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(57) ABSTRACT 

Methods and a kit are provided for selectively and expo 
nentially amplifying nucleic acids and include the use of a 
helicase preparation and a DNA polymerase such that the 
amplification can be performed isothermally. 
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FIG. 1 
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FIG 10 

  



Patent Application Publication Nov. 1, 2007 Sheet 8 of 12 US 2007/0254304 A1 

FIG. 12 

95 bp 

  



14 FIG. 

Nov. 1, 2007 Sheet 9 of 12 Patent Application Publication 

350 

300 

5 

O 

150 

OO 

TIME (MIN) 

  

  

  

  

  



Patent Application Publication Nov. 1, 2007 Sheet 10 of 12 US 2007/0254304 A1 

FIG. 15A 
(SEO) ID NO:9) 

TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACAT 
GCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGA 
TGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGG 
GTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCAT 
CAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTG 
AAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCA 
GGCGCCATTCGCCATTCACGCTGCGCAACTGTTGGGAAG 
GGCGATCGGTGCGGGCCTCTCGCTATTACGCCAGCTGG 
CGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAA 
CGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGG 
CCAGTGAATTGCATGCECAGCTTGGCGTAATCATGGTCAT 
AGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCA 
CACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGG 
GGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGC 
GCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTCCCA 
GCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGG 
TTTCCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGAC 
TCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCA 
GCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAG 
GGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGC 
AAAAGGCCAGGAACCGTAAAAAGGCCGCGTTCCTGGCGT 
TTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAA 
TCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACT 
ATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTG 
CGCTCTCCTGTTCCGACCCGCCGCTTACCGGATACCTGT 
CCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAG 
CTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTCGC 
TCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCC 
GACCGCTGCGCCTTATCCGGTAACTATCGTCTGAGTCCA 
ACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCA 
CTGGTAACAGGATTAGCAGAGCGAGGTATGAGGCGGTG 
CTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACAC 
TAGAAGGACAGTATTTGGTATCTGCGCTCGCGAAGCCA 

SIMGGTGACICITAccesca 
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FIG. 15B 
SEO ED NO: 10) 

CCGCTGGTAGCGGTGGTTTTTTTGTTTCCAAGCAGCAGAT 
TACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATC 
TTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCAC 
GTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTT 
CACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAA 
TCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAA 
TGCTTAATCAGTGAGCCACCTATCTCAGCGATCTGTCTATT 
TCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATA 
ACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCT 
GCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGAT 
TTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGC 
AGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTA 
TTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGT 
TAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATC 
GTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT 
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCAT 
GTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATC 
GTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGG 
TTATGGCAGCACTGCATAATTCTCTTACTGTCAGCCATCC 
GTAAGATGCTTTTCTGTGACTGGTGAGTACT CAACCAAGT 
CATTCTGAGAATAGGTATGCGGCGACCGAGTTGCTCTTG 
CCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAG 
AACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGG 
CGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTT 
CGAGTAACCCACTCGTGCACCCAACTGATCTTCAGCATC 
TTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGA 
AGCCAAAATCCCGCAAAAAAGGGAATAAGGGCGACACGG 
AAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGA 
AGCATTTATCAGGGTTATTGTCTCATGAGCGGAACATATT 
TGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGC 

AccMiccacciacGICMAC 
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FIG. 15C 

CATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCC 
TTTCGTC 

FIG. 16 

ATGAGTAGGCGTGAAGTAAAAAATCAAACAAATATTTCTA 
GAATTGAAGGAATTAAACCAAATGATGCTTATGTTGCTTAT 
GTATGTGTACAATGTAACAATTTGAATATGATAAATATTGG 
ACAAAAATTATTAGATCCAAGAGAGGCTTAGAAACACAA 
GAATGGAAATGTGAAAGATGTGGATTTTTACATAGTAAAA 
ATAATTCATTGTCTTATTCAAACTGGCCAGAAGAAAGTAAA 
AAGAAAGGTTCTATTCCTGTACAAAGATTTTGGCAAGCTTT 
TTTTAGAGTATATACAGAGAATAAAGAAGCATATTGGAAA 
CAATGTAATTGTTGTGGAAAAAATTACCATTTTCCGCATT 
TAGCAAGCATATTGGTTTTGGCCCTCTTGAAAGACAAATG 
GAATGTAGAGCTTGTAAGGGAGTGATAAATGCATTTTTAA 
ATCCAGAAAGAACAGAAGATCAATTAAGAGAGTCAAATGT 
TAGGAGACGTGTGCCGATTTGTTTGTTAAAAAAGAAAAT 
AAATCTAAAGATGATGGATTTATTAAAGATTTATTTAAACG 
TTTTGGT CAAAGTGCTTTAAAACAAAGAAATATCTAAATA 
TTCATGAAGAAATCTTGGGCTATAGATCATATTTTACCA 
TCAAAATATCTTTATCCTCTTACAAAAGAAAATGCTGCACT 
ATTATCTGTAGAAGCTAATTCCAATAAAAGAGATCGTTGG 
CCTTCAGAATTTTATACAAATAATGAATTAATAGAACTTGC 
TACAATAACAGGAGCTGATTTACAATTATTATCAAATAAAA 
CACCTATTATAAATCCAAATCTTACTGATGAGGATATAAAT 
GCAGGTATTGAGAATTATTTGTCTGTTCGTGAAAATTCAAA 
CCTTGAGAAGCGAGTAGCTGAAATAAAAAAAATCATAATA 
GACTATCAATTAACGGATAAATTATCGAAAAGCAACAAGA 
ATTTACTTGGTTTATCTTAA 
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HELICASE-DEPENDENT AMPLIFICATION OF 
NUCLEC ACDS 

CROSS REFERENCE 

0001. This application is a divisional application of U.S. 
application Ser. No. 10/665,633 filed Sep. 19, 2003, which 
claims priority from U.S. provisional application Ser. No. 
60/412.298 filed Sep. 20, 2002 and U.S. provisional appli 
cation Ser. No. 60/446,662 filed Feb. 11, 2003, all of which 
are hereby incorporated by reference. 

BACKGROUND 

0002 Amplification of nucleic acids is widely used in 
research, forensics, medicine and agriculture. One of the 
best-known amplification methods is the polymerase chain 
reaction (PCR), which is a target amplification method (See 
for example, U.S. Pat. Nos. 4,683,195, 4,683.202 and 4,800, 
159). A PCR reaction typically utilizes two oligonucleotide 
primers, which are hybridized to the 5' and 3' borders of the 
target sequence and a DNA polymerase, which can extend 
the annealed primers by adding on deoxynucleoside-triph 
osphates (dNTPs) to generate double-stranded products. By 
raising and lowering the temperature of the reaction mixture, 
the two strands of the DNA product are separated and can 
serve as templates for the next round of annealing and 
extension, and the process is repeated. 
0003) Although PCR has been widely used by research 
ers, it requires thermo-cycling to separate the two DNA 
Strands. Several isothermal target amplification methods 
have been developed in the past 10 years. One of them is 
known as Strand Displacement Amplification (SDA). SDA 
combines the ability of a restriction endonuclease to nick the 
unmodified strand of its target DNA and the action of an 
exonuclease-deficient DNA polymerase to extend the 3' end 
at the nick and displace the downstream DNA strand. The 
displaced strand serves as a template for an antisense 
reaction and vice versa, resulting in exponential amplifica 
tion of the target DNA (See, for example, U.S. Pat. Nos. 
5,455,166 and 5,470,723). In the originally-designed SDA, 
the DNA was first cleaved by a restriction enzyme in order 
to generate an amplifiable target fragment with defined 5' 
and 3'-ends but the requirement of a restriction enzyme 
cleavage site limited the choice of target DNA sequences 
(See for example, Walker et. al., Proc. Natl. Acad. Sci. USA 
89:392–396 (1992)). This inconvenience has been circum 
vented by the utilization of bumper primers which flank the 
region to be amplified (Walker et al. supra (1992)). SDA 
technology has been used mainly for clinical diagnosis of 
infectious diseases such as chlamydia and gonorrhea. One of 
the most attractive feature of SDA is its operation at a single 
temperature which circumvents the need for expensive 
instrumented thermal cycling. However, SDA is inefficient 
at amplifying long target sequences. 
0004. A second isothermal amplification system, Tran 
scription-Mediated Amplification (TMA), utilizes the func 
tion of an RNA polymerase to make RNA from a promoter 
engineered in the primer region, and a reverse transcriptase, 
to produce DNA from the RNA templates. This RNA 
amplification technology has been further improved by 
introducing a third enzymatic activity, RNase H, to remove 
the RNA from cDNA without the heat-denaturing step. Thus 
the thermo-cycling step has been eliminated, generating an 
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isothermal amplification method named Self-Sustained 
Sequence Replication (3SR) (See, for example, Guatelli et 
al., Proc. Natl. Acad. Sci. USA 87: 1874-1878 (1990)). How 
ever, the starting material for TMA and 3SR is limited to 
RNA molecules. 

0005. A third isothermal target amplification method, 
Rolling Circle Amplification (RCA), generates multiple 
copies of a sequence for the use in in vitro DNA amplifi 
cation adapted from in vivo rolling circle DNA replication 
(See, for example, Fire and Xu, Proc. Natl. Acad. Sci. USA 
92:4641-4645 (1995); Lui, et al., J. Am. Chem. Soc. 
118:1587-1594 (1996); Lizardi, et al., Nature Genetics 
19:225-232 (1998), U.S. Pat. Nos. 5,714,320 and 6,235, 
502). In this reaction, a DNA polymerase extends a primer 
on a circular template generating tandemly linked copies of 
the complementary sequence of the template (See, for 
example, Kornberg and Baker, DNA Replication, W. H. 
Freeman and Company, New York (2" ed. (1992)). 
Recently, RCA has been further developed in a technique, 
named Multiple Displacement Amplification (MDA), which 
generates a highly uniform representation in whole genome 
amplification (See, for example, Dean et. al., Proc. Natl. 
Acad. Sci. USA 99:5261-5266 (2002)). 
0006 Additional nucleic acid amplification methods 
include Ligase Chain Reaction (LCR), which is a probe 
amplification technology (See, for example, Barany, Proc. 
Natl. Acad. Sci. USA 88:189-193 (1991)); and U.S. Pat. No. 
5,494,810), and branched DNA (bDNA) technology (Horn 
et al., Nucleic Acids Res. 25:4842-4849 (1997)), which is a 
signal amplification technology. 

0007. The amplification methods mentioned above all 
have their limitations. For example, PCR and LCR require 
a thermocycler with associated instrumentation. Except for 
PCR, none of the other target amplification methods are 
capable of amplifying DNA targets having Sufficient length 
to be useful for cloning genes and analysis of virulence 
factors and antibiotic resistant genes. Although PCR is able 
to amplify a target up to 10-20 kb, high mutation rates may 
limit the use of PCR-amplified products (Cline et al., 
Nucleic Acids Res. 24, 3546-3551 (1996)). Thus, to mini 
mize the problem, a high-fidelity amplification method for 
long targets is needed. In addition, all present amplification 
methods require prior heat denaturation and annealing steps 
to produce primed templates for DNA polymerases. This 
adds extra time to the amplification process. 
0008. The potential uses for nucleic acid amplification 
techniques continues to grow. For example, nucleic acid 
arrays frequently utilize large numbers of amplification 
reactions. Detection of environmental contamination places 
demands on sensitivity and analytic power of diagnostic 
tests that include nucleic acid amplification procedures. 
Consequently, improvements in amplification methodology 
are desirable. 

SUMMARY OF THE INVENTION 

0009. In an embodiment of the invention, a method is 
provided for exponentially and selectively amplifying a 
target nucleic acid that includes the steps of providing 
single strand templates of the target nucleic acid to be 
amplified; adding oligonucleotide primers for hybridizing to 
the templates; synthesizing an extension product of the 
oligonucleotide primers which are complementary to the 
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templates, by means of a DNA polymerase to form a duplex; 
contacting the duplex with a helicase preparation for 
unwinding the duplex; and repeating the above steps to 
exponentially and selectively amplify the target nucleic acid. 

0010. In additional embodiments of the invention, ampli 
fication may be isothermal and may be accomplished in the 
range of about 20° C.-75° C., preferably at room tempera 
ture. 

0011. In additional embodiments of the invention, the 
target nucleic acid may be either a single stranded nucleic 
acid, more particularly, a single stranded DNA or a single 
stranded RNA, or a double stranded nucleic acid, more 
particularly a double stranded DNA. When the nucleic acid 
is double stranded, it may be denatured by heat or enzy 
matically to form a single strand template for DNA poly 
merase dependent amplification. In addition, the target 
nucleic acid may have a size in the range of about 50 bp to 
100 kb. 

0012. In additional embodiments of the invention, the 
oligonucleotide primers used in the method of amplification 
are a pair of oligonucleotide primers wherein one primer 
hybridizes to 5'-end and one primer hybridizes to 3'-end of 
the target nucleic acid to be selectively amplified. Under 
circumstances of multiplexing, multiple primer pairs may be 
used to amplify multiple target nucleic acids in the same 
reaction mixture. In addition, the oligonucleotide primers 
may have a length and a GC content so that the melting 
temperature of the oligonucleotide primers is 10°C.-30°C. 
above the reaction temperature of hybridization during 
amplification. 

0013 In additional embodiments of the invention, a DNA 
polymerase is selected from a Klenow fragment of E. coli 
DNA polymerase I, T7 DNA polymerase (Sequenase) and 
Bst polymerase large fragment. Preferably, the DNA poly 
merase lacks 5' to 3' exonuclease activity and possesses 
Strand displacement activity. 

0014. In additional embodiments of the invention, the 
helicase preparation may include a single helicase or a 
plurality of helicases. The helicase or helicases in the 
preparation may be selected from the class of 3' to 5' 
helicases or the class of 5' to 3' helicases. More particularly, 
the helicase preparation may include a helicase from Super 
family 1-4 or an AAA' helicase. The helicase may be a 
hexameric helicase or a monomeric or dimeric helicase. 
More particularly, the helicase may be a UVrD helicase or 
homolog thereof, for example a thermostable helicase or 
homolog thereof. 

0015. In additional embodiments of the invention, the 
helicase preparation may include one or more helicases 
selected from the group consisting of E. coli UvrD helicase, 
Tte-UvrD helicase, T7 Gp4 helicase, RecBCD helicase, 
DnaB helicase, MCM helicase, Rep helicase, RecQ helicase, 
PcrA helicase, SV40 large T antigen helicase, Herpes virus 
helicase, yeast Sgs 1 helicase, DEAH ATP-dependent heli 
cases and Papillomavirus helicase El protein and homologs 
thereof. 

