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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention proposes a method for
performing real-time PCR amplifications and detections,
using a simple and effective lid being part of a device
having multiwells for performing simultaneous amplifica-
tions by PCR and detections of multiple target molecules
on unlabeled capture molecules immobilized on the lid.
[0002] The invention also proposes such method using
a lid carrying capture molecules to perform the detection
and quantification of multiple nucleotide molecules in a
real-time PCR amplification.

2. Description of the Related Art

[0003] Detection and quantification of an organism, or
a part of it such as a gene, is best performed using the
molecular amplification of the nucleotide sequence fol-
lowed by its detection. Amplification of a given sequence
is performed by several methods such as the polymerase
chain reaction (PCR) (U.S. Pat. Nos. 4,683,195 and
4,683,202), ligase chain reaction (LCR) (Wu and Wal-
lace, Genomics, Vol. 4, p.560,1989) or the Cycling Probe
Reaction (CPR) (U.S. Pat. No. 5,011,769) which are the
most common.
[0004] PCR is the most commonly used method of am-
plification. PCR uses two oligonucleotide primers, an
agent for polymerization, a target nucleic acid template.
The successive cycles of denaturation of nucleic acid,
annealing and extension of the primers produce large
number of copies of a particular nucleic acid segment.
Segments of genomic DNA can be amplified up to 10
million fold with very high specificity and fidelity when
using optimized conditions.
[0005] The PCR are usually performed in a single
tubes and in wells being part of a 96-wells or 384 well
plate format and are thereafter analyzed for the presence
of the amplified sequence known as amplicons.
[0006] Methods for detecting PCR products are de-
scribed in U.S. Pat. No. 4,683,195. These methods re-
quire an oligonucleotide probe capable of hybridizing with
the amplified target nucleic acid. These methods require
separate steps of amplification, capture, and detection
and generally require several hours for completion.
[0007] Due to the large amplification of the PCR proc-
ess, small levels of DNA carryover from samples with
high DNA content, or from previous amplifications, can
produce non specific amplicons even in the absence of
purposefully added template DNA. Because the possi-
bility of introducing contaminating DNA to a sample in-
creases with the increased number of handling steps re-
quired for sample preparation, processing, and analysis
is increased, it is preferable to minimize sample handling
for their detection and quantification, particularly after the

amplification reaction is complete.
[0008] Methods and devices for simultaneous amplifi-
cation and detection of target nucleic acids have been
described aimed at minimizing the problems of sample
contamination.
[0009] One particular way to detect the presence of a
given target nucleic acid sequence, and thus of a partic-
ular organism, is to monitor the appearance of amplicons
during the PCR cycles. The method is called real time
PCR. The method gives the possibility of quantifying the
amplified sequence as the cycles progress, and to cal-
culate the amount of the sequence in the original sample.
The method uses a homogeneous format, and the PCR
and the detection are performed within one tube. Per-
forming both amplification and detection in a closed
chamber lowers the contamination risk caused by open-
ing the tubes in conventional post-PCR detection meth-
ods.
[0010] One way to assay for the presence of the am-
plicons is to take advantage of certain intercalating dyes,
the fluorescence of which increases, or changes its pa-
rameters, when the dye is intercalated into double strand-
ed DNA. One to the most commonly used dye is SYBR
green. The method assays for the amount of double
stranded DNA, mainly the amplicons present in the so-
lution. U.S. Pat. No. 4,683,195 and U.S. Pat. No.
6,171,785 also use the introduction of detectable DNA
binding agents (such as ethidium bromide) into the am-
plification reaction, which agents produce a detectable
signal in the PCR solution that is enhanced upon binding
double-stranded DNA. An increase in fluorescence of the
PCR mixture indicates that amplification has occurred.
In order to be useful the amplification has to be very spe-
cific since non specific amplifications will also lead to a
signal.
[0011] U.S. Pat. 6,814,934 also proposed an instru-
ment for the detection in real-time of the fluorescent in-
crease occurring in the solution mixture, resulting from
the formation of double stranded amplicons during the
PCR cycles.
[0012] The best detection method for PCR product
available to date is based on the use of probes specific
of the amplicons, of which the fluorescence varies or is
released when the amplicons are formed or are present
in the solution. Early methods for detecting PCR products
have been described in U.S. Pat. No. 4,683,195. These
methods require an oligonucleotide probe capable of hy-
bridizing with the amplified target nucleic acid. These
methods require separate steps of amplification, capture,
and detection and generally require several hours to be
completed.
[0013] New methods have been developed, including
the molecular beacon probes, the double-dye oligonu-
cleotide probes, the Amplifluor or the Scorpions primers
and TaqMan probes. Molecular beacons are structurally
similar to the tradition single strand hybridization probe
except that the ends of the beacon contain equal length
self-complementary segments, which, in the free state,
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will bond to each other forming a loop terminated by a
blunt end stem. The ends of the stem have a fluorescer
attached to one side and a quencher attached to the other
side, so that it is self quenching in the unbound state.
When the beacon attaches to a target amplicon, the fluor-
ophor and quencher become separated in space allowing
the sample to fluoresce. The TaqMan probes are among
the most popular specific methods of detection in real
time and are commercially available. The TaqMan probe
contains both a fluorescer and a quencher in close prox-
imity to one another which inhibits fluorescence in the
probe hybridized to the target amplicon or in excess
probes in solution. The fluorochrome is released from
the vicinity of the quencher by the digestion of the probes
during the copying of the amplicon strand by the Taq
polymerase having a 5’-3’ exonuclease activity. They
provide a detectable molecule that accumulates in the
solution during the successive cycles.
[0014] The use of linear (TaqMan probe) or hairpin
(molecular beacon) probes having a quencher and a flu-
orescer molecule has some important drawbacks. First,
the probe is a complicated molecule to synthesize and
is expensive. Second, a different fluorescer is necessary
for each amplicon to be quantified. This feature limits the
number of amplicons possibly detected in the same as-
say. Third, the distance between the fluorescer and the
quencher is crucial to a have an effective quenching of
the fluorescer for the free probe. The presence of a sec-
ondary structure in the probe may affect the distance
between the fluorescer and the quencher and, as a con-
sequence, the free probe is not properly quenched.
[0015] U.S. Pat. No. 5,716,784 provides an alternative
method based on the use of two complementary probes,
a first, analytical probe being labeled at its 5’ terminus
with an energy transfer donor fluorophore, and a second,
detection probe being labeled at its 3’ terminus with an
energy transfer acceptor fluorophore. Quantitative de-
tection of oligonucleotide analytical probe hybridized in
solution to the oligonucleotide detection probe provides
a measure of the amount of oligonucleotide analytical
probe used up in the amplification of the target nucleic
acid sequence and thus provides a measure of amount
of target nucleic acid sequence amplified in the PCR rep-
lication procedure. The quantitative detection of the an-
alytical probe involves spectrophotometrical energy
transfer detection in solution.
[0016] U.S. Pat. No. 5,928,907 describes an appara-
tus for monitoring the formation of a nucleic acid ampli-
fication reaction product in real time that uses an optic
fiber focused in the volume of the sample. The fluores-
cence is usually detected in the solution trough the tip or
the bottom of the tubes or the wells.
[0017] Although these methods are capable of moni-
toring in real time the quantification of nucleic acids in a
homogeneous PCR hybridization system, they are limit-
ed to the quantification of one target nucleic acid per flu-
orescent dye. Multiplexing is not easy to implement due
to the fact that the detector has to be able to detect as

