
(19) United States 
US 2013 0115597A1 

(12) Patent Application Publication (10) Pub. No.: US 2013/0115597 A1 
Graser et al. (43) Pub. Date: May 9, 2013 

(54) METHOD FOR DETECTING SPECIFIC (52) U.S. Cl. 
NUCLEIC ACID SEQUENCES CPC .................................. G0IN 2 1/6486 (2013.01) 

USPC ......................................................... 435/6.11 
(75) Inventors: Elmara Graser, Berlin (DE); Timo 

Hillebrand, Hoppegarten (DE) (57) ABSTRACT 

(73) Assignee: AJ INNUSCREEN GMBH, Berlin 
(DE) 

(21) Appl. No.: 13/639,774 

(22) PCT Filed: Apr. 8, 2011 

(86). PCT No.: PCT/EP11155515 

S371 (c)(1), 
(2), (4) Date: Jan. 15, 2013 

(30) Foreign Application Priority Data 

Apr. 8, 2010 (DE) ...................... 10 2010 OO3 781.8 

Publication Classification 

(51) Int. Cl. 
GOIN 2L/64 (2006.01) 

The present invention relates to a method and test kit for 
detecting specific nucleic acid sequences, comprising the 
steps of: 1. matrix-dependent new synthesis of the target 
nucleic acid; 2. target-specific probe hybridization; and 3. 
detection of the hybridization event. The invention is charac 
terized in that, in the first step, an oligonucleotide 1, which is 
marked by a marker 1 and is entirely or partially complemen 
tary to the target sequence, acts as a primer in the matrix 
dependent new synthesis of the target nucleic acid and, in the 
second step, an oligonucleotide 2, which is marked by a 
marker 2 and, owing to its melting temperature being lower 
than that of the oligonucleotide 1, is not involved in the first 
step, partially or completely hybridizes with the DNA new 
synthesis product of oligonucleotide 1.The detection of the 
hybridization reaction can take place both fluorometrically in 
the form of a homogeneous assay and, for verification of the 
result, Subsequently immunologically. The detection reaction 
always takes place in time after the matrix-dependent new 
synthesis has been carried out. 
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METHOD FOR DETECTING SPECIFIC 
NUCLEICACID SEQUENCES 

0001. The present invention relates to a method and a test 
kit for detecting specific nucleic acid sequences, comprising 
the steps of 1. matrix-dependent de novo synthesis of the 
target nucleic acid, 2. target-specific probe hybridization and 
3. detection of the hybridization event. In this context the 
detection of the hybridization reaction may be accomplished 
both fluorimetrically in the form of a homogeneous assay and 
thereafter immunologically for verification of the result. The 
detection reaction always takes place chronologically after 
the matrix-dependent de novo synthesis has ended. 