0016. Additionally, the helicase preparation includes a 
nucleotide triphosphate (NTP) or deoxynucleotide triphos 
phate (dNTP) for example, adenosine triphosphate (ATP), 
deoxythymidine triphosphate (dTTP) or deoxyadenosine 
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triphosphate (dATP). A suitable concentration for the energy 
source is in the range of about 0.1-50 mM. 
0017. In additional embodiments of the invention, the 
helicase preparation includes a single Strand binding protein, 
for example, T4 gene 32 SSB, E. coli SSB, T7 gene 2.5 SSB, 
phage phi29 SSB and derivatives therefrom and an acces 
sory protein for example, MutL. 
00.18 Embodiments of the invention include detecting 
pathogens in biological samples by helicase dependent 
amplification, where the target nucleic acid is a nucleic acid 
from the pathogen. Alternatively, sequence variations in 
chromosomal DNA can be determined when the target 
nucleic acid is a fragment of chromosomal DNA. This 
approach can be used to detect single nucleotide polymor 
phisms in the target nucleic acid from different sources. 
0019. In an embodiment of the invention, a kit is pro 
vided that includes a helicase preparation and a nucleotide 
triphosphate or deoxynucleotide triphosphate and a DNA 
polymerase and instructions for performing helicase depen 
dent amplification. The kit may be used for example in the 
field, in the laboratory with standard equipment, or for high 
throughput Screening of samples. 

0020. In an embodiment of the invention, a method is 
provided for determining whether a helicase for use in a 
helicase preparation is Suited for exponentially and selec 
tively amplifying a target nucleic acid, which includes the 
steps of preparing a helicase preparation comprising the 
helicase, an NTP or dNTP, a buffer, wherein the buffer of 
Tris-acetate or Tris-HCl providing a pH in the range of about 
pH 6.0-9.0, and a concentration of NaCl or KCl in a 
concentration range of 0-200 mM and optionally a single 
Stranded binding protein and/or an accessory protein; adding 
a target nucleic acid in varying concentrations or copy 
number, oligonucleotide primers, four dNTPs and a DNA 
polymerase to the helicase preparation; incubating the mix 
ture at a temperature between about 20° C. and 75° C.; and 
analyzing the amplified DNA to determine whether selective 
and exponential amplification has occurred. 
0021 Composition of the reaction mixture, conditions of 
the reaction and concentration of the reactants can be varied 
within certain ranges provided herein to identify the opti 
mum conditions for helicase dependent amplification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1. Schematic Diagram of Helicase Displace 
ment Amplification where (1) refers to primers annealing to 
single strand DNA, (2) refers to DNA polymerase extending 
the primers, where one duplex is amplified to two duplexes, 
and (3) refers to repeating the process to result in exponen 
tial amplification. 
0023 FIG. 2A. Schematic presentation of HDA amplifi 
cation of an oligonucleotide with primers for producing an 
amplified product. 

0024 FIG.2B. An HDA reaction according to FIG. 2A in 
which the HDA product is characterized on a 3% LMP 
agarose gel (Lane 1) and Lane 2 contains the pBR322/MspI 
ladder used as size marker (M). 
0025 FIG. 3. Schematic diagram of selectively amplifi 
cation of a target sequence from a large DNA molecule 
containing that sequence by HDA where (4) is dsDNA 
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separation/Primer annealing, (5) is Primer extension by a 
polymerase, (6) is unwinding by a Helicase and Subsequent 
Primer annealing, (7) is primer extension by a DNA poly 
merase and (8) is unwinding, annealing, and extension. 
0026 FIG. 4. Amplification of target sequences of vari 
ous sizes from DNA plasmids. 
0027 HDA reactions were performed using an UvrD 
helicase preparation containing E. coli UVrD helicase, E. 
coli MutL, T4 Gp32 and ATP plus a polymerases, two 
primers (1224 and 1233), and target DNA of different 
lengths in plasmid pAH1. The amplification product was 
analyzed by gel electrophoresis on a 3% LMP agarose gel. 
Lane 1: 110-bp, Lane 2: 200 bp; lane 3: 300 bp; lane 4: 400 
bp; lane 5: 650 bp length target DNA. M. 100 bp DNA 
ladder sizing marker. 
0028 FIG. 5. Amplification of target sequences from 
bacterial genomic DNA using two different polymerases. 
0029 Target nucleic acids were amplified from T. denti 
colla genomic DNA using a UVrD helicase preparation 
containing E. coli UvrD helicase, E. coli MutLT4 Gp32 and 
ATP plus two different polymerases. Amplification products 
were analyzed by gel electrophoresis on a 3% LMP agarose 
gel. 

0030 FIG. 5A: HDA using exo Klenow Fragment of 
DNA polymerase I; 
0031 Lane 1: Product of HDA using primer-58861 and 
primer-58862. Lane 2: Product of HDA with primer-58861 
and primer-58863. 
0032 FIG. 5B: HDA using T7 sequenase and primers 
58861 and 58863: Lane 1: 1.5 units of T7 Sequenase; Lane 
2: 3.5 units of T7 Sequenase; and Lane M shows a 100 bp 
DNA ladder used as sizing marker. 
0033 FIG. 6. Amplification of target sequences from 
human genomic DNA. 
0034 HDA reaction was carried out using a helicase 
preparation containing E. coli UVrD helicase, MutL, T4 
Gp32, and ATP plus a DNA polymerases, two primers and 
human genomic DNA. HDA products were analyzed by gel 
electrophoresis using a 3% LMP agarose gel. M: 100 bp 
DNA ladder used as sizing marker. HDA product from: 100 
ng initial human genomic DNA (Lane 1) from 150 ng initial 
human genomic DNA (Lane 2), from 200 ng initial human 
genomic DNA (lane 3). 
0035 FIG. 7. Amplification of target sequences coupled 
to cDNA synthesis (RT amplification). 
0036) The HDA reaction was coupled with cDNA syn 

thesis. The first strand cDNA (RNA/DNA hybrid) was 
further amplified by HDA using a helicase preparation 
containing E. coli UvrD helicase, MutL, T4 Gp32, and ATP 
plus a DNA polymerases, and two primers which are specific 
to the rat GAPDH gene. The amplification products: 2 ul first 
cDNA strand (Lane 1), 4 ul first cDNA strand (Lane 2) were 
analyzed by gel electrophoresis on a 3% LMP agarose gel. 
M: OX174 DNA-Hae DNA ladder. 

0037 FIG. 8. Sensitivity of amplification of various copy 
numbers of target sequences from bacterial genomic DNA. 
HDA reactions were carried out using a helicase preparation 
containing E. coli UvrD helicase, MutL, T4 Gp32, and ATP 
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plus a DNA polymerases, two primers (primer-58861 and 
primer-58862), and various amount of Treponema denticola 
genomic DNA. The amplification products were analyzed 
by gel electrophoresis on a 3% LMP agarose gel. The 
number of copies of the single Treponema denticola chro 
mosome initially present in each HDA reaction is shown 
above each lane in descending numbers of 10", 10, 10, 10. 
10, 10, 10 and 0. 
0038 FIG. 9. Amplification of target sequences from 
bacterial genomic DNA without prior denaturation. 
0039 HDA reaction was carried out using a helicase 
preparation containing E. coli UVrD helicase, MutL, T4 
Gp32, and ATP plus a DNA polymerases, two primers 
(primer-58861 and primer-58862), and Treponema denticola 
genomic DNA. HDA products were analyzed by gel elec 
trophoresis using a 3% LMP agarose gel. M: OX174 DNA 
Hael II DNA ladder used as sizing marker. 
0040 FIG. 10. Amplification of a 2.3-Kb target DNA 
using a single helicase (T7 Gp4B helicase) or two helicases 
(UvrD helicase and T7 Gp4B helicase). 
0041 HDA reactions were performed using two primers 
(1224 and 1233) and plasmid pCR-Rep in the presence of 
the T7 Gp4B helicase preparation including T7 Gp4B heli 
case and T7 Gp2.5 SSB (Lane 1): in the presence of a 
helicase preparation containing both T7 Gp4B helicase and 
UVrD helicase (Lane 2): negative control, no helicase (Lane 
3). M: 2-log DNA ladder used as sizing marker. The prod 
ucts of HDA are shown by 1% gel electrophoresis. 
0042 FIG. 11. Amplification of 400 bp target DNA using 
RecBCD helicase. 

0043. HDA reactions were performed using a RecBCD 
helicase preparation containing RecBP'CD helicase, T4 
Gp32 and ATP plus a polymerases (T7 Sequenase), two 
primers (1224 and 1233), and target DNA. Gel electrophore 
sis of HDA products on a 1% agarose gel is shown where 
Lane 2 shows the amplification product from a helicase 
preparation containing both RecBP'7CD helicase and T7 
Sequenase and Lane 3 shows a negative control with no 
helicase. Marker: 2-log DNA ladder used as sizing marker 
(NEB). 
0044 FIG. 12. Amplification of a target sequence from 
bacterial genomic DNA by thermostable HDA. 
0045 HDA reaction was carried out using a helicase 
preparation containing the thermostable Tte-UvrD helicase, 
T4 Gp32, and dATP plus a thermostable Bst DNA poly 
merases, two primers and T. denticola genomic DNA. The 
amplification product was analyzed by gel electrophoresis 
on a 2% LMP agarose gel. M: 100 bp DNA ladder used as 
sizing marker (NEB). Lane 1: 82 bp product. 
0046 FIG. 13. Amplification of a target sequence from 
the genomic DNA of Neisseria gonorrhoeae by thermo 
stable helicases absent some or all accessory proteins. 

004.7 HDA reaction was carried out using various heli 
case preparations plus a thermostable Bst DNA poly 
merases, two primers and Neisseria gonorrhoeae genomic 
DNA. One helicase preparation contains the thermostable 
Tte-UvrD helicase, T4 Gp32, and dATP (Lane 1). The 
second helicase preparation contains the thermostable Tte 
UvrD helicase and dATP (Lane 2). In a control reaction, only 
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T4 Gp 32 and ATP is present in the preparation (Lane 3). M: 
100 bp DNA ladder used as sizing marker (NEB). 
0.048 FIG. 14. Real-time detection of an oral pathogen, T. 
denticola, by HDA method. 
0049 HDA reaction was carried out using an UvrD 
helicase preparation containing E. coli UVrD helicase, 
MutL, T4 Gp32, and ATP plus a DNA polymerases, T. 
denticola genomic DNA, a fluorescent labeled LUX primer 
(Invitrogen) and a reverse primer. The amplification product 
was detected in real-time by measuring FAM fluorescent 
signals using a real-time PCR machine, iCycler, (Bio-Rad). 
1 & 2: two identical reactions in which HDA was performed 
in the presence of genomic DNA, primers, and the UVrD 
HDA system. 3: HDA was performed similar to 1 & 2, 
except the genomic DNA was absent (negative control). 
0050 FIG. 15. Sequence of plasmid paH1 (SEQ ID 
NO:9). 
0051 FIG. 16. Sequence of earlRI gene T. denticola (SEQ 
ID NO:10). 

DETAILED DESCRIPTION OF EMBODIMENTS 

0.052 A novel amplification methodology is described 
herein which is referred to as “Helicase Dependent Ampli 
fication' (HDA). Helicase-Dependent Amplification (HDA) 
is based on the unwinding activity of a DNA helicase. This 
novel process uses a helicase rather than heat to separate the 
two strands of a DNA duplex generating single-stranded 
templates for the purpose of in vitro amplification of a target 
nucleic acid. Sequence-specific primers hybridize to the 
templates and are then extended by DNA polymerases to 
amplify the target sequence. This process repeats itself so 
that exponential amplification can be achieved at a single 
temperature (FIG. 1). 
0053. This amplification system has improved character 
istics over amplification procedures described in the prior 
art. These improvements include for example, the ability to 
amplify long target sequences of nucleic acids isothermally 
with high fidelity. 

0054 HDA relies on one or more helicases to separate 
(melt, or unwind) two strands of a nucleic acid duplex. HDA 
further utilizes a DNA or RNA polymerase to extend primers 
which are hybridized to single stranded nucleotide 
sequences to form complementary primer extension prod 
ucts. This process repeats itself so that exponential ampli 
fication can be achieved at a single temperature. Some 
advantages of the present embodiments over amplification 
procedures in the prior art include the ability to isothermally 
amplify long target sequences of DNA and RNA (longer 
than about 200 nucleotides more particularly, greater than 
about 500 nucleotides, more particularly greater than about 
1000 nucleotides, more particularly, greater than 2000 
nucleotides, more particularly up to about 50,000 nucle 
otides, more particularly as much as about 100,000 nucle 
otides) and the ability to amplify target sequences at one 
temperature from the beginning to the end. 
Definitions 

0.055 For convenience, certain terms employed in the 
specification, examples and appended claims are collected 
here. 
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0056. The term “Nucleic acid” refers to double stranded 
or single stranded DNA, RNA molecules or DNA/RNA 
hybrids. Those molecules which are double stranded nucleic 
acid molecules may be nicked or intact. The double stranded 
or single stranded nucleic acid molecules may be linear or 
circular. The duplexes may be blunt ended or have single 
Stranded tails. The single stranded molecules may have 
secondary structure in the form of hairpins or loops and 
stems. The nucleic acid may be isolated from a variety of 
Sources including the environment, food, agriculture, fer 
mentations, biological fluids such as blood, milk, cere 
broSpinal fluid, sputum, Saliva, stool, lung aspirates, Swabs 
of mucosal tissues or tissue samples or cells. Nucleic acid 
samples may obtained from cells or viruses and may include 
any of chromosomal DNA, extra chromosomal DNA 
including plasmid DNA, recombinant DNA, DNA frag 
ments, messenger RNA, transfer RNA, ribosomal RNA, 
double stranded RNA or other RNAs that occur in cells or 
viruses. The nucleic acid may be isolated, cloned or syn 
thesized in vitro by means of chemical synthesis. Any of the 
above described nucleic acids may be subject to modifica 
tion where individual nucleotides within the nucleic acid are 
chemically altered (for example, by methylation). Modifi 
cations may arise naturally or by in vitro synthesis. The term 
“duplex’ refers to a nucleic acid molecule that is double 
stranded in whole or part. 
0057 The term “target nucleic acid” refers to a whole or 
part of nucleic acid to be selectively amplified and which is 
defined by 3' and 5' boundaries. The target nucleic acid may 
also be referred to as a fragment or sequence that is intended 
to be amplified. The size of the target nucleic acid to be 
amplified may be, for example, in the range of about 50 bp 
to about 100 kb including a range of above 100-5000 bp. The 
target nucleic acid may be contained within a longer double 
Stranded or single stranded nucleic acid. Alternatively, the 
target nucleic acid may be an entire double Stranded or 
single stranded nucleic acid. 
0058. The terms “melting”, “unwinding or “denaturing 
refer to separating all or part of two complementary strands 
of a nucleic acid duplex. 
0059) The term of “hybridization” refers to binding of an 
oligonucleotide primer to a region of the single-stranded 
nucleic acid template under the conditions in which primer 
binds only specifically to its complementary sequence on 
one of the template Strands, not other regions in the template. 
The specificity of hybridization may be influenced by the 
length of the oligonucleotide primer, the temperature in 
which the hybridization reaction is performed, the ionic 
strength, and the pH. 
0060. The term “primer' refers to a single stranded 
nucleic acid capable of binding to a single stranded region 
on a target nucleic acid to facilitate polymerase dependent 
replication of the target nucleic acid. 
0061 The term “accessory protein’ refers to any protein 
capable of stimulating helicase activity. For example, E. coli 
MutL protein is an accessory protein (Yamaguchi et al. J. 
Biol. Chem. 273:9197-9201 (1998); Mechanic et al., J. Biol. 
Chem. 275:38337-38346 (2000)) for enhancing UvrD heli 
case melting activity. In embodiments of the method, acces 
sory proteins are desirable for use with selected helicases. In 
alternative embodiments, unwinding of nucleic acids may be 
achieved by helicases in the absence of accessory proteins. 
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0062) The term “cofactor” refers to small-molecule 
agents that are required for the helicase unwinding activity. 
Helicase cofactors include nucleoside triphosphate (NTP) 
and deoxynucleoside triphosphate (dNTP) and magnesium 
(or other divalent cations). For example, ATP (adenosine 
triphosphate) may be used as a cofactor for UvrD helicase at 
a concentration in the range of 0.1-100 mM and preferably 
in the range of 1 to 10 mM (for example 3 mM). Similarly, 
dTTP (deoxythymidine triphosphate) may be used as a 
cofactor for T7 Gp4B helicase in the range of 1-10 mM (for 
example 3 mM). 