many fluorescent dyes as there are targets or standards
in the solution. This requires the use of non overlapping
fluorescent dyes for measuring the increase in signal re-
lated to the amplification of several individual target nu-
cleic acid sequences in the same apparatus. In most of
the applications, one fluorescent probe is used, and
sometimes 2. The use of a larger number of probes would
lead to a dramatic increase in the complexity and cost of
the detection system since each probe requires specific
excitation and the emission wavelengths.
[0018] WO 04/101733 discloses a wash-free PCR am-
plification tube for direct gene detection. A molecular bea-
con is immobilized inside the reaction tube that is de-
signed for the PCR purpose. The PCR tube also com-
prises a transparent window at the section where the
molecular beacon is fixed inside the PCR tube. The im-
mobilized probe comprises a fluorescer and a quencher.
The quencher is positioned at the free end of the probe.
During the PCR, the quencher is released from the vicin-
ity of the fluorescer by the digestion of the immobilized
probes during the copying of the amplicon strand by the
Taq polymerase having a 5’-3’ exonuclease activity. They
provide a detectable molecule that accumulates on the
support during the successive cycles.
[0019] This method is very close to the real-time PCR
performed in solution. In both cases, the probe parties
involved in the amplification step.
[0020] The use of a molecular beacon as capture mol-
ecule (immobilized on a support) presents further draw-
backs as compared to the molecular beacon used in so-
lution. As the PCR is performed on a probe that is in the
proximity of a solid support, it is much less efficient and
more difficult to implement than a PCR performed in so-
lution. The situation is even more dramatic when multiple
molecular beacons are used on the same support, such
as arranged in a micro-array, to quantify different targets,
because the basic fluorescent background (without tar-
get) is different from probe to probe. As a result the quan-
tifications of the different targets are difficult to calibrate.
WO01/27327 describes a method and apparatus for per-
forming a large number of chemical and biological reac-
tions by bringing two arrays into close apposition and
allowing reactants on the surfaces of two arrays to come
into contact.
[0021] The present invention aims to provide a method
that has the advantages of the real time PCR methods
described here above using specific probes for the de-
tection, but that overcomes the limitations of single (or
very few) detection per assay and/or the complexity of
the design of labeled probes having both specificity and
physico-chemical constraints such as quenching or
FRET.

BRIEF SUMMARY OF THE INVENTION

[0022] The present invention aims to overcome most
of the above mentioned limitations by proposing a simple
and effective method for performing simultaneous am-
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plifications by PCR and detections of multiple target mol-
ecules on unlabeled capture molecules as defined in
claim 1.
[0023] In order to realize the above-mentioned objec-
tives, the invention relates to a method according to claim
1, using a sealable lid (1) for a PCR multiwell plate (2)
provided with at least one defined area (3), said defined
area being configured to be mated to at least one well
(4) of the multiwell plate (2), at least one of said defined
area (3) being pretreated to be provided with unlabeled
capture molecule (5). The lid allows real-time PCR to be
performed both in parallel assays and in multi detections
per assay.
[0024] The sealable lid (1) can be provided with at least
one defined area (3), said defined area being configured
to be mated to at least four wells (4) of the multiwell plate
(2), at least one of said defined area (3) being pretreated
to be provided with unlabeled capture molecule (5),
[0025] One feature of the invention is that the capture
molecules are not taking part in the PCR reaction and
thus do not interfere with the PCR happening in the so-
lution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The features and advantages of the invention
will be appreciated upon reference to the following draw-
ings, in which:
[0027] Figure 1 is a general schematic representation
of a preferred sealable lid (1) to be used in the method
according to the invention, comprising a plurality of de-
fined areas (3), each defined area corresponding to at
least one well (4) of the multiwell plate (2) on which it can
be mated by a sealable material (9).
[0028] Figure 2a is a general schematic representation
of a preferred sealable lid (1) to be used in the method
of the invention being configured to be mated to a multi-
well plate by means of a sealable material (9).
[0029] Figure 2b shows a detailed top view of a defined
area (3) carrying immobilized capture molecules (5).
[0030] Figure 2c shows another embodiment for the
defined area (3) being divided in four compartments (6),
each compartment carrying different capture molecules
(5, 5’, 5", 5’"), Figure 2d shows an alternative embodiment
for the defined area (3) carrying capture molecules being
immobilized according to a micro-array (7) in specifically
localized areas (8).
[0031] Figure 3 is a general schematic representation
of a sealable lid (1) that can be used in the method ac-
cording to the invention, comprising a plurality of defined
areas (3), each defined area corresponding to at least
four wells (4) of the multiwell plate (2) on which it can be
mated by a sealable material (9). This lid is preferably
used for end point measurement of PCR product. After
the PCR, the multiwell plate (2) is flipped and the content
of four wells comprising four different PCR products is
contacted with one defined area (3) carrying immobilized
capture molecules (5).

[0032] Figure 4. Results for the end point measure-
ment of SNP (single nucleotide polymorphism) in PCR
products using a lid of the invention as provided in figure
3. Three PCR were performed in individual tubes of a 96-
wells plate using cy3 labeled primers. Each tube con-
tained a different SNP of the CYP2C9 gene: mutation 3
of exon 7, mutation 10 and corresponding wild type se-
quence of exon 5 and the corresponding primer pairs. A
lid comprising a defined area having fixed upon its sur-
face a microarray was fixed on the top of the three PCR
tubes by means of an adaptor. The microarray contained
the different capture molecules specific of the three am-
plicons (2C9*3 for mutation 3 of exon 7; 2C9*1,10 for
wild type sequence of exon 5 and 2C9*10 for mutation
10 of exon 5). In addition, we used a control capture mol-
ecule having a substituted base at the location of the
mutation 3 of exon 7 (2C9*1,3) and a negative hybridi-
zation control (neg hyb ctl). After the PCR, the multiwell
plate was flipped and the content of three wells compris-
ing three different PCR products was contacted with the
defined area carrying immobilized capture molecules. Af-
ter hybridization, the multiwell plate was flipped back,
centrifuged to remove the PCR solution from the lid and
the micro-array was read in fluorescence using a confo-
cal scanner. The result shows signals on the specific cap-
ture molecules 2C9*3, 2C9*1,10 and 2C9*10 as expect-
ed.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0033] The following is a description of certain embod-
iments of the invention, given by way of example only
and with reference to the drawings.

Definitions.

