
l|||||||||||||ll||l||||||||l||||||||||||||||||||||||||||||||l||||||||l|||||||||||||||||||| 
US 20040067511A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0067511 A1 

Thomas (43) Pub. Date: Apr. 8, 2004 

(54) CIRCULAR PROBE AMPLIFICATION (CPA) (30) Foreign Application Priority Data 
USING ENERGY-TRANSFER PRIMERS 

Feb. 27, 2001 (US) ......................................... .. 60271433 

(76) Inventor: David C. Thomas, GermantoWn, MD 
(Us) Publication Classi?cation 

(51) Int. Cl.7 ............................ ..C12Q 1/68; C12P 19/34 
Correspondence Address; (52) US. Cl. ............................................. .. 435/6; 435/912 
PHILIP S. JOHNSON 
JOHNSON & JOHNSON (57) _ _ ABSTRACT _ 
ONE JOHNSON & JOHNSON PLAZA The present invention provides methods and kits for the 
NEW BRUNSWICK’ NJ 08933_7003 (Us) rapid exponential ampli?cation of nucleic acid molecules 

using a padlock probe. The present invention improves upon 
the existing methods for amplifying padlock probes by 

(21) App1_ No; 10/469,099 eliminating or delaying the appearance of artifact products 
that cause false positive results, and also increase the sen 

(22) PCT Filed; Feb, 27, 2002 sitivity and speed of the assay. Further provided are nucleic 
acid ampli?cation primers containing non-informative base 

(86) PCT No.: PCT/EP02/02287 analogs. 



Patent Application Publication Apr. 8, 2004 Sheet 1 0f 5 US 2004/0067511 A1 

A . 

3‘ / 5| \————|—'-Target strand 
, AAATQAATCAAAGC =1.- GCTTGCAQGMGTACTCTGG “*7 
G 3' arm 5' arm T 
6 Target binding arms C 

C ' . IT 

A G 
' T <—-—- Reverse primer ~ Forward primer -——> A _ 

A GGACTGTGATTCTAGTCG-CA- TGATCTCGACTCTGTACTGCT c 

DNA ligase 

B ' 5' 

3| 

\ TAAATGAATCAAAG c C GAACGTGCTTCATGAGACC 
G ' — 

G ATTTAC'ITAG'ITI'C 6 Q CTI'GCACGAAGTACTCTGG \ T 
L_..____l T 

c HinP1 l C 
site 

A v T 

GI 
T <——— Reverse primer Forward Primer _' '_’ A 

A GGACTGTGATTCTAGTCG -CA -TGATCTCGACTCTGTACTGCT 0 

FIGURE 1 



Patent Application Publication Apr. 8, 2004 Sheet 2 0f 5 US 2004/0067511 A1 

Circular ‘Probe Amplification 

A. Rolling circle emplifcation using forward 
primer, bind reverse primer Forward priQjr 

B. Cascade rolling circle amplifcation . 
with two primers - ‘ Forward primer 

C. Polymerase chain reaction 
of cascade products 

Forward 
primers 

5-? —> —> —+ -—> 

Reverse 
primers 

FIGURE 2 



Patent Application Publication Apr. 8, 2004 Sheet 3 0f 5 US 2004/0067511 A1 

Ampli?cation of padlock probes by CRCA 

C 
CC 
6 

2500 

'2000 

1500 

1000 

500 

o . 

‘500 I 

0 2 4 6 810121416182022 
I I I 

Cycle 

I I | 

24 2B 2B 30 32 34 36 38 40 

FIGURE 3 



Patent Application Publication Apr. 8, 2004 Sheet 4 0f 5 US 2004/0067511 A1 

Ampli?cation of padlock probes by PCR or CPA 

10'4 

, 10-3 

PCR 0:: 
(Deep Vent) <1 

10': 

O 2 4 6 810121416182022242628303234363840 

Cycle 

101 

10": 

CPA c 

(Depp Vent 15 1m 
+ Bst LF) 

H71 
0 2 4 6 8101214161820222426 2830 3234383840 

Cycle 

FIGURE 4 



Patent Application Publication Apr. 8, 2004 Sheet 5 0f 5 US 2004/0067511 A1 

Ampli?cation of padlock probes by PCR or CPA 

10'4 

10‘3 

C 

PCR {5 
(Plat. Taq) 

10‘: 

O 2 4 6 B10121416182022242628303234363840 
Cycle 

10*4 

10‘3 

_ CPA é 
(Plat. Taq + <1 

0 2 4 6 810121416IB2022242628303234363840 

Cycle 

FIGURE 5 



US 2004/006751 1 A1 

CIRCULAR PROBE AMPLIFICATION (CPA) 
USING ENERGY-TRANSFER PRIMERS 

STATEMENT OF GOVERNMENT RIGHTS 

[0001] The present invention Was supported, in part, by 
Small Business Innovation grants from the National Institute 
of Allergy and Infectious Diseases (1R43AI42481-01 and 
5R44AI42481-03). The Government has certain rights in the 
invention. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods and 
reagents for the exponential ampli?cation of circulariZed 
nucleic acid molecules. The present invention further relates 
to methods and reagents for detecting and amplifying spe 
ci?c nucleic acid molecules from a sample. 

[0003] There are several reported methods for amplifying 
nucleic acids. These methods fall into one of tWo categories, 
isothermal or thermal cycling techniques. PCR is generally 
considered the most common thermal cycling technique. 
Saiki et al., Science 230:1350-1354 (1985), US. Pat. Nos. 
4,683,195 and 4,683,202, all of Which are herein incorpo 
rated by reference. Other thermal cycling techniques for 
amplifying nucleic acid molecules include the ligase chain 
reaction (LCR) (Landergren et al., Science 241:1077-1080 
(1988), herein incorporated by reference). 
[0004] Isothermal reactions, as the name implies, are run 
at a uniform temperature, usually higher than room tem 
perature to improve ?delity. Some of the reported isothermal 
methods include strand displacement reaction (SDA) 
(Walker et al., Proc. Nat’l Acad. Sci. (USA) 89:32-396 
(1992); Walker et al., Nucleic Acids Res. 20:1691-1696 
(1992), both of Which are herein incorporated by reference), 
nucleic acid based ampli?cation (NASBA) (Kievitis et al., J. 
Virol. Methods 35:273-286 (1991), and US. Pat. No. 5,409, 
818, both of Which are herein incorporated by reference), 
and transcription mediated ampli?cation (TMA) (KWoh et 
al., Proc. Natl. Acad. Sci. (USA) 86:1173-1177 (1989), 
herein incorporated by reference). 

[0005] The rolling circle ampli?cation (RCA) method is 
another isothermal reaction. Various forms of RCA have 
been reported. LiZardi et al., Nature Genetics 19:225-232 
(1998) and Zhang et al., Gene 211:277-85 (1998), both of 
Which are herein incorporated by reference. This technique 
is the linear ampli?cation of a circular DNA probe, com 
monly referred to as a “padlock probe.” Another isothermal 
nucleic acid ampli?cation method employing padlock 
probes is the exponential rolling circle ampli?cation 
method, Cascade Rolling Circle Ampli?cation (CRCA) 
method. 

[0006] Padlock probes Were ?rst introduced in 1994 and 
methods have been developed for utiliZing these probes in 
molecular diagnostics, both for in situ applications and 
solution-based assays. Nilsson et al., Science 265:2085-2088 
(1994), herein incorporated by reference. A padlock probe 
consists of tWo target-complementary regions at the 3‘ and 5‘ 
ends and a generic spacer region. When the 3‘ and 5‘ terminal 
regions are juxtaposed on a target DNA sequence, the probe 
ends can be joined by a DNA ligase to form a circular 
molecule that is catenated With the target strand. Because 
these probes remain localiZed at the target sequences and 
cannot be easily Washed off, they Were named “padlock 
probes.” 
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[0007] Aproblem associated With most exponential ampli 
?cation methods, including CRCA, is the occurrence of 
background ampli?cation. Background ampli?cation repre 
sents both a problem and a limitation for most ampli?cation 
methods that employ tWo primers. One reason that back 
ground ampli?cation is not desired is that it can be a source 
of false positive results. Typically, the RCA and CRCA 
reactions produce products that are multimers of head to tail 
tandem repeats. HoWever, background products have been 
reported, consisting of repeats of a linear target molecule 
that includes the tWo primer binding sites, the intervening 
sequence and additional sequence of the template molecule 
?anking the primer-binding site. Background ampli?cation 
products are especially problematic for real-time detection 
instruments because these instruments cannot distinguish 
betWeen the ?uorescent signal generated by background 
ampli?cation products and the ?uorescent signal generated 
by the intended ampli?cation product. 

[0008] There are several reported methods for reducing 
the occurrence of background ampli?cation. One such 
method employs an enrichment step of the circular nucleic 
acid probe prior to ampli?cation. WO 00/36141, herein 
incorporated by reference. 

[0009] The present invention improves on the existing 
methods for amplifying padlock probes by eliminating or 
delaying the appearance of artifact products that cause false 
positive results and improving detectability of the probes. 
The present invention also increases the sensitivity and 
speed of the assay. 

[0010] To achieve these and other advantages, and in 
accordance With the principles of the present invention as 
embodied and described herein, the present invention, in one 
aspect, provides a nucleic acid ampli?cation method com 
prising: (a) providing a closed circular padlock probe mol 
ecule; a target nucleic acid molecule; a forWard primer; a 
reverse primer; dNTPs; and a ?rst DNA polymerase to form 
a reaction mixture; (b) creating a multi-tailed complex; (c) 
activating a second DNA polymerase, Wherein the second 
DNApolymerase is thermostable; and (d) thermocycling the 
multi-tailed complex. 

[0011] The present invention also provides a nucleic acid 
molecule ampli?cation kit comprising: (a) a forWard primer 
and a reverse primer; (b) a ligase enZyme; (c) a ?rst 
polymerase enZyme; (d) a linear padlock probe molecule, 
Wherein the padlock probe comprises a 3‘ terminal region, a 
5‘ terminal region, and a spacer region, Wherein the spacer 
region contains binding sites for the forWard primer and the 
reverse primer; and (e) a second polymerase enZyme, 
Wherein the second polymerase enZyme is a thermostable 
enZyme and Wherein the second polymerase enZyme is not 
the same enZyme as the ?rst polymerase enZyme. 

[0012] Also provided by the present invention is a method 
for detecting a target nucleic acid molecule in a sample 
comprising: (a) providing a target nucleic acid molecule, a 
linear padlock probe molecule, a ligase enZyme, a forWard 
primer, a reverse primer, dNTPs, and a ?rst DNA poly 
merase; (b) creating a closed circular padlock probe mol 
ecule; (c) creating a multi-tailed complex from the closed 
circular padlock probe molecule; (d) activating a second 
DNA polymerase; (e) thermocycling the multi-tailed com 
plex With the second DNA polymerase; and detecting the 
ampli?cation product of the multi-tailed complex. 
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[0013] The present invention further provides a method 
for detecting a target nucleic acid molecule in a sample 
comprising: (a) providing a target nucleic acid molecule, a 
closed circular padlock probe molecule topologically linked 
to the target nucleic acid molecule, a forWard primer, a 
reverse primer, dNTPs, and a ?rst DNA polymerase; (b) 
creating a multi-tailed complex from the closed circular 
padlock probe molecule; (c) activating a second DNA poly 
merase; (d) thermocycling the multi-tailed complex With the 
second DNApolymerase; and (e) detecting the ampli?cation 
product of the multi-tailed complex. 

[0014] The present invention further provides a method 
for detecting a plurality of target nucleic acid molecules in 
a sample comprising: (a) providing a plurality of target 
nucleic acid molecules, a plurality of linear padlock probe 
molecules capable of annealing to a plurality of distinct 
target nucleic acid molecule, a ligase enZyme, dNTPs, and a 
?rst DNA polymerase; (b) creating at least tWo closed 
circular nucleic acid molecules, Wherein each of the closed 
circular nucleic acid molecules is topologically linked to a 
distinct target nucleic acid molecule; (c) providing, for each 
member of the at least tWo closed circular nucleic acid 
molecules, a forWard primer and a reverse primer; (d) 
creating a multi-tailed complex for each of the distinct target 
nucleic acid molecules; (e) activating a second DNA poly 
merase; thermocycling the at least tWo distinct multi 
tailed complexes With the second DNA polymerase; and (g) 
detecting the ampli?cation products of the at least tWo 
distinct multi-tailed complexes. 