0063) The term “helicase” refers here to any enzyme 
capable of unwinding a double stranded nucleic acid enzy 
matically. For example, helicases are enzymes that are found 
in all organisms and in all processes that involve nucleic acid 
Such as replication, recombination, repair, transcription, 
translation and RNA splicing. (Kornberg and Baker, DNA 
Replication, W.H. Freeman and Company (2" ed. (1992)), 
especially chapter 11). Any helicase that translocates along 
DNA or RNA in a 5' to 3’ direction or in the opposite 3' to 
5' direction may be used in present embodiments of the 
invention. This includes helicases obtained from prokary 
otes, viruses, archaea, and eukaryotes or recombinant forms 
of naturally occurring enzymes as well as analogues or 
derivatives having the specified activity. Examples of natu 
rally occurring DNA helicases, described by Kornberg and 
Baker in chapter 11 of their book, DNA Replication, W.H. 
Freeman and Company (2" ed. (1992)), include E. coli 
helicase I, II, III, & IV. Rep. DnaB, PriA, PcrA, T4 Gp41 
helicase, T4 Dda helicase, T7 Gp4 helicases, SV40 Large T 
antigen, yeast RAD. Additional helicases that may be useful 
in HDA include RecQ helicase (Harmon and Kowalc 
Zykowski, J. Biol. Chem. 276:232-243 (2001)), thermostable 
UvrD helicases from T. tengcongensis (disclosed in this 
invention, Example XII) and T. thermophilus (Collins and 
McCarthy, Extremophiles. 7:35-41. (2003)), thermostable 
DnaB helicase from T. aquaticus (Kaplan and Steitz, J. Biol. 
Chem. 274:6889-6897 (1999)), and MCM helicase from 
archaeal and eukaryotic organisms (Grainge et al., Nucleic 
Acids Res. 31:4888-4898 (2003)). 
0064. Examples of helicases for use in present embodi 
ments may also be found at the following web address: 
http://blocks.fhcrc.org (Get Blocks by Keyword: helicase). 
This site lists 49 Herpes helicases, 224 DnaB helicases, 250 
UvrD-helicases and UvrD/Rep helicases, 276 DEAH ATP 
dependent helicases, 147 Papillom El Papillomavirus heli 
case E1 protein, 608 Viral helicase 1 Viral (superfamily 1) 
RNA helicases and 556 DEAD ATP-dependent helicases. 
Examples of helicases that generally replicate in a 5' to 3' 
direction are T7 Gp4 helicase, DnaB helicase and Rho 
helicase, while examples of helicases that replicate in the 
3'-5' direction include UvrD helicase, PcrA, Rep. NS3 RNA 
helicase of HCV. 

0065. In a preferred embodiment of the invention, the 
helicase is provided in a “helicase preparation. The helicase 
preparation refers to a mixture of reagents which when 
combined with a DNA polymerase, a nucleic acid template, 
four deoxynucleotide triphosphates, and primers are capable 
of achieving isothermal, exponential and specific nucleic 
acid amplification in vitro. 

0.066 More particularly, the helicase preparation includes 
a helicase, an energy source Such as a nucleotide triphos 
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phate (NTP) or deoxynucleotide triphosphate (dNTP), and a 
single strand DNA binding protein (SSB). One or more 
additional reagents may be included in the helicase prepa 
ration, where these are selected from the following: one or 
more additional helicases, an accessory protein, Small mol 
ecules, chemical reagents and a buffer. 

0067. Where a thermostable helicase is utilized in a 
helicase preparation, the presence of a single stranded bind 
ing protein is optional. 

0068. The term “HDA system” has been used herein to 
describe a group of interacting elements for performing the 
function of amplifying nucleic acids according to the Heli 
case-Dependent Amplification method described herein. The 
HDA System includes an helicase preparation, a polymerase 
and optionally a topoisomerase. 

0069. For example, the UvrD HDA system may be con 
stituted by mixing together, a UVrD helicase preparation (for 
example, an E. coli UvrD helicase preparation or a Tte-UvrD 
helicase preparation) and a DNA polymerase such as Exo 
Klenow Fragment, DNA polymerase Large fragment, Exo 
Klenow Fragment or T7 Sequenase. 

0070 Another example is the T7 HDA system which 
includes a T7 helicase preparation (T7 Gp4B helicase, T7 
Gp2.5 SSB, and dTTP), and T7 Sequenase. 

0.071) Another example is RecBCD HDA system which 
includes a RecBCD preparation (RecBCD helicase with 
T4gp 32) and T7 Sequenase. 

0072 Any selected HDA system may be optimized by 
substitution, addition, or subtraction of elements within the 
mixture as discussed in more detail below. 

0073. The term “HDA refers to Helicase Dependent 
Amplification which is an in vitro method for amplifying 
nucleic acids by using a helicase preparation for unwinding 
a double stranded nucleic acid to generate templates for 
primer hybridization and Subsequent primer-extension. This 
process utilizes two oligonucleotide primers, each hybrid 
izing to the 3'-end of either the sense strand containing the 
target sequence or the anti-sense Strand containing the 
reverse-complementary target sequence. The HDA reaction 
is a general method for helicase-dependent nucleic acid 
amplification. 

0074 “Isothermal amplification” refers to amplification 
which occurs at a single temperature. This does not include 
the single brief time period (less than 15 minutes) at the 
initiation of amplification which may be conducted at the 
same temperature as the amplification procedure or at a 
higher temperature. 

0075). How Helicases Work 
0076 Helicases use the energy of nucleoside triphos 
phate (for example ATP) hydrolysis to break the hydrogen 
bonds that hold the strands together in duplex DNA and 
RNA (Kornberg and Baker, DNA Replication, W.H. Free 
man and Company (2" ed. (1992)), especially chapter 11). 
Helicases are involved in every aspect of nucleic acid 
metabolism in the cell such as DNA replication, DNA repair 
and recombination, transcription, and RNA processing. This 
widespread usage may be reflected by the large numbers of 
helicases found in all living organisms. 
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0077 Classification of Helicases 
0078 Helicases have been classified according to a num 
ber of different characteristics. For example, a feature of 
different helicases is their oligomeric structure including 
helicases with single or multimeric structures. For example, 
one family of helicases is characterized by hexameric struc 
tures while another family consists of monomeric or dimeric 
helicases. 

0079 Another characteristic of helicases is the occur 
rence of conserved motifs. All helicases have the classical 
Walker A and B motifs, associated with ATP-binding and 
Mg2'-binding (reviewed in Caruthers and McKay. Curr. 
Opin. Struct. Biol. 12:123-133 (2002), Soultanas and Wig 
ley. Trends Biochem. Sci. 26:47-54 (2001)). Helicases have 
been classified into several superfamilies (Gorbalenya and 
Koonin. Curr. Opin. Struct. Biol. 3:419-429 (1993)) accord 
ing to the number of helicase signature motifs and differ 
ences in the consensus sequences for motifs. Superfamilies 
1 and 2 have seven characteristic helicase signature motifs 
and include helicases from archaea, eubacteria, eukaryotes 
and viruses, with helicases unwinding duplex DNA or RNA 
in either 3' to 5' direction or 5' to 3’ direction. Examples of 
superfamily 1 helicases include the E. coli UvrD helicase, 
the T. tengcongensis UvrD helicase, and the B subunit of 
RecBCD. Superfamily 3 has three motifs and superfamily 4 
has five motifs. Examples of superfamily 4 helicases include 
the T7 Gp4 helicase and DnaB helicases. A new family 
different from those canonical helicases is the AAA' family 
(the extended family of ATPase associated with various 
cellular activities). 
0080 A third type of classification relates to the unwind 
ing directionality of helicases i.e. whether the helicase 
unwinds the nucleic acid duplex in a 5'-3' direction (such as 
T7 Gp4 helicase) or in a 3'-5' direction (such UvrD helicase) 
based on the strand on which the helicase binds and travels. 

0081. A fourth type of classification relates to whether a 
helicase preferably unwinds blunt ended nucleic acid 
duplexes or duplexes with forks or single Stranded tails. 
Blunt-ended nucleic acid duplexes may not be required in 
the first cycle of helicase-dependent amplification but are 
desirable in Subsequent cycles of amplification because 
along with the progress of the amplification reaction the 
blunt-ended target fragment becomes the dominant species 
(FIG. 3). These blunt-ended target nucleic acids form tem 
plate substrates for subsequent rounds of amplification (FIG. 
3). 
0082 To accomplish HDA described herein, a helicase 
classified according to any of the above is suitable for 
nucleic acid amplification. Indeed, Examples II-IX, X, XI 
and XII demonstrate a sample of the diversity of helicases 
that can be used according to the present methods to achieve 
helicase dependent amplification. 
0.083 Example I describes a UVrD helicase preparation. 
UvrD helicase is a single-stranded DNA dependent ATPase 
activity that results in unwinding with a 3' to 5" polarity 
(Matson, J. Biol. Chem. 261:10169-10175 (1986)) and is 
involved in both DNA repair and recombination. In vivo, 
UvrD interacts with a second protein, MutL. MutL is the 
master coordinator of the mismatch repair pathway and 
dramatically stimulates the unwinding reaction catalyzed by 
UvrD (See, for example, Yamaguchi et al., J. Biol. Chem. 
273,9197-9201 (1998); Mechanic et al., J. Biol. 
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0084) Chem. 275, 38337-38346 (2000)). Examples XII 
and XIII show that an accessory protein is not always 
necessary in an optimized helicase preparation although it 
may preferably be used for some helicases such as UVrD. 
The requirement of an accessory protein for a particular 
helicase in HDA can be readily determined using an assay 
Such as described in Examples II to V and analyzing the 
HDA product by gel electrophoresis. 

0085 E. coli UvrD helicase is a superfamily 1 helicase. 
E. coli UvrD helicase is able to unwind blunt-ended DNA 
duplexes as well as nicked circular DNA molecules (Runyon 
and Lohman, J. Biol. Chem. 264:17502-17512 (1989)). At 
low concentrations of UVrD, optimum unwinding requires a 
3'-single stranded DNA tail but at higher concentrations, the 
unwinding can be initiated at nicks or blunt ends (Runyon, 
et al., Proc. Natl. Acad. Sci. USA 87:6383-6387 (1990)). 
0086. In another example of HDA, T7 gene 4 protein is 
used in a helicase preparation to amplify a target nucleic 
acid. T7 gene 4 protein is a hexameric replicative helicase 
which contains both a primase activity and a 3' to 5' helicase 
activity (Lechner and Richardson, J. Biol. Chem. 258: 11185 
11196 (1983)). The amino-terminal truncated version of 
gene 4 protein, T7 gene 4B protein (T7 Gp4B helicase), only 
contains DNA helicase activity. The cloning and purification 
of the T7 Gp4B helicase has been described by Bernstein 
and Richardson (J. Biol. Chem. 263: 14891-14899 (1988)). 
T7 gene 2.5 protein is a single strand DNA binding protein 
and it stimulates T7 DNA polymerase activity (Kim et al., J. 
Biol. Chem. 267: 15032-15040 (1992)). The preparation of 
T7 Gp2.5 SSB has been described previously (Kim et al., J. 
Biol. Chem. 267: 15022-5031 (1992)). 
0087. In another example of HDA, E. coli RecBCD 
protein is used in helicase preparation. E. coli RecBCD is a 
protein complex containing one Superfamily 1 helicase 
(RecB) and one 5' to 3' helicase (RecD), is used to amplify 
a target fragment. E. coli RecBCD helicase is a trimeric, 
multifunctional enzyme, which is both an ATP-dependent 
helicase and a DNA nuclease (Roman and Kowalczykowski, 
Biochemistry. 28:2863-2873 (1989)). The RecB subunit 
possesses a 3' to 5' DNA helicase activity and also an 
exonuclease activity. The exonuclease activity can be abol 
ished by site directed mutagenesis resulting in an exonu 
clease deficient RecBP'CD which is able to unwind 
duplex DNA without degradation (Wang et al., J. Biol. 
Chem. 275, 507-513 (2000)). RecD protein is also a DNA 
helicase which possesses a 5' to 3' polarity (Taylor and 
Smith, Nature 423, 889-893 (2003)). RecB and RecD heli 
cases are both active in intact RecBCD via a bipolar trans 
location model. The two DNA helicases are complementary, 
travel with opposite polarities, but in the same direction, on 
each strand of the antiparallel DNA duplex. This bipolar 
motor organization helps to explain its exceptionally high 
speed (500-1000 bp/sec) and processivity (>30 kb per bind 
ing event); Dillingham et al., Nature 423, 893-897 (2003)). 

0088. In another example of HDA, a hexameric replica 
tive helicase, T7 Gp4 helicase, is used in a helicase prepa 
ration to amplify a target fragment longer than one kb. T7 
Gp4 helicase belongs to Superfamily 4 whose member 
including several hexameric helicase Such as DnaB and T4 
Gp41 and these helicases have rapid unwinding rates and a 
high degree of processivity. These helicases recognize 
single-stranded tails at the border of duplex region for 
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unwinding. For example, in the presence of a DNA poly 
merase, E. coli DnaB helicase unwinds DNA at a rate of 750 
bp/sec with a processivity greater than 50 kb and T7 gp4 
helicase unwinds DNA at a rate of 300 bp/sec with high 
processivity (Kornberg and Baker, supra (1992)). SV40 
large T antigen unwinds DNA at a rate of 75 to 100 bp/sec 
with high processivity (Kornberg and Baker, supra (1992); 
Li et al., Nature. 423:512-518 (2003)). 
0089. While not wishing to be bound by theory, it is 
possible that although some helicases, such as T7 Gp4. 
prefer duplex DNA with single-stranded tails, they may still 
have low unwinding activity on blunt-end duplex DNA 
molecules. It is also possible that single-stranded tails may 
be transiently present at the border of a duplex DNA through 
“terminal breathing of the duplex DNA molecule (Roy 
choudhury et al., Nucleic acid Res. 6:1323-3123 (1979)). 
These transient single-stranded tails may be captured by the 
T7 helicase, which then continues the unwinding process. 
0090 Regardless of the source of the target nucleic acid, 
a helicase preparation may be used to replace a heat dena 
turation step during amplification of a nucleic acid by 
unwinding a double Stranded molecule to produce a single 
Stranded molecule for polymerase dependent amplification 
without a change in temperature of reaction. Hence ther 
mocycling that is required during standard PCR amplifica 
tion using Taq polymerase may be avoided. 
0091. In general, the temperature of denaturation suitable 
for permitting specificity of primer-template recognition and 
Subsequent annealing may occur over a range of tempera 
tures, for example 20° C.-75° C. A preferred denaturation 
temperature may be selected according to which helicase is 
selected for the melting process. Tests to determine optimum 
temperatures for amplification of a nucleic acid in the 
presence of a selected helicase can be determined by routine 
experimentation by varying the temperature of the reaction 
mixture and comparing amplification products using gel 
electrophoresis. 