PRIOR ART 

0002 Gene diagnostics have become an indispensable 
part of modern medical laboratory diagnostics, forensic diag 
nostics, Veterinary medical laboratory diagnostics or food and 
environmental diagnostics. 
0003 Genetic diagnostics were revolutionized with the 
invention of the PCR technology, which makes it possible to 
amplify any desired nucleic acid sequence specifically. 
0004. Using PCR, there exists a large number of methods 
which, in combination with the PCR technology, also permit 
the specific detection of a completed amplification. In par 
ticular, to meet the requirements of exact genetic diagnostics, 
there must be used techniques that ensure that a generated 
amplification product also corresponds to the target sequence 
to be specifically detected. The widespread use of visualiza 
tion of a PCR product by means of gel electrophoresis is not 
sufficient for this purpose. 
0005 One option for detecting specific nucleic acids that 
in principle is very rapid and can be accomplished without 
great experimental time and effort is known as the real-time 
PCR method. In this case the amplification reaction is 
coupled directly with the actual detection reaction. 
0006 A widely used method for detecting specific nucleic 
acids is the LightCycler technology of Roche. For this pur 
pose the Roche Company developed special hybridization 
probes, consisting of two different oligonucleotides, each of 
which is labeled with only one fluorophore. The acceptor is 
located at the 3'-end of the one probe, while the other oligo 
nucleotide has a donor at the 5'-end. The probes are chosen 
such that they both bind to the same DNA strand, wherein the 
distance between acceptor and donor is permitted to be only 
1 to 5 nucleotides at most, so that the so-called FRET effect 
can develop. The fluorescence is measured during the anneal 
ing step, in which light of this wavelength is detectable only 
as long as both probes are bound to the DNA. In this system 
the melting points of both probes should be identical. By 
virtue of the use of two hybridizing probes in addition to the 
primers used, the specificity of this detection system is 
extremely high. 
0007. A further real-time PCR application for detection of 
specific nucleic acid targets can be performed with so-called 
double-dye probes, which were disclosed in U.S. Pat. Nos. 
5,210,015 and 5.487.972 (TaqMan probes). Double-dye 
probes carry two fluorophores on one probe. In this case the 
reporter dye is located at the 5'-end and the quencher dye at 
the 3'-end. In addition, a phosphate group may also be located 
at the 3'-end of the probe, so that the probe cannot function as 
a primer during elongation. As long as the probe is intact, the 
released light intensity is low, since almost the entire light 
energy produced after excitation of the reporter is absorbed 
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and converted due to the spatial proximity of the quencher. 
The emitted light of the reporter dye is “quenched', i.e. extin 
guished. This FRET effect continues to exist after the probe 
has bound to the complementary DNA strand. During the 
elongation phase, the polymerase encounters the probe and 
hydrolyzes it. The ability of the polymerase to hydrolyze an 
oligonucleotide (or a probe) during strand synthesis is known 
as 5'-3' exonuclease activity. Not all polymerases have 5'-3' 
exonuclease activity (Taq and Tth polymerase). This prin 
ciple was described for the first time for Taq polymerase. The 
principle is known as the TaqMan principle. After probe 
hydrolysis, the reporter dye is no longer in the spatial proX 
imity of the quencher. The emitted fluorescence is now no 
longer converted and this fluorescence increase is measured. 
0008 Further methods based on the FRET effect are also 
known, which methods detect both the decrease and the 
increase of the sample fluorescence. 
0009. In the publication JP 002001029072 AA, reporter 
and quencher are coupled on the individual dNTPs (deoxyri 
bonucleotides) added to the reaction. When these nucleotides 
are incorporated into the amplified nucleic acid, the fluores 
cence of the sample is reduced by the FRET effect. A disad 
vantage of the method is the incorporation of the labeled 
nucleotides even in the case of mispriming and of primer 
dimers. Thus Such a method cannot be used for diagnostic 
applications. 
0010 Further publications relate to methods in which the 
FRET pair labels are not attached to one oligonucleotide but 
instead are distributed over several primer or probe mol 
ecules. 
(0011. In unexamined application WO 2009/126678 A2, 
two hybridization probes form a hairpin formation, by which 
the reporter and quencher approach one another spatially. 
(0012. In unexamined application DE 10250948 A1, the 
respectively labeled probes are hybridized with one another. 
When a target nucleic acid is present, one of the probes is able 
to form a duplex with the target nucleic acid, whereby the 
FRET interaction is canceled. 
(0013. In unexamined application DE 102005000021 A1, 
two labeled probes form a triplex with the target nucleic acid, 
wherein the fluorescence is released by the exonuclease activ 
ity of the Taq polymerase. 
(0014. In the patent EP 1384789 B1 and in a publication 
cited in the patent (Bernard, P. S., at al. Anal Biochem 255 
(1998) 101-7), one labeled primer and one labeled probe 
respectively are used for real-time observation of the ampli 
fication. 
0015. A further option for specific detection of amplifica 
tion products by means of real-time PCR technology consists 
in the use of intercalating dyes (ethidium bromide, Hoechst 
33258, Yo-Pro-1 or SYBR GreenTM, etc.). After excitation by 
high-energy UV light, these dyes emit light in the visible 
lower-energy wavelength range (fluorescence). If the dye is 
present as a free dye in the reaction mixture, the emission is 
very weak. It is only by the intercalation of the dye, i.e. by 
incorporation into the small furrows of double-strand DNA 
molecules, that the light emission is greatly intensified. The 
dyes are inexpensive and universally usable, since in prin 
ciple any PCR reaction can be followed in real time with 
them. Moreover, they have a high signal strength, since every 
DNA molecule is able to bind several dye molecules. Never 
theless, an extreme disadvantage for application also results 
from the advantages: In principle, it is not possible with 
intercalating dyes to distinguish between correct product and 
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amplification artifacts (such as primer dimers or nonconform 
ing products). Formed primer dimers and other artifacts natu 
rally also bind intercalating dyes and therefore lead to an 
unspecific increase of fluorescence even in negative samples. 
However, a clear differentiation between a specific amplifi 
cation event and an artifact is absolutely necessary. In order to 
achieve this in any case, there is used a so-called melting 
point analysis at the end of the actual PCR reaction. For this 
purpose the reaction mixture is heated in steps of 1 degree 
from 50° C. to 95°C. During this process the fluorescence is 
measured continuously. The point at which the double-strand 
DNA melts is characterized by a drop (peak) of the fluores 
cence of the intercalating dye, since the intercalating dye 
dissociates from the single-strand DNA. When the PCR is 
optimally adjusted, a sharply accentuated melting-point peak 
should be expected. This melting point represents the specific 
product to be expected. Products of different sizes and prod 
ucts from different sequences have different melting points. 
0016 Furthermore, by means of real-time PCR applica 
tions it is also possible to achieve quantification of the target 
to be detected. 
0017. As already explained, the described methods satisfy 
the requirement of specific detection of an amplification 
product. 
0018. Nevertheless, a major disadvantage exists in the fact 
that they are implemented on very expensive instrumental 
platforms, which must combine the processes of both ampli 
fication and of Subsequent optical detection appropriate for 
the problem in one hardware solution. Furthermore, many of 
these described detection methods are still based on real-time 
tracking of the amplification process. On the basis of this 
strategy, the processing of the measured fluorescence values 
also takes place in the course of the amplification reaction. It 
is clear to the person skilled in the art that an enormously high 
level of analysis algorithms must therefore be integrated into 
real-time systems. This ultimately explains the large financial 
expense that must be invested for the use of real-time PCR 
systems. Finally, even the operation of Such instrumental 
systems necessitates a high level of expertise. 
0019. Besides the described diagnostic detection methods 
based on real-time PCR, however, alternative variants also 
exist for specific detection of nucleic acids. 
0020. In this connection, less expensive methods for 
detecting nucleic acids include, for example, PCRELISA. In 
this method the DNA sequence to be investigated is amplified 
and the produced DNA fragment is then covalently immobi 
lized on a solid phase (e.g. microtiter plate or strip). Subse 
quently denatured to a single strand and hybridized with a 
sequence-specific probe. The Successful binding of the probe 
can be visualized by an antibody-mediated color reaction. 
Another variant is based on immobilizing the probe on a Solid 
phase and then bringing the PCR product after the end of 
denaturing into contact with the immobilized probe. The 
detection of a completed hybridization event takes place by 
analogy with the first method variant. 
0021. In principle, PCR ELISA techniques are simple to 
perform, but nevertheless comprise multiple process steps, so 
that several hours of working time to perform the Subsequent 
detection method are also needed in addition to the time 
needed to perform the PCR. Such a method usually needs 8 
hours and therefore is also not suitable as a rapid test. 
0022. Furthermore, some instruments such as a tempera 
ture-regulating station, a so-called washer or even a measur 
ing instrument for detection of the hybridization signal are 
also necessary. In addition, further special instruments or 
special consumables may be necessary. 
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0023. Further simple methods for detection of amplifica 
tion products are based on amplification of the target 
sequences and Subsequent hybridization of amplification 
products on a membrane. Even in these methods, several 
variants known to the person skilled in the art exist. Once 
again, however, these methods are laborious to perform, need 
a large number of process steps to be executed and are there 
fore not suitable as rapid tests. This then includes even the use 
of biochip strategies, which utilize the hybridization of PCR 
products with hybridization probes to detect the specificity. 
These methods are also complex and dependent on very 
expensive instrumental platforms. 
0024. A significant reduction of working steps is disclosed 
in the publication KR 1020060099022A (Method and kit for 
rapid and accurate detection and analysis of nucleotide 
sequence with naked eye by using membrane lateral flow 
analysis). 
0025. In this case a so-called lateral-flow method is used to 
detect nucleic acids. This method also depends on the tech 
nology of hybridization of nucleic acids on a Solid phase. One 
advantage of lateral flow methods is that they represent a 
Small, manual test format (strip test). 
0026. A very rapid detection method that also depends on 
the detection of amplification products by means of a test strip 
and is commercially available is in turn based on a completely 
different principle from that in the above publication. In this 
case, the PCR reaction is performed with one biotinylated 
primer and one non-biotinylated primer. After completion of 
the PCR, a PCR product labeled with biotin at one end is 
therefore obtained. A test strip (e.g. of Millenia, Amodia, etc.) 
containing two separate binding sites is used for detection: a 
streptavidin site for coupling the biotin-labeled DNA strand 
and an FITC binding site for checking the function of the test 
strip. 
(0027. The PCR product is detected by denaturing the PCR 
batch at the end of the PCR and hybridizing with a probe 
complementary to the biotin-labeled DNA strand. The probe 
is FITC-labeled. 