[0015] The present invention also provides a closed tube 
nucleic acid molecule ampli?cation method comprising: (a) 
providing a target nucleic acid molecule, a ligase enZyme; a 
forWard primer; a reverse primer; dNTPs; and a ?rst DNA 
polymerase in a reaction tube; (b) sealing the reaction tube; 
(c) creating a closed circular padlock probe molecule; (d) 
creating a multi-tailed complex from the closed circular 
padlock probe molecule; (e) activating a second DNA poly 
merase, Wherein, the second DNA polymerase is a thermo 
stable DNA polymerase; and thermocycling the multi 
tailed complex. 

[0016] The present invention also provides a padlock 
probe ampli?cation primer comprising any of the folloWing 
sequences: 5‘-actagagctgagaca-3‘; 5‘-actagagttcagaca-3‘; 
5‘-actagagctgagacatgacga-3‘; 5‘-actagagttcagacatgacga-3‘; 
5‘-actagagctgagacatgacgagtc-3‘; 5‘-actagagttcagacatgac 
gagtc-3‘; 5‘-actagagctgagacatgacgagtcgca-3‘; or 5‘-actagagt 
tcagacatgacgagtcgca-3‘, Wherein at least one nucleotide base 
contained in the primer is a non-informative base analog. 

[0017] Further provided by the present invention is a 
padlock probe ampli?cation primer of 15 to 75 nucleotides 
Wherein at least one nucleotide base contained in the primer 
is a non-informative base analog. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
various embodiments and/or features of the invention and 
together With the description, serve to explain the principles 
of the invention. In the draWings: 

[0019] FIG. 1A provides a schematic of a padlock probe 
annealed to a target nucleic acid molecule. FIG. 1B provides 

Apr. 8, 2004 

a schematic of a padlock probe that has been ligated to form 
a closed circular nucleic acid molecule. 

[0020] FIG. 2A provides a schematic of rolling circle 
ampli?cation, FIG. 2B provides a schematic of cascade 
rolling circle ampli?cation, and FIG. 2C provides a sche 
matic of a polymerase chain reaction ampli?cation of a 
product from a cascade rolling circle ampli?cation. 

[0021] FIG. 3 provides an illustration of the change in 
?uorescent signal measured over time for a cascade rolling 
circle ampli?cation of differing concentrations of a padlock 
probe. 

[0022] FIG. 4A provides an illustration of the change in 
?uorescent signal measured over time for a polymerase 
chain reaction ampli?cation using Deep VentTM polymerase 
of differing concentrations of a padlock probe. FIG. 4B 
provides an illustration of the change in ?uorescent signal 
measured over time for a circular probe ampli?cation of 
differing concentrations of a padlock probe using Deep 
VentTM polymerase and Bst LF. 

[0023] FIG. 5A provides an illustration of the change in 
?uorescent signal measured over time for a polymerase 
chain reaction ampli?cation using Platinum TaqTM of dif 
fering concentrations of a padlock probe. FIG. 5B provides 
an illustration of the change in ?uorescent signal measured 
over time for a circular probe ampli?cation of differing 
concentrations of a padlock probe using Platinum TaqTM 
DNA polymerase and Bst LF. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] A. Rolling Circle Ampli?cation 

[0025] The process of rolling circle replication (ampli? 
cation) is used by many viruses and plasmids to replicate 
their genome. It is understood that as used in the present 
invention, the terms replication and ampli?cation are 
intended to be used interchangeably. During viral rolling 
circle ampli?cation, a DNApolymerase, in conjunction With 
accessory factors such as helicases and/or single-strand 
DNA binding proteins that help displace the “daughter” 
strand tail, advances repeatedly around the circular nucleic 
acid molecule, Which can be several kilobases in siZe. This 
results in the production of individual or tandem single 
strand copies of the genome, Which are then processed to 
form unit length circles. 

[0026] Rolling circle ampli?cation has been performed in 
vitro using primed synthetic circular single-stranded DNA 
templates smaller than 100 bases. Fire and Xu, Proc. Nat’l 
Acad. Sci. (USA) 92:46414645 (1995), US. Pat. Nos. 
6,096,880, 6,077,668, 5,854,033 and 5,714,320, all of Which 
are herein incorporated by reference. RCA can also be used 
to amplify circular RNA templates. Long single-stranded 
tails containing hundreds of tandem copies of the template 
can be generated by several polymerases, some Without 
accessory factors. This process is named rolling circle 
ampli?cation and is an isothermal linear ampli?cation of the 
initial DNA template. 

[0027] Any DNA polymerase that can perform rolling 
circle ampli?cation is suitable for use in RCA. The ability of 
a polymerase to carry out rolling circle ampli?cation can be 
determined by using the polymerase in a rolling circle 
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ampli?cation assay such as those described in Fire and Xu, 
Proc. Natl. Acad. Sci. (USA) 92:4641-4645 (1995), herein 
incorporated by reference. 

[0028] DNA polymerases that are capable of displacing 
the strand complementary to the template strand, a process 
called strand displacement, are generally used in rolling 
circle ampli?cation. Strand displacement alloWs for the 
synthesis of multiple tandem copies of the circular vector. 
Occasionally, strand displacement factors are used in con 
junction With the polymerase to effectuate strand displace 
ment. HoWever, it is understood that at least some poly 
merases, such as Bst, are capable of strand displacement 
Without a strand displacement factor. Bst is derived from 
Bacillus stearothermophilus N3468. Aliotta et al., Genet. 
Anal. 12(5-6):185-95 (1996); Phang et al., Gene 163(1):65-8 
(1995) herein incorporated by reference. 

[0029] Typically, the polymerase enZyme used in RCA 
lacks a 5‘ to 3‘ eXonuclease activity because, if present, it 
might destroy the synthesiZed strand. It is also typical that 
the DNA polymerase used is highly processive. As used 
herein, the term “processive” refers to the ability of a 
polymerase enZyme to carry out strand synthesis Without 
disassociating from the template strand. 

[0030] Polymerase enZymes suitable for use in RCA 
include, but are not limited to, DNA polymerase I, KlenoW 
fragment of DNA polymerase I, T4 DNA polymerase, T7 
DNA polymerase, TaqTM polymerase, VentTM polymerase, 
Deep VentTM polymerase, (1)29 polymerase, Bst polymerase, 
and Bst Large Fragment (Bst LF). Bst LF is described by Lu 
et al., Biotechniques 11(4):464-466 (1991), Riggs et al., 
Biochim. Biophys. Acta 1307(2):178-86 (1996), both of 
Which are herein incorporated by reference. Bst LF is also 
commercially available from NeW England Biolabs. 

[0031] A rolling circle ampli?cation mechanism has been 
previously reported to amplify small DNA circles or ligated 
padlock probes by several thousand fold. LiZardi et al., Nat. 
Genet. 19(3):225-232 (1998). In these approaches, a single 
primer is hybridiZed to the circular template and eXtended by 
a DNA polymerase around the circle. Upon reaching the 
primer, the polymerase displaces the primer and continues 
repeatedly around the circle to generate a long single 
stranded tailed product. As used herein, the term “tailed 
product” refers to a nucleic acid molecule having a structure 
like that of FIG. 2A. 

[0032] RCA reactions have been described Where, rather 
than using a ?rst primer, the target sequence itself is used as 
a primer. After hybridiZation and ligation, one may degrade 
the single-stranded nucleic acid With a single stranded 
eXonuclease (e.g., DNase or RNase) leaving the remaining 
double stranded portion to act as a primer. The RCA 
technique does not employ a second primer. Because single 
primer ampli?cation is a linear process, it is typically used 
to detect cytological or other solid-phase sample prepara 
tions. LiZardi et al., Nat. Genet. 19(3):225-232 (1998), 
herein incorporated by reference. Depending on the DNA 
polymerase one uses to amplify, suf?cient eXonuclease 
activity may be inherently present, thereby obviating the use 
of a primer in RCA. 

[0033] B. Cascade Rolling Circle Ampli?cation (CRCA) 

[0034] CRCA combines the technology of RCA, tWo 
primer ampli?cation and padlock probes. The CRCA tech 
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nology is being commercially developed by Molecular Stag 
ing, Inc. (NeW Haven, Conn.) through its Rolling Circle 
Ampli?cation Technology (RCATTM). 
[0035] A padlock probe consists of tWo target-comple 
mentary regions at the 3‘ and 5‘ ends connected by a spacer 
region such that, When properly annealed to the target 
sequence, the tWo target complementary ends are joined by 
a DNA ligase to form a circular probe that is topologically 
linked to the target. Since these probes cannot be easily 
Washed off, they provide a highly speci?c detection tech 
nique With loW background. The sensitivity of padlock 
probes can be enhanced several hundred fold by subjecting 
them to RCA upon addition of a unique primer and a 
strand-displacing DNA polymerase. The RCA products can 
then be detected by direct incorporation of label, by use of 
a labeled antibody to a hapten incorporated during DNA 
synthesis, or by hybridiZation to a labeled detection probe. 
US. Pat. No. 5,912,124, Which is herein incorporated by 
reference, describes padlock probes. 

[0036] While several DNA polymerases are capable of 
supporting an RCA reaction, Bst DNA polymerase (large 
fragment) (Bst LF) is the DNA polymerase most often used 
in the CRCA reaction. Bst LF is commercially available 
from several commercial vendors, such as NeW England 
Biolabs (Beverly, Mass.) or Epicentre (Madison, Wis.). 
Other polymerase enZymes reported to be suitable for use in 
a CRCA reaction include, but are not limited to, VentTM, 
Deep VentTM and (1)29. 

[0037] To prepare a padlock probe, a linear open circle 
probe is hybridiZed to the target sequence for ligation to 
occur. The basic structure of a padlock probe is depicted in 
FIG. 1. The probe consists of tWo target-complementary 
regions in the 3‘ and 5‘ terminal regions connected by a 
spacer region containing binding sites for ampli?cation 
primers. The probe can be circulariZed When the terminal 3‘ 
hydroXyl and 5‘ phosphate groups are juXtaposed on the 
target. The ligation of the terminal 3‘ hydroXyl and 5‘ 
phosphate groups can be done enZymatically using, for 
eXample, a DNA ligase enZyme or it can be done chemically. 
Generally, the ligation reaction is performed using a DNA 
ligase enZyme. 

[0038] After ligation, a closed circular nucleic acid is 
formed. A?rst (forWard) primer can then anneal to a forWard 
primer binding region in the circulariZed probe. A second 
(reverse) primer may be present from the start of the 
ampli?cation reaction, or it can be added at any time as it 
does not anneal until after the ?rst primer is extended. The 
forWard primer is generally at least 10 bases in length. More 
commonly, the forWard primer ranges from 15 to 30 bases 
in length. The reverse primer is generally at least 10 bases 
in length. More commonly, the reverse primer ranges from 
15 to 30 bases in length. 

[0039] A DNA polymerase With strand displacing activity 
catalyZes the primer extension. Typically, the DNA poly 
merase is the Bst LF DNA polymerase. The DNA poly 
merase enZyme generates a tailed product of many tandem 
repeats of the target sequence and accordingly many primer 
binding sites for the second reverse primer. In addition to the 
DNApolymerase, other reaction components are added. The 
addition of these other reaction components are knoWn to 
persons of skill in the art for the purposes of optimiZing this 
reaction. These other reaction components include dNTPs, 
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buffer, salts (e.g., magnesium sulfate, potassium chloride, or, 
ammonium sulfate) and surfactants (e. g., non-ionic deter 
gents such as Triton X-100 (t-OctylphenoXypolyethoXyetha 
nol)). 
[0040] C. Polymerase Chain Reaction (PCR) 

[0041] PCR represents another target ampli?cation proce 
dure. Saiki et al., Science 230:1305-1354 (1980). In this 
procedure, a speci?c segment of nucleic acid is ampli?ed 
using tWo primers, one for each strand, Which are used to 
direct selective chain ampli?cation by a polymerase 
enZyme. US. Pat. Nos. 4,683,202 and 4,683,195, both of 
Which are herein incorporated by reference. As each primer 
is extended, it creates a copy of the original template. 
Thermal denaturation of these copies from the original 
template results, in four strands that can be replicated in the 
neXt cycle. 