0092 Denaturation of nucleic acid duplexes can be accel 
erated by using a thermostable helicase preparation under 
incubation conditions that include higher temperature for 
example in a range of 45° C.-75° C. (Example XII). Per 
forming HDA at high temperature using a thermostable 
helicase preparation and a thermostable polymerase may 
increase the specificity of primer binding which can improve 
the specificity of amplification. 

0093. In certain circumstances, it may be desirable to 
utilize a plurality of different helicase enzymes in an ampli 
fication reaction. The use of a plurality of helicases may 
enhance the yield and length of target amplification in HDA 
under certain conditions where different helicases coordi 
nate various functions to increase the efficiency of the 
unwinding of duplex nucleic acids. For example, a helicase 
that has low processivity but is able to melt blunt-ended 
DNA may be combined with a second helicase that has great 
processivity but recognizes single-stranded tails at the bor 
der of duplex region for the initiation of unwinding 
(Example X). In this example, the first helicase initially 
separates the blunt ends of a long nucleic acid duplex 
generating 5' and 3' single-stranded tails and then dissociates 
from that substrate due to its limited processivity. This 
partially unwound Substrate is Subsequently recognized by 
the second helicase that then continues the unwinding pro 
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cess with Superior processivity. In this way, a long target in 
a nucleic acid duplex may be unwound by the use of a 
helicase preparation containing a plurality of helicases and 
subsequently amplified in a HDA reaction. 
0094) Primers 
0095 Generally, primer pairs suitable for use in HDA are 
short synthetic oligonucleotides, for example, having a 
length of more than 10 nucleotides and less than 50 nucle 
otides. Oligonucleotide primer design involves various 
parameters such as string-based alignment scores, melting 
temperature, primer length and GC content (Kampke et al., 
Bioinformatics 17:214-225 (2003)). When designing a 
primer, one of the important factors is to choose a sequence 
within the target fragment which is specific to the nucleic 
acid molecule to be amplified. The other important factor is 
to decide the melting temperature of a primer for HDA 
reaction. The melting temperature of a primer is determined 
by the length and GC content of that oligonucleotide. 
Preferably the melting temperature of a primer is should 
about 10 to 30°C. higher than the temperature at which the 
hybridization and amplification will take place. For 
example, if the temperature of the hybridization and ampli 
fication is set at 37°C. when using the E. coli UVrD helicase 
preparation, the melting temperature of a pair of primers 
designed for this reaction should be in a range between about 
47°C. to 67°C. If the temperature of the hybridization and 
amplification is 60° C., the melting temperature of a pair of 
primers designed for that reaction should be in a range 
between 65° C. and 90° C. To choose the best primer for a 
HDA reaction, a set of primers with various melting tem 
peratures can be tested in a parallel assays. More informa 
tion regarding primer design is described by Kampke et al., 
Bioinformatics 17:214-225 (2003). 
0096. Each primer hybridizes to each end of the target 
nucleic acid and may be extended in a 3' to 5' direction by 
a polymerase using the target nucleotide sequence as a 
template (FIG. 3). Conditions of hybridization are standard 
as described in “Molecular Cloning and Laboratory Manual 
2" ed. Sambrook, Rich and Maniatis, pub. Cold Spring 
Harbor (2003). To achieve specific amplification, a homolo 
gous or perfect match primer is preferred. However, primers 
may include sequences at the 5' end which are non comple 
mentary to the target nucleotide sequence(s). Alternatively, 
primers may contain nucleotides or sequences throughout 
that are not exactly complementary to the target nucleic acid. 
Primers may represent analogous primers or may be non 
specific or universal primers for use in HDA as long as 
specific hybridization can be achieved by the primer-tem 
plate binding at a predetermined temperature. 
0097. The primers may include any of the deoxyribo 
nucleotide bases A, T, G or C and/or one or more ribonucle 
otide bases, A, C, U, G and/or one or more modified 
nucleotide (deoxyribonucleotide or ribonucleotide) wherein 
the modification does not prevent hybridization of the 
primer to the nucleic acid or elongation of the primer or 
denaturation of double stranded molecules. Primers may be 
modified with chemical groups such as phosphorothioates or 
methylphosphonates or with non nucleotide linkers to 
enhance their performance or to facilitate the characteriza 
tion of amplification products. 
0098. To detect amplified products, the primers may be 
Subject to modification, such as fluorescent or chemilumi 
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nescent-labeling, and biotinylation. (for example, fluores 
cent tags such as amine reactive fluorescein ester of car 
boxyfluorescein-Glen Research, Sterling, Va.). Other 
labeling methods include radioactive isotopes, chro 
mophores and ligands such as biotin or haptens which while 
not directly detectable can be readily detected by reaction 
with labeled forms of their specific binding partners eg 
avidin and antibodies respectively. 
0099 Primers as described herein can be prepared by 
methods known in the art. (see, for example U.S. Pat. No. 
6.214.587). 
0100. In embodiments, a pair of two sequence-specific 
primers, one hybridizing to the 5'-border of the target 
sequence and the other hybridizing to the 3'-border of the 
target (FIG. 3), are used in HDA to achieve exponential 
amplification of a target sequence. This approach can be 
readily distinguished from Lee et al. (J. Mol. Biol. 3.16:19-34 
(2002)). Multiple pairs of primers can be utilized in a single 
HDA reaction for amplifying multiple targets simulta 
neously using different detection tags in a multiplex reac 
tion. Multiplexing is commonly used in SNP analysis and in 
detecting pathogens (Jessing et al., J. Clin. Microbiol. 
41:4095-4100 (2003)). 
0101 Polymerases 

0102 Polymerases are selected for HDA on the basis of 
processivity and strand displacement activity. Subsequent to 
melting and hybridization with a primer, the nucleic acid is 
Subjected to a polymerization step. A DNA polymerase is 
selected if the nucleic acid to be amplified is DNA. When the 
initial target is RNA, a reverse transcriptase is used first to 
copy the RNA target into a cDNA molecule and the cDNA 
is then further amplified in HDA by a selected DNA poly 
merase (Example VII). The DNA polymerase acts on the 
target nucleic acid to extend the primers hybridized to the 
nucleic acid templates in the presence of four dNTPs to form 
primer extension products complementary to the nucleotide 
sequence on the nucleic acid template (FIG. 1 and FIG. 3). 
0103) The DNA polymerase is selected from a group of 
polymerases lacking 5' to 3' exonuclease activity and which 
additionally may optionally lack 3'-5' exonuclease activity. 
0104 Examples of suitable DNA polymerases include an 
exonuclease-deficient Klenow fragment of E. coli DNA 
polymerase I (New England Biolabs, Inc. (Beverly, Mass.)), 
an exonuclease deficient T7 DNA polymerase (Sequenase; 
USB, (Cleveland, Ohio)), Klenow fragment of E. coli DNA 
polymerase I (New England Biolabs, Inc. (Beverly, Mass.)), 
Large fragment of Bst DNA polymerase (New England 
Biolabs, Inc. (Beverly, Mass.)), KlenTaq DNA polymerase 
(AB Peptides, (St Louis, Mo.)), T5 DNA polymerase (U.S. 
Pat. No. 5,716,819), and Pol III DNA polymerase (U.S. Pat. 
No. 6,555.349). DNA polymerases possessing strand-dis 
placement activity, Such as the exonuclease-deficient Kle 
now fragment of E. coli DNA polymerase I, Bst DNA 
polymerase Large fragment, and Sequenase, are preferred 
for Helicase-Dependent Amplification. T7 polymerase is a 
high fidelity polymerase having an error rate of 3.5x10 
which is significantly less than Taq polymerase (Keohavong 
and Thilly, Proc. Natl. Acad. Sci. USA 86, 9253-9257 
(1989)). T7 polymerase is not thermostable however and 
therefore is not optimal for use in amplification systems that 
require thermocycling. In HDA, which can be conducted 
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isothermally, T7 Sequenase is a one of the preferred poly 
merases for amplification of DNA. 
0105 Single-Stranded DNA Binding Proteins 
0106 Helicases show improved activity in the presence 
of single-strand binding proteins (SSB). In these circum 
stances, the choice of SSB is generally not limited to a 
specific protein. Examples of single strand binding proteins 
are T4 gene 32 protein, E. coli SSB, T7 gp2.5 SSB, phage 
phi29 SSB (Kornberg and Baker, supra (1992)) and trun 
cated forms of the aforementioned. 

0107. Other Chemical Reagents 
0108. In addition to salt and pH, other chemical reagents, 
Such as denaturation reagents including urea and dimethyl 
sulfoxide (DMSO) can be added to the HDA reaction to 
partially denature or de-stabilize the duplex DNA. HDA 
reactions can be compared in different concentrations of 
denaturation reagents with or without SSB protein. In this 
way, chemical compounds can be identified which increase 
HDA efficiency and/or substitute for SSB in single-strand 
(ss) DNA stabilization. Most of the biomacromolecules such 
as nucleic acids and proteins are designed to function and/or 
form their native structures in a living cell at much high 
concentrations than in vitro experimental conditions. Poly 
ethylene glycol (PEG) has been used to create an artificial 
molecular crowding condition by excluding water and cre 
ating electrostatic interaction with Solute polycations (Miy 
oshi, et al., Biochemistry 41:15017-15024 (2002)). When 
PEG (7.5%) is added to a DNAligation reaction, the reaction 
time is reduced to 5 min (Quick Ligation Kit, New England 
Biolabs, Inc. (Beverly, Mass.)). PEG has also been added 
into helicase unwinding assays to increase the efficiency of 
the reaction (Dong, et al., Proc. Natl. Acad. Sci. USA 
93: 14456-14461 (1996)). PEG or other molecular crowding 
reagents on HDA may increase the effective concentrations 
of enzymes and nucleic acids in HDA reaction and thus 
reduce the reaction time and amount of protein concentra 
tion needed for the reaction. 

0109) Cofactors 
0110 ATP or TTP is a commonly preferred energy source 
for highly processive helicases. On average one ATP mol 
ecule is consumed by a DNA helicases to unwind 1 to 4 base 
pairs (Kornberg and Baker, supra (1992)). In an embodiment 
of the invention, the UVrD-based HDA system had an 
optimal initial ATP concentration of 3 mM. To amplify a 
longer target, more ATP may be consumed as compared to 
a shorter target. In these circumstances, it may be desirable 
to include a pyruvate kinase-based ATP regenerating system 
for use with the helicase (Harmon and Kowalczykowski, 
Journal of Biological Chemistry 276:232-243 (2001)). 
0.111 Topoisomerase 
0112 Topoisomerase can be used in long HDA reactions 
to increase the ability of HDA to amplify long target 
amplicons. When a very long linear DNA duplex is sepa 
rated by a helicase, the Swivel (relaxing) function of a 
topoisomerase removes the twist and prevents over-winding 
(Kornberg and Baker, supra (1992)). For example, E. coli 
topoisomerase I (Fermentas, Vilnius, Lithuania) can be used 
to relax negatively Supercoiled DNA by introducing a nick 
into one DNA strand. In contrast, E. Coli DNA gyrase 
(topoisomerase II) introduces a transient double-stranded 
break into DNA allowing DNA strands to pass through one 
another (Kornberg and Baker, supra (1992)). 
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0113 Detection of Amplified Nucleic Acids 
0114) Amplified nucleic acid product may be detected by 
various methods including ethidium-bromide staining and 
detecting the amplified sequence by means of a label 
selected from the group consisting of a radiolabel, a fluo 
rescent-label, and an enzyme. For example HDA amplified 
products can be detected in real-time using fluorescent 
labeled LUXTM Primers (Invitrogen Corporation, Carlsbad, 
Calif.) which are oligonucleotides designed with a fluoro 
phore close to the 3' end in a hairpin structure. This 
configuration intrinsically renders fluorescence quenching 
capability without separate quenching moiety. When the 
primer becomes incorporated into double-stranded amplifi 
cation product, the fluorophore is dequenched, resulting in a 
significant increase in fluorescent signal. Example XIV 
demonstrates real-time detection of a target sequence using 
fluorescent-labeled primers and the HDA method. 
0115 Identifying a Helicase which can be Used in HDA 
0116. To test whether a helicase can be used in the HDA 
reaction to amplify a target nucleic acid, a HDA reaction can 
be set up as following: 

0117 (a) a short double stranded oligonucleotide (less 
than 100 nucleotides) can be used as the substrate for 
amplification. Primers are prepared which can hybridize to 
the 5' and 3' ends of the oligonucleotide. The double 
Stranded oligonucleotide is denatured to form single Strands 
in a first mixture of the primers in a standard Tris acetate 
buffer (10 mM, pH 7.5) or ThermoPol (New England 
Biolabs, Inc. (Beverly, Mass.)) buffer and varying amounts 
of dNTPs or NTPs. The mixture is heated to 95° C. for 10 
minutes, 53° C. for 1 minute. 

0118 (b) a second mixture is prepared where the second 
mixture has a concentration of the helicase to be tested in a 
HDA buffer with a pH which is varied between pH6.0 and 
pH 9.0. The standard buffer may have a concentration of 
NaCl and KCl, each in a concentration range of about 0-200 
mM. The concentration of the helicase is also varied. A 
single Stranded binding protein such as T4gp 32 is added 
together with a DNA polymerase and 4 dNTPs in a standard 
amount for use in an amplification reaction which addition 
ally includes a nucleic acid to be amplified and primers. 

0119) (c) the mixtures are combined and incubated for 2 
hours at 37° C. (or at a temperature and then analyzed on a 
3% GPG LMP agarose gel. 

0120) By performing repeated reactions under the differ 
ent conditions described above, the optimal conditions for 
HDA can be determined for a particular helicase. 

0121 The helicase can then be tested for its ability to 
amplify plasmid DNA, longer DNA molecules and for 
amplifying short sequence in genomic DNA as illustrated in 
the Examples for E. coli UVrD helicases. 
0122 Helicase dependent amplification is here demon 
strated to be an improved method of nucleic acid amplifi 
cation for use in a wide variety of applications. These 
include amplification following reverse transcription and 
quantitative amplification using real time HDA. The 
Examples below illustrate how HDA is a sensitive and 
effective method for amplifying nucleic acids having a wide 
range of sizes. One measure of the sensitivity of the HDA 

Nov. 1, 2007 

reaction is its capacity to amplify a nucleic acid sequences 
in the range of 10 fold to over 1 billion fold. 

0123 Table 1 contains some sample values although 
these are not intended to be limiting. 

TABLE 1. 