(0028. For detection, the PCR hybridization batch is mixed 
with a run buffer and applied on the test strip. According to the 
description of the test, the biotinylated DNA strand binds to 
the streptavidin binding site of the strip. Detection is accom 
plished via the FITC label of the probe hybridized with the 
DNA strand. A typical signal in the form of a stripe appears. 
This signal is Supposedly the specific detection of the ampli 
fication product. However, the method does not combine the 
hybridization of the probe with the PCR process but instead 
performs it as a separate method step. 
(0029. Unexamined application WO 2009/000764 A2 per 
mits the performance of amplification and hybridization of 
the PCR product in one reaction batch. In this case there is 
formed a doubly labeled amplificate-probe dimer, which can 
then be visualized, e.g. by means of a lateral-flow strip. This 
is a very inexpensive way of visualizing a PCR hybridization 
product, and in particular is independent of instrumentation. 
A disadvantage of this method, however, is that primarily it is 
not a homogeneous assay, since the reaction vessel must be 
opened after the amplification/hybridization reaction has 
taken place, in order that the amplification mixture can be 
transferred to a lateral-flow strip. 
0030 Thus the actual detection reaction takes place out 
side the reaction cavity in which the amplification/hybridiza 
tion reaction is performed. 
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0031. Also, the method does not permit any numerical 
display of the detection result, but is always limited merely to 
aYES-NO decision based on visual observation. Quantifica 
tion of the reaction products is also not possible on a lateral 
flow strip, since the upper limit is dictated by the binding 
capacity of the strip. 
0032. In International Patent Application WO 2005/51967 
A2, labeled oligonucleotides with several fluorophores are 
described. The method for separating the fluorophores, 
including cleaving the labeled oligonucleotides, uses 
enzymes with 5'-exonuclease activity. 
0033. The subject matter of the publication WO 
03/072051A2 is a fluorescence energy transfer (FET) labeled 
probe with a nucleic acid intercalator, which contains a poly 
cyclic compound bound to an FET-labeled oligonucleotide, 
wherein the nucleic acid intercalator is covalently bound at 
the 3'-end of the FET-labeled oligonucleotide, and wherein 
the FET-labeled oligonucleotide represents a dark quencher, 
which is positioned at its 3'-end, and wherein the FET-labeled 
probe is resistant to 3'-5'-exonuclease. 
0034. The publication of E Lyon et al., “LightCycler Tech 
nology in Molecular Diagnostics”. J. Mol. Diagn (2009) 11 
(2) 93-101, reports on a PCR with real-time fluorescence 
monitoring and melting curve analysis. This permits the PCR 
to be performed within 15 minutes. The review describes the 
significant advances of LightCycler technology within the 
last 15 years. 
0035. The objective of the present invention is to provide a 
universally usable method for specific detection of target 
nucleic acids, which method also makes it possible to perform 
the detection reaction in the form of a homogeneous assay, 
meaning that the detection of the detection reaction already 
takes place in the reaction cavity, in which the actual ampli 
fication/hybridization reaction is also occurring. Another 
objective was to permit diagnostic certainty of a detection 
reaction by quasi dual detection, since a series of test proce 
dures necessitates not only a first detection reaction (Such as 
real-time PCR) but also a second control detection (such as 
application of the amplification products on an agarose gel). 
As an expansion of the objective, such a novel method could 
also be used in Such a way that the detection reaction takes 
place as a homogeneous assay (instrument-dependent) or 
else, as an alternative thereto, even as a test based on a lateral 
flow Strip (instrument-independent). 
0036. A method with a similar objective was published by 
Piepenburg et al. (PLOS biology, July 2006, Volume 4, Issue 
7, 1115-1121). In this case a recombinase-coupled isothermal 
PCR is performed. The double-labeled probe has an inte 
grated cut site for a nuclease. During hybridization of the 
probe, the formed double strand is cut by the nuclease and 
thereby the fluorescence is released. After having been cut 
with the nuclease, the labeled probe is able to function as a 
primer. Together with the other labeled primer, there is then 
formed a double-labeled PCR product, which can be detected 
ona LFA strip. One disadvantage is that this method is chemi 
cally very complex and difficult. Furthermore, even before 
the beginning of the test procedure, it must be decided which 
of the detection methods and therefore which labels are pre 
ferred. If such a decision were not made, then the probe must 
be prepared at a minimum of four sites: 1. reporter fluoro 
phore, 2. quencher, 3. cut site of the nuclease, 4. amplification 
blockade at the 3'-end. 
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0037. The present object was solved surprisingly simply 
according to the features of the claims. The inventive method 
combines a matrix-dependent DNA de novo synthesis with a 
hybridization step. The inventive choice of labels of the oli 
gonucleotides participating in the reactions permits not only 
a reaction-dependent fluorescence measurement and associ 
ated therewith a numerical and possibly quantitative evalua 
tion but also instrument-independent visualization of the 
reaction, e.g. on a lateral-flow strip. It is also particularly 
advantageous that the detection of the fluorescence reduction 
following a FRET effect is possible with the inventive method 
in the form of end-point detection. From the instrumental 
viewpoint, Such a measurement principle can therefore also 
dispense with the use of expensive real-time instrumental 
systems. 
0038 
steps: 