[0042] Today, the PCR reaction is conducted using ther 
mal stable polymerase enZymes. These enZymes, their use 
and sources for obtaining them are knoWn to persons of skill 
in the art. The thermal stable polymerase enZymes most 
often used include VentTM, Deep VentTM, Pfu, as Well as 
versions of TaqTM, such as AmpliTaqTM, AmpliTaqTM Gold, 
Platinum TaqTM and EXTaqTM. 

[0043] D. Circular Probe Ampli?cation (CPA) 
[0044] The circular probe ampli?cation (CPA) method of 
the present invention combines the processes of CRCA and 
PCR to achieve a super-exponential ampli?cation reaction. 
In this reaction, a linear padlock probe is circulariZed and 
ampli?ed in the presence of tWo primers for a brief period 
using a ?rst DNA polymerase capable of strand displace 
ment, most typically Bst LF. 

[0045] As used herein, the term “probe” refers to a nucleic 
acid molecule that hybridiZes (anneals) to a target nucleic 
acid molecule, but is not itself eXtended by a polymerase 
enZyme. A“probe” is an oligonucleotide capable of binding 
to a target nucleic acid of complementary sequence through 
one or more types of chemical bonds, through complemen 
tary base pairing, or through hydrogen bond formation. The 
probe may include natural (i.e., A, G, C, or T) or modi?ed 
bases (7-deaZaguanosine, inosine, etc.). In addition, bases in 
a probe may be joined by a linkage other than a phosphodi 
ester bond, so long as it does not prevent hybridiZation. 
Thus, oligonucleotide probes may have constituent bases 
joined by peptide bonds rather than phosphodiester linkages. 
A “primer”, as used herein, hoWever, not only hybridiZes 
(anneals) to the probe molecule, but is eXtended by a 
polymerase enZyme. 

[0046] The ampli?cation period is long enough to generate 
a large number of neW primer sites, but not long enough to 
generate a detectable product. This can be folloWed by a step 
to denature the ?rst polymerase enZyme. The ampli?cation 
product is further ampli?ed using a second, typically a 
thermal stable, polymerase enZyme and a thermal cycling 
process. The cycling phase of the process is not classical 
PCR in the sense that a unique siZe amplicon is not gener 
ated, but rather a range of products is generated oWing to the 
large number of primer sites present on the long tandem 
repeats generated during the initial rolling circle ampli?ca 
tion phase. This is further contrasted to standard PCR and 
other target ampli?cation techniques used in DNA diagnos 
tics because only the probe molecule is ampli?ed, not the 
target DNA. 
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[0047] To prepare a padlock probe, a linear open circle 
probe is hybridiZed to the target nucleic acid for ligation to 
occur. As used herein, the term “target nucleic acid” refers 
to the nucleic acid molecule to Which the padlock probe 
hybridiZes. The target nucleic acid can be RNA or DNA, 
single-stranded or double-stranded. The target nucleic acid 
can be any form of a nucleic acid molecule including, but not 
limited to, a plasmid or fragment thereof, genomic DNA or 
fragment thereof, viral DNA or fragment thereof, viral RNA 
or fragment thereof, messenger RNA or fragment thereof, 
mitochondrial DNA or fragment thereof, chromosomal. 
DNA or fragment thereof, etc. When the target nucleic acid 
is double-stranded, the target nucleic acid is typically dena 
tured to alloW for the padlock probe to hybridiZe to the target 
nucleic acid. 

[0048] The basic structure of a padlock probe is depicted 
in FIG. 1. The probe, Which has the features of the CRCA 
probe, consists of tWo target-complementary regions in the 
3‘ and 5‘ terminal regions connected by a spacer region 
containing binding sites for ampli?cation primers. The 
probe can be circulariZed When the terminal 3‘ hydroXyl and 
5‘ phosphate groups are juxtaposed on the target. The 
ligation of the terminal 3‘ hydroXyl and 5‘ phosphate groups 
can be done enZymatically using, for eXample, a DNA ligase 
enZyme or it can be done chemically. The ligation reaction 
is usually performed using a DNA ligase enZyme. 

[0049] It is understood that the circulariZation of the 
padlock probe may be performed by any one of a number of 
methods including, but not limited to, gap-?lling or spacer 
oligonucleotide ligation. As used herein, gap-?lling refers to 
the circulariZation of an open circle nucleic acid probe via 
the synthesis of a nucleotide sequence to link the terminal 
ends of the open circle nucleic acid probe. In this regard, the 
open circle nucleic acid probe is reacted With the required 
dNTPs, ligase and a DNA polymerase. As used herein, 
“spacer oligonucleotide ligation” refers to the insertion of 
one or more previously synthesiZed oligonucleotide 
sequences into the gap betWeen the 5‘ and 3‘ ends of the open 
circle nucleic acid probe. The ends of the spacer are then 
ligated With the ends of the open circle nucleic acid probe 
using, for eXample, a ligase enZyme or chemical reaction. 
When one or more spacer oligonucleotide are utiliZed, they 
may be, for eXample, ligated in tandem to ?ll the gap 
betWeen the 5‘ and 3‘ ends of the open circle nucleic acid 
probe. 
[0050] As used herein, the term dNTPs refers to dATP 
(deoXy-adenosine triphosphate), dGTP (deoXy-guanine 
triphosphate), dCTP (deoXy-cytosine triphosphate), dTTP 
(deoXy- thymine triphosphate) and base derivatives such as 
dIPT (deoXy-inosine triphosphate), dUTP (deoXy-uracil 
triphosphate) and other purine and pyrimidine base deriva 
tives. 

[0051] The 5‘ terminal region is long enough to provide a 
relatively strong and speci?c annealing. Generally, 20 bases 
is long enough for use in the present invention. HoWever, 
strong and speci?c annealing can be obtained With a 5‘ 
terminal region having as feW as 10 bases. Under the most 
common embodiment, the 5‘ terminal region is at least 20 
bases. 

[0052] Stringency conditions in nucleic acid hybridiZa 
tions can be readily determined by those having ordinary 
skill in the art based on, for eXample, the length and 
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composition of the nucleic acid. In one embodiment, mod 
erate stringency is herein de?ned as a nucleic acid having 
10, 11, 12, 13, 14, 15, 16, or 17 contiguous nucleotides 
identical to any of the sequences of the padlock probes of the 
present invention, or a complement thereof. Similarly, high 
stringency is hereby de?ned as a nucleic acid having 18, 19, 
20, 21, 22, or more contiguous identical nucleotides, or a 
longer nucleic acid having at least 80, 85, 90, 95, or 99 
percent identity With any of the sequences of the padlock 
probes of the present invention; for sequences of at least 50, 
100, 150, 200, or 250 nucleotides, high stringency may 
comprise an overall identity of at least 60, 65, 70 or 75 
percent. 

[0053] Generally, nucleic acid hybridiZation simply 
involves providing a denatured nucleotide molecule or probe 
and target nucleic acid under conditions Where the probe and 
its complementary target can form stable hybrid duplexes 
through complementary base pairing. The nucleic acids that 
do not substantially form hybrid duplexes are then Washed 
aWay leaving the hybridiZed nucleic acids to be detected, 
typically through detection of an attached detectable label. It 
is further generally recogniZed that nucleic acids are dena 
tured by increasing the temperature or decreasing the salt 
concentration of the buffer containing the nucleic acids. 
Under loWer stringency conditions (e.g., loW temperature 
and/or high salt), hybrid duplexes (e.g., DNA:DNA, 
RNAzRNA, or RNA:DNA) Will form even Where the 
annealed sequences are not perfectly complementary. Thus 
speci?city of hybridiZation is reduced at loWer stringency. 
Conversely, at higher stringency (e.g., higher temperature or 
loWer salt) successful hybridiZation requires feWer mis 
matches. One of skill in the art Will appreciate that hybrid 
iZation conditions may be selected to provide any degree of 
stringency. 

[0054] As used herein, the percent identity betWeen any of 
the sequence provided herein and a potential hybridiZing 
variant can be determined, for example, by comparing 
sequence information using the GAP computer program, 
version 6.0 described by Devereux et al. (Nucl. Acids Res. 
12:387, 1984) and available from the University of Wiscon 
sin Genetics Computer Group (UWGCG). The GAP pro 
gram utiliZes the alignment method of Needleman and 
Wunsch (J. Mol. Biol. 48:443, 1970), as revised by Smith 
and Waterman (Adv. Appl. Math 2:482, 1981). The preferred 
default parameters for the GAP program include: (1) a unary 
comparison matrix (containing a value of 1 for identities and 
0 for non-identities) for nucleotides, and the Weighted com 
parison matrix of Gribskov and Burgess (Nucl. Acids Res. 
14:6745, 1986), as described by SchWartZ and Dayhoff (eds., 
Atlas of Protein Sequence and Structure, National Biomedi 
cal Research Foundation, pp. 353-358, 1979); (2) a penalty 
of 3.0 for each gap and an additional 0.10 penalty for each 
symbol in each gap; and (3) no penalty for end gaps. 

[0055] Alternatively, basic protocols for empirically deter 
mining hybridiZation stringency are set forth in section 2.10 
of Current Protocols in Molecular Biology edited by F. A. 
Ausubel et al., John Wiley and Sons, Inc. (1987). Stringency 
conditions can be determined readily by the skilled artisan. 
An example of moderate stringency hybridiZation condi 
tions Would be hybridiZation in 5><SSC, 5><Denhardt’s Solu 
tion, 50% (W/v) formamide, and 1% SDS at 42° C. With 
Washing conditions of 0.2><SSC and 0.1% SDS at 42° C. An 
example of high stringency conditions can be de?ned as 
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hybridiZation conditions as above, and With Washing at 
approximately 68° C., in 0.1><SSC, and 0.1% SDS. The 
skilled artisan Will recogniZe that the temperature and Wash 
solution salt concentration can be adjusted as necessary 
according to factors such as the length of the probe. 

[0056] Due to the degeneracy of the genetic code Wherein 
more than one codon can encode the same amino acid, 
multiple DNA sequences can code for the same polypeptide. 
Such variant DNA sequences can result from genetic drift or 
arti?cial manipulation (e.g., occurring during PCR ampli? 
cation or as the product of deliberate mutagenesis of a native 
sequence). 

[0057] Deliberate mutagenesis of a native sequence can be 
carried out using numerous techniques Well knoWn in the art. 
For example, oligonucleotide-directed site-speci?c 
mutagenesis procedures can be employed, particularly 
Where it is desired to mutate a gene such that predetermined 
restriction nucleotides or codons are altered by substitution, 
deletion or insertion. Exemplary methods of making such 
alterations are disclosed by Walder et al. (Gene 42:133, 
1986); Bauer et al. (Gene 37:73, 1985); Craik (BioTech 
niques, Jan. 12-19, 1985); Smith et al. (Genetic Engineer 
ing: Principles and Methods, Plenum Press, 1981); Kunkel 
(Proc. Natl. Acad. Sci. USA 82:488, 1985); Kunkel et al. 
(Methods in Enzymol. 154:367, 1987); and US. Pat. Nos. 
4,518,584 and 4,737,462, all of Which are incorporated by 
reference. 

[0058] Although the 3‘ terminal region can be as long as 
the 5‘ terminal region, according to one embodiment, the 3‘ 
terminal region is shorter (10-15 bases in length). The 
speci?c, but Weaker annealing, provided by a shorter 3‘ 
terminal region improves ligase discrimination. Ligase dis 
crimination is also improved by base mismatches at the 3‘ 
terminus or 5‘ terminus. HoWever, base mismatches at the 3‘ 
terminus are more inhibitory to ligation than those at the 5‘ 
terminus. Luo et al., Nucleic Acids Res. 24(15):3071-8 
(1996), herein incorporated by reference. The base mis 
match can be at any location in the terminal region. HoW 
ever, Where detection of a base mutation is being performed, 
the mismatch is at the location of the base mutation. Tech 
niques to enhance binding and discrimination, and thus 
overall sensitivity, are set forth, for example, in US. Pat. No. 
5,494,810, herein incorporated by reference. 