[0034] The terms "nucleic acid", "oligonucleotide", "ar-
ray", "probe", "target nucleic acid", "bind substantially",
"hybridising specifically to", "background", and "quanti-
fying" are as described in the international patent appli-
cation WO97/27317, incorporated herein by reference.
[0035] The terms "nucleotide triphosphate", "nucle-
otide", and "primer sequence" are as described in the
document WO00/72018, incorporated herein by refer-
ences.
[0036] The terms "Homologous sequences" and "con-
sensus sequence" are described in the European patent
application WO01/77372, incorporated herein by refer-
ence. The term "homology" is intended to mean the de-
gree of identity of one polynucleotide sequence to anoth-
er polynucleotide sequence. There may be complete ho-
mology (i.e. 100% identity) between two or more polynu-
cleotides. The degree of homology is calculated after
alignment of the sequence and may be determined by
any method well known to a person skilled in the art.
[0037] As used herein, "capture molecule" refers to a
molecule, or complex or combination of molecules, that
is capable of specifically binding to one target molecule,
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or to a family of target molecules, or to one or more mem-
ber (s) of a plurality of target molecules, or portion(s)
thereof. The capture molecules are preferably nucleic
acids, which are either synthesized chemically in situ on
the surface of the support or synthesized ex situ and
subsequently affixed to the support. Nucleic acid binding
is achieved via base pairing between two polynucle-
otides, one being the immobilized capture molecule and
the other one the target to be detected. Capture mole-
cules also comprise derivatives of the nucleic acid, such
as PNA or LNA, as long as they can bind specifically the
target polynucleotide molecule.
[0038] The term "single capture molecule species" is
a composition of related polynucleotides for the detection
of a given sequence by base pairing hybridization or by
molecular recognition between polypeptides or proteins.
Polynucleotides are synthesized either chemically or en-
zymatically, or isolated from samples, but the synthesis
or isolation is not always perfect and the capture molecule
is contaminated with other related molecules, like shorter
polynucleotides. The essential characteristic of one cap-
ture species for the invention is that the overall species
can be used for capture of a given target nucleotide mol-
ecule.
[0039] The term "polynucleotide sequences that are
complementary to one or more genes or to the genome
sequence" described herein, refers to polynucleotides
that are capable of hybridizing under stringent conditions
to at least part of the nucleotide sequence of said genes
or genome or copy thereof. Polynucleotides also include
oligonucleotides (comprising more than 2 bases but few-
er than 100 bases), which can be used under particular
conditions. Such hybridizable polynucleotides will typi-
cally exhibit at least about 75% sequence identity at the
nucleotide level to said genes or genome, preferably
about 80% or 95% sequence identity or preferably more
than 95% nucleotide sequence identity to said genes or
genome. They are composed of either small sequences
typically 15-30 bases long, or longer ones being between
30 and 100 or even longer, between 100 and 800 bases
long, depending on the specificity and sensitivity require-
ments for the assay.
[0040] "Micro-array" means a support on which multi-
ple capture molecules are immobilized in order to be able
to bind to the given specific target molecule. The micro-
array is preferentially composed of capture molecules
present at specifically localized areas on the surface or
within the support or on the substrate covering the sup-
port. A specifically localized area is the area of the surface
that contains bound capture molecules specific for a de-
termined target molecule. The specific localized area is
either known from the method that was used in building
the micro-array, or is defined during or after the detection.
A spot is the area where specific target molecules are
fixed on their capture molecules and seen by the detector.
The micro-array may also contain detection controls
which are labeled. These controls check the performance
of the detection and circumvent the array, but they are

not used to detect specific target molecules. In one par-
ticular application of this invention, micro-arrays of cap-
ture molecules are also provided on different supports,
as long as the different supports contain specific capture
molecules and may be distinguished from each other in
order to be able to quantify the specific target molecules.
This can be achieved by using a mixture of beads having
particular features and being able to be distinguished
from each other in order to quantify the bound molecules.
One bead or a population of beads is then considered
as a spot having a capture molecule specific of one target
molecule.
[0041] The "amplicon" means target nucleotide mole-
cules being the result of PCR amplification of a nucleotide
molecule present in a biological material.
[0042] "Intermittent contact" means to be physically in
contact or not according to some time frame. In a partic-
ular aspect of the invention the PCR solution is in inter-
mittent contact with the capture molecule, means the
PCR solution is moved or displaced from the surface hav-
ing fixed the capture molecules for a given time period
(non contact) and then it is moved back to its original
position (contact). Preferably more than 95% and pref-
erably more than 99% of the PCR solution is moved or
displaced in the reaction chamber. The PCR solution is
preferably displaced by gravity drain resulting from a
change in orientation of the reaction chamber, preferably
rotation, translation, or lateral movement of the reaction
chamber.

Description of a preferred embodiment

[0043] The lid used in the method of the invention is
specifically designed to perform real-time measurement
of the PCR after being sealed on a multiwell plate. The
lid comprises at least one defined area that is pretreated
to be provided with capture molecules or having capture
molecules immobilized by a consumer depending on his
requirement. Home made immobilization is performed
on pretreated lid for the fixation of the desired capture
molecules. The capture molecules are specifically de-
signed for the detection of amplified target nucleotide
molecules.
[0044] The lid contains at least 2, preferably at least
6, more preferably at least 24, still more preferably at
least 96 defined areas. The multiwell plate comprises
preferably at least 2, preferably at least 8, more preferably
at least 24, still more preferably at least 96, even more
preferably at least 384 wells. Wells are separated from
each other by a pitch of 4.5, or a multiple thereof, such
as 9 mm. The multiwell plate is a preferred format for
performing different PCR assays in parallel. Multiplexing
is obtained by using different wells carrying different PCR
products that are contacted with different defined areas
of the lid carrying one or more capture molecule(s). The
number of capture molecules per defined area can be
adapted according to the consumer requirement.
[0045] In a preferred embodiment, the defined area of
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the lid has fixed upon its surface at least 4 different cap-
ture molecules that are physically separated in compart-
ments. In another preferred embodiment, the defined ar-
ea of the lid has fixed upon its surface a micro-array com-
prising at least 5 different capture molecules being im-
mobilized in specifically localized areas of said defined
area. Preferably, the micro-array comprises more than
10 different capture molecules, preferably more than 20
capture molecules, more preferably more than 50 cap-
ture molecules.
[0046] In still another preferred embodiment, different
defined areas of the same lid have fixed the same capture
molecules.
[0047] In a preferred embodiment, capture molecules
are polynucleotides used to detect target nucleotide mol-
ecules that are labeled during the PCR.
[0048] Also, the capture molecules preferably have an
amplicon-specific binding sequence (capture portion),
and a spacer portion bound to the chamber surface. The
immobilized capture molecule is preferably a polynucle-
otide having an amplicon-specific binding sequence, and
a spacer portion of at least 20 nucleotides, preferably at
least 50, more preferably more than 90 nucleotides.
[0049] Advantageously, the measurement of the am-
plified target nucleotide molecules is performed on the
lid of the multiwell plate after hybridization on capture
molecules.
[0050] Advantageously, the lid is not removed for the
detection and there is no washing before the measure-
ment. The assay of amplification and detection is per-
formed in a closed well of the multiwell plate. Washing
is avoided since it would include liquid handling of the
solution containing amplified target and may entail pos-
sible contamination of further assays.
[0051] In a preferred embodiment, the measurement
of the bound labeled amplicons is performed in the ab-
sence of liquid. Preferably, the absence of liquid is ob-
tained by gravity drain, such as resulting from changing
the orientation of the reaction chamber. For example,
changing the orientation of the reaction chamber by a
method selected from the group consisting of: rotation,
translation, flipping or lateral movement of the reaction
chamber.
[0052] One defined area of the lid is exactly aligned
with one well or with more than one well depending on
the application.
[0053] In a preferred embodiment, the lid is used for
real-time PCR measurement. The measurement of the
target bound to the lid is repeated during at least two
thermal cycles, preferably during the annealing temper-
ature step of the cycle. Preferably the detection is per-
formed in each of the PCR cycles. Advantageously, and
contrary to the real-time PCR performed in homogene-
ous phase, there is no requirement for different fluores-
cent dyes to quantify different nucleotide molecules. One
fluorescent dye is sufficient for the quantification of mul-
tiple different target nucleotide molecules since they are
individualized on the defined area of the lid because of