This inventive method is based on the following 

A. Supplying a Reaction Batch, Consisting of 
0.039 a sample containing a nucleic acid, in which the 
target nucleic acid is to be detected 

0040 at least one oligonucleotide labeled with a label 1, 
which is completely or partly complementary to the 
target sequence and functions as a primer in a matrix 
dependent de novo synthesis of the target nucleic acid 
(oligo type 1) 

0041 at least one oligonucleotide labeled with a label2, 
which by virtue of the lower melting temperature than 
that of oligonucleotide 1 does not participate in the DNA 
de novo synthesis process, but is able to hybridize partly 
or completely with the DNA de novo synthesis product 
of oligonucleotide 1 (oligo type 2) 

0.042 a mixture of chemicals/enzymes, possibly also 
with further unlabeled oligonucleotides, for permitting a 
matrix-dependent de novo synthesis of the target nucleic 
acid. 

0043. As used in the invention, the term “partly comple 
mentary' means that Sufficient complementarity must be 
present. In the present case, at least 50%, preferably 70% of 
the labeled oligonucleotide must be complementary to the 
target nucleic acid. 
0044 As used in the invention, the term “matrix-depen 
dent’ means that the de novo synthesis of the target nucleic 
acid is controlled by the primers being used. 
0045. According to the invention, the labels of the two 
oligonucleotides (oligo type 1 and oligo type 2) are chosen 
such that together they form a FRET pair (such as FITC/ 
TAMRA, FAM/TAMRA, FAM/BHQ1, etc.) and, in relation 
to the inventive dual detection, are also capable of having 
complementary binding partners on a lateral-flow Strip. 
B. Performing the Matrix-Dependent DNA DeNovo Synthe 
sis with Integrated Probe Hybridization 
0046) Depending on the type of target nucleic acid, there is 
performed either a reverse transcriptase reaction (in the case 
of RNA, which occurs in a very large number of copies, such 
as rRNA, tmRNA) or amplification (in the case of DNA); it is 
even possible (in the case of a rare RNA, such as mRNA, 
samples with a small number of particles) to perform the two 
reactions in Succession. 
0047. By virtue of the inventive method, only oligo type 1 
participates in this first reaction. The oligo type 1 functions as 
a primer either in an RNA-dependent reverse transcription 
(whereby a labeled cDNA strand is formed) or in amplifica 
tion of the target DNA or cDNA (whereby a labeled PCR 
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product is formed). One-step RT-PCR can also be performed. 
In this process a second unlabeled primer oligonucleotide 
increases the yield of the PCR reaction. 
0048. By virtue of its lower annealing temperature in 
accordance with the inventive method, the oligo type 2 does 
not participate in the DNA de novo synthesis. Thereafter the 
reaction batch is heated to a temperature of>90°C. This step 
leads to thermal separation of the strands. After the end of this 
thermal denaturing reaction, the reaction batch is cooled to 
the hybridization temperature of the oligo type 2. During this 
step, the oligo type 2 binds specifically to the complementary 
DNA strand. This strand then carries label 1, which was 
incorporated into the reaction product by the oligo type 1. 