[0059] The spacer region may be of variable length, 
although it is not required. When used, the spacer region is 
long enough to alloW the tWo terminal regions to ef?ciently 
hybridiZe to the target nucleic acid. The spacer region can be 
at least 54 bases in length. For small double-stranded DNA 
circles of less than 150 base pairs, polymerase displacement 
of the tails is reported to be enhanced compared to larger 
templates because of the strain associated With these small 
circular DNA molecules. Baner et al., Nucleic Acids Res. 
26(22):5073-5078 (1998), herein incorporated by reference. 

[0060] Typically, the spacer region contains a binding site 
for at least one primer, the forWard primer. The spacer region 
may further contain the sequence of the reverse primer. In 
one embodiment, the binding site for the forWard primer can 
contain a “primer-terminal spacing region” from 0 bases to 
no upper limit. As used herein, the term “primer-terminal 
spacing region” refers to the inclusion of nucleotide bases 
betWeen the primer region and the terminal region. Like 
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Wise, the reverse primer sequence and the 3‘ terminal region 
can contain a primer-terminal spacing region from 0 bases to 
no upper limit. 

[0061] The primers are in opposite orientations in the 
probe. As depicted in FIG. 1, the binding site for the forWard 
primer and the sequence of the reverse primer may be 
separated by a “primer-spacing region.” As used herein, the 
term “primer-spacing region” refers to the inclusion of 
nucleotide bases betWeen the forWard and reverse primer 
regions. This primer-spacing region generally ranges from 0 
to 10 bases. It is understood, hoWever, that a longer primer 
spacing region can be used. 

[0062] In one embodiment, the primers binding to the 
spacer region are identical to primers and spacer regions for 
different open circle probes, thus alloWing generic primers to 
be used for the CRCAphase and PCR phase ampli?cation of 
at least a portion of the padlock probe. 

[0063] The ligation can be catalyZed by a thermophilic 
ligase, such as AmpligaseTM (Epicentre Technologies, Madi 
son, Wis.) or TaqTM DNA ligase (NeW England Biolabs, 
Beverly, Mass.). HoWever, other ligases, including thermo 
labile ligases, are effective in the present invention. It is 
understood that the ligase reaction may require additional 
ingredients depending on the speci?c ligase chosen. There 
are tWo main types of ligases, those that are AT P-dependent 
and those that are NAD-dependent. For example, NAD is 
added to the ligase reaction for AmpligaseTM, E. coli ligase 
and TaqTM DNA ligase. Most ligases use Mg++. Commercial 
vendors often supply the ligase enZyme With a concentrated 
reaction buffer that contains all of the necessary ingredients 
for the ligase reaction to occur. The ligase and ligation 
conditions can be optimiZed to limit the frequency of 
ligation of single-stranded termini. In one embodiment, the 
vendor supplied reaction buffer is used. In another embodi 
ment, especially Where a closed tube system is employed, 
the vendor supplied reaction buffer may not be suitable for 
use because it may not contain all of the necessary ingre 
dients to alloW both the ligase enZyme and polymerase 
enZyme to be active in the reaction mixture. In this situation, 
the selection of reaction ingredients to alloW for both the 
ligase and ampli?cation reactions to run is Well Within the 
skill of a person of ordinary skill in the art. 

[0064] After ligation, a closed circular nucleic acid mol 
ecule is formed. The present invention then adds a forWard 
primer, Which anneals to a forWard primer binding region in 
the circulariZed probe. The forWard primer can be 10 bases 
in length, 15 to 30 bases in length, or longer. 

[0065] In one embodiment, the forWard primer or reverse 
primer contains at least one non-informative base. As used 
herein, the term “non-informative base” refers to a nucle 
otide base that has been modi?ed such that it acts as a stop 
site for DNA polymerases. Accordingly, non-informative 
bases can be used during CPA to eliminate or reduce 
ampli?cation artifacts. Non-informative bases suitable for 
such use include, but are not limited to, nitropyrrole and 
nitroindole. These non-informative sites can be incorporated 
into any position in the forWard or reverse primer, and can 
be used in combination. For example, the forWard or reverse 
primer can contain tWo or more nitropyrrole bases, tWo or 
more nitroindole bases, or one or more nitropyrrole bases 
and one or more nitroindole bases. An alternative non 

informative base that can be used in the present invention are 
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polarity sWitches. As used herein, the term “polarity sWitch” 
refers to tWo bases linked by a 3‘-3‘ and a 5-5‘ phosphodi 
ester bond instead of the normal 5‘-3‘ phosphodiester bond. 
The polarity sWitch may occur at betWeen any bases in a 
primer. Such modi?cation are strong stop sites for poly 
merases, including Bst LF. 

[0066] Conventionally, non-informative bases are only 
used in hybridiZation probe molecules and are not used in 
ampli?cation primer molecules because they effectively stop 
DNA synthesis or ampli?cation. HoWever, in the present 
CPA reaction, DNA ampli?cation is still possible using 
primers containing non-informative bases because of the 
multitude of primer initiation sites that are present on the 
multi-tailed complex. 

[0067] The forWard primer is extended by a ?rst DNA 
polymerase With strand displacing activity that catalyZes the 
primer extension. As the forWard primer is extended, second 
(reverse) primer binding sites are formed. 

[0068] Any DNA polymerase enZyme that can perform 
rolling circle ampli?cation is suitable for use in CPA. The 
ability of a polymerase to carry out rolling circle ampli? 
cation can be determined by using the polymerase in a 
rolling circle ampli?cation assay such as those described in 
Fire and Xu, Proc. Natl. Acad. Sci. (USA) 92:4641-4645 
(1995). In one embodiment, the polymerase enZyme used in 
CPA lacks a 5‘ to 3‘ exonuclease activity to reduce the chance 
of, or to eliminate, the destruction of the synthesiZed strand. 
The DNA polymerase may be highly processive. 

[0069] Polymerase enZymes suitable for use in the ?rst 
ampli?cation step of CPA include, but are not limited to, 
DNApolymerase I, KlenoW fragment of DNApolymerase I, 
T4 DNA polymerase, T7 DNA polymerase, TaqTM poly 
merase, VentTM polymerase, Deep VentTM polymerase, (1)29 
polymerase, Bst polymerase, and Bst LF polymerase. For 
the ?rst DNA polymerase, Bst LF DNA polymerase is the 
polymerase enZyme most often used. 

[0070] To achieve sufficient sensitivity in a solution-based 
diagnostic assay and single copy solid-phase based diagnos 
tic assays, the present invention employs a second (reverse) 
primer that anneals to the reverse primer binding region 
generated by extension of the ?rst (forWard) primer. FIG. 
2(B). The reverse primer may be present from the start of the 
ampli?cation reaction, or it can be added at any time as it 
does not anneal until after the ?rst primer has been extended. 
The reverse primer may range from 10 bases in length to 15 
to 30 bases in length, or longer. 

[0071] The second (reverse) primer anneals to the second 
(reverse) primer binding sites, Which are created by the 
forWard primer extension product. The second (reverse) 
primer is extended by the action of the ?rst DNA poly 
merase. As these extended second primers form comple 
mentary sequences and displace each other, additional 5‘ 
tails containing forWard (?rst) primer binding sites are 
formed. These secondary 5‘ tails then provide a template for 
the ?rst (forWard) primer. Both forWard and reverse primers 
continue to initiate synthesis on the displaced strand from 
the previous round of synthesis creating a “multi-tailed 
complex,” Which is a large complex of tandem copies of the 
original padlock probe and its complement in linear form. A 
schematic of the multi-tailed complex is provided in FIG. 
2(B). As shoWn in this schematic, the “multi-tailed com 
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plex” contains hundreds or thousands of individual forward 
and reverse primer bindings sites, all of Which are part of one 
complex, and all of Which stem from an original closed 
circular nucleic acid probe molecule. 

[0072] The primer concentration of the forWard and 
reverse primers can range from about 100 nM to about 1 pM, 
and can be from about 250 to about 500 nm. Although 
employing high concentrations of primers can be advanta 
geous, too high of a primer concentration could drive the 
reaction to generate unacceptable levels of false signals. 
Generally, at least one of the primers is detectably labeled. 

[0073] In addition to the ?rst DNA polymerase, other 
reaction components are added. The addition of these other 
reaction components are knoWn to persons of skill in the art, 
and include dNTPs, buffer, salts (e.g., magnesium sulfate, 
potassium chloride, or ammonium sulfate) and surfactants 
(e.g., non-ionic detergents such as Triton X-160). 
[0074] Strand displacement can be facilitated through the 
use of a strand displacement factor, such as helicase and/or 
single-stranded DNA binding proteins. Strand displacement 
factors useful in RCA include BMRF1 polymerase acces 
sory subunit (Tsurumi et al., J. Virology 67(12):7648-7653 
(1993), herein incorporated by reference), adenovirus DNA 
binding protein (Zijderveld and van der Vliet, J. Virology 
68(2):1158-1164 (1994), herein incorporated by reference), 
herpes simplex viral protein ICP8 (Boehmer and Lehman, J. 
Virology 67(2):711-715 (1993); Skaliter and Lehman, Proc. 
Natl. Acad. Sci. (USA) 91(22):10665-10669 (1994), both of 
Which are herein incorporated by reference), single-stranded 
DNA binding proteins (SSB; Rigler and Romano, J. Biol. 
Chem. 270:8910-8919 (1995), herein incorporated by ref 
erence), and calf thymus helicase (Siegel et al., J. Biol. 
Chem. 267:13629-13635 (1992), herein incorporated by 
reference). 
[0075] The ampli?cation period using the ?rst DNA poly 
merase is usually long enough to generate a large number of 
neW primer sites in the multi-tailed complex, but typically 
not long enough to generate a detectable product. As used 
herein, the term “detectable product” refers to an ampli? 
cation product that is detectable through, for example, direct 
visualiZation on a agarose gel stained With ethidium bromide 
(typically less than 10 ng cannot be detected in an ethidium 
bromide stained agarose gel) or, Where the ampli?cation 
product is being measured by an instrument, the ampli?ca 
tion product signal is not measurably above background. A 
detectable product is usually not generated until the ampli 
?cation is in the logarithmic (or exponential) phase. Gen 
erally, an incubation period of from about 1 to about 30 
minutes at about 50 to about 70° C. is long enough to 
generate a suf?cient number of neW primer sites for the 
present invention. The incubation period can also be from 
about 3 to about 20 minutes at about 50 to about 70° C., or 
about 10 minutes at about 65° C. It is understood that as used 
in the present invention, When the term “about” is used to 
modify a ?rst parameter or range, but is not used to modify 
another parameter or range, the second parameter or range 
Was intended to be modi?ed by the term about. All of the 
times, temperatures, concentrations, volumes and masses 
used in the present invention are not absolute values, rather 
they are values that can be, and are routinely, manipulated by 
those of skill in the art. 

[0076] It is understood that the temperature of the incu 
bation time can affect the length of time needed to generate 
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suf?cient primer sites. Polymerase enZymes generally have 
an optimal set of conditions, including temperature, at Which 
they operate. Bst LF, for example, operates at peak ef?ciency 
from about 63 to about 67° C. Although Bst LP is thermo 
stable, it is a moderately thermostable enZyme. At tempera 
tures greater than about 75° C., Bst LP is denatured. 

[0077] It is understood that a person of skill in the art can 
manipulate the reaction conditions of the present invention 
to sloW doWn or even speed up the reaction. For example, 
slight variations in buffer conditions or primer concentra 
tions can also affect the reaction. Moreover, a person of skill 
in the art can perform genetic or chemical modi?cations to 
a polymerase enZyme to alter the characteristics of the 
polymerase enZyme. Such modi?cations are Within the 
scope of the present invention. 

[0078] Even a single round of ampli?cation using the ?rst 
polymerase results in a large ampli?cation of the circular 
iZed probe molecule, orders of magnitude greater than a 
single cycle of PCR replication or other ampli?cation tech 
nique in Which each cycle is limited to a doubling of the 
number of copies of the target sequence. 