their specific binding by hybridization on capture mole-
cules being specific of each target nucleotide sequence
and being localized in distinct areas of the defined area
of the lid (compartment or spot of a micro-array). When
several nucleotide molecules are amplified in the same
solution using the same or different primers, both ampli-
cons will be labeled with the same fluorescent dye but
they will be detected and/or quantified on separated cap-
ture molecules having a different position on the lid with-
out the need of several fluorescent dyes as required in
the real time PCR performed in solution.
[0054] In another embodiment, the lid is used for end
point PCR measurement. The measurement is per-
formed only at the end of the amplification. In this appli-
cation, one defined area of the lid corresponds to one or
more wells. In a preferred embodiment, each defined ar-
ea corresponds to at least four wells of the multiwell plate.
This is particularly advantageous in case of multiplex
PCR. The use of more than 5 primer pairs in a PCR well
often decrease the efficiency of the amplification due to
the formation of primer dimers and non-specific anneal-
ing of the primers. The PCR can be split in different wells,
each well having a limited number of primer pairs. At the
end of the amplification, the PCR products are pooled
and hybridized on the same capture molecules being
present on a single defined area of the lid. This embod-
iment is performed at best by flipping the multiwell plate
in order to pool the content of the separated wells and
contacting the mix with one defined area of the lid for
hybridization.
[0055] Advantageously, and contrary to end point
measurement of PCR products performed in the state of
the art, there is no requirement for opening the multiwell
plate for hybridization and detection, thus avoiding sub-
sequent manipulation and carry over contamination.
[0056] Another advantage is that primer dimers or non-
specific amplified products formed during the PCR am-
plification will not generate a signal on the lid since no
complementary capture molecules for the primers nor for
unspecific products are present on the lid.
[0057] The specificity can still be increased further by
the use of different capture molecules for the same target
nucleotide molecule. Two or more capture molecules can
be designed to bind the same strand or one capture mol-
ecule may be provided to bind the sense strand of the
amplified product and another capture molecule the an-
tisense strand.
[0058] Advantageously, the nucleotide molecules to
be amplified are homologous nucleotide sequences that
are quantified on micro-array during the PCR using con-
sensus primers as described in WO0177372. The same
primers are used to amplify all the homologous sequenc-
es which are possibly present in a sample. The amplicons
are discriminated on different capture molecules, each
one targeting a different homologous sequence. So with
only one primer pair and one fluorescent dye, the assay
is made multiplex by the use of consensus primers for
the PCR and multiple capture molecules present on the
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micro-array for their detection.
[0059] In a preferred embodiment, the capture mole-
cules are attached preferably by covalent link in the de-
fined area of the lid. In a preferred embodiment, the cap-
ture molecules are terminated by a primary amino group
and are covalently fixed on the defined area having fixed
upon their surface aldehyde groups. Such reaction does
not require any coupling agent and results in the forma-
tion of imine covalent link. This link can be further stabi-
lized into amine function by a reducing agent preferably
in the presence of a solution of NaBH4.
[0060] Deposition of the capture molecules on the lid
can be performed by a company upon request or by the
consumer himself. Deposition of the capture molecules
by the consumer is preferentially done by pipetting the
capture molecules solutions in different compartments
of the main defined area. In a preferred embodiment, the
defined area is divided in at least 4 compartments. Dep-
osition of the capture molecule in the form of a micro-
array is preferentially done with physical means such as
plain pin or split pin or "pin and ring" having a physical
contact with the surface, or by release of a micro-droplet
of solution by methods such as piezo or nanodispenser.
[0061] Alternatively, in situ synthesis of capture mole-
cules is performed on the support using light directed
chemical synthesis for the synthesis of oligonucleotides
or polynucleotides in known locations such as provided
by US patents 5,744,305 and 6,346,413.
[0062] In a particular embodiment, the lid surface is
activated in order to provide reactive groups for the fix-
ation of capture molecules. The pretreated lid preferen-
tially bears aldehyde, epoxide or N-hydroxymaleimide or
any chemical group on which a capture molecule will re-
act by chemical reaction with such as but not limited to
free amino or sulfhydryl groups. Pretreated lids have the
same embodiments as described here above.
[0063] According to the invention, the lid comprises or
is made of a material selected from the group consisting
of glass, metal, polymer (preferably thermo-resistant
having low self fluorescence) or any other material used
in the micro-array technology (preferably activated glass
bearing aldehyde or epoxide or acrylate groups), said lid
optionally further comprising also specific coatings,
markers or devices (bar codes, electronic devices, etc.)
for improving the assay.
[0064] Although glass presents many advantages (like
being inert and having a low self fluorescence), other
supports such as polymers, with various chemically well-
defined groups at their surface, allowing the binding of
the nucleotide sequences are useful. In another preferred
embodiment, the support bearing the capture molecules
has a 3 dimensional porous structure. Conventional glass
slides have less than 60% silicon dioxide on their surface.
This inherently limits the amount of chemical bonding
available on the surface. Porous material exhibits an in-
creased loading capacity of capture molecules. Typical
porous supports include gel pads, fused-fiber matrix and
fibrous polymer matrix. The capture molecules can be