C. Detection of the Hybridization Event 
0049. The detection reaction can take place in two vari 
ants, but according to the invention the two detection variants 
may also be used in parallel or else may even be combined as 
a verification reaction. 

1. Detection of the Hybridization Reaction by Means of a 
Fluorescence Measurement. 

0050. The labels incorporated by the two oligos type 1 and 
type 2 form a FRET pair. The hybridization of the oligo type 
2 with the synthesis product of the oligo type 1 that takes 
place in the inventive method leads to a FRET effect between 
labels 1 and 2. This effect now leads to a measurable decrease 
of the fluorescence. This reduction of the fluorescence is 
numerically evaluated, thus permitting unambiguous detec 
tion of the reaction. 

2. Detection of the Hybridization Reaction Outside or Inside 
the Reaction Vessel on a Solid Phase, Characterized in That: 

0051. The solid phase (e.g. a lateral-flow strip, microtiter 
plate, microparticle) contains a binding site for one of the 
labels of oligo type 1 or type 2 and/or antibodies or other 
binding molecules against the labeling molecules of oligos 
type 1 or type 2 that are able to bind to the labeling molecules 
of type 1 or type 2 (for example, covalent bonds or hydrogen 
bonds or via bridging molecules). Furthermore, a detection 
molecule for visualization or measurement of the hybridiza 
tion event is located on the solid phase, or Such a detection 
molecule is added to the detection reaction. However, it is also 
possible to incorporate the detection molecule into the 
hybridization product to be detected as early as during the 
amplification/hybridization reaction. 
0052. In summary, an extremely simple and universally 
usable detection method for gene diagnostics is now available 
with the inventive method. 
0053 According to the invention, the detection of a diag 
nostically relevant target nucleic acid to be detected takes 
place in the form of a homogeneous assay via the end-point 
fluorescence measurement of fluorescence quenching. The 
result can be acquired numerically and it also permits quan 
tification of the target nucleic acid to be detected (using an 
internal standard) detected and quantified. Furthermore, the 
inventive method also permits highly specific dual detection, 
since after fluorescence detection has been achieved the result 
can be verified on a lateral-flow strip. From the diagnostic 
viewpoint, such a verification is therefore very much more 
exact than the detection that has been possible heretofore of 
real-time PCR products on an agarose gel. If necessary, the 
method also makes it possible to perform the tests indepen 
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dently of one another (test by means of fluorescence detection 
or test by means of detection on, for example, a lateral-flow 
strip). 
0054. This elegant novel test procedure, and especially 
also the combined test procedure (fluorescence detection fol 
lowed by verification of the first test reaction on a solid 
phase), are made possible according to the invention by the 
fact that the hybridized probe (oligo type 2) is not decom 
posed by the Taq polymerase during amplification/hybridiza 
tion but instead remains in the hybridized condition even after 
the end of the reaction, in contrast to the homogeneous Taq 
Man exonuclease assay. 
0055. The inventive integration of a hybridization probe 
into the reaction provides the certainty that the amplified 
fragment actually contains the target sequence. Thereby 
false-positive results caused by mispriming are excluded. The 
use of the chemically modified probe (preferably phosphory 
lation of the last nucleotide of the probe) prevents the exten 
sion of the probe by 5'-->3' polymerase activity and thus 
prevents the probe from functioning as a primer and generat 
ing unspecific PCR artifacts (primer dimers), which would be 
detected as false-positive signals. 
0056. In contrast to real-time PCR methods, the detection 
of the specific detection signal takes place not during ampli 
fication, where the fluorescence is released either due to the 
probe hydrolysis caused by the Taq polymerase (EP 0972848 
A2) or is reduced by the FRET effect (EP 1384789 B1), but 
only after the end of the amplification-hybridization reaction. 
This also causes the positive effect that the method is inde 
pendent of instrumental equipment. Measurements may be 
made both in a real-time PCR instrument and after the end of 
the reaction with a fluorescence reader (see exemplary 
embodiments). 
0057 The inventive method also differs from the patent 
(EP 0826066 B1) that also describes a combination of PCR 
and hybridization. In this method also, a FRET-effect-medi 
ated fluorescence signal is again detected. This occurs during 
the process of amplification by hybridization of a doubly 
labeled probehaving a lower annealing temperature than that 
of the primer. The release of fluorescence in this case takes 
place not by hydrolysis of the probe as a result of the exonu 
clease activity of the polymerase but instead by the fact that 
the secondary structure of the probe is loosened during 
hybridization and fluorescence is released by the increase of 
the distance of the reporter from the quencher. In this case 
only enzymes having no exonuclease activity (e.g. Klenow 
fragments or T4 or T7 polymerases) can be used for amplifi 
cation. 