[0079] After the initial ampli?cation of the circular probe, 
the ?rst DNA polymerase can be denatured, although this is 
optional. Usually, the ?rst DNA polymerase is heat dena 
tured. HoWever, chemical denaturation, such as phenol:chlo 
roform extractions can also be performed. As another alter 
native, the ampli?cation product can be puri?ed aWay from 
the ?rst DNA polymerase using, for example, ethanol pre 
cipitation. 
[0080] A second DNA polymerase is then used to amplify 
the multi-tailed complex. The second DNA polymerase can 
be a thermostable (also referred to as thermal stable) poly 
merase enZyme. These enZymes, their use and sources for 
obtaining them are knoWn to persons of skill in the art. 
Suitable thermostable polymerase enZymes include poly 
merase enZymes derived from Thermus aquaticus, such as 
TaqTM, AmpliTaqTM, AmpliTaqTM Gold, Platinum TaqTM and 
ExTaqTM, Pyrococcus species, such as Deep VentTM, T her 
mococcus litoralis, such as VentTM, and Pyrococcus furio 
sus, such as Pfu and Pfu Turbo. As used herein, a polymerase 
enZyme is considered to be derived from an organism When 
the polymerase enZyme itself has been puri?ed from the 
organism. Also Within the de?nition of derived is Where the 
gene encoding the polymerase enZyme has been isolated 
from the organism, cloned into another organism and that 
recombinant enZyme puri?ed. Such recombinant poly 
merase that have been further modi?ed through genetic 
manipulations, are also considered to be derived from the 
named organism. 

[0081] Under another embodiment, the second DNApoly 
merase is an antibody-inactivated polymerase or a chemi 
cally-inactivated polymerase. Antibody-inactivated poly 
merases, such as Pfu Turbo, and Platinum TaqTM, are 
inactive until they are heated to a temperature set by the 
manufacturer of the polymerase enZyme. During this acti 
vation step, for example, Platinum TaqTM becomes active by 
the disassociation of an inactivating antibody from the 
polymerase. Chemically-inactivated polymerases, e.g., 
AmpliTaqTM Gold, are inactive until the enZyme has been 
heated to a temperature set by the manufacturer of the 
polymerase enZyme. US. Pat. No. 5,545,522, herein incor 
porated by reference. At this temperature, a chemical bond 
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that normally prevents the polymerase enzyme from per 
forming DNA synthesis is broken and the polymerase 
enZyme becomes active. 

[0082] Under one embodiment, the second polymerase is 
added to the reaction mixture after the ?rst polymerase has 
been denatured. As used herein, the term “denature” refers 
to the inactivation of the ?rst polymerase through such 
mechanisms as heat denaturation, chemical denaturation and 
the like. Alternatively, the ?rst and second polymerase, 
enZymes are added as part of the initial reaction mixture. 
Generally, hoWever, the second polymerase is not active 
until after the ?rst polymerase has been denatured. 

[0083] The second polymerase then uses the same forWard 
and reverse primers to exponentially amplify the multi-tailed 
complex generated by the ?rst polymerase. Because the 
multi-tailed complex contains multiple primer binding sites, 
When ampli?ed using a thermal cycling reaction, the reac 
tion product is of variable length. This reaction is also far 
faster than traditional PCR, Which only employs tWo primer 
binding sites in its reaction for any given amplicon. 

[0084] In one embodiment, the ?rst primer is a “lipped 
primer.” As used herein, the term “lipped primer” refers to 
a primer molecule Whose 5‘ terminal sequence does not 
hybridiZe to the padlock probe. Such lipped primers further 
enhance DNA polymerase displacement by destabiliZing the 
5‘ end of the primer. Once initiated, the ever-groWing tail 
acts to provide the same function. The lip also decreases or 
prevents the primer from being degraded instead of dis 
placed. The use of such lipped primers is particularly useful 
When the DNA polymerase has a 5‘—>3‘ exonuclease activity. 

[0085] The present invention uses generic primers to 
amplify a probe sequence instead of the target sequence. 
Generic primers are designed for ef?cient ampli?cation and 
primer binding Within the spacer region of a padlock probe, 
and can be used to amplify numerous padlock probes that 
differ only in the target binding arms. Thus, the same set of 
primers and conditions for each probe may be used and 
optimiZed. It is possible for the sequence of the regions to 
have an effect on ef?ciency, but this is very minor. Using 
generic probes, there is less chance of obtaining false 
negative results by having primers that anneal poorly. Het 
eroZygous and polymorphism containing samples may also 
resist annealing With conventional PCR primers. The 
generic primers of the present invention reduce the likeli 
hood of false-positive results by being predetermined not to 
cross-react. 

[0086] Under one embodiment, the present invention 
employs a molecular energy transfer mechanism, such as 
?uorescence energy transfer (FRET) (US. Pat. Nos. 5,565, 
322, 5,532,129, 4,996,143, all of Which are herein incorpo 
rated by reference), the TAQMANTM assay (Holland et al., 
Proc. Natl. Acad. Sci. (USA) 88:7276-7280 (1991), Lee et 
al., Nucleic Acids Res. 21:3761-3766 (1993), both of Which 
are herein incorporated by reference), energy sink oligo 
nucleotides (US. Pat. No. 5,348,853, and Wang et al., Anal. 
Chem. 67:1197-1203 (1995), both of Which are herein 
incorporated, by reference), molecular beacon probes (US. 
Pat. Nos. 5,312,728 and 5,119,801, and Tagai and Kramer, 
Nature Biotech. 14:303-309 (1996), all of Which are herein 
incorporated by reference), Scorpion probes (Astra Zeneca), 
or molecular energy transfer primers (US. Pat. Nos. 6,117, 
635,6,090,552 and 5,866,336, all of Which are herein incor 
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porated by reference) for detecting a nucleic acid molecule. 
All of these techniques can be used With real-time detection 
instruments, such as the PrismTM 7700 (ABI/Perkin Elmer, 
Foster City, Calif.), PrismTM 5500 (ABI/Perkin Elmer, Fos 
ter City, Calif.), I CyclerTM (Bio-Rad Laboratories, Hercules, 
Calif.), and Light CycleTM (Idaho Technology, Inc., Idaho 
Falls, Id.). Real-time detection instruments measure changes 
in ?uorescent intensity over time. Other techniques for 
detecting a nucleic acid molecule include direct incorpora 
tion of a label, use of a labeled antibody to a hapten 
incorporated during DNA synthesis, hybridiZation to a 
labeled detection probe. 

[0087] Commercially available BEACONTM probes (Mar 
ras et al., Genet. Anal. 14(5-6):151-6 (1999), herein incor 
porated by reference) and Ampli?uorTM primers (Intergen, 
Purchase, N.Y.) (Nuovo et al., J. Histochem. Cytochem. 
47(3):273-80 (1999), herein incorporated by reference) can 
be used in the present invention. BEACONTM probes and 
Ampli?uorTM primers are used to detect the presence of the 
ampli?ed product by emitting ?uorescence in direct rela 
tionship to the number of target molecules. 

[0088] Molecular beacon probes are detection probes 
labeled With ?uorescent moieties Where the ?uorescent 
moieties ?uoresce When the detection probe is hybridiZed. 
The use of such probes eliminates the need for removal of 
unhybridiZed probes prior to label detection because the 
unhybridiZed detection probes Will not produce a signal. 
This is especially useful in a multiplex assay. 

[0089] CPA is amenable for multiplexing, alloWing for the 
simultaneous screening for a variety of pathogens or muta 
tions. In one embodiment, the present invention employs a 
multiplex detection system that involves the use of labels 
that either ?uoresce at different Wavelengths or are colored 
differently. Using such a system, several targets can be 
visualiZed simultaneously in the same sample. Using a 
combinatorial strategy, many more targets can be discrimi 
nated than the number of resolvable ?uorophores. Combi 
natorial labeling provides the simplest Way to label probes in 
a multiplex fashion since a probe ?uor is either absent or 
present. As used herein, the term “combinatorial labeling” 
refers to the use of a combination of labels in any given 
probe molecule illustration (by Way of illustration, using a 
set of three distinct labels (e.g., A, B, C), a person of skill in 
the art can prepare nine different probe molecules that Would 
be differently labeled. With nine different probe molecules, 
nine different target molecules can be distinguished. Like 
Wise, using a set of three different primer molecules, each 
containing a distinct label, a person of skill in the art can 
differentiate nine different target molecules. It is understood 
that both primers and probes can be used in the same 
detection system. Image analysis is thus more amenable to 
automation, and a number of experimental artifacts, such as 
differential photobleaching can be avoided. 

[0090] By Way of further illustration, and using HIV as an 
example, a person of skill in the art can design three different 
probe molecules, each capable of detecting a mutation 
associated With therapeutic resistance to a different thera 
peutic agent. Thus, a person of skill in the art can distinguish 
nine different genotypes of HIV (e.g., AZT resistant or 
sensitive, stavudine resistant or sensitive, AZT resistant and 
stavudine resistant, AZT sensitive and stavudine resistant, 
etc.). By Way of an even further illustration, and using viral 
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infection as an example, a person of skill in the art can 
design three different probe molecules, each capable of 
detecting a different virus. Thus, a person of skill in the art, 
running a battery test can determine if a given sample 
contains, for example, HIV, HCV, or HBV or any combi 
nation thereof. It is understood that these illustrations are not 
intended to, in any Way, limit the present invention. 
Although three primers or probes are described, it is under 
stood that a person of skill in the art can employ any number 
of primers or probes and that the only limit to the combi 
nation of targets that can be differentiated is the number of 
distinguishable signals that are available to the person of 
skill in the art. 

[0091] Under one embodiment of multiplexing, the 
present invention provides a reaction mixture comprising a 
mixture of target nucleic acid molecules, and a plurality of 
linear nucleic acid probe molecules, Wherein each member 
of the plurality of linear nucleic acid molecules is capable of 
annealing to a distinct target nucleic acid molecule. Under 
one embodiment, each member of the plurality of linear 
nucleic acid molecules anneals to a unique target nucleic 
acid molecule. The linear nucleic acid molecule is then 
ligated and becomes a closed circular nucleic acid molecule. 
A distinct forWard primer capable of annealing to a forWard 
primer binding region is provided generally for each mem 
ber of the plurality of closed circular nucleic acid molecules. 
LikeWise, a distinct reverse primer capable of annealing to 
a reverse primer binding region is provided in, the reaction 
mix for each member of the plurality of closed circular 
nucleic acid molecules. Also added to the reaction mixture 
are dNTPs and a ?rst DNA polymerase. The reaction mix 
ture is incubated to create multi-tailed complex for at least 
tWo distinct target nucleic acid molecules. A second ther 
mostable DNA polymerase in the reaction mixture is acti 
vated. As used herein, the term “activated” refers to either 
the addition of a second polymerase to the reaction mixture 
or, Where the second polymerase Was present in the initial 
reaction mixture, the activation of the second polymerase. In 
the case of antibody-inactivated or chemically-inactivated 
DNA polymerases, such as Platinum TaqTM, Pfu Turbo or 
AmpliTaqTM Gold, the DNA polymerase is activated When 
the reaction mixture is heated to a temperature set by the 
manufacturer of the polymerase enZyme. At this tempera 
ture, an inactivating factor is released, or in the case of an 
inactivating chemical bond, the bond is broken. The reaction 
mixture is then thermocycled to amplify the at least tWo 
distinct multi-tailed complexes and the ampli?cation prod 
ucts of the multi-tailed complexes are detected using a 
real-time detection instrument. 

[0092] To further multiplex the present invention, different 
?uorescent labels With different colors emitted may be used 
on different primers to designate Which padlock probe is 
being ampli?ed, thereby deducing the presence or amount of 
each of a plurality of target nucleic acid sequences. Thus, for 
each member of the plurality of closed circular nucleic acid 
molecules, at least one distinct forWard or at least one 
distinct reverse primer is differentially labeled. For example, 
a visible or detectable ?uorescein label may indicate a 
particular infectious agent, While a detectable rhodamine 
label may indicate another and Texan red still another. It is 
understood that the list is only limited to the extent that there 
are a ?nite number of distinct ?uorescers. Such a combina 
tion may be used to determine Which of multiple pathogens 
is causing a particular set of patient symptoms. Alterna 
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tively, the multiple colors could each indicate antibiotic 
sensitivity or resistance to different antibiotics. Each color 
Would correspond to a unique primer molecule that anneals 
to a corresponding unique padlock probe molecule. 