immobilized entirely in the porous material, or on a layer
of porous material mounted on top of a flat surface such
as glass, plastic, or metal.
[0065] Besides glass, polymers are becoming increas-
ingly used as support for micro-array and for the minia-
turisation of the biological assays due to the development
of the microfluidic technology and the "lab on a chip" con-
cept. In a preferred embodiment, the polymer material of
the lid is selected from the group consisting of: polycar-
bonate (PC), polyethylene (PE), Cycloolefm copolymer
(COC), cyclic olefm polymer (COP) or a mixture thereof.
A preferred COP product is Zeonex® because of its ex-
cellent optical properties, chemical resistance, thermal
stability and low fluorescence (http://www.zeonchemi-
cals.com).
[0066] In a preferred embodiment, the defined area of
the lid is configured to be mated to at least one well of a
multiwell plate by means of a sealable material. The seal-
able material is preferably made of a soft polymer or a
glue which surrounds each defined area in order to as-
sure a perfect sealing to the corresponding well of the
multiwell plate.
[0067] In another preferred embodiment, the defined
area is configured to be mated to at least one well of the
multiwell plate by using an adaptor comprising a sealable
material. The adaptor is preferably made of a soft polymer
which is placed between the lid and the multiwell plate
and assures a perfect sealing between a defined area of
the lid and the corresponding well of the multiwell plate.
If necessary, pressure can be applied to the lid to obtain
a sealing with the multiwell plate.
[0068] In another preferred embodiment, the surface
of a defined area of the lid bearing the capture molecule
is maintained flat at temperature higher than 85°C, pref-
erably higher than 95°C. The hybridized amplicons have
to be detected by a detector and preferably the different
localized area that contain different capture molecules
and present in a defined area have to show the same
signal intensity if bound with the same amount of targets.
Thus in a preferred embodiment a defined area of the lid
has a flatness tolerance of less than 100 microns pref-
erably of less than 25 microns.
[0069] In a preferred embodiment, the lid is thermo-
resistant and is maintained flat at temperature higher
than 85°C. In another preferred embodiment, the light
transmittance of the lid at the wavelength used for the
detection is higher than 80% and even higher than 90%.
[0070] In another preferred embodiment, the signal de-
tected trough the window resulting from the binding of
the amplicons to the immobilized capture molecules is
at least 2 times, preferably at least 5 times, more prefer-
ably at least 10 times higher than the signal obtained in
the absence of amplicons or in conditions in which no
binding can take place.
[0071] In the preferred embodiment, the polynucle-
otides being used as capture molecule are between 10
and 1000 nucleotide long and preferably between 100
and 400 nucleotides long. For specific binding of homol-
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ogous sequences possibly present in the same sample,
the polynucleotide capture molecules contain a spacer
portion according to the patent WO0177372. Specific
binding of homologous sequences or SNP possibly
present in the same sample, are obtained using capture
molecules having a specific part of between 10 and 30
nucleotides.
[0072] In a preferred embodiment, the polynucleotides
that are used as capture molecules are present on the
micro-array localized area at a density superior to 10
fmoles per cm2, and preferably more than 100 fmoles
per cm2 surface of the solid support.
[0073] The micro-array that can be present on the lid
for use in the present invention contains between 4 and
100000 spots per cm2 and preferably between 20 and
1000 spots per cm2. Each spot is preferably the localized
area for one capture molecule. Miniaturization allows per-
forming one assay upon a large number of surface spots
(usually circular spots of about 0.1 to about 1 mm diam-
eter). A low density array, containing 20 to 400 spots is
easily obtained at low cost with pins of between 0.2 and
0.4 mm of diameter. Higher density of spots up to 1,600
spots per cm2 can be obtained by reducing the size of
the spots for example between 0.1 mm and 0.2 mm di-
ameter. Methods for obtaining capture molecules of high-
er density have been described earlier as in US
5,445,934. Miniaturization of the spot size allows for a
high number of data to be obtained and analyzed simul-
taneously, the possibility to perform replicates and with
only a small amount of biological sample being necessary
for the assay. Miniaturization for detection on micro-ar-
rays is preferably associated with microfluidic substrate
for separation, extraction of nucleotide molecules from a
cell extract.
[0074] In a preferred embodiment, the localized area
is comprised between about 10 Pm2 and about 1 mm2

and preferably between about 1 Pm2 and about 100 Pm2.
[0075] In one preferred embodiment, the capture mol-
ecules present on the lid are complementary to at least
one part of the sequence of an amplified target nucleotide
sequence present in solution. The capture molecules
comprise a nucleotide sequence that is able to specifi-
cally bind the amplified target nucleotide sequence, said
specific nucleotide sequence (capture portion) is also
preferably separated from the surface of the solid support
by a spacer arm (spacer portion) of at least about 6.8 nm
or 20 nucleotides in a double stranded form, and which
has no binding affinity for the amplified target molecule.
In a preferred embodiment, the capture molecule is a
single stranded polynucleotide containing a capture por-
tion able to specifically bind the labeled target nucleotide
molecule and a spacer portion of at least 20 nucleotides
and preferably more than 90 nucleotides. The spacer por-
tion can be either single or double stranded DNA.
[0076] In a preferred embodiment the capture portion
of the capture molecule is comprised between 15 and
100 nucleotides and more preferably between 15 and 35
nucleotides.

[0077] Detectable labels suitable for use in the present
invention include any composition detectable by electro-
magnetic light emission. In a preferred embodiment, the
target molecules are labeled with a fluorescent dye. The
fluorescent label is preferably incorporated into the target
by enzymatic or chemical reaction. Typical enzyme re-
action includes the incorporation of nucleotide analogues
into the target. Alternatively, primers labeled at their 5’
end with a fluorescent dye are incorporated into the tar-
get. Fluorochromes are also incorporated into the targets
by chemical reaction such as the reaction of fluorescent
dye bearing a N-hydroxysuccinimide (NHS) group with
amines groups of the targets. Useful fluorescent dyes in
the present invention include Cyanine dyes (Cy3, Cy5,
Cy7), Fluorescein, Texas red, Rhodamine, Green Fluo-
rescent Protein. Preferably, the excitation wavelength for
Cyanin 3 is comprised between 540 and 558 nm with a
peak at 550 nm and the emission wavelength is com-
prised between 562 and 580 nm with a peak at 570 nm.
[0078] Preferably, the excitation wavelength for Cy-
anin 5 is comprised between 639 and 659 nm with a peak
at 649 nm and the emission wavelength is comprised
between 665 and 685 nm with a peak at 670 nm. Pref-
erably, the excitation wavelength for Cyanin 7 is com-
prised between 733 and 753 nm with a peak at 743 nm
and the emission wavelength is comprised between 757
and 777 nm with a peak at 767 nm.
[0079] Patents teaching the use of such labels include
U.S. Patent Nos. 3,817,837; 3,850,752; 3,939,350;
3,996,345; 4,277,437; 4,275,149; and 4,366,241. In a
preferred embodiment, the fluorescent dye is Cyanin 3,
Cyanin 5 or Cyanin 7.
[0080] The original nucleotide molecule is not neces-
sary labeled in the sample but should lead to amplified
labeled target molecules during the amplification step.
The amplified nucleotide molecules are able to hybridize
on the capture molecules after a denaturation step. As
the amplified nucleotide molecules are double stranded,
in theory they should reassociate in solution much faster
than they hybridise on capture molecules fixed on a solid
support where diffusion is low and the specific binding
sequence is short, thus reducing even more the rate of
reaction. Therefore, it was unexpected to observe a sig-
nificant signal increase on the capture molecules over
multiple thermal cycles after a short period of incubation
time.
[0081] In a particular embodiment the measurement
is performed on bound target labeled molecules present
on the lid while they reassociate in a double stranded
form in the solution during annealing and/or elongation
of the thermal cycle.
[0082] Advantageously, the length of the amplified tar-
get nucleotide molecules are selected as being of a lim-
ited length preferably between 100 and 2000 bases, pref-
erably between 200 and 1500 bases, and still more pref-
erably between 300 and 800 bases. This preferred re-
quirement depends on the possibility to find primers to
amplify the required sequences possibly present in the
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sample. Too long target may reallocate faster and adopt
secondary structures which may inhibit the fixation on
the capture molecules.
[0083] The thermal cycler is adapted to fit the support
format of a 96 wells multiwell plate. The alternative heat-
ing and cooling is preferably obtained using a Peltier el-
ement or pulsed air.
[0084] In a preferred embodiment, the light beam is a
laser beam which is focused on the surface of the lid
defined area in order to excite directly the fluorescent
molecules. The laser beam is preferably focused perpen-
dicular to the surface of the lid. The emitted light is de-
tected in the opposite direction of the excitation laser
beam. The emitted light is preferably detected as a con-
focal light and measured after amplification by a photo-
multiplier. In a preferred embodiment the surface of the
lid defined area is scanned by the laser beam in order to
obtain a maximum light excitation of the bound targets.
[0085] In a preferred embodiment, the signal associ-
ated with a capture molecule on the lid defmed area is
quantified. The preferred method is the scanning of the
array(s) with a scanner which is preferably a laser con-
focal scanner for the detection of fluorescent labeled tar-
gets. The resolution of the image is comprised between
1 and 500 Pm and preferably between 5 and 50 Pm.
[0086] The lid defined area is preferably scanned and
each localized area of the micro-array or each compart-
ment is subsequently measured. Preferably the scanning
of the array is performed within 1 min, more preferably
within 30 sec and still more preferably within 10 sec. If
reading is repeated over multiple thermal cycles, the scan
of each localized area preferably is measured at the same
precise moment of a temperature step.
[0087] A subsequent measurement of different defined
areas of the lid can be advantageously used to monitor
a kinetic of hybridization of a labeled target nucleotide
molecule on the same capture molecule which has been
immobilized at different defined areas of the support and
which are scanned in a time dependent manner.
[0088] In a particular embodiment, the data on the
quantification of the amplified target molecules per-
formed at different PCR cycles are processed in order to
quantify the amount of nucleotide molecule present in
the original solution before the amplification. The ampli-
fication cycles lead to the doubling of the target sequence
in each cycle when the efficiency of the amplification is
maximal. Quantification of the original nucleotide con-
centration is calculated from the extrapolation of the first
cycle that gives a detectable value or from a value cross-
ing a fixed threshold. The concentration is then calculated
from a reference curve or from the data obtained on a
standard molecule.
[0089] In a preferred embodiment, the data are proc-
essed in order to obtain a signal value for each of the
localized area. In another embodiment, the data are proc-
essed in order to obtain a signal value for each of the
localized area and for the local background. The data are
further processed by subtracting the background from