Amplification rates 

Fold of 
Substrate Starting Amount End Amount Amplification 

Oligo 5 ng 500 ng 1OO 
Plasmid 25 ng of 2700 bp 500 ng of 100 bp SOOO 
Genomic DNA 100 ng of 3 Mb 300 ng of 100 bp 1 x 10 
Genomic DNA 0.1 ng of 3 Mb 300 ng of 100 bp 1 x 109 

0.124 Amplification Conditions-Temperature 

0.125. Although other isothermal nucleic acid amplifica 
tion methods such as Strand-Displacement Amplification 
can amplify target at a constant temperature without thermo 
cycling, they do require an initial denaturation step to 
generate single-stranded template. An advantage of embodi 
ments of the method is that both unwinding by helicase and 
amplification can effectively occur at a single temperature 
throughout as demonstrated in Example IX Alternatively, 
the temperature is raised to assist initial unwinding of the 
target nucleic acid by the helicase and the amplification then 
proceeds at a single temperature. 

0.126 We have shown that HDA can be used in place of 
PCR for amplification of reverse transcribed product of 
RNA (Example VII). In addition, HDA is expected to be 
useful for quantitative amplification Such as found to be 
useful in gene expression studies and environmental analy 
ses. Accordingly, where it is desirable to determine the 
amounts of a target nucleic acid, HDA can be utilized in a 
real time end point assay. Accordingly, HDA may be used to 
determine the relative amounts of messenger RNA in a cell 
in gene expression studies. For example, calibrated gene 
expression profiles described in WO 0125473 can be gen 
erated using quantitative helicase dependent amplification or 
Q-HDA. 

0127. Real time HDA may be used as a sensitive tech 
nique to determine amounts of an organism in a contami 
nated sample Such as E. coli in seawater. Real time detection 
using sensitive markers such as fluorescence in a HDA 
reaction has been demonstrated in Example XIV. 

0.128 HDA may be developed in the context of a compact 
device for use in field activities and/or laboratory diagnoses. 
For example, HDA could be practiced in a microfluidic 
environment. Microfluidics technologies (lab on a chip) are 
rapidly emerging as key strategies for cost and time saving 
by performing biochemical analyses in miniaturized envi 
ronment usually at nanoliter scale. Microfluidics technolo 
gies have great potential to be used as field-portable equip 
ment in pathogen detection when combining with a nucleic 
acid amplification and detection method. The ability of HDA 
to amplify nucleic acids in an isothermal condition without 
initial heat-denaturation makes it a good candidate for the 
nucleic acid amplification process in a microfluidic device. 
Similarly, HDA may be used either in kits or in laboratory 
amplification procedures to create response profiles of the 
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Sort described in International Publication No. WO 0202740 
or for monitoring disease (U.S. Publication No. 
2001018182). 
0129. Examples II-XIV illustrate that HDA is effective 
for amplifying target nucleic acid from different sources and 
having different sequences. Examples IV describe amplifi 
cation of various lengths of target sequences from DNA 
plasmids using HDA. Examples X demonstrates that longer 
target sequence (>2 kb) can be amplified by the T7 Gp4B 
based HDA system. Examples X further demonstrates that 
the method of using Helicase-Dependent Amplification to 
amplify nucleic acids can be performed using different 
helicase preparations, such as a helicase preparation con 
taining T7 Gp4B helicase, or a helicase preparation contain 
ing more than one helicase, such as T7 Gp4B helicase and 
UvrD helicase. 

0130. The demonstration in Example VIII that amplifi 
cation of merely 10 copies of bacterial genomic DNA can be 
successfully achieved using HDA, supports the use of HDA 
for molecular diagnostics application of infectious diseases 
caused by pathogenic bacteria, for example Chlamydia 
trachomatis and Neisseria gonorrhoeae. The demonstration 
that target sequences can be amplified from human genomic 
DNA samples (Example VI) supports the use of HDA in 
identifying genetic alleles corresponding to a particular 
disease including single nucleotide polymorphisms and 
forensic applications that rely on characterizing Small 
amounts of nucleic acid at the scene of a crime or at an 
archeological site. 
0131 The following Examples are provided to aid in the 
understanding of the invention and are not construed as a 
limitation thereof. 

0132) The references cited above and below are herein 
incorporated by reference. 

EXAMPLE I 

Cloning and Purifying UvRD Helicase and its 
Accessory Protein MuTL 

1. Cloning the Genes Encoding UvrD Helicase and MutL 
Protein. 

0.133 Genes encoding E. coli helicase II or UvrD helicase 
(Swissprot Accession No.: P03018) and its accessory protein 
E. coli MutL protein (Swissprot Accession No.: P23367) 
were cloned using the ImpactTM system which leads to a 
C-terminal translational fusion of a bifunctional tag consist 
ing of the S. cerevisiae VMA intein and a chitin-binding 
domain (New England Biolabs, Inc. (Beverly, Mass.)). This 
protein purification system utilizes the DTT-inducible self 
cleavage activity of a protein splicing element (termed an 
intein) to separate the target protein from the affinity tag 
(chitin binding domain). Vent(R) DNA polymerase was used 
to amplify UvrD gene from E. coli K12 genomic DNA using 
primer 5A (5' GGTGGTACCATGGACGTTTCT TACCT 
GCTC 3' (SEQID NO:1)) and primer 3A (5' GGTGGTGCT 
CTTCCGCACACCGACTCCA GCCGGGC 3' (SEQ ID 
NO:2)). The mutL gene was amplified from E. coli K12 
genomic DNA using primer 5B (5' GGTGGTCATATGCCA 
ATTCAGGTCTTACCG 3' (SEQ ID NO:3)) and primer 3B 
(5' GGTGGTTGCTCTTCCGCACTCA 
TCTTTCAGGGCTTTTATC 3' (SEQ ID NO:4)). E. Coli 
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K-12 was obtained from New England Biolabs, Inc. (Bev 
erly, Mass.). The genomic DNA was isolated with the 
Qiagen genomic DNA kit (Qiagen, Hilden (Germany)). The 
primers contained restriction enzymes sites that allowing the 
cloning of the mutL gene into the Ndel and SapI sites of 
pTYB1 (New England Biolabs, Inc., (Beverly, Mass.)) and 
the uvrD gene into the NcoI and Sap sites of pTYB3 (New 
England Biolabs, Inc. (Beverly, Mass.)). Ligation products 
were transformed into ER2502 cells. Positive transformants 
were screened by selective growth on LB plates containing 
100 ug/ml amplicillin, followed by colony PCR and sequenc 
ing of the insert. After analysis of sequencing results, correct 
constructs were transformed into E. coli ER2566 cells. 
ER2566 cells containing either pTYB1-Mutl or pTYB3 
UvrD were grown at 37°C. in LB media supplemented with 
100 ug/ml amplicillin. When ODsso reached -0.5, protein 
expression was induced with 0.5 mM isopropyl-f-D-thioga 
lactopyranoside (IPTG). After an overnight incubation at 
15° C., cells were harvested by centrifugation. 
2. UVrD and MutL Purification 

0.134. The chitin binding domain (CBD) of the intein tag 
allowed affinity purification of the fusion proteins on a chitin 
bead column (New England Biolabs, Inc. (Beverly, Mass.)). 
All procedures were performed at 4° C. Cells expressing 
UvrD from a 6 liter culture were resuspended in 210 ml 
sonication buffer (20 mM Tris pH 7.8, 0.1 mM EDTA, 50 
mM NaCl, 20 uM PMSF, 5% glycerol) and were broken by 
sonication. The clarified extract was loaded on a 45-ml 
chitin bead column pre-equilibrated with 500 ml of buffer A 
(20 mM Tris-HCl (pH 8), 1 mM EDTA) plus 500 mM. NaCl. 
The column washed with 500 ml of buffer A plus 1 M NaCl 
and 500 ml of buffer A plus 500 mM. NaCl. Induction of 
self-cleavage was conducted by flushing the column with 3 
column volumes (135 ml) of cleavage buffer (buffer A+500 
mM NaCl--50 mM dithiothreitol (DTT)). The cleavage 
reaction was carried out at 4°C. for 64 hours in cleavage 
buffer. The protein was eluted with 67 ml of buffer B (20 
mM Tris-HCl (pH 8), 1 mM EDTA, 1 mM DTT) plus 50 
mM NaCl. The positive fractions were pooled and loaded on 
a 1 ml-MonoO column (Pharmacia (Piscataway, N.J.)) 
which had been pre-equilibrated with buffer B plus 50 mM 
NaCl. The flow-through and eluted fractions were analyzed 
on SDS-PAGE. Helicase activities in positive fractions were 
further tested by measuring the ability of the helicase to 
displace a fluorescent-labeled oligonucleotide (30-nucle 
otide, (nt)) from a partial duplex, which was prepared by 
annealing the 30-nt oligonucleotide to a complementary 
non-labeled 70-nt oligonucleotide. The displaced 30-nt 
labeled oligonucleotide was trapped by another non-label 
30-nt complementary oligonucleotide. The oligonucleotides 
were separated by electrophoresis in a 20% non-denaturing 
polyacrylamide gel and the displaced oligonucleotides were 
visualized by UV light. UvrD protein and helicase activity 
were found in the flow-through and the wash fractions. 
These fractions were mixed and then loaded on a 1-ml 
Heparin TSK column (Pharmacia (Piscataway, N.J.)). 
Again, UvrD didn’t bind to the column. A one-ml hydroxy 
lapatite column (TosoHaas (Philadelphia, Pa.)) retained 
UvrD, which eluted at around 340 mM NaCl in a linear 
gradient (50 mM-1 MNaCl). The pure fractions were pooled 
and dialyzed overnight against storage buffer (20 mM Tris 
HCl (pH8.2), 200 mM NaCl, 1 mM EDTA, 1 mM EGTA, 15 
mM 2-mercaptoethanol, 50% glycerol). The final concen 
tration was determined using the Bradford protein assay 
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(Bradford, Anal. Biochem. 72:248-254 (1976)) and SDS 
polyacrylamide gel electrophoresis (SDS-PAGE). 
0135 MutL was purified similarly to UvrD. A 6-liter 
culture of ER2566/pTYB1-Mutl was used. All procedures 
were performed at 4°C. The chitin bead column purification 
conditions were similar to the UVrD except that column 
volume was 14 ml. The column washed with 125 ml of 
buffer A plus 1 MNaCl and 125 ml of buffer A plus 500 mM 
NaCl. Induction of self-cleavage was conducted by flushing 
the column with 45 ml of cleavage buffer (buffer A+500 mM 
NaCl--50 mM DTT). The cleavage reaction was carried out 
at 4° C. for 40 hours in cleavage buffer. The protein was 
eluted with 36-ml of buffer B+50 mM. NaCl. The positive 
fractions were pooled and loaded on a 1-ml Mono O column. 
MutL was found in the flow through of the column. The 
flow-through and the washing fractions were thus pooled 
and dialyzed against buffer B+40 mM NaCl to get a final 
NaCl concentration of 50 mM. The sample was loaded on a 
1-ml Heparin TSK column. MutL was retained, eluting at 
565 mM NaCl. However other protein bands could be 
detected on SDS-PAGE and an exonuclease assay showed 
that exonuclease activity was present in the fractions of 
interest. These fractions were pooled and dialyzed against 
buffer B+50 mM NaCl. The 1-ml Mono O column was used 
a second time to separate MutL from contaminant proteins. 
MutL eluted at 220 mM. NaCl. The pure fractions were 
pooled and concentrated by a Centriplus YM 10 (Millipore, 
(Bedford Mass.)) before being dialyzed overnight against 
the storage buffer (25 mM Tris-HCl (pH 7.5), 200 mMNaCl, 
1 mM 2-mercaptoethanol, 0.1 mM EDTA, 50% glycerol). 
The final concentration was determined using the Bradford 
protein assay and polyacrylamide gel electrophoresis 
(PAGE). 
3. Other Cloning and Purification Systems. 
0136. In addition to ImpactTM, helicases and their acces 
sory proteins may be purified using several alternative 
methods such as direct cloning (cloning the gene into a 
vector without an additional tag). His-Tag R (Novagen, Inc. 
(Madison, Wis.)), and pMALTM protein fusion & purifica 
tion system (New England Biolabs, Inc. (Beverly, Mass.)). 
The E. coli UvrD helicase was cloned into plasmid plT15b 
(Novagen, Inc. (Madison, Wis.)) and pMAL-c2X (New 
England Biolabs, Inc. (Beverly, Mass.)). The His-Tag 
fusion, UvrD-His, was purified using a His. BindR column 
and a protocol provided by the manufactory (Novagen, Inc. 
(Madison, Wis.)). The UVrD-His protein was further purified 
by a hydroxylapatite column. The MBP-UvrD fusion protein 
was purified using an amylose column and a protocol 
provided by the manufactor (New England Biolabs, Inc., 
(Beverly, Mass.)). Both UvrD-His protein and MBP-UvrD 
fusion protein showed functional unwinding activity and 
could be used in a Helicase-Dependent Amplification reac 
tion. 

EXAMPLE II 

Method of Amplification of a Nucleic Acid Duplex 
Target 

0137 As a model system for Helicase Dependent Ampli 
fication, a synthetic DNA duplex was used as template in the 
HDA reaction. This example illustrates amplification of this 
DNA duplex using the UVrD HDA system. A method for 
template denaturation, primer annealing and extension is 
described below. 
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0.138. Thirty five ul of reaction Component A was made 
by mixing 10 ul of 5xHDA Buffer A (175 mM Tris-HCl 
(pH7.5), 5 mMDTT), 0.5ul of 70-bp DNA template derived 
from top oligodeoxy-nucleotides (2 uM; 5' TGGCTGGT 
CACCAGAGGGTGGCGCGGAC CGAGTGCGCTCG 
GCGGCTGCGGAGAGGGGTAGAGCAGGCAGC 3. 
(SEQ ID NO:5)) and bottom oligodeoxynucleotides (2 uM; 
5 GCTGCCTGCTCTACCCCTCTCCGCAGC 
CGCCGAGCGCACTCGGTC CGCGCCACCCTCTGGT 
GACCAGCCA 3' (SEQ ID NO:6)), 1 ul of 5'-primer (10 
uM; 5' CATGTTAGGTTCTATGGATCGAGTCTGGCTGG 
TCACCAGAGGG 3' (SEQID NO:7)), 1 ul of 3'-primer (10 
uM: 5 TCCCTTAGAGGTCACATTGGATC 
GAGTCGCTGCCTGCTCTACCCC 3'SEQ ID NO:8)), 10 
ul of four dNTPs (2 mM each), 1.5 ul ATP (100 mM), and 
11 puldH.O.The reaction Component A was heated for 2 min 
at 95°C. to denature the template, 3 min at 53° C. to anneal 
primers and 2 min at 37° C. before adding 0.5 ul of MutL 
protein (800 ng/ul). Fifteen ul of reaction Component B was 
prepared by mixing 10 ul 5xHDA buffer B (5 mM Tris-Cl 
(pH7.9), 25 mM NaCl, 55 mM MgCl, 0.5 mg/ml BSA, 0.5 
mM DTT), 0.5 ul exo Klenow Fragment of E. coli DNA 
polymerase I (5 units/ul), 0.5ul UVrD helicase (200 ng/ul), 
0.9 ul T4 gene 32 protein (gp32; 5 ug/ul), and 3.1 ul dHO, 
and was then added to the Component A following the 
addition of MutL. The exo Klenow Fragment is commer 
cially available (New England Biolabs, Inc. (Beverly, 
Mass.)) and T4 gene 32 protein is also commercially avail 
able (Roche Applied Science. (Indianapolis, Ind.)). The 
reaction continued for 30 minutes at 37° C. and was then 
terminated by addition of 12.5ul stop-buffer (1% SDS, 0.05 
M EDTA, 30% glycerol, 0.2% Bromophenol blue). Reaction 
products were analyzed on a 3% Genomic Performance 
Grade (GPG) low-melting-point (LMP) agarose gel (Ameri 
can Bioanalytical (Natick, Mass.)) in Tris Borate EDTA 
(TBE) buffer and ethidium bromide (FIG. 2B). A DNA 
fragment about of 120 bp was observed (FIG. 2B), which 
matched the predicted product size of 123 bp (FIG. 2A). 