[0093] ImmobiliZed open circle probes are particularly 
useful for microarrays for detecting sample nucleic acid 
targets or single nucleotide polymorphisms. The microarray 
may contain hundreds or thousands of different open circle 
probes, each tethered to a speci?c location on a solid support 
of the microarray. Alternatively, compartmentaliZed plates, 
such as multiWell or “microtiter” plates, may hold separate 
open circle probes in suspension or tethered to beads or the 
sides of the plate Wells. These arrangements have all of the 
above uses, as Well as rapid sequencing of the nucleic acid 
target and determining hundreds or thousands of polymor 
phisms and mutations simultaneously. The microarray may 
also be prepared after CPA by ?rst amplifying the rolling 
circle folloWed by hybridiZing it to a solid phase microarray 
having a complementary oligonucleotide attached thereto. 
Since the CPA complex contains numerous tandem copies of 
target DNA, it can both bind to the solid phase and other 
nucleic acids. 

[0094] Methods for immobiliZing nucleic acids to solid 
phase substrates are Well knoWn to persons of skill in the art. 
By Way of illustration, suitable attachment methods are 
described by Guo et al., Nucleic Acids Res. 22:5456-5465 
(1994), Pease et al., Proc. Nat’l Acad. Sci. (USA) 
91(11):5022-5026 (1994) and Krapko et al., Mol. Biol. 
(Mosk) (USSR) 25:718-730 (1991), all of Which are herein 
incorporated by reference. 

[0095] A method for the multiplex image analysis of 
nucleic acid molecules is described in US. Pat. No. 6,007, 
994, herein incorporated by reference. According to this 
method, and similar methods, a plurality of differentially 
labeled oligonucleotides is employed. By use of differen 
tially labeled oligonucleotides, the practitioner is capable of 
characteriZing multiple nucleic acid samples at the same 
time. 

[0096] Conventional microarrays have immobiliZed oli 
gonucleotides thereby performing massive parallel reverse 
dot blot assays. The signal to noise ratio has been reported 
to be as high as 5: 1. Such a system is not useful for detecting 
a rare mutation in a mass of normal sequence. By contrast, 
a padlock probe requires a discriminating enZyme to be 
formed and thus the detection of a rare mutation in vast 
excess of normal target sequence is possible. 

[0097] Strepavidin coated magnetic beads are useful for 
concentrating and localiZing CPA complexes When using 
biotin labeled dNTPs during primer extension. LikeWise, 
one can use different receptor coated magnetic or non 

magnetic beads, Which may have a different color or detect 
able label, to bind CPA complexes formed by a different 
ligand labeled dNTP. 

[0098] PCR has an inherent limitation as to the number of 
different targets that may be simultaneously ampli?ed, as the 
PCR ampli?cation products are diffusible. By contrast, RCA 
complexes are linked together and as such are localiZed at a 
different address on a microarray. By using barriers betWeen 
the cells of the microarray, CPA may also be used. This 
permits simultaneous detection of hundreds to thousands of 
different targets simultaneously With the same reagent. 
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[0099] Detection technology based on molecular energy 
transfer that utilizes labeled primers for ampli?cation may 
also be used such that a ?uorescence signal is generated only 
When the primers are incorporated into the ampli?cation 
products. NaZarenko et al., Nucleic Acids Res. 25(12):2516 
2521 (1997), Nuovo et al., J. Histochem. Cytochem. 
47(3):273-80 (1999), and Uehara et al., Biotechniques 
26(3):552-8 (1999), all of Which are herein incorporated by 
reference. The use of such primers enables direct ?uores 
cence detection of the ampli?ed DNA, unlike other systems 
Where the signal is affected by the ef?ciency of a secondary 
event, such as probe hybridiZation. 

[0100] Under one embodiment of the present invention, 
the ampli?cation primers are molecular energy transfer 
primers. Molecular energy transfer primers generate a ?uo 
rescent signal When the primers are incorporated into the 
ampli?cation products. NaZarenko et al., Nucleic Acids Res. 
25(12):2516-2521 (1997), Nuovo et al., J. Histochem. 
Cytochem. 47(3):273-80 (1999), and Uehara et al., Biotech 
niques 26(3):552-8 (1999), all of Which are herein incorpo 
rated by reference. The use of such primers enables ampli 
?cation systems, such as PCR, CRCA and the present CPA, 
to be performed With homogeneous ?uorescence detection 
in a closed system. Since the need for post-ampli?cation 
processing is eliminated, the detection signal can be read 
directly in real time or immediately upon completion of the 
ampli?cation step. 

[0101] As in PCR and CRCA, CPA is driven by tWo 
primers. Under one embodiment of the present invention, 
one or both of these primers can be a hairpin primer labeled 
With a ?uorescer-quencher pair. A hairpin primer generates 
a background ?uorescent signal, unless it is incorporated 
into the ampli?cation product. Incorporation into the ampli 
?cation products produces a much higher ?uorescent signal. 
Hairpin primers labeled With a ?uorescer-quencher pair and 
their use in the detection of nucleic acid ampli?cation 
products are described in US. Pat. No. 6,117,635, 6,090, 
552, and 5,866,336, all of Which are herein incorporated by 
reference. 

[0102] Hairpin primers have the folloWing structure from 
5‘ to 3‘, a ?rst self-binding region, a loop region, a second 
self-binding region at least partly complementary to the ?rst 
self-binding region, and a primer region. The ?rst and 
second self-binding regions are generally long enough to 
generate a stable double-stranded structure at room tempera 
ture. In one embodiment, the regions are only partially 
complementary, thereby loWering the disassociation tem 
perature of the double stranded structure. At higher tem 
peratures, such as the temperatures used in the polymerase 
extension reaction, the double stranded structure becomes 
unstable. The primer is then extended by the polymerase. 
The use of only partially complementary regions also pre 
vents the primer from causing the double-stranded reaction 
product to disassociate. 

[0103] At temperatures higher than about 60-65° C., the 
hairpin may be unstable making the reaction mixture appear 
?uorescent. HoWever, upon cooling the mixture, the hairpin 
con?guration returns resulting in a quenching of all unin 
corporated primer. If no ampli?cation occurs, background 
?uorescent signals are all that is detected. 

[0104] The reverse primer is often the only hairpin primer 
With a ?uorescer-quencher pair. Under this embodiment, 
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When the complement strand to the hairpin primer is syn 
thesiZed, the hairpin stretches out during displacement 
thereby separating the ?uorescent and quenching moieties 
resulting in ?uorescence. The labeled primer(s) are usually 
present in excess to ensure complete and fast annealing to 
their respective template DNA(s). Generally, a solution 
containing 1 pM of labeled primer provides a suf?cient 
excess of primer. Under another embodiment, hoWever, a 
limiting amount of primer can be used. 

[0105] To further separate the ?uorescent and quenching 
moiety, a restriction endonuclease cleavage site may be 
incorporated into the loop region of the hairpin primer. By 
adding a restriction endonuclease to the complex, before or 
after it is formed, one cleaves the double stranded complex 
thereby further separating the ?uorescent moiety from the 
quenching moiety. By further separating the ?uorescent 
moiety from the quenching moiety, the ?uorescence level is 
increased. Such a modi?cation may be employed in a closed 
tube system or With a hairpin primer Where stretching out of 
the hairpin primer does not sufficiently separate the ?uores 
cent and quenching moiety. 

[0106] Rather than using a separate forWard and reverse 
primer, one may use a single molecule With both priming 
activities. For example, one can use a bifunctional or chi 
meric primer When the 5‘ ends of both forWard and reverse 
primers Were chemically linked to each other. Detection of 
such a chimeric primer may be performed by numerous 
methods, including incorporation of a hairpin loop and tWo 
energy transfer labels such that When a complement to the 
primer is formed in CPA, the energy transfer labels are 
separated resulting in a detectable signal. DNA polymerase 
generally cannot process across the part of a chimeric 
molecule containing the unnatural linkage. 

[0107] Chimeric primers may also be used in present 
invention as the forWard and reverse primers as both are 
functional moieties on the chimeric primer. Additionally, 
since the ampli?ed region contains unnatural 3‘ tails Which 
lack a complementary partner, unusual complexes can form 
in the later stages of thermal cycling ampli?cation When the 
bifunctional primer is not in vast excess. For example, upon 
denaturing and re-annealing, tWo (+) strands may anneal at 
their ends such that one 3‘ end, Which cannot be extended by 
the other one, can be extended to form a dimer of the 
ampli?ed sequence. This process can repeat many times 
forming various multimers. A “multimer,” as used herein, 
refers to a nucleic acid sequence containing multiple copies 
of the oligomer joined end to end. Also, a single strand With 
tWo unnatural 3‘ ends can self-anneal into a spiral Which has 
one extendable 3‘ end forming a dimer of a sequence being 
ampli?ed and its complement. This process may repeat 
along With the previous self annealing dimers to yield a very 
large complex. Such techniques have uses When large com 
plexes are desirable such as in-situ PCR and arrays. Primer 
dimers, a Well knoWn problem in ampli?cation, may also be 
controlled using chimeric primers. 

[0108] Also, in certain situations, Where it may be useful 
to control the molar ratio of primers, chimeric primers may 
be employed. Alternatively, branched DNA may be used. 
Branched DNA are created using a variety of linking agents 
and reactions to add numerous branched oligonucleotides to 
a DNA backbone such that their 3‘ ends are free. US. Pat. 

Nos. 5,916,750, 5,124,246; 4,925,785, all of Which are 
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herein incorporated by reference. The bound relationship of 
the primers controls the molar ratios and may aid in reducing 
the formation of primer dimers. By Way of illustration, a 
three primer chimeric primer Was used in the three primer 
ampli?cation system described in Bhatnagar et al., US. Pat. 
No. 5,593,840, herein incorporated by reference. 

[0109] Once a multimer has been formed using the meth 
ods of the present invention, it can be cleaved by any of a 
number of methods to yield unit length oligomers. Cleavage 
can be performed as the multimers are formed or can be 
carried out after the reaction has terminated. Puri?cation of 
the resultant oligomer can then be carried out if desired. 

[0110] Under one embodiment, the restriction enZyme 
recognition site is designed into the ligation junction of the 
3‘ terminal region and the 5‘ terminal region such that When 
these tWo terminal regions are ligated a restriction site is 
formed. After ampli?cation, one can generate unit length 
monomers by cleaving the ligation junction With the restric 
tion enZyme. This Would also con?rm that the reaction 
products visualiZed are the product of a successful ligation 
reaction as opposed to an artifact. 

[0111] There are several techniques that can be used for 
the cleavage reaction. For example, restriction endonu 
cleases can be used to cleave speci?c sequences that occur 
in the multimer. They can be used alone, or in some cases 
With the addition of a short DNA strand that aids in the 
reaction. The cleavage reaction can also be carried out using 
chemicals. For example, Maxam-Gilbert cleavage reagents 
can be used to cleave the strand at a base that occurs once 
betWeen each oligomer. 

[0112] For cleavage of RNA multimers, enZymatic or 
chemical techniques can be used. The enZyme Rnase H can 
be used along With the addition of a DNA oligomer, or 
base-speci?c Rnases can be used. Alternatively, a catalytic 
riboZyme can be used to cleave the multimer, or a self 
cleaving sequence can be encoded into the multimer, Which 
Would cleave itself at the desired sites. 

[0113] Another variation of the forWard and reverse prim 
ers in CPA is to use a “uniprimer,” Which is a technique 
knoWn for use in detecting PCR products. Nuovo et al., J. 
Histochem. Cytochem. 47(3):273-80 (1999), herein incor 
porated by reference. Neither the forWard nor the reverse 
primer need contain a detectable label in such a system. 
Rather, one or both of the primers contains a “tail” Which is 
the target for a third compound Which contains a label, such 
as an energy transfer labeled hairpin primer to be stretched 
out in the next round of synthesis. Uniprimers are universal 
energy transfer-labeled primers used in combination With 
any target-speci?c primer pair. The target speci?c primers 
each have a 5‘ tail sequence, Which is homologous to the 3‘ 
end of the uniprimer Which, in turn, has a hairpin structure 
on the 5‘ end. The hairpin structure brings the ?uorophore 
and quencher into close proximity When the primer is free in 
solution, providing ef?cient quenching. When the primer is 
incorporated into the ampli?cation product, the hairpin 
structure is unfolded and a ?uorescent signal can be 
detected. 