the signal value for each of the localized area.
[0090] In a preferred embodiment, the quantification
of the amount of nucleotide molecule is performed by
comparing the signal value of the localized area with a
fixed value. In an alternative embodiment, the quantifi-
cation of the amount of nucleotide molecule is performed
by comparing the number of thermal cycles necessary
to reach a fixed value (cycle threshold or CT) with the CT
of a reference nucleotide molecule. The reference nucle-
otide molecule is preferably amplified in the same solu-
tion and detected on the same micro-array as the target
nucleotide molecule.
[0091] In another embodiment, the quantification of the
amount of nucleotide molecule is performer by compar-
ing the number of thermal cycles necessary to reach a
fixed value (CT) with a standard curve wherein the CTs
are plotted against standard concentrations.

EXAMPLES

Example 1. Preparation of a lid activated with aldehyde 
groups

[0092] A lid in Zeonex® having 96 defined areas seal-
able on a 96-wells plate (as provided in figure 1) was
functionalized for the presence of aldehyde groups ac-
cording to the following protocol.
[0093] 1. Preparation of aminated Lid
[0094] The primary amines functions were introduced
into all defined areas of a lid made of COC Zeonex 330R
by ammonia plasma treatment. Surface modifications
were performed by conventional low-pressure rf plasma
discharges in NH3 plasma. The multiwell plates were po-
sitioned on trays, and the trays were placed into the
chamber. The electrodes had the same size as the trays,
so that the samples were covered and treated homoge-
neously. Distance between electrode and sample was 8
cm. After introduction of the samples in the reactor cham-
ber (W 305 mm, H 300 mm, L 370 mm) and pumping
down to 8 x 10-2 mbar (vacuum pump: Leybold, Type
D16B), the gas flow was started and the plasma dis-
charge was performed (working pressure 0.3 mbar, 40
kHz Generator with 30 % power; discharge time 5 min).
[0095] 2. Preparation of dextran polyaldehyde
[0096] 2.5 g of dextran (Molecular Mass 70000; Aldrich
n° D1537) was dissolved in 50 ml distilled water, then
3.594 g of potassium periodate (15.6 mmol; Aldrich n°
322423) was added. The preparation was shaken vigor-
ously for 14 h at room temperature in the dark and dia-
lyzed for 3 days at 4°C (cut-off of 10000; 3 times 1 litre
of distilled water). The solution was centrifuged and
lyophilized. 2.15 g of dextran polyaldehyde were ob-
tained (yield: 86%), which were stored at room temper-
ature until use. 0.125 g of dextran polyaldehyde was dis-
solved in 12.5 ml of phosphate buffer 0.1 M pH 6. The
mixture was heated a few minutes at 60°C under vigorous
stirring until complete dissolution (final solution 1 %). The
solution was cooled to room temperature before use.
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[0097] 3. Preparation of aldehyde lid
[0098] 70 Pl of dextran polyaldehyde solution obtained
at step 2 were added in each defined area of the lid car-
rying amino groups. The lid was coved and incubated for
2 h at room temperature, then washed 3 times with dis-
tilled water. The lid was stored under vacuum until use.

Example 2. Capture molecule immobilization in defined 
areas of a lid

[0099] A lid in Zeonex® having 96 defined areas seal-
able on a 96-wells plate was functionalized for the pres-
ence of aldehydes according to the method described in
example 1. Aminated DNA was then spotted according
to a micro-array in the defined areas of the lid derivatized
with aldehyde groups. The aminated capture molecules
were spotted from solutions at concentrations of 3 PM.
The capture molecules were printed onto the wells using
split pins (n° 1545 Genetix Limited). After the spotting,
the defined areas of the lid were washed once for 1 min
with 0.2% SDS, twice with distilled water. The defined
areas were then incubated for 5 min with NaBH4 solution
(2.5 mg/ml of PBS 75%/ Ethanol 25%), washed twice
with distilled water and dried. The lid was stored under
vacuum at 4°C.
[0100] Experiment. End point measurement of SNP in
PCR products using a lid carrying a micro-array
Three PCR were performed in individual wells of a 96-
well plate using cy3 labeled primers. The first PCR was
performed on a plasmid containing the sequence of the
exon 7 from CYP2C9 gene which containing the mutation
3. The second PCR well was performed on a plasmid
containing the exon 5 from CYP2C9 gene which had the
sequence for the wild type corresponding to the mutation
10. The third PCR well was performed on a plasmid con-
taining the exon 5 from CYP2C9 gene which had the
sequence containing the mutation 10. All wells contained
the primer pairs for the amplification of the sequences.
[0101] Capture molecule immobilization in a defined
area of a lid
[0102] The Diaglass slides (Eppendorf, Hamburg,
Germany) were functionalized for the presence of alde-
hydes according to the method described in patent ap-
plication WO02/18288. The protocol described in this
patent application was followed for the grafting of ami-
nated DNA to a defined area of the aldehyde derivatized
glass slide. The aminated capture molecules were spot-
ted from solutions at concentrations of 3 PM. The capture
molecules were printed onto microscopic glass slides
with a home made robotic device using 250 Pm diameter
pins. The spots were 400 Pm in diameter and the volume
dispensed was about 0.5 nanolitre. Slides were dried at
room temperature and stored at 4 °C until used.
[0103] The capture portion of the capture molecules
used in this experiment had the following sequences:
[0104] The mutated base is underlined as compared
to the wild type sequence.
[0105] 2C9*3 (SEQ ID NO: 1, mutation 3):

[0106] 5’- GGTGGGGAGAAGGTCAAGGTA -3’
[0107] 2C9*1,3 (SEQ ID NO: 2, wild type of mutation 3):
[0108] 5’- GGTGGGGAGAAGGTCAATGTA -3’
[0109] 2C9*1,10 (SEQ ID NO: 3, wild type of mutation
10):
[0110] 5’-CTTCCTGATGAAAATGGAGAAGG -3’
[0111] 2C9*10 (SEQ ID NO: 4, mutation 10):
[0112] 5’- CTTCCTGATGAAAATGGGGAAGG -3’
[0113] AATSauG2 (negative hybridization control)
(SEQ ID NO: 5):
[0114] 5’- AACTGCTGGACTTATTTTAGGTAAGAG