EXAMPLE III 

Amplication of a Specific Sequence from Plasmid 
DNA by HDA 

0.139. To test whether HDA can be used to amplify a 
specific target sequence from a DNA template, we used two 
pUC19/M13 universal primers, primer-1224 and primer 
1233, to amplify a 110-bp sequence from a 2647-bp DNA 
plasmid, paH1 (FIG. 15 (SEQ ID NO:9)) using the UvrD 
HDA system. Primer-1224 and primer-1233 are commer 
cially available and their sequence can be obtained at the 
company (New England Biolabs, Inc., (Beverly, Mass.)). 
The amplification scheme is outlined in FIG. 3. 

0140 Two acetate-based reaction buffers were pre-made: 
10xHDA Buffer A contains 350 mM Tris-Acetate (pH7.5) 
and 100 mM DTT 10xHDA Buffer B contains 10 mM 
Tris-Acetate (pH7.5), 1 mg/ml BSA, and 90 mM Magne 
sium Acetate. The HDA reaction Component A was set up by 
combining: 

0141 5ul 10xHDA Buffer A 

0142) 

0143 

1.5 ul of 23 nM Ahd I-cleaved paH1 plasmid 

1 ul of 10 uM primer-1224 
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0144) 1 Jul of 10 uM primer-1233 
0145] 2 ul dNTPs (10 mM) 
0146) 1.5 ul ATP (100 mM) 
0147 8 ul dHO 

0148. The reaction Component A was heated for 2 min at 
95° C. to denature the template, 3 min at 69° C. to anneal 
primers and 2 min at 37° C. before adding Component B. 
0149 Fifteen ul of reaction Component B was prepared 
by mixing: 

O150 
0151) 
0152) 
O153) 

5 ul 10xHDA Buffer B 
1 ul exo Klenow Fragment (5 units/ul) 
0.5 ul UvrD helicase (200 ng/ul) 
1 ul MutL protein (400 ng/ul) 

0154) 0.9 ul T4 gp32 (5 g/ul) 
O155 21.6 ul dHO 

0156 Component B was then added to the Component A. 
The reaction was continued for one more hour at 37° C. and 
was then terminated by addition of 12.5 ul stop-buffer (1% 
SDS, 0.05 M EDTA, 30% glycerol, 0.2% Bromophenol 
blue). Reaction products were analyzed on a 2% GPG LMP 
gel containing ethidium bromide (FIG. 4). 
0157. A 110-bp amplification product was observed on 
the 2% agarose gel. The size of this product matched the 
predicted length of the target sequence (FIG. 4, lane 1). In 
the absence of UvrD helicase, no amplification was 
observed confirming that helicase is required for the ampli 
fication. Moreover, the results indicated that UVrD was 
substantially more effective at amplifying target DNA in the 
presence of MutL and T4 Gp32 SSB. 

EXAMPLE IV 

Method of Amplification of Various Target 
Sequences from DNA Plasmids 

0158 To test whether the UVrD based HDA system was 
capable to amplify various target sequences, several parallel 
reactions were carried out using pAH1-derived plasmids 
containing different sequences and sizes of inserts between 
primer 1224 and primer 1233. 
0159 A50 ul HDA reaction was set up using two reaction 
Components, A and B, described below and mixing them in 
a sequential order. Two acetate-based reaction buffers were 
pre-made: 10xHDA Buffer A contains 350 mM Tris-Acetate 
(pH7.5) and 100 mM DTT; 10xHDA Buffer B contains 10 
mM Tris-Acetate (pH7.5), 1 mg/ml BSA, and 100 mM 
Magnesium Acetate. 
0160 Thirty five ul of Component A was made by 
combining: 

0.161 5ul 10xHDA Buffer A 
0162. 1 ul pAH1 plasmid or p AH1 derivatives (50 
ng/ul) 

0163) 
0164) 
01.65 

1 ul, of 10 uM primer-1224 
1 ul of 10 uM primer-1233 

10 ul dNTPs (2 mM) 

12 
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0166) 
0167) 

1.5 ul ATP (100 mM) 
15.5 ul dHO 

0168 Fifteen ul of reaction Component B was prepared 
by mixing: 

0169 
0170) 
0171 
0172 

5 ul 10xHDA Buffer B 
1 ul exo Klenow Fragment (5 units/ul) 
0.5 ul UvrD helicase (200 ng/ul) 
0.5 ul MutL (800 ng/ul) 

0173 0.9 ul T4 gp32 (5 g/ul) 
0.174 7.1 ul dHO 

0.175. The HDA reaction was started by heating Compo 
nent A at 95° C. for 2 min to denature the template. The 
Component A was then incubated for 3 min at 69° C. to 
anneal primers and 2 min at 37° C. to cool down the 
reaction. Fifteen ul of freshly made Component B was added 
to 35ul Component Afollowing the denaturation, annealing, 
and cooling steps. The reaction continued for one more hour 
at 37° C. and was then terminated upon addition of 12.5 ul 
stop-buffer (1% SDS, 0.05 M EDTA, 30% glycerol, 0.2% 
Bromophenol blue). Amplification products were visualized 
on a 3% GPG LMP agarose gel in TBE buffer and ethidium 
bromide (FIG. 4). All of the amplification products matched 
the predicted target sizes (FIG.4, lanes 1-5). In addition, the 
UvrD-based HDA system was able to amplify a target DNA 
as large as 650 bp in a HDA reaction (FIG. 4, lane 5). 

EXAMPLE V 

Amplication of a specific sequence from Bacterial 
Genomic DNA by HDA 

0176 HDA can also be used to amplify a specific target 
sequence from more complicated nucleic acid samples, such 
as viral genomic DNA or RNA, bacterial genomic DNA or 
human genomic DNA. In this example, we disclose a 
method to amplify and detect a specific target sequence from 
a bacterial genome of an oral pathogen, Treponema denti 
cola ATCC No. 35405, using the E. coli UvrD-based HDA 
system. A restriction endonuclease gene earlR was chosen as 
the target gene (FIG. 16 (SEQ ID NO:10)), and one 
5'-primer and two 3'-primers were designed to hybridize to 
the sequence of earlR gene. The reaction buffers and pro 
tocol were modified for genomic DNA amplification. 
10xHDA Buffer A contains 350 mM Tris-Acetate (pH7.5) 
and 100 mM DTT 10xHDA Buffer B contains 10 mM 
Tris-Acetate (pH7.5), 1 mg/ml BSA, and 100 mM Magne 
sium Acetate. 

0177. The 20 ul Component A was set up by combining: 
0.178 5 ul 10xHDA Buffer A 
0.179 2 ul of Treponema denticola genomic DNA (50 
ng/ul) 

0180 2 ul of 10 uM primer-58861 (5' CCAAATGAT 
GCTTATG TTGCTT3' (SEQ ID NO:11)) 

0181 2 ul of 10 uM primer-58862 (5' CATAAGC 
CTCTCTTGGAT CT3' (SEQ ID NO:12)) 

0182 or 2 ul of 10 uM primer-58863 (5' TCCA 
CATCTTTCACATTTCCAT 3' (SEQ ID NO:13) 
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0183). 2 ul dNTPs (10 mM) 
0184 7 ul dHO 

0185. Thirty ul of reaction Component B was prepared by 
mixing: 

0186 
0187) 
0188) 
0189) 
0.190 1 Jul exo Klenow Fragment (5 units/ul) 
0191) 18.1 ul dHO 

0192 The reaction Component A was heated for 10 min 
at 95°C., 1 min at 53° C., and 2 min at 37° C. The freshly 
made Component B was then added to Component A after 
it cooled down to 37°C. The reaction was continued for two 
more hours at 37° C. and was then terminated by addition of 
12.5 ul stop-buffer. Reaction products were analyzed on a 
3% GPG LMP agarose gel (FIG. 5A). The predicted size of 
the target DNA is 97 bp between primer-58861 and primer 
58862 (FIG. 5A, lane 1), and the predicted length between 
primer-58861 and primer-58863 is 129 bp (FIG.5A, lane 2). 
Two products were observed on an agarose gel and both 
matched the predicted sizes of the target DNA. The ampli 
fication products were sequenced and the sequencing results 
confirmed that both match the sequence of the target DNA. 

5 ul 10xHDA Buffer B4 ul 100 mM ATP 
0.5 ul UvrD helicase (200 ng/ul) 
0.5 ul MutL (800 ng/ul) 
0.9 ul T4 gp32 (5 g/ul) 

0193 To test whether the UVrD helicase preparation can 
work with different DNA polymerases, the HDA reaction 
was carried out to amplify the 129-bp target sequence from 
T. denticola genome using UVrD helicase preparation and T7 
Sequenase (USB, (Cleveland, Ohio)). 
0194 The reaction Component A (20 ul) was prepared by 
mixing: 

0.195 5ul 10xHDA Buffer A 
0196) 2 ul of Treponema denticola genomic DNA (50 
ng/ul) 

0197) 2 ul of 10 uM primer-58861 (5' CCAAATGAT 
GCTTA TGTTGCTT3' (SEQ ID NO:11)) 

0198 2 ul of 10 uM primer-58863 (5' TCCA 
CATCTTTCACATTTCCAT 3' (SEQ ID NO:13)) 

0199] 2 ul dNTPs (10 mM) 
0200) 7 ul dHO 

0201 Thirty ul of reaction Component B was prepared by 
mixing: 

0202) 
0203) 
0204) 
0205) 
0206 
0207 
0208 

0209 The HDA reaction was carried out same as 
described above. Reaction products were analyzed on a 3% 

5 ul 1XHDA Buffer B 
4 u1 100 mM ATP 
0.5 ul UvrD helicase (200 ng/ul) 
0.5 ul MutL (800 ng/ul) 
0.9 ul T4 gp32 (5 g/ul) 
1 ul T7 Sequenase (1.5 units/ul, or 3.5 units/ul) 
18.1 ul, dHO 
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GPG LMP agarose gel (FIG. 5B). An amplified product 
around 130 bp was observed on an agarose gel and it 
matched the predicted sizes of the target sequence of 129 bp 
(FIG. 5B, lanes 1 and 2). 

EXAMPLE VI 

Amplifying Target Sequence from Human Genomic 
DNA Samples by HDA 

0210. In this example, we disclose a method to amplify a 
target sequence from human genomic DNA sample using the 
E. coli UvrD-based HDA system. Human genomic DNA 
prepared from a breast cancer cell line was purchased from 
ATCC No. 45537. Two primers, which are specific to the 
human DNA methyltransferase gene (dnmt1), were synthe 
sized. Different amounts of initial human genomic DNA 
were tested in the reaction, using genomic DNA at different 
concentrations: 50, 75, 100 ng/ul. 
0211 The 20 ul Component A was set up by combining: 
0212 5 ul 10xHDA Buffer A 
0213 2 ul of Human genomic DNA (50 to 100 ng/ul) 
0214) 2 ul of 10 uM primer-dnmt5 (5' GGAAGCT 
GCTAAGG ACTAGTT 3' (SEQ ID NO:14)) 

0215. 2 ul of 10 uM primer-dnmt3 (5' CCATGTAC 
CACAC ATGTGAAC 3' (SEQ ID NO:15)) 

0216) 2 ul dNTPs (10 mM) 
0217 7 ul dHO 

0218. Thirty ul of Component B was prepared by mixing: 

0219) 5 ul 10xHDA Buffer B 
0220 3 ul 100 mM ATP 
0221) 
0222 
0223) 
0224 
0225) 

1 ul exo Klenow Fragment (5 units/ul) 
0.5 ul UvrD helicase (200 ng/ul) 
0.5 ul MutL (800 ng/ul) 
0.9 ul T4 gp32 (5 g/ul) 

19.1 ul dHO 
0226. The reaction Component A was heated for 10 min 
at 95°C., 1 min at 53° C., and 2 min at 37° C. Component 
B was then added to the Component A after it cooled down 
to 37°C. The reaction was continued for two more hours at 
37° C. and was then terminated by addition of 12.5 ul 
stop-buffer. Reaction products were analyzed on a 3% GPG 
LMP agarose gel (FIG. 6). A band of around 124 bp could 
be detected by ethidium bromide staining and its size was in 
agreement with the length of the target in the initial dnmtl 
gene. 

EXAMPLE VII 

Amplification of a Target Sequence from an RNA 
Sample by HDA 

0227. In this Example, we disclose a method to amplify 
a target sequence from RNA samples. Rat total RNA was 
used as nucleic acid Substrate and was first converted to a 
single stranded cDNA product using The ProtoScript Kit 
from New England Biolabs (Beverly, Mass.): 
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0228. The reaction was set up by combining: 
0229 2 ul Rat total RNA (0.5 g/ul) 
0230 2 ul primer dTVN (50 uM, New England 
Biolabs (Beverly, Mass.)) 

0231 4 ul dNTP (2.5 mM) 
0232) 8 ul HO 

0233) 
0234. After that, the following reagents were then added 
to the reaction tube: 

0235 2 ul 10xRT buffer (New England Biolabs (Bev 
erly, Mass.) 

0236) 1 Jul RNase inhibitor (10 u/ul) 
0237) 1 ul M-MuIV reverse transcriptase (25 u/ul) 

0238. The RT reaction was incubated at 42° C. for 1 hr. 
followed by 95°C. for 5 min. Two ul of the single-stranded 
cDNA product was added into Component A in HDA which 
was started by combining: 

0239) 5 Jul 10xHDA Buffer A 
0240 2 ul of first strand cDNA product 
0241 1 ul of 10M primer-sfo (5' ACCGCATCGAAT 
GCATG TGGATCTCACCACCAACTGCTTAGC 3' 
(SEQ ID NO:16)) 

0242) 1 Jul of 10 uM primer-Sre (5' CGATTCCGCTC 
CAGACTTGGAT CTGATGGCATGGACTGTGGT3' 
(SEQ ID NO:17)) 

0243] 2 ul dNTPs (10 mM) 
0244 9 ul dHO 

and was incubated at 70° C. 5 min, then kept on ice. 