[0114] Fluorescent moieties suitable for use in the present 
invention include, but are not limited to, Coumarin, ?uo 
rescein, 5-carboxy?uorescein (FAM), 2‘,7‘-dimethoxy-4‘,5‘ 
dichloro-6-carboxy?uorescein (JOE), rhodamine, 6-car 
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boxy-X-rhodamine N,N,N‘,N‘-tetramethyl-6 
carboxyrhodamine (TAMRA), 5-(2‘ 
aminoethyl)aminonaphthalene-1-sulfonic acid (EDANS), 
Texan RED, ?uorescent green protein and inorganic com 
pounds. Quencher moieties suitable for use in the present 
invention include, but are not limited to, 4-(4‘-dimethylami 
nophenylaZo) benZoic acid (DABCYL), Acid Orange 12, 
Acid Orange 6, Acid Red 151, Mordant Black 17, Xylidyl 
Blue 17 and MANAMBSA. These ?uorescent labels can be 
obtained from a number of commercial sources, including 
Sigma (St. Louis, Mo.), Molecular Probes (Eugene, Oreg.) 
and Research Organics (Cleveland, Ohio). It is understood 
that a person of skill in the art can mix and match various 
knoWn ?uorescers and quenchers based on their absorbance 
and emission spectrums to select optimal or appropriate 
pairs. Any label can be incorporated into the CPA complex 
by using a labeled dNTP or by hybridiZing probe or antibody 
to DS-DNA that is labeled. Suitable labels include radioac 
tive, ?uorescent, chemiluminescent (e.g., luciferin, and 
luminol), enZymes (e.g., peroxidases, glucosidases, phos 
phatases, and esterases), ligands, cofactors, spin labels, 
magnetic, heavy metals, inorganic radical, chelating moiety, 
solid phases (e.g., latex beads, polystyrene beads, and metal 
sols) and indirect labels. Indirect labels are substances that 
directly or indirectly bind or interact With a labeled material 
such as biotin, digoxigenin, sequence tails, and haptens. 

[0115] Pairs of interacting labels other than ?uorescent 
and quenching moieties may also be used. Such pairs of 
interacting labels include, but are not limited to, enZyme or 
enZyme fragment and substrate, cofactor, coenZyme, inhibi 
tor, activator or other modulator. Certain combinations of 
tWo enZymes may be used that interact differently When in 
close proximity, particularly With unstable compounds. 
Labeling and the selection of labels is Well knoWn to a 
person of skill in the art of nucleic acid binding assays, 
immunoassays, and ligand/receptor assays. Ligand/receptor 
assays include enZyme/substrate or inhibitor combinations, 
cell receptor/binding ligand, hormone receptors/hormones, 
etc. For purposes of illustration, one ligand/receptor assay is 
thyroxine binding to thyroxine receptor as an assay for 
thyroid function or cortisol/receptor. 

[0116] In one embodiment of the present invention, a 
closed tube system is employed to enable detection of the 
amplicon Without opening the reaction vessel, thereby mini 
miZing the risk of contamination and facilitating automation 
of the present invention. Tyagi et al., Nature Biotech. 
14:303-309 (1995), Holland et al., Proc. Natl. Acad. Sci. 
(USA) 88:7276-7280 (1991), Lee et al., Nucleic Acids Res. 
21:3761-3766 (1993), all of Which are herein incorporated 
by reference. The closed tube system can advantageously 
employ a molecular energy transfer mechanism. 

[0117] Under one closed tube system of the present inven 
tion, all primers and all enZymes, including ligase, are added 
to the reaction tube as part of the reaction mixture. The 
reaction tube is then sealed and not reopened until after 
?uorescence emission is measured. Under this embodiment, 
a thermolabile ligase enZyme, such as T4 ligase, is often 
used. These ligase enZymes operate at temperatures ranging 
from about 4° C. to about 20° C. At these temperatures the 
polymerase enZymes used, Bst LF and thermostable poly 
merases are relatively, if not effectively, inactive. Alterna 
tively, a thermostable ligase enZyme can be employed in the 
presence of one or more caged nucleotides. Kaplan et al., 
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Biochem. 17(10):1929-1935 (1978); McCray et al., Proc. 
Nat’l Acad. Sci. (USA) 77(12): 7237-7241 (1980), both of 
Which are herein incorporated by reference. Caged nucle 
otides, Which typically are 2-nitrobenZyl phosphate deriva 
tives or 1-(2-nitro)phenylethyl phosphate derivatives, are 
unavailable to the DNA polymerase enZymes until after a 
?uorescent signal releases the nucleotide from the “cage.” 

[0118] The high speci?city and potential for allele dis 
crimination of padlock probes, along With their ability to be 
ampli?ed by RCA-type methodology, is used by the present 
invention for solution-based single (or rare) target copy 
solid-phase diagnostic assays. RCA is generally considered 
to be inadequate for such applications because it is a linear 
ampli?cation scheme. 

[0119] Carefully designed padlock probes are capable of 
distinguishing single nucleotide changes in target nucleic 
acid samples. Methodologies for making such probes are 
knoWn and capable of being designed by a person of 
ordinary skill in the art. To exploit the full potential of these 
probes, highly sensitive methods for their detection are also 
used. The analytical techniques used for solution-based 
assays involves geometrically amplifying the probe to 
extremely high levels by methods such as CRCA, PCR or 
CPA. 

[0120] Most DNA ligases have the ability to discriminate 
mismatches With open circle probes. This ability, When 
combined With CPA has numerous uses, including genotyp 
ing, pharmogenetics, detecting speci?c point mutations, 
detecting polymorphisms, detecting rare events such as in 
cancer cells, allotyping, detecting genetic diseases, detecting 
aneuploidy, detecting microsatellite changes and detecting 
infectious microbes or nucleic acid containing compositions. 
The methods of the, present invention may be used diag 
nostically on a variety of samples Where the target nucleic 
acid (DNA or RNA) is either ?xed on a solid phase or free 
in solution. 

[0121] A Wide variety of infectious diseases can be 
detected by the process of the present invention. Typically, 
these are caused by bacterial, viral, parasite, and fungal 
infectious agents. The resistance of various infectious agents 
to drugs can also be determined using the present invention. 

[0122] Bacterial infectious agents Which can be detected 
by the present invention include Escherichia coli, Salmo 
nella, Shigella, Klebsiella, Pseudomonas, Listeria monocy 
togenes, Mycobacterium tuberculosis, Mycobacterium aviu 
mintracellulare, Yersinia, Francisella, Pasteurella, Brucella, 
Clostridia, Bordetella pertussis, Bacteroides, Staphylococ 
cus aureus, Streptococcus pneumonia, B-Hemolytic strep., 
Corynebacteria, Legionella, Mycoplasma, Ureaplasma, 
Chlamydia, Neisseria gonorrhea, Neisseria meningitides, 
Hemophilus in?uenza, Enterococcus faecalis, Proteus vul 
garis, Proteus mirabilis, Helicobacter pylori, Treponema 
palladium, Borrelia burgdorferi, Borrelia recurrentis, Rick 
ettsial pathogens, Nocardia, and Acitnomycetes. 
[0123] Fungal infectious agents Which can be detected by 
the present invention include Cryptococcus neoformans, 
Blastomyces dermatitidis, Histoplasma capsulatum, Coccid 
ioides immitis, Paracoccidioides brasiliensis, Candida albi 
cans, Aspergillus fumigautus, Phycomycetes (RhiZopus), 
Sporothrix schenckii, Chromomycosis, and Maduromycosis. 
[0124] Viral infectious agents Which can be detected by 
the present invention include human immunode?ciency 
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virus (HIV), human T-cell lymphocytotrophic virus, hepa 
titis viruses (e.g., Hepatitis B Virus (HBV) and Hepatitis C 
Virus (HCV)), Epstein-Barr Virus (EBV), cytomegalovirus 
(CMV), human papillomaviruses (HPV), human sarcoma 
virus (HSV), orthomyxo viruses, paramyxo viruses, aden 
oviruses, corona viruses, rhabdo viruses, polio viruses, toga 
viruses, bunya viruses, arena viruses, rubella viruses, and 
reo viruses. 

[0125] Parasitic agents Which can be detected by the 
present invention include Plasmodium falciparum, Plasmo 
dium malaria, Plasmodium vivax, Plasmodium ovale, 
Onchoverva volvulus, Leishmania, Trypanosoma spp., 
Schistosoma spp., Entamoeba histolytica, Cryptosporidum, 
Giardia spp., Trichimonas spp., Balatidium coli, Wuchereria 
bancrofti, Toxoplasma spp., Enterobius vermicularis, 
Ascaris lumbricoides, Trichuris trichiura, Dracunculus 
medinesis, trematodes, Diphyllobothrium latum, Taenia 
spp., Pneumocystis carinii, and Necator americanis. 

[0126] The present invention is also useful for detection of 
drug resistance by infectious agents. For example, vanco 
mycin-resistant Enterococcus faecium, methicillin-resistant 
Staphylococcus aureus, penicillin-resistant Streptococcus 
pneumoniae, multi-drug resistant Mycobacterium tubercu 
losis, and AZT-resistant human immunode?ciency virus can 
all be identi?ed With the present invention. 

[0127] Genetic diseases can also be detected by the pro 
cess of the present invention. This can be carried out by 
prenatal or post-natal screening for chromosomal and 
genetic aberrations or for genetic diseases. Examples of 
detectable genetic diseases include: 21 hydroxylase de? 
ciency, cystic ?brosis, Fragile X Syndrome, Turner Syn 
drome, Duchenne Muscular Dystrophy, DoWn Syndrome or 
other trisomies, heart disease, single gene diseases, HLA 
typing, phenylketonuria, sickle cell anemia, Tay-Sachs Dis 
ease, thalassemia, Klinefelter Syndrome, Huntington Dis 
ease, autoimmune diseases, lipidosis, obesity defects, hemo 
philia, inborn errors of metabolism, and diabetes. 

[0128] Cancers Which can be detected by the process of 
the present invention generally involve oncogenes, tumor 
suppressor genes, or genes involved in DNA ampli?cation, 
replication, recombination, or repair. Examples of these 
include: BRCA1 gene, p53 gene, APC gene, Her2/Neu, 
Bcr/Ab1, K-ras gene, RARA, c-myc and N-myc. Various 
aspects of the present invention can be used to identify 
ampli?cations, large deletions as Well as point mutations and 
small deletions/insertions of the above genes in the folloW 
ing common human cancers: leukemia, colon cancer, breast 
cancer, lung cancer, prostate cancer, brain tumors, central 
nervous system tumors, bladder tumors, melanomas, liver 
cancer, osteosarcoma and other bone cancers, testicular and 
ovarian carcinomas, head and neck tumors, and cervical 
neoplasms. 

[0129] Some cancers and some genetic diseases are asso 
ciated With base methylation. Esteller et al., NeW England J. 
Med. 343(19): 1350-1354 (2000), Herman et al., Proc. Nat’l 
Acad. Sci. (USA) 93: 9821-9826 (1996), Herman et al., 
Proc. Nat’lAcad. Sci. (USA) 91: 9700-9704 (1994), Merlo 
et al., Nat. Med. 1:686-692 (1995), Herman et al., Cancer 
Res. 56:722-727 (1996), Graffet al., Cancer Res. 55: 5195 
5199 (1995), Lee et al., Cancer Epidemiology, Biomarkers 
& Prevention 6: 443-450 (1997), all of Which are herein 
incorporated by reference. The present invention is capable 
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of detecting these genetic mutations. Under this embodi 
ment, the target nucleic acid molecule is treated With a 
chemical, such as sodium bisul?te, that converts all unm 
ethylated cytosines to uracil. Primers capable of detecting 
these base changes are then used. 