-3’
[0115] Each capture molecule comprised a spacer
portion of 90 bases long at the 5’ end of the capture por-
tion, said spacer portion having the following sequence:
[0116] 5’ Amine-

AAAGTTGAGTCCATTTGTGATGCTAGAAAAGTT-
GGAACTTTCTTGAACGTCTCCTA TATGTCATACAT-
GAATAGGTTGATTTTACTGTAC-3’.
[0117] PCR and hybridization
[0118] The CYP2C9 gene contains mutations in the
exons 5 and 7. The DNA template for the PCR is a plas-
midic DNA obtained by cloning the entire exon 5 in vector
pGEMT Easy and exon 7 in vector pCR4 Topo. They
were amplified by PCR using the following primers.
[0119] Primer pair 1, for exon 5
[0120] MP2C906 (SEQ ID NO: 6):
[0121] 5’- GCTTTGTACTATCAATCAGGTTGTC -3’
[0122] MP2C902 (SEQ ID NO: 7):
[0123] 5’- Cy3- CACAAATTCACAAGCAGTCACAT-
AAC -3’
[0124] Primer pair 2, for exon 7
[0125] MP2C903 (SEQ ID NO: 8):
[0126] 5’- Cy3- CTAAAGTCCAGGAAGAGATT-
GAACG -3’
[0127] MP2C904 (SEQ ID NO: 9):
[0128] 5’- CAGAGTGTTGATTTGACAAGATTTTAC
-3’
[0129] The expected sizes of the amplicons were 626
bp for CYP2C9 exon 5 and 1114 bp for CYP2C9 exon 7.
[0130] The amplicon resulting from the amplification
with primer pair 1 was specific of capture molecules SEQ
ID NO: 3 or 4. The amplicon resulting from the amplifi-
cation with primer pair 2 was specific of capture mole-
cules SEQ ID NO: 1 or 2.
[0131] The PCR were performed in individual tubes
(200 P1)-of a 96-wells plate on plasmidic DNA in a final
volume of 50 Pl. For the first PCR tube, the PCR mixture
was the following: 1x concentrated Topo Buffer, dNTP
mix (each of dNTP at a final concentration of 200 PM),
0.25 PM of primer MP2C902 Cy3 labelled at 5’ end (SEQ
ID NO: 7), 0.125 PM of MP2C906 (SEQ ID NO: 6), 0.25
PM of primer MP2C903 Cy3 labelled at 5’ end (SEQ ID
NO: 8), 0.125 PM of MP2C904 (SEQ ID NO: 9), Topo
Taq DNA polymerase at 2.5U in 50 Pl, potassium gluta-
mate at 150 mM. We added 25 ng of plasmidic DNA of
exon 7 of CYP2C9 carrying the mutation 3. For PCR tube
2 and 3, plasmidic DNA corresponding to exon 5 (wild
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type of mutation 10) and (mutation 10) of CYP2C9 were
substituted to the plasmidic DNA of exon 7. The amplicon
of tube 1 was supposed to react with capture molecule
2C9*3 (SEQ ID NO: 1), amplicon of tube 2 with capture
molecule 2C9*1,10 (SEQ ID NO: 3) and amplicon of tube
3 with capture molecule 2C9*10 (SEQ ID NO: 4).
[0132] A glass lid comprising a defined area having
fixed upon its surface a microarray was fixed on the top
of the three PCR tubes by means of an adaptor. The PCR
were performed in a thermocycler (Eppendorf, Hamburg,
Germany). Samples were first denatured at 94 °C for 5
min. Then 40 cycles of amplification were performed con-
sisting of 30 sec at 94 °C, 1 min at 63 °C and 1 min at
72 °C and a final extension step of 10 min at 72 °C.
[0133] After the PCR, the multiwell plate was flipped
and the content of three wells comprising three different
PCR products (50 Pl each) was contacted with the lid
carrying immobilized capture molecules and incubated
for 45 min at 60°C. After hybridization, the multiwell plate
was flipped back, centrifuged for 1 min at 1440 rpm to
remove the PCR solution from the lid and the micro-array
was read in fluorescence using the Axon scanner (4100
personal). Scanning was performed with the 532 channel
for Cy3 detection at a gain of 600 with a resolution of 20
micrometer.
[0134] The scanner used as excitation light a laser
which was focussed on the surface of the support. The
emission light was detected and amplified by a photom-
ultiplier. After image acquisition, the scanned 16-bit im-
ages were imported to the software, ‘Genepix 5" (Axon,
Union city, Ca, USA) which was used to quantify the sig-
nal intensities. The signal was quantified on four capture
molecules present in three replicates on the array:
2C9*1,3 (SEQ ID NO: 2), 2C9*3 (SEQ ID NO: 1),
2C9*1,10 (SEQ ID NO: 3) and 2C9*10 (SEQ ID NO: 4).
The local background was subtracted and signal minus
background was plotted against the capture molecules.
The arrays also contained a negative hybridization con-
trol (neg hyb ctl, SEQ ID NO: 5), and positive detection
control labeled with Cy3 present in quadruplicate on the
array. The capture molecule used as negative hybridiza-
tion control was silent.
[0135] Result of the end point measurement of SNP in
PCR products on the lid is presented in figure 4. The
result shows signals on the specific capture molecules
SEQ ID NO: 1, 3 and 4 as expected. There was a very
small signal on the wild type capture molecule
SNP2C9*1,3 (SEQ ID NO: 2). The signal value was 80
compared to 7303 for the mutated capture molecule
2C9*3 (SEQ ID NO: 1). This value represents only 1%
of the positive value. This is due to a small cross reaction
of the amplicons with the wild type sequence (SEQ ID
NO: 2) due to the close homology of sequence of the
capture molecules SEQ ID NO: 1 and 2. The negative
control of hybridization (neg hyb ctl) was negative.
[0136] For the signal on the mutated capture molecule
SNP2C9*10, the value was 11208 and 6938 for the cor-
responding wild type capture molecule SNP2C9*1,10.

Claims

1. Method for performing real time PCR amplifications
and detections, using a sealable lid (1) for a PCR
multiwell plate (2) provided with at least one defined
area (3), said defined area being configured to be
mated to at least one well (4) of the multiwell plate
(2) by means of a sealable material (9), at least one
of said defined area (3) being provided with one or
more immobilized unlabeled polynucleotide capture
molecule(s) (5); wherein the real time PCR amplifi-
cations and detections are performed in at least one
closed well of the PCR multiwell plate (2) after said
lid (1) being sealed on the multiwell plate and the
defined area (3) being mated to at least one well (4)
of the multiwell plate (2); and wherein a measure-
ment of amplified target nucleotide molecules, pro-
duced in said at least one closed well of said PCR
multiwell plate (2), is performed without washing be-
fore the measurement, and in the absence of liquid,
after hybridization of the amplified target nucleotide
molecules to the one or more capture molecule(s)
(5), and wherein the measurement of the amplified
target nucleotide molecules bound to the one or
more capture molecule(s) (5) is repeated during at
least two thermal cycles.