0.058 For the first time there has been achieved a homo 
geneous method for detecting the presence of a target nucleic 
acid in a sample, wherein the reaction batch contains: 

0059 a sample nucleic acid, in which the target nucleic 
acid is Suspected 

0060 at least one oligonucleotide, which is labeled by a 
label 1, is completely or partly complementary to the 
target sequence and functions as a primer in a matrix 
dependent de novo synthesis of the target nucleic acid 
(oligo type 1) 

0061 at least one oligonucleotide labeled with a label2, 
which by virtue of the lower melting temperature than 
that of oligonucleotide 1 does not participate in the DNA 
de novo synthesis process, but is able to hybridize partly 
or completely with the DNA de novo synthesis product 
of oligo type 1 (oligo type 2) 
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0062) a mixture of chemicals/enzymes, possibly also 
with further unlabeled oligonucleotides, for permitting a 
matrix-dependent de novo synthesis of the target nucleic 
acid. 

0063 
0064 matrix-dependent de novo synthesis of the target 
nucleic acid to be detected with at least one oligo of type 
1 and possibly Subsequent Strand separation 

0065 hybridization of the synthesis product of the 
respective oligo type 1 with at least one oligo type 2 

0.066 detection of the hybridization reaction by means 
of a fluorescence measurement. 

0067 Labels 1 and 2 form a FRET pair. The hybridization 
of the oligo type 2 with the synthesis product of the oligo type 
1 leads to a measurable decrease of the fluorescence caused 
by the FRET effect between labels 1 and 2. 
0068 Detection of the hybridization reaction is possible 
outside or inside the reaction vessel. In the case of detection 
ona Solid phase, the Solid phase contains a binding site for one 
of the labels of the oligo type 1 or type 2 and/orantibodies or 
other binding molecules against the labeling molecules of 
oligos type 1 or type 2, which bind to the labeling molecules 
of type 1 or type 2 (for example, covalent bonds or hydrogen 
bonds or via bridging molecules) and at the same time a 
detection molecule for visualization or measurement of the 
hybridization event, or Such a molecule is added to the sample 
bound to the solid phase. 
0069 Oligos type 1 and type 2 may also carry labels other 
than the labels named in claim 4. The additional labels may be 
used for detection of the hybridization event on the solid 
phase (1e). 
0070. It is also possible to perform an asymmetric ampli 
fication instead of the standard amplification. 
0071. According to a preferred embodiment of the inven 

tion, the melting temperature (T) of oligo type 1 is prefer 
ably 5° C. to 15° C. higher than the T of oligo type 2. After 
hybridization, labels 1 and 2 are preferably 1 to 50 by apart 
from one another. 

0072. It is also possible for the oligo with a reporter label 
to be present in the reaction in a lower concentration than the 
oligo with the quencher label, preferably in the ratio of 1:10 to 
1:2O. 

0073. The inventive method will be described hereinafter 
on the basis of exemplary embodiments, but the exemplary 
embodiments are not to be construed as any limitation of the 
method. 

The method comprises the following steps: 

EXEMPLARY EMBODIMENTS 

Example 1 

0074) Detection of Influenza Type H1N1 (Swine Origin 
cDNA) by Means of Hybridization Methods Integrated into 
the PCR and End-Point Fluorescence Measurement of Fluo 
rescence Quenching 
0075 Negative samples (NTC), H1N1 cDNA-positive 
samples (POS) and the samples that indeed contained human 
DNA material (swab smear of nasal mucous membranes) but 
not H1N1 (NEG) were present in the batch. 
0076. The possibility of an inventive end-point fluores 
cence measurement and the specificity of the method will be 
demonstrated with this example. 
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PCR Primer/Probe 

0.077 

H1N1 sense primer 
(5'-tgg gaa atc cag agt gtgaat cac tot c-3 '' ) 

H1N1 antisense primer (oligo type 1) 
(5'-BHQ1- c.gt to c att gt c tda act agr tigt 

ttic c-3 '' ) 

H1N1 probe (oligo type 2) 
(5'-agc aag citc at g g to cta cat t-FAM-3") 

Samples: 3x POS: 3x NEG: 3x NTC 

Per Sample: 

0078 

sense primer (25 pmol/L) 0.1 LL 
antisense primer (50 pmol/LL) 0.1 LL 
probe (5 pmol/L) 0.1 LL 
dNTP mix (12.5 mM) 0.3 IL 
10X PCR buffer (MgCl, included) 1.5 L 
Taq-DNA polymerase 0.75 U. 
PCR grade H2O add 15 L 

007.9 The PCR was carried out in the SpeedCycler (Ana 
lytik Jena) using the rapid cycler technology: 

Amplification/Hybridization Conditions 

0080 

Step 1: denaturing 98 C.90sec 
Step 2: amplification for 41 cycles (98° C.f4 sec; 57°C.f4 sec: 

72° C./10 sec) 
Step 3: denaturing 95°C.900 Sec 
Step 4: hybridization: 43°C. 600 sec 

I0081. The amplification event/the hybridization reaction 
was detected by means of an end-point measurement with the 
SpeedScan fluorescence reader (Analytik Jena AG; FIG. 2). 
At the same time, the change of fluorescence intensity of the 
sample was measured in real time during the entire reaction 
(FIG. 3). The measured data of the SpeedScan instrument 
were subjected to a Pos/Neg determination according to the 
following formula: 

N-P=B 

if A-B20, the sample is negative 

if A-B-CO, the sample is positive 

0082. Where xN is the mean value of the NTC values; 
XN is the Smallest NTC value; desired percentage devia 
tion of the positive value from the negative value (e.g. 20% of 
xN), and P is the measured value of the sample to be tested. 
I0083. Furthermore, the sample may be evaluated semi 
quantitatively by using a concentration standard. 
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0084. Nevertheless, a truly quantitative evaluation is pos 
sible only in the presence of an internal control and a com 
petitive reaction. 
0085. The results of the qualitative evaluation of the 
sample fluorescence are Summarized in Table 1. 