0245. Thirty ul of reaction Component B was prepared by 
mixing: 

0246 
0247 
0248 
0249 
0250) 
0251) 
0252) 

5 ul 10xHDA Buffer B 
2 u1 100 mM ATP 
1 ul exo Klenow Fragment (5 units/ul) 
0.5 ul UvrD helicase (200 ng/ul) 
0.5 ul MutL (800 ng/ul) 
0.9 ul T4 gp32 (5 g/ul) 

20.1 ul dHO 
0253) The reaction Component A was heated for 2 min at 
95° C., 1 min at 53° C., and 2 min at 37° C. Fresh-made 
Component B was then added to the Component A after it 
cooled down to 37° C. The reaction was continued for two 
more hours at 37° C. and was then terminated by addition of 
12.5ul stop-buffer. Amplification products were analyzed on 
a 3% GPG LMP gel (FIG. 7). A band of around 130 bp was 
observed in the agarose gel in agreement with the predicted 
size of 136 bp. The amplification product was purified from 
the agarose gel and sequenced. The sequence of amplifica 
tion product matched the sequence of the initial target of the 
rat glyceraldehyde-3-phosphate-dehydrogenase (GAPDH) 
gene, confirming that the amplification was sequence spe 
cific. 
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EXAMPLE VIII 

HDA can Amplify and Detect a Target Sequence 
from as Low as 10 copies of Bacterial Genomic 

DNA 

0254 To determine the amplification power of HDA, we 
performed HDA reactions with various amounts of Tre 
ponema denticola genomic DNA. Each reaction was carried 
out as detailed in Example V, except the amount of genomic 
DNA. The first tube contained 100 ng of Treponema denti 
cola genomic DNA corresponding to about 107 copies of the 
Treponema denticola genome, and 10-fold serial dilutions 
were carried out until 10 copies of Treponema denticola 
genome were reached. 
0255. The UvrD-based HDA reactions were performed 
using primer-58861 and primer-58862 in Example V. Reac 
tion products were analyzed on a 3% GPG LMPagarose gel 
(FIG. 8). In general, the intensities of the 97-bp HDA 
products decrease as a function of decreasing initial copy 
number (FIG. 8). A reaction performed without addition of 
target shows a faint band in FIG. 8 probably due to con 
tamination of reagents. It is extremely difficult to maintain 
reagents free of target DNA contamination on a scale of 10 
molecules. However, the intensity is still significantly higher 
than the background even at about 10 copies of initial target, 
Suggesting that HDA is capable of amplifying single copy 
target sequence. With 10 copies of initial target, about 10 ng 
products were generated by HDA, which corresponds to 
10 molecules of 97-bp fragment. Thus the HDA method 
disclosed here is capable of achieving over a one billion-fold 
amplification. 

EXAMPLE IX 

Amplification of a target sequence from Bacterial 
Genomic DNA by HDA without Heat Denaturation 

0256 Most of the isothermal target amplification meth 
ods start with a heat denaturation step so that sequence 
specific primers can anneal to the target sequence. Circum 
vention of the heat-denaturation step simplifies the 
amplification procedure. Accordingly, the UVrD-based HDA 
reaction was carried out at 37° C. without the initial dena 
turation/annealing step. The HDA reaction Component A 
was set up by combining the following reagents in one tube: 

0257 5 ul 10xHDA Buffer A 
0258 2 ul of Treponema denticola genomic DNA (50 
ng/ul) 

0259 2 ul of 10 uM primer-58861 (5' CCAAATGAT 
GCTTATG TTGCTT3' (SEQ ID NO:11) 

0260] 2 ul of 10 uM primer-58862 (5' CATAAGC 
CTCTCTTGGATCT3' (SEQ ID NO:12)) 

0261) 2 ul dNTPs (10 mM) 
0262 5 ul 10xHDA Buffer B 
0263 
0264) 
0265 
0266 

3 ul 100 mM ATP 
0.9 ul exo Klenow Fragment (5 units/ul) 

0.5 ul UvrD helicase (200 ng/ul) 

0.5 ul MutL (800 ng/ul) 
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0267 0.9 ul T4 gp32 (5 g/ul) 
0268 26.2 ul dHO 

0269 and the 50 ul reaction was then incubated for two 
hours at 37°C. The reaction was then terminated by addition 
of 12.5ul stop-buffer. Amplification products were analyzed 
on a 3% GPG LMP agarose gel (FIG. 9). The size of the 
amplification product matches the predicted size of the 
target. DNA (97 bp). 

EXAMPLE X 

Method of Amplification of Long Target Sequences 
by HDA Using Replicative Helicase (T7 Gene 4 

Helicase) 
0270. To test whether a hexameric replicative helicase, 
such as T7 Gp4B helicase, can be used to amplify a longer 
target sequence and to test whether different HDA systems 
can be used to perform HDA reaction, the T7 Gp4B helicase 
preparation was used along with the T7 Sequenase (USB, 
(Cleveland, Ohio)) to amplify a 2.3-kb target sequence. This 
target sequence was the E. coli Rep gene (GenBank Acces 
sion No. U00096), which was cloned into plasmid pCR2.1 
(Invitrogen Corporation) and the resulting recombinant plas 
mid was named pCR-Rep. Primer 1224 and primer 1233, 
flanking the insertion site, were used to amplify the 2.3-kb 
target. A 50 ul HDA reaction was set up using two reaction 
Components, A and B, described below and mixing them in 
a sequential order. Two acetate-based reaction buffers were 
pre-made: 10xHDA Buffer A contains 350 mM Tris-Acetate 
(pH7.5) and 100 mM DTT; 10xHDA Buffer B contains 10 
mM Tris-Acetate (pH7.5), 1 mg/ml BSA, and 100 mM 
Magnesium Acetate. Three parallel tubes were set up each 
contained 20 Jul of reaction Component A by mixing the 
following Components in each tube: 

0271 5ul 10xHDA Buffer A 
0272. 1 ul of plasmid pCR-Rep (50 ng/ul) 
0273) 1 Jul of 10 uM primer-1224 
0274] 1 ul of 10 uM primer-1233 
0275 3 ul dNTPs (10 mM) 
0276 9 ul dHO 

0277 Three parallel tubes were prepared each contained 
30 ul of reaction Component B by mixing the following 
Components in each tube: 

0278) 5ul 10xHDA Buffer B 
0279 9.3 ul Helicase preparation* 
0280 
0281 

0282 *Three different helicase preparations were used in 
HDA reactions. The first one was a T7 helicase preparation 
which contained 4.5 ul T7 Gp4B helicase (70 ng/ul), 1.3 ul 
T7 Gp2.5 SSB (5 g/ul), 1.5 ul of 100 mM dTTP, and 2 ul 
H2O (FIG. 5, lane 1). The second helicase preparation 
comprised a plurality of two helicases and it contained 4.5 
ul T7 Gp4B helicase (70 ng/ul), 0.5ul, E. coli UvrD helicase 
(200 ng/ul), 0.5 ul, MutL (800 ng/ul), 1.3 ul. T7 Gp2.5 SSB 
(5ug/ul), 1.5ul, of 100 mM dTTP, and 1 ul of 100 mM ATP 
(FIG. 5, lane 2). The third one was a negative control which 

1 ul T7 Sequenase (1 u?ul, USB Corporation) 

14.7 ul dHO 
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contained 1.3 ul. T7 Gp2.5 SSB (5 g/ul), 1.5 ul of 100 mM 
dTTP and 6.5 ul HO (FIG. 5, lane 3). 
0283 HDA reactions were started by heating three tubes, 
each containing identical 20-ul Component A, at 95°C. for 
2 minto denature the template and then at 37° C. for 1 min 
to hybridize the primers. Three freshly made Component B 
mixtures, each containing a different helicase preparation, 
were then added to each of the Component A mixtures. The 
reaction continued for two more hours at 37° C. and was 
then terminated upon addition of 12.5 ul stop-buffer (1% 
SDS, 0.05 M EDTA, 30% glycerol, 0.2% Bromophenol 
blue). Amplification products were visualized on a 1% 
agarose gel in TBE buffer and ethidium bromide (FIG. 10). 
In the presence of T7 Gp4B helicase preparation, an ampli 
fication product around 2.3 kb was observed and it matched 
the predicted target size (FIG. 10, lane 1). In the presence of 
a helicase preparation comprised of T7 Gp4B helicase and 
E. coli UvrD helicase, a similar 2.3-kb product was observed 
(FIG. 10, lane 2). In addition, no amplification product was 
observed in the negative control, in which no helicase was 
present in the helicase preparation (FIG. 10, lane 3). The 
amplification products from lane 1 and lane 2 were later 
sequenced and the sequencing results confirmed that the 
products were derived from the Rep gene. 

EXAMPLE XI 

Method of Amplification of DNA Fragment by 
HDA Using RecBCD 

0284. A nuclease-deficient mutant RecBP'CD 
(Wang et al., J. Biol. Chem. 275:507-513 (2000)) was used 
in a HDA reaction to amplify a 400-bp DNA fragment. This 
blunt-end dsDNA template was generated by a PCR reaction 
using a puC19-derivative containing a 400-bp insert 
between primer-1224 and primer-1233 (New England 
Biolabs, Inc. (Beverly, Mass.)). The cloning and purification 
of the RecBP'CD protein has been described previously 
(Wang et al., J. Biol. Chem. 275:507-513 (2000)). A 50-ul 
reaction was set up by combining the following reagents in 
one tube: 

0285) 5 Jul 10xHDA Buffer (360 mM Tris-Acetate 
(pH7.5), 250 mM KOAC, 100 mM DTT, 1 mg/ml 
BSA, and 50 mM Magnesium Acetate) 

0286) 
0287) 
0288 
0289) 
0290) 
0291) 
0292) 
0293) 
0294 

1 ul of 400-bp template (2 ng/ul) 

1.5 ul of 10 uM primer-1224 
1.5 ul of 10 uM primer-1233 

2 ul dNTPs (10 mM) 
2 u1 100 mM ATP 
1 ul Sequenase Version 2.0 (1.3 unit/ul) 

0.5 ul RecB'7°CD helicase (130 ng/ul) 
1.3 ul T4 gp32 (3.8 g/ul) 

26.2 ul dHO 

0295) The 50 ul reaction was incubated for one hour at 
37° C. and then terminated by addition of 12.5ul stop-buffer. 
Amplification products were analyzed on a 1% agarose gel 
(FIG. 11, lane 2). The size of the amplification product 
matches the predicted size of the target DNA (400 bp). A 
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control reaction without RecBP'CD helicase did not 
give a product (FIG. 11, lane 3). 

EXAMPLE XII 

Method of Thermostable Helicase-Dependent 
Amplification of a Specific Sequence 

0296 Performing HDA at high temperature using a ther 
mostable helicase and a thermostable polymerase may 
increase the specificity of primer binding and improve the 
specificity of amplification. In this example, we disclose a 
method to amplify and detect a specific target sequence from 
a bacterial genome of an oral pathogen, Treponema denti 
cola ATCC No. 35405, using the Tte-UvrD-based thermo 
stable Helicase-Dependent Amplification or t-HDA system. 

1. Obtaining a Thermostable Helicase. 

0297 Athermostable UvrD-like helicase. Tte-UvrD, was 
cloned and purified from a completely sequenced thermo 
stable bacterium, Thermoanaerobacter tengcongensis (Bao, 
et al., Genome Res. 12:689-700 (2000)). The nucleotide 
sequence of the UVrD gene of T. tengcongensis, which 
encodes the Tte-UvrD helicase, is located between positions 
605,527 and 607,668 of the T. tengcongensis genome and 
the sequence can be found in GenBank (Accession No.: 
NC 003869: Bao, et al., Genome Res. 12:689-700 (2000)). 
PCR was used to amplify the Tte-UvrD gene using T. 
tengcongensis genomic DNA (100 ng) plus primer TUF 
(5'-ATACATATGATTGGAGTGAAAAAGATGAA-3' 
(SEQ ID NO:18)) and primer TUR (5'-AAATAAGCTCT 
TCAG CAAGAAATTGCCTTAATAGGAG-3' (SEQ ID 
NO:19)). The primers contained restrictions enzymes sites 
that allowing the cloning of the Tte-UvrD gene into the Ndel 
and SapI sites of pTYB1 (New England Biolabs, Inc., (Bev 
erly, Mass.)). PCR products was digested with NdeI and 
Sap and then was ligated to the digested pTYB1. Ligation 
products were transformed into ER2502 cells. Positive 
transformants were screened by selective growth on LB 
plates containing 100 ug/ml amplicillin, followed by colony 
PCR and sequencing of the insert. After analysis of sequenc 
ing results, correct constructs were transformed into E. coli 
ER2566 cells. ER2566 cells containing pTYB1-Tte-UvrD 
were grown at 37° C. in LB media supplemented with 100 
ug/ml amplicillin. When ODsso reached 0.65, protein expres 
sion was induced with 0.4 mM IPTG. After an overnight 
incubation at 15°C., cells were harvested by centrifugation. 

0298 The chitin binding domain (CBD) of the intein tag 
allowed affinity purification of the fusion proteins on a chitin 
bead column (New England Biolabs, Inc. (Beverly, Mass.)). 
The Tte-UVrD helicase was first purified using a chitin 
column and the protocol is described in detail in Example I 
(UVrD and MutL purification). Next, Tte-UvrD was further 
purified by a 1-ml heparin TSK column (Pharmacia (Pis 
cataway, N.J.)). Fractions containing Tte-UvrD were ana 
lyzed by SDS-PAGE. The pure fractions were pooled and 
dialyzed overnight against storage buffer (20 mM Tris-HCl 
(pH8.2), 200 mM. NaCl, 1 mM EDTA, 1 mM EGTA, 15 mM 
2-mercaptoethanol, 50% glycerol). The final concentration 
was determined using the Bradford protein assay (Bradford 
Anal. Biochem. 72:248-254 (1976)) and SDS-PAGE. 
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2. Thermostable 
(t-HDA) 
0299) The purified thermostable Tte-UvrD helicase was 
used in along a thermostable Bst DNA polymerase large 
fragment (New England Biolabs, Inc. (Beverly, Mass.)) to 
selectively amplify a target sequence from genomic DNA at 
high temperature. A restriction endonuclease gene earlR was 
chosen as the target gene (FIG. 16 (SEQ ID NO:10)). Two 
primers, one for each end of the target fragment, were 
designed and they have high melting temperature (-75° C.) 
so that they can hybridize to the target sequence at high 
temperature. The reaction buffers and protocol were modi 
fied for genomic DNA amplification. Reaction buffer is 10x 
ThermoPol reaction Buffer (New England Biolabs, Inc., 
(Beverly, Mass.)): 200 mM Tris-HCl (pH8.8), 100 mMKC1, 
100 mM (NH)SO 20 mM MgSO4, 1% Triton X-100. 
0300 Thirty-five ul of Component A was made by com 
bining: 

0301 3.5 ul 10x. ThermoPol Buffer 
0302) 2 ul of 0.83 uM Treponema denticola genomic 
DNA 

0303) 1 ul of 10 uM primer p5-76 (5'-GGC 
CAGTTTGAATAAGACAATGAATTATT-3' (SEQ ID 
NO:20)) 

0304) 1 Jul of 10 uM primer p3-76 (5'-ATTTTGAAA 
CACA AGAATGGAAATGTGAAAG-3' (SEQ ID 
NO:21)) 

0305] 2 ul dNTPs (10 mM) 
0306 1.5 ul dATP (100 mM) 
0307 24 ul dHO 

0308 Fifteen ul of reaction Component B was prepared 
by mixing: 

0309) 1.5 ul 10x. ThermoPol Buffer 
0310 2.6 ul Bst DNA Polymerase, Large Fragment (8 
units/ul) 

0311 1 Jul UvrD-tte helicase (100 ng/ul) 
0312 0.9 ul T4 gp32 (5 g/ul) 
0313 9 ul dHO 

0314. The HDA reaction was started by heating Compo 
nent A at 95° C. for 2 min to denature the template. The 
Component A was then cooled down to 60°C., kept at 60° 
C. for 3 min to anneal primers. Fifteen ul of freshly made 
Component B were added to 35 ul Component A following 
the denaturation and annealing steps. The reaction continued 
for one more hour at 60° C. and was then terminated upon 
addition of 12.5 ul stop-buffer (1% SDS, 0.05 M EDTA, 
30% glycerol, 0.2% Bromophenol blue). Amplification 
products were visualized on a 2% GPG LMP agarose gel in 
TBE buffer and ethidium bromide. The size of the amplified 
DNA matches the predicated target size of 82 bp (FIG. 12). 

