which nicks the
recognition/cleavage site when the site is hemimodified by incorporation of the
derivatized deoxynucleoside triphosphate, the endonuclease being active
between about 50°C and 70°C, |



recogni tion/cl eavage site when the sitfe is hem rmdlfled by in por ati on of
the derivatized deoxynucl eoside triph munl Mm nucI eaf s NG
bet ween about 50C and 70C, 39 ther irst eiktensio
product of the anplification primer conprisi ng "a first new Y| LR hZizm;q
strand; c) di splacing the first extension product. from t hetragii¥( frede
synt heS| zing a conpl enentary strand foB2the fi rst ext ensi on product
presence tifereby pk@mingmﬁsbéﬁéxbmrﬁp:b&ldtbﬂﬂ&dnﬁﬁ (prinesicomptising fa
t her eby g%{%ﬁ(ﬁ?fzwgt ﬁ\ddOUbl e stranded hem nodified restriction endonucl ease

recogni ti eavage 8ite; e) ni cking the double stranded
hemi nodi fied epstr dtspiaqngtlmﬁmmrmmwromg’nmﬁmfnagmMage site with the

thermophilic rgptri gideRiifip0Q WbnigidRéntary strand for the first extension product in the
presence of at least one of the substituted deoxynucleoside triphosphates, thereby generating a
double stranded hemimodified restriction endonuclease recognition/cleavage site;
e) - nicking the double stranded hemimodified restriction. endonuclease
recognition/cleavage site with the thermophilic restriction endonuclease; '

d) extending from the nick using the polymerase, thereby displacing the first newly
synthesized strand from the fragment and generating a second extension product comprising a
second newly synthesized strand, and; |

) repeating the nicking, extending and displacing steps such that the target
sequence is amplified.

9. The method of Claim 8 wherein the -DNA polymerase is selected from the group
consisting of Bca polymerase and Bst polymerase.

10.  The method of Claim 9 wherein the thermophilic restriction endonuclease is selected
from the group consisting of Bsrl, BstNI, BsmAl, Bsll, BsoBI and BstOI. '
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STRAND DISPLACEMENT AMPLIFICATION USING
RMOPHIL ZYMES

ABSTRACT

Strand Displacement Amplification methods (thermophilic SDA) which can be
performed over a broad tempefature range (37°C to 70°C). The preferred temperature range
for thermophilic SDA is 50°C to 70°C. It has been found that certain thermophﬁic restriction
endonucleases are capable of nicking the hemimodified restriction endonuclease
recognition/cleavage site as required by SDA and dissociating from the site. It has further been
found that certain thermophilic polymerases are capable of éxtending from the nick while
displacing the downstream strand. Thermophilic SDA, because of reaction temperatures
higher than previously possible with conventional SDA enzyme systems, has improved
specificity and efficiency, reduced nonspecific background ampliﬁéation, and potentially
improved yic;.lds of amplification products. In addition, the need to add the enzymes in a
separate step after the initial heat denaturation of double stranded targets is eliminated when

enzymes capable of tolerating the denaturation temperﬁture are used.