Measured value Value A at 
Sample ID after the PCR 20% Value B A - B posineg 

POS 3447 11485 15506 -4021 POS 
POS 6533 11485 1242O -935 POS 
POS 6024 11485 12929 -1444 POS 
Neg 18408 11485 5573 5912 NEG 
Neg 11764 11485 71.89 4296 NEG 
Neg 18937 11485 16 11469 NEG 
NTC 11258 11485 7695 3790 NEG 
NTC 26666 11485 -7713 19198 NEG 
NTC 18937 11485 16 11469 NEG 

Example 2 

I0086) Dependence of Signal Intensity on the Concentra 
tion of the Target DNA in Comparison with a Conventional 
Real-Time PCR 

I0087. Two batches were prepared: for the inventive 
method and a real-time PCR batch with a probe labeled with 
FAM-BHQ1. The cDNAs (see table for particle count/PCR 
batch) synthesized from Influenza H1N1 virus strains were 
used as samples. 

0088 Batch 1: See Example 1 for the reaction conditions 
0089 Batch 2: 

PCR Primer/Probe 

0090 

H1N1 RT sense primer 
(5'-tgg gaa at C cag agt gtgaat cac t-c-3 '' ) 

H1N1 RT antisense primer 
(5' - c.gt toc att gttctga act agr tdt t-3") 

H1N1 RT probe 
(5' - FAM-cca caa tdt agg acc atg agc titg ctg 

t-BHO1-3") 

Per Sample: 

0091 

sense primer (50 pmol/L) 0.1 LL 
antisense primer (50 pmol/LL) 0.1 LL 
probe (25 pmol/L) 0.1 LL 
dNTP mix (12.5 mM) 0.3 IL 
10X PCR buffer (MgCl, included) 1.5 L 
Taq-DNA polymerase 0.75 U. 
PCR grade H2O add 15 L 
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0092. The PCR was carried out in the SpeedCycler (Ana 
lytik Jena) using the rapid cycler technology: 

Amplification/Hybridization Conditions 
0093 

Step 1: denaturing 98 C.90sec 
Step 2: amplification 41 cycles (98°C.f4 sec; 

57° C.f4 sec; 72° C./10 sec) 

0094. The amplification event/the hybridization reaction 
in Batch 1 was detected by means of an end-point measure 
ment of the fluorescence by means of SpeedScan (Analytik 
Jena AG; FIG. 4). At the same time, the change of fluores 
cence intensity of the sample was observed in real time (real 
time PCR) during the entire reaction (FIG. 5). The measured 
data of the SpeedScan instrument were subjected to a Pos/ 
Neg determination according to the formula described here 
inabove (see Example 1). In Batch 2, the fluorescence release 
was measured conventionally by means of real-time PCR. 
(0095. The results of the qualitative evaluation of the 
sample fluorescence are Summarized in Table 2. 

Particle Measured 
count value after 
in the the PCR Value A Ct value 
sample (mean value) at 20% Value B A - B pos?neg of Batch 2 

1OOOO 7547 4910 7292 -238.2 POS 26 
SOOO 36SO 4910 11189 -6279 POS 26 
500 94OO 4910 S439 -529 POS 33 
50 10816 4910 4023 887 NEG 38 
5 10590 4910 4249 661 NEG NoCt 

NTC 14839 4910 O 491 O NEG NoCt 

EXPLANATION OF THE FIGURES 

0096 FIG. 1 shows a diagram of the process flow. 
0097 FIG. 2 shows a fluorescence measurement after the 
end of the amplification/hybridization reaction. Fields B3-B5 
are POS samples, B6-B8 are NEG samples, B9-B11 are NTC 
samples (measurement of the fluorescence by means of 
SpeedScan (Analytik Jena AG)). 
0.098 FIG.3 shows a real-time fluorescence measurement 
during the entire amplification/hybridization reaction. 
Curves 1-3 are POS samples, 4-6 are NEG samples, 7-9 are 
NTC samples (real-time measurement for tracking of the 
detection reaction). 
0099 FIG. 4 shows a fluorescence measurement after the 
end of the amplification/hybridization reaction. Fields B3/C3 
are POS samples with a virus particle count of 10000; B4/C4 
are POS samples with a virus particle count of 5000; B5/C5 
are POS samples with a virus particle count of 500; B6/C6 are 
POS samples with a virus particle count of 50; B74/C7 are 
POS samples with a virus particle count of 5; B9-B10/C9 
C10 are NTC samples. 
0.100 FIG. 5 shows a real-time fluorescence measurement 
during the entire amplification/hybridization reaction. 
Curves 1-4 are NTC samples: samples 5-14 are concentrated 
as follows: 5, 6-100000 particles/sample; 7,8-5000 particles/ 
sample: 9, 10-500 particles/sample: sample 11, 12-50 par 
ticles/sample; sample 13, 14-5 particles/sample. 
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0101 FIG. 6 shows a real-time fluorescence measurement 
during a real-time reaction with a conventional TaqMan 
probe. Curves 6, 7 are NTC samples; samples 1-5 are con 