Helicase-Dependent Amplification 

EXAMPLE XIII 

Method of Amplification and Detection of a 
Specific Sequence from Neisseria gonorrhoeae BY 

t-HDA 

0315. In this Example, we disclose a method to amplify 
and detect a specific target sequence from a different bac 
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terial genome, Neisseria gonorrhoeae, N. gonorrhoeae is a 
human pathogen which causes gonorrhea, one of the most 
common sexually transmitted diseases. N. gonorrhoeae 
genomic DNA was purchased from American Type Culture 
Collection (ATCC No. 700825, (Manassas, Va.)). Two prim 
ers, one for each end of the target sequence (CATATGTAA 
CAGCAGGTCAGGCCATATCCA ATATTCCACAAAAT 
GCCAGTAATAATGAATTACTGAAAATCAGCGATA 
AAACACGCCGTATGTTG (SEQ ID NO:22)), were syn 
thesized and they have a melting temperature of -78°C. The 
reaction buffers and protocol were modified for genomic 
DNA amplification. Reaction buffer is 10x. ThermoPol reac 
tion Buffer (New England Biolabs, Inc., (Beverly, Mass.)). 
0316. Thirty-five ul of Component A was made by com 
bining: 

0317 3.5 ul 10x. ThermoPol Buffer 
0318 2 ul of N. gonorrhoeae genomic DNA (50 ng/ul) 
0319) 1 ul of 10 uM primer H153 (5'-CATATGTAA 
CAGCAGGT CAGGCCATAT-3 (SEQ ID NO:23) 

0320 1 Jul of 10 uM primer H154 (5'-CAACATACG 
GCGT GTTTTATCGCTGAT-3 (SEQ ID NO:24) 

0321) 2 ul dNTPs (10 mM) 
0322, 1.5 ul dATP (100 mM) 
0323 24 ul dHO 

0324 Fifteen ul of reaction Component B was prepared 
by mixing: 

0325 1.5 ul 10x. ThermoPol Buffer 
0326 2.6 ul Bst DNA Polymerase, Large Fragment (8 
units/ul) 

0327 1 Jul UvrD-tte helicase (100 ng/ul) 
0328 0.9 ul T4 gp32 (5 g/ul) 

0329 9 ul dHO 
0330. The HDA reaction was started by heating Compo 
nent A at 95° C. for 2 min to denature the template. The 
Component A was then cooled down to 60°C., kept at 60° 
C. for 3 min to anneal primers. Fifteen ul of freshly made 
Component B was added to 35 ul Component A following 
the denaturation and annealing steps. The reaction continued 
for one more hour at 60° C. and was then terminated upon 
addition of 12.5 ul stop-buffer (1% SDS, 0.05 M EDTA, 
30% glycerol, 0.2% Bromophenol blue). Amplification 
products were visualized on a 2% GPG LMP agarose gel in 
TBE buffer and ethidium bromide. In the presence of the 
Tte-UvrD helicase, Gp32 SSB, and the large fragment of Bst 
DNA polymerase, a dominant band around 95-bp was 
observed on the gel and it matches the predicated target size 
(FIG. 13, lane 1). Gp32 SSB was eliminated in a parallel 
reaction and the 95-bp product was also observed (FIG. 13, 
lane 2), Suggesting that single-stranded DNA binding pro 
tein is not required for this HDA system. When the Tte 
UvrD helicase is absent from the reaction, no amplification 
is observed (FIG. 13, lane 3), which further confirms that 
this is a helicase-dependent amplification. This example 
demonstrates that HDA requires a minimal of two enzymatic 
activities, a DNA helicase activity and a DNA polymerase 
activity. 
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EXAMPLE XIV 

Real Time Detection of a Target Sequence of 
Pathogenic Bacteria in a Sample 

0331 HDA can be combined with other technologies and 
can be used for genome typing Such as determining single 
nucleotide polymorphisms (SNP) and for the identification 
of infectious agents. For example, HDA can be coupled with 
other nucleic acid detection methods, such as fluorescent 
labeled LUXTM Primers (Invitrogen Corporation, Carlsbad, 
Calif.) and a real-time fluorescent detection system (iCycler, 
Bio-Rad Laboratories Inc., Hercules, Calif.), to amplify and 
detect the presence of a target sequence in real time. This 
example illustrates real-time amplification and detection of 
a target sequence (FIG. 16 (SEQ ID NO:10)) in a bacterial 
pathogen, Treponema denticola (ATCC No. 35405), using 
HDA method and the UVrD HDA system. The fluorescent 
labeled primer, primer-175-LUX (5' cacatttTGAAACA 
CAAGAATGGAAATGTG 3' (SEQ ID NO:25)), was cus 
tomer designed based on the target sequence (FIG.16 (SEQ 
ID NO:10)) and obtained from Invitrogen Corporation. The 
reaction buffers were pre-made: 10xHDA Buffer A contains 
350 mM Tris-Acetate (pH7.5) and 100 mM DTT 10xHDA 
Buffer B contains 10 mM Tris-Acetate (pH7.5), 1 mg/ml 
BSA, and 100 mM Magnesium Acetate. 
0332) To test the reproducibility of real-time HDA reac 
tion, two parallel reactions were carried out (FIG. 12, line 1 
and line 2). Each reaction was set up as following: 20 ul 
Component A was made by combining: 

0333 5 ul 10xHDA Buffer A 
0334 
ng/ul) 

0335] 2 ul of 10 uM primer-175-LUX (5' 
cacatttTGAAACACAAGAATGGAAATGTG 3' (SEQ 
ID NO:25)) 

0336) 2 ul of 10 uM primer-175-Rev (5' GGC 
CAGTTTGAAT AAGACAATG 3' (SEQ ID NO:26)) 

0337] 2 ul of 10 mM dNTPs 
0338 8 ul dHO 

1 ul of Treponema denticola genomic DNA (30 

0339. Thirty ul of reaction Component B was prepared by 
mixing: 

0340 
0341 
0342 
0343 
0344) 
0345) 
0346) 

5 ul 10xHDA Buffer B 
1.5 ul 100 mM ATP 
1 ul exo Klenow Fragment (5 units/ul) 
0.5 ul UvrD helicase (200 ng/ul) 
0.8 ul MutL (800 ng/ul) 
1.2 Lul T4 gp32 (5 g/ul) 

20 ul, dHO 
0347 The reaction Component A was incubated for 2 min 
at 95° C. and then 1 min at 37° C. The freshly made 
Component B was then added to Component A after it 
cooled down to 37° C. The reaction was continued in an 
iCyler (Bio-Rad) at 37° C. The amplification product was 
detected in real-time by measuring fluorescent signals (490 
nM for FAM) at a 5-min interval using a real-time PCR 
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machine, iCycler (Bio-Rad). Fluorescent signals from reac 
tions 1 and 2 started to increase at 40 minutes and crossed 
T. (time of threshold) line around 50 minutes (FIG. 14, lines 
1 and 2). The T value for these two reactions were about 50 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 26 

<210> SEQ ID NO 1 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Unknown 
&22O > FEATURE 
<223> OTHER INFORMATION: Primer 5A 

<400 SEQUENCE: 1 

ggtggtacca toggacgtttc ttacctgctic 

<210> SEQ ID NO 2 
&2 11s LENGTH 35 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&22O > FEATURE 

<223> OTHER INFORMATION: primer 3A 

<400 SEQUENCE: 2 

ggtggtgctic titcc.gcacac cqacticcago cqggc 

<210> SEQ ID NO 3 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&22O > FEATURE 

<223> OTHER INFORMATION: primer 5B 

<400 SEQUENCE: 3 

ggtggtoata tocca attca ggtottaccg 

<210> SEQ ID NO 4 
<211& LENGTH: 40 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&22O > FEATURE 

<223> OTHER INFORMATION: primer 3B 

<400 SEQUENCE: 4 

ggtggttgct ctitcc.gcact catctittcag ggcttittatc 

<210 SEQ ID NO 5 
&2 11s LENGTH TO 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&22O > FEATURE 
<223> OTHER INFORMATION: top oligonucleotides 

<400 SEQUENCE: 5 
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minutes. In addition, the curves derived from reaction 1 and 
reaction 2 were very similar, Suggesting the reproducibility 
of real-time HDA reaction was good. In the negative control, 
fluorescent signal remained below T line (FIG. 14, line 3). 

30 

35 

30 

40 

tggctgg to a CC agagggtg gC gcggaccg agtgcgctcg gC ggctg.cgg agagggg tag 60 

agCaggCagc 

<210> SEQ ID NO 6 
&2 11s LENGTH TO 
&212> TYPE DNA 

70 
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-continued 

aaaaagaaag gttctattoc totacaaaga ttittggcaag cittttitt tag agtatataca 3OO 

gagaataaag aag catattg gaaacaatgt aattgttgttg gaaaaatatt accatttitcc 360 

gcatttagca agcatattgg ttittggcc ct cittgaaagac aaatggaatg tagagcttgt 420 

aagg gagtga taaatgcatt tittaaatcca gaaagaacag aagat caatt aagagag to a 480 

aatgttagga gacgtgttgc cqatttgttt gttaaaaaag aaaataaatc taaagatgat 540 

ggattt atta aagatttatt taaacgttitt gttcaaagt gctittaaaac aaagaaatat 600 

ctaaatatto atgatagaaa ttcttgggct atagatcata ttttaccatc aaaatatott 660 

tatcct citta caaaagaaaa togctocacta ttatctgtag aagctaattic caataaaaga 720 

gatcgttggc cittcagaatt ttatacaaat aatgaattaa tagaacttgc tacaataa.ca 78O 

ggagctgatt tacaattatt atcaaataaa acaccitatta taaatccaaa tottact gat 840 

gaggatataa atgcaggitat tdaga attat ttgtctgttc gtgaaaattic aaaccitt gag 9 OO 

aag.cgagtag citgaaataaa aaaaatcata atagacitatc aattaacgga taaattatcg 96.O 

aaaagcaa.ca agaatttact togtttatct taa 993 

<210> SEQ ID NO 11 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer 58861 

<400 SEQUENCE: 11 

ccaaatgatg cittatgttgc tit 22 

<210> SEQ ID NO 12 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer 58862 

<400 SEQUENCE: 12 

cataagccitc. tcttggatct 20 

<210> SEQ ID NO 13 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer 58863 

<400 SEQUENCE: 13 

to cacatctt toacatttcc at 22 

<210> SEQ ID NO 14 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 
<223> OTHER INFORMATION: primer-dinimit5 

<400 SEQUENCE: 14 

ggaagctgct aaggacitagt t 21 

<210 SEQ ID NO 15 
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-continued 

<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer-dnimt3 

<400 SEQUENCE: 15 

ccatgtacca cacatgtgaa c 21 

<210> SEQ ID NO 16 
<211& LENGTH 42 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 
<223> OTHER INFORMATION: primer-sfo 

<400 SEQUENCE: 16 

accgcatcga atgcatgtgg atcto accac caact gotta gc 42 

<210 SEQ ID NO 17 
<211& LENGTH 42 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer-sire 

<400 SEQUENCE: 17 

cgatto.cgct coag acttgg atctgatggc atggactgtg gt 42 

<210> SEQ ID NO 18 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer TUF 

<400 SEQUENCE: 18 

atacatatga ttggagtgaa aaagatgaa 29 

<210 SEQ ID NO 19 
&2 11s LENGTH 37 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer TUR 

<400 SEQUENCE: 19 

aaataagcto ttcago aaga aattgccitta ataggag 37 

<210> SEQ ID NO 20 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer p5-76 

<400 SEQUENCE: 20 

ggcc agtttgaataag acaa toga attatt 29 

<210> SEQ ID NO 21 
&2 11s LENGTH: 31 



US 2007/0254304 A1 Nov. 1, 2007 
23 

-continued 

&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer p3-76 

<400 SEQUENCE: 21 

attittgaaac acaagaatgg aaatgtgaaa g 31 

<210> SEQ ID NO 22 
&2 11s LENGTH 95 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: N. gonorrhoeae specif target sequence 

<400 SEQUENCE: 22 

catatgtaac agcaggtoag gocatatoca atattocaca aaatgcc agt aataatgaat 60 

tactgaaaat cagogataaa acacgc.cgta tottg 95 

<210> SEQ ID NO 23 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer H153 

<400 SEQUENCE: 23 

catatgtaac agcaggtoag gocatat 27 

<210> SEQ ID NO 24 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer H154 

<400 SEQUENCE: 24 

caa.catacgg cqtgttittat cqctgat 27 

<210> SEQ ID NO 25 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer-175-LUX 

<400 SEQUENCE: 25 

cacattttga aacacaagaa toggaaatgtg 30 

<210> SEQ ID NO 26 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: unknown 
&220s FEATURE 

<223> OTHER INFORMATION: primer-175-Rev 

<400 SEQUENCE: 26 

ggcc agtttgaataag acaa to 22 
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What is claimed is: 

1. A nucleic acid amplification kit, comprising: a helicase 
preparation containing a helicase and a single-stranded 
binding protein unless the helicase comprises a thermostable 
helicase wherein the single-stranded binding protein is 
optional; and instructions for performing helicase-dependent 
amplification. 

2. A nucleic acid amplification kit according to claim 1, 
wherein the helicase preparation contains a Superfamily type 
I helicase. 

3. A nucleic acid amplification kit according to claim 1, 
further comprising: a polymerase, an NTP and dNTPs. 
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4. A nucleic acid amplification kit according to claim 3, 
further comprising: one or more pairs of primers for detect 
ing a specific target nucleic acid sequence. 

5. A nucleic acid amplification kit according to claim 3, 
wherein the helicase is Tte-UVrD helicase. 

6. A nucleic acid amplification kit according to claim 4. 
wherein the helicase is Tte-UVrD helicase. 

7. A nucleic acid amplification kit according to claim 3, 
wherein the polymerase is a thermostable polymerase. 

8. A nucleic acid amplification kit according to claim 7. 
wherein the thermostable polymerase is Bst polymerase 
Large fragment. 