[0130] In the area of environmental monitoring, the 
present invention can be used for detection, identi?cation, 
and monitoring of pathogenic and indigenous microorgan 
isms in natural and engineered ecosystems and microcosms 
such as in municipal Waste Water puri?cation systems and 
Water reservoirs or in polluted areas undergoing bioreme 
diation. It is also possible to detect plasmids containing 
genes that can metaboliZe xenobiotics, to monitor speci?c 
target microorganisms in population dynamic studies, or 
either to detect, identify, or monitor genetically modi?ed 
microorganisms in the environment and in industrial plants. 

[0131] The present invention can also be used in a variety 
of forensic areas, including for human identi?cation for 
military personnel and criminal investigation, paternity test 
ing and family relation analysis, HLA compatibility typing, 
and screening blood, sperm, or transplantation organs for 
contamination. 

[0132] In the agricultural industry, the present invention 
has a Wide variety of applications. For example, it can be 
used for identi?cation and characteriZation of production 
organisms such as yeast for production of beer, Wine, cheese, 
yogurt, bread, etc. Another area of use is With regard to 
quality control and certi?cation of products and processes 
(e.g., livestock, pasteurization, and meat processing) for 
contaminants. Other uses include the characteriZation of 
plants, bulbs, and seeds for breeding purposes, identi?cation 
of the presence of plant-speci?c pathogens, and detection 
and identi?cation of veterinary infections. 

[0133] Even organisms Which cannot be cultured or are 
dif?cult to culture can be detected by the present invention. 
Furthermore, therapeutic agent sensitivities may be deter 
mined Without a need to culture the organism. This is 
particularly useful for HIV, HCV, HPV, HSV, CMV, tuber 
culosis, leprosy, chlamydia, other dif?cult to culture micro 
organisms, and a Wide range of eukaryotic and multicellular 
parasites. Some of these organisms may occur as only a 
single copy Within or on a cell. 

[0134] The folloWing examples are provided by Way of 
illustration and are not intended to be limiting of the present 
invention. 

EXAMPLE I 

[0135] Oligonucleotides and target DNAs: Padlock probes 
containing a 5‘ phosphate group Were chemically synthe 
siZed by standard phosphoramidite chemistry and puri?ed 
on denaturing polyacrylamide gels containing urea. The 
probe used for all of the examples Was an 89 mer (5‘PO4 
gettgcacgaagtactctggttct 
gactcgtcatgtctcagctctag 
tacgctgatcttagtgtcaggatacggtaaatgaatcaa agc —3‘OH (SEQ 
ID NO.: 1)), With target arms directed against the cryptic 
plasmid of Chlamydia trachomatis serovar L1 (Hatt et al., 
Nucleic Acids Res. 16(9):4053-67 (1988), herein incorpo 
rated by reference) at positions 276-311. The ligation junc 
tion of the probe is located Within the HinP1 restriction 
endonuclease site at position 296. 
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[0136] The target DNA for the Chlamydia studies Was a 
PCR product (677 bp) generated from a plasmid vector 
containing the cryptic plasmid sequence of Chlamydia tra 
chomatis serovar L1, With the probe ligation junction 
located 270 bases from the 5‘ end of the target DNA. The 
PCR product Was prepared using a 20 mer forWard primer 
(5‘-gtctttgcgcacagacgatc-3‘ (SEQ ID NO.: 2)) and a 21 mer 
reverse primer (5‘-cgcccgcacgttctctcaagc-3‘ (SEQ ID NO.: 

Ampli?cation Was performed With a denaturation step (5 
minutes at 95° C.) folloWed by 30 PCR cycles (30 seconds 
at 94° C.; 1 minute at 55° C.; 3 minutes at 72° C.) With a ?nal 
extension step of 5 minutes at 72° C. The target DNA Was 
quantitated against a LoW DNA Mass Ladder (Gibco BRL) 
folloWing gel electrophoresis in 1% agarose containing 0.5 
pig/ml ethidium bromide, and veri?ed by spectrophotometric 
measurement. PCR primers Were removed by treatment With 
E. coli exonuclease 1 for 15 minutes at 37°, folloWed by 
incubation at 80° to inactivate the exonuclease. 

[0137] The same 27 mer forWard primer Was used for 
ampli?cation of ligated padlock probes in the CRCA, PCR 
and CPA examples (5‘-actagagctgagacatgacgagtcaga-3‘ 
(SEQ ID NO: All of the above primers Were chemically 
synthesiZed With a 5‘-OH, and used Without further puri? 
cation except desalting. The reverse primer (36 mer) used 
for ampli?cation of ligated padlock probes in all examples 
Was an energy transfer primer (5 ‘ F-atcagcaccctggctgat(d)ct 
tagtgtcaggatacgg-3‘ (SEQ ID NO: 4)) and Was chemically 
synthesiZed to contain ?uorescein at the 5‘ end and 
DABSYL (D) at an internal T residue, and puri?ed by 
HPLC. The underlined bases constitute the binding site of 
the primer. 

[0138] Ligation reactions: Padlock probes Were hybrid 
iZed to denatured target DNA and circulariZed by treatment 
With a thermostable DNA ligase. 40 units of TaqTM DNA 
ligase (NeW England Biolabs) Was added to a 30-Ell reaction 
mixture containing 20 mM Tris-HCl (pH 7.6); 25 mM 
potassium acetate; 10 mM magnesium acetate; 1.0 mM 
NAD; 10 mM DTT (dithioltheitol), 0.1% Triton X-100; 100 
nM padlock probe, and 500 nM Chlamydia target DNA. 
After an initial incubation at 95° C. for 2 minutes to denature 
the target DNA, ligation Was performed during 8 cycles of 
denaturing at 95° for 1 minute and probe annealing and 
ligation at 50° C. for 4 minutes. Detection of ligated probe 
products Was monitored by subjecting dilutions of the liga 
tion reaction to CRCA, PCR, or CPA (see beloW). Control 
reactions Were prepared as above except TaqTM DNA ligase 
Was omitted. 

[0139] Detection of padlock probes by CRCA: Aliquots (1 
pl) of serial dilutions of ligation reactions Were added to a 
reaction mixture (25 pl) containing 20 mM Tris-HCl (pH 
8.8); 10 mM KCl; 10 mM (NH4)2SO4; 2 mM MgSO4, 0.1% 
Triton X-100; 200 mM dNTPs; 500 nM forWard and reverse 
primers; and 4 units of Bst DNA polymerase (large frag 
ment) (NeW England Biolabs). The serial dilutions yielded 
an estimated number of ligated probe molecules of 10°, 105, 
104, 103, 102, 101. Reactions Were performed using a 
PrismTM 7700 Sequence Detection System to monitor the 
increase in ?uorescence over time. During incubation at 63° 
C. for 50 2-minute intervals, the temperature Was loWered to 
50° C. for 15 seconds after each interval to monitor the 
increase in ?uorescence as the reverse primer containing the 
?uorescein/DABSYL energy pair is incorporated into the 
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CRCA product. FIG. 3 provides a schematic of the change 
in ?uorescence over time measured for this reaction. 

[0140] Detection of padlock probes by PCR: Aliquots (1 
pl) of serial dilutions of ligation reactions Were added 
directly to a PCR reaction miXture (25 pl) containing 20 mM 
Tris-HCl (pH 8.8); 10 mM KCl; 10 mM (NH4)2SO4; 2 mM 
MgSO4, 0.1% Triton X-100; 200 pM dNTPs; 500 nM 
forWard and reverse primers and either 2.5 units of Deep 
VentTM polymerase (NeW England Biolabs) or 1.25 units of 
Platinum TaqTM polymerase (Life Technologies). The serial 
dilutions yielded an estimated number of ligated probe 
molecules of 10°, 105, 104, 103, 102, 101. FolloWing an 
initial heating step in the PrismTM 7700 (20 minutes at 63° 
C.), the DNA Was denatured by heating to 94° for 2 minutes. 
This activates Platinum TaqTM, While Deep VentTM poly 
merase is already active. This Was folloWed by 40 PCR 
cycles (15 seconds at 94° C.; 1 minute at 60° C.). Fluores 
cence Was monitored during the 60° C. step. To eXamine the 
quality of the products, aliquots (2 pl) Were analyZed on 
agarose gels as above. FIG. 4A and FIG. 5A provides a 
schematic of the change in ?uorescence over time measured 
for the reaction With Deep VentTM and Platinum TaqTM, 
respectively. 
[0141] Detection of padlock probes by CPA: The reaction 
conditions Were identical to those described above for PCR, 
eXcept that 4 units of Bst LF Was included in the reaction 
miXture and the forWard primer Was modi?ed to include 
nitroindole at positions 6 and 15. The Bst LF polymerase is 
inactivated folloWing the initial incubation at 63° When the 
temperature is raised to 94° C., With Platinum TaqTM being 
simultaneously activated. Fluorescence Was monitored and 
the products analyZed as above. FIG. 4B and FIG. 5B 
provides a schematic of the change in ?uorescence over time 
measured for the reaction With Deep VentTM and Platinum 
TaqTM, respectively. 

[0142] As shoWn by these results, CPA not only provides 
a detectable signal faster than either PCR or CRCA, but CPA 
also alloWs for the detection of minute quantities of nucleic 
acid molecules that are not detectable above background 
using PCR or CRCA. 

EXAMPLE II 

[0143] Oligonucleotides and target DNAs: The folloWing 
padlock probes containing a 5 ‘ phosphate group Were chemi 
cally synthesiZed by standard phosphoramidite chemistry 
and puri?ed on denaturing polyacrylamide gels containing 
urea: 
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[0144] 5‘PO4-cctgcatgcactggatgcacttct 
gactcgtcatgtctcagctctagtacgctgatcttagtgt caggatacg 
gctggtgcaataggc-3‘OH, Which is an 88 mer directed 
against the gag gene of HIV; 

[0145] 5‘PO4-cggttctgcttgtccacttgcgactcgt 
catgtctgaactctagtacgctgatcttagtgtcagg atacggg 
taatgggctctgtc-3‘OH, Which is an 87 mer directed 
against the E7 gene of HPV; 

[0146] 5‘PO4-tcgtatgagtagaaggtgagttct 
gactcgtcatgtctcagctctagtacgctgatcttagtgt caggatacg 
gaggttcatcagtt-3‘OH, Which is an 86 mer directed 
against Cryptosporidium parvum; 

[0147] 5‘PO4-ccaaggagcagaggaggttctgactcgt 
catgtctcagctctagtacgctgatcttagtgtc aggatacggaggt 
taggtgaagga-3‘OH, Which is an 86 mer directed 
against the Her-2/neu breast cancer gene; 

[0148] 5‘PO4-ccaaccactcttctattctgactcgt 
catgtctcagctctagtacgctgatcttagtgtcagg atacggtac 
taaatcacaaca-3‘OH, Which is an 84 mer designed to 
detect the unmethylated version of the GstPi gene 
(for monitoring methylation status in marker gene 
for prostate cancer); and 

[0149] 5‘PO4-ccgaccgctcttctattctgactcgt 
catgtctcagctctagtacgctgatcttagtgtcagg atacggtac 
taaatcacgacg-3‘OH, Which is an 84 mer designed to 
detect the methylated version of the GstPi gene (for 
monitoring methylation status in marker gene for 
prostate cancer). 

[0150] The underlined sequences for each of the above 
identi?ed sequences re?ect the target-complementary 
regions of the padlock probe molecule. The spacer region 
betWeen the tWo target-complementary regions is the same 
for all of the padlock probe molecules With the eXception of 
the HPV padlock probe molecule. That padlock probe 
molecule contains several changes in the spacer region that 
have been found to reduce background ampli?cation. 

[0151] All references, patents, and patent application cited 
herein are incorporated by reference in their entirety. 

[0152] Other embodiments of the invention Will be appar 
ent to those skilled in the art from consideration of the 
speci?cation and practice of the invention disclosed herein. 
It is intended that the speci?cation and eXamples be con 
sidered as exemplary only, With a true scope and spirit of the 
invention being indicated by the folloWing claims. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: l9 

<2 10> SEQ ID NO 1 
<2ll> LENGTH: 15 
<2 12> TYPE: DNA 

<2 13> ORGANISM: Unknown Organism 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Unknown Organism: Seq l 

<400> SEQUENCE: l 