< 4 OOs 

SEQUENCE LISTING 

NUMBER OF SEO ID NOS: 6 

SEO ID NO 1 
LENGTH: 28 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: H1N1 Sense Primer 

SEQUENCE: 1 

tgggaaatcc agagtgtgaa to act ct c 

< 4 OOs 

SEO ID NO 2 
LENGTH: 28 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: H1N1 antisense Primer 

SEQUENCE: 2 

cgttc cattgtctgaac tag rtgtttcc 

< 4 OOs 

SEO ID NO 3 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

OTHER INFORMATION: H1N1 probe 

SEQUENCE: 3 

agcaa.gctica toggtc.ctaca tt 

< 4 OOs 

SEO ID NO 4 
LENGTH: 26 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: H1N1 RT sense Primer 

SEQUENCE: 4 

tgggaaatcc agagtgtgaa to actic 

< 4 OOs 

SEO ID NO 5 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: H1N1 RT antisense Primer 

SEQUENCE: 5 

cgttc cattgtctgaac tag rtgtt 

SEO ID NO 6 
LENGTH: 28 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

OTHER INFORMATION: H1N1 RT probe 
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centrated as follows: 1-100000 particles/sample: 2-5000 par 
ticles/sample; 3-500 particles/sample: sample 4-50 particles/ 
sample; sample 5-5 particles/sample. 

28 

28 

22 

26 

25 
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- Continued 

<4 OOs, SEQUENCE: 6 

ccacaatgta ggaccatgag Cttgctgt 

1. A method for detecting a specific nucleic acid sequence, 
the method comprising: 

a) synthesizing a DNA target nucleic acid in a matrix 
dependent de novo manner, 

b) hybridizing the target nucleic acid with a probe, and 
c) detecting the hybridizing, 
wherein: 
a primer ina) comprises an oligonucleotide 1 labeled with 

a label 1, which is completely or partly complementary 
to the target nucleic acid, and 

the probe in b) comprises an oligonucleotide 2 labeled with 
a label 2, which has a lower melting temperature than 
oligonucleotide 1 and does not participate in the synthe 
sizing, but which hybridizes partly or completely with 
the target nucleic acid. 

2. The method of claim 1, wherein the detecting is per 
formed in a reaction cavity in which the synthesizing and 
hybridizing are also performed. 

3. The method of claim 1, wherein the detecting is per 
formed on a Solid phase, either inside or outside of a reaction 
cavity in which the synthesizing and hybridizing are per 
formed. 

4. The method of claim 2, wherein the two labels 1 and 2 as 
are a FRET pair, and the detecting comprises measuring a 
decrease in fluorescence. 

5. The method to of claim 4, wherein the detecting com 
prises end-point detecting. 

6. The method of claim 1, further comprising, after a). 
heating a reaction batch heated to a temperature of greater 
than 90° C., and thereafter cooling the reaction batch is to a 
hybridization temperature of oligonucleotide 2. 

7. The method of claim 1, wherein the hybridized oligo 
nucleotide 2 is not destroyed by a Taq polymerase during the 
synthesizing or hybridizing, but instead remains in a hybrid 
ized state even after the synthesizing and hybridizing. 

8. The method of claim 1, wherein the detecting is per 
formed only after the synthesis and hybridization are finished. 

9. The method of claim 3, wherein the solid phase com 
prises: a site that binds to at least one selected from the group 
consisting of label 1, label 2, an antibody against label 1, an 

28 

antibody against label 2, a binding molecule against label 1, 
and a binding molecule against label 2; and wherein the Solid 
phase comprises a detection molecule that visualizes or mea 
Sures the hybridizing. 

10. The method of claim 1, wherein oligonucleotide 2 is 
protected against a 5'A3'-polymerase activity. 

11. A test kit that performs the method of claim 1, com 
pr1S1ng: 

the oligonucleotide 1, labeled with the label 1, 
the oligonucleotide 2 labeled with the label 2, and 
a mixture of chemicals, enzymes, or both, optionally with 

a further unlabeled oligonucleotide. 
12. The test kit of claim 11, wherein the melting tempera 

ture of the oligonucleotide 2 is 5°C. to 15° C. lower than that 
of the oligonucleotide 1. 

13. The method of claim 4, wherein the FRET pair is 
selected from the group consisting of FITC/TAMRA, FAM/ 
TAMRA, and FAM/BHQ1. 

14. The method of claim 1, wherein the oligonucleotide 2 
is protected against a 5'-->3'-polymerase activity by the label 
2. 

15. The method of claim 1, wherein the oligonucleotide 2 
is protected against a 5'-->3'-polymerase activity by phospho 
rylation. 

16. The method of claim 1, wherein the oligonucleotide 1 
is at least 50% complementary to the target nucleic acid. 

17. The method of claim 1, wherein the oligonucleotide 1 
is at least 70% complementary to the target nucleic acid. 

18. The method of claim 1, wherein the oligonucleotide 1 
is completely complementary to the target nucleic acid. 

19. The method of claim 1, wherein the melting tempera 
ture of the oligonucleotide 2 is 5°C. to 15° C. lower than that 
of the oligonucleotide 1. 

20. The method of claim 1, wherein after the hybridizing, 
the labels 1 and 2 are located 1 to 50 base pairs apart from each 
other. 