2. The method of claim 1, wherein the defined area (3)
has fixed upon its surface a micro-array (7) compris-
ing at least 5, preferably more than 10, more prefer-
ably more than 20, and even more preferably more
than 50 different capture molecules being immobi-
lized in specifically localized areas (8) of said defined
area (3).

3. The method of claim 2, wherein the defined area (3)
has fixed upon its surface between 20 and 1000
spots per cm2, each spot being the localized area
(8) for one capture molecule.

4. The method of claim 2 or 3, wherein the localized
area (8) is comprised between 10 Pm2 and 1 mm2.

5. The method of anyone of the previous claims, where-
in the capture molecules comprise a nucleotide se-
quence of between 15 and 100 nucleotides that is
able to specifically bind the amplified target nucle-
otide sequence, said specific nucleotide sequence
is separated from the surface of the solid support by
a spacer of at least 20 nucleotides.

6. The method of anyone of the previous claims, where-
in the lid contains at least 2, preferably at least 8,
more preferably at least 24, and even more prefer-
ably at least 96 defined areas (3).

7. The method of anyone of the previous claims, where-
in the PCR multiwell plate (2) has at least 2, prefer-
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ably at least 8, more preferably at least 24, still more
preferably at least 96, even more preferably at least
384 wells (4).

8. The method of anyone of the previous claims, where-
in the defined area (3) is divided in compartments (6).

9. The method of claim 8, wherein the defined area (3)
is divided in at least 4 compartments (6) with at least
4 different capture molecules (5, 5’, 5", 5"’) being
physically separated in at least 4 compartments (6).

10. The method of anyone of the previous claims, where-
in multiplex PCR amplification and detection are ob-
tained by using different wells carrying different PCR
products that are contacted with different defined ar-
eas of the lid carrying one or more capture molecule
(s).

11. The method of anyone of the previous claims where-
in the defined area (3) of the lid has a flatness toler-
ance of less than 100 microns at 85°C .

12. The method of any of the previous claims, wherein
absence of liquid is obtained by gravity drain.

13. The method of claim 12, wherein the gravity drain is
the result of changing the orientation of the reaction
chamber, preferably by a method selected from the
group consisting of rotation, translation, flipping or
lateral movement.

Patentansprüche

1. Verfahren zur Durchführung von Echtzeit-PCR-Am-
plifikationen und -Nachweisen unter Verwendung ei-
nes versiegelbaren Deckels (1) für eine PCR-Multi-
wellplatte (2), die mit wenigstens einem definierten
Bereich (3) versehen ist, wobei der definierte Bereich
so konfiguriert ist, dass er mittels eines siegelfähigen
Materials (9) auf wenigstens einen Well (4) der Mul-
tiwellplatte (2) gesteckt werden kann, wobei wenig-
stens einer der definierten Bereiche (3) mit einem
oder mehreren immobilisierten unmarkierten Po-
lynucleotid-Abfangmolekülen (5) versehen ist; wo-
bei die Echtzeit-PCR-Amplifikationen und -Nachwei-
se in wenigstens einem geschlossenen Well der
PCR-Multiwellplatte (2) durchgeführt werden, nach-
dem der Deckel (1) versiegelnd auf die Multiwellplat-
te gesetzt und der definierte Bereich (3) auf wenig-
stens einen Well (4) der Multiwellplatte (2) gesteckt
worden ist; und wobei eine Messung von amplifizier-
ten Zielnucleotidmolekülen, die in dem wenigstens
einen geschlossenen Well der PCR-Multiwellplatte
(2) produziert wurden, ohne Waschen vor der Mes-
sung und in Abwesenheit von Flüssigkeit nach Hy-
bridisierung der amplifizierten Zielnucleotidmoleküle

mit dem einen oder den mehreren Abfangmolekülen
(5) durchgeführt wird und wobei die Messung der
amplifizierten Zielnucleotidmoleküle, die an das eine
oder die mehreren Abfangmoleküle (5) gebunden
sind, über wenigstens zwei Thermozyklen wieder-
holt wird.

2. Verfahren gemäß Anspruch 1, wobei auf der Ober-
fläche des definierten Bereichs (3) ein Mikroarray (7)
befestigt ist, der wenigstens 5, vorzugsweise mehr
als 10, besonders bevorzugt mehr als 20 und ganz
besonders bevorzugt mehr als 50 verschiedene Ab-
fangmoleküle umfasst, die in spezifischen lokalisier-
ten Bereichen (8) der definierten Bereiche (3) immo-
bilisiert sind.

3. Verfahren gemäß Anspruch 2, wobei auf der Ober-
fläche des definierten Bereichs (3) zwischen 20 und
1000 Tupfen pro cm2 befestigt sind, wobei jeder Tup-
fen der lokalisierte Bereich (8) für ein Abfangmolekül
ist.

4. Verfahren gemäß Anspruch 2 oder 3, wobei der lo-
kalisierte Bereich (8) zwischen 10 Pm2 und 1 mm2

umfasst.

5. Verfahren gemäß einem der vorstehenden Ansprü-
che, wobei die Abfangmoleküle eine Nucleotidse-
quenz von zwischen 15 und 100 Nucleotiden umfas-
sen, die die amplifizierte Zielnucleotidsequenz spe-
zifisch binden kann, wobei die spezifische Nucleo-
tidsequenz durch einen Spacer von wenigstens 20
Nucleotiden von der Oberfläche des festen Trägers
getrennt ist.

6. Verfahren gemäß einem der vorstehenden Ansprü-
che, wobei der Deckel wenigstens 2, vorzugsweise
wenigstens 8, besonders bevorzugt wenigstens 24
und ganz besonders bevorzugt wenigstens 96 defi-
nierte Bereiche (3) enthält.

7. Verfahren gemäß einem der vorstehenden Ansprü-
che, wobei die PCR-Multiwellplatte (2) wenigstens
2, vorzugsweise wenigstens 8, besonders bevorzugt
wenigstens 24, ganz besonders bevorzugt wenig-
stens 96 und ganz besonders bevorzugt wenigstens
384 Wells (4) aufweist.

8. Verfahren gemäß einem der vorstehenden Ansprü-
che, wobei der definierte Bereich (3) in Komparti-
mente (6) unterteilt ist.

9. Verfahren gemäß Anspruch 8, wobei der definierte
Bereich (3) in wenigstens 4 Kompartimente (6) un-
terteilt ist, wobei wenigstens 4 verschiedene Abfang-
moleküle (5, 5’, 5", 5"’) in wenigstens 4 Komparti-
menten (6) physisch voneinander getrennt sind.
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10. Verfahren gemäß einem der vorstehenden Ansprü-
che, wobei eine Multiplex-PCR-Amplifikation und
-Nachweis erhalten werden, indem man verschiede-
ne Wells verwendet, die verschiedene PCR-Produk-
te tragen, welche mit verschiedenen definierten Be-
reichen des Dekkels, die ein oder mehrere Abfang-
moleküle tragen, in Kontakt gebracht werden.

11. Verfahren gemäß einem der vorstehenden Ansprü-
che, wobei der definierte Bereich (3) des Deckels
eine Ebenheitstoleranz von weniger als 100 Pm bei
85 °C aufweist.

12. Verfahren gemäß einem der vorstehenden Ansprü-
che, wobei die Abwesenheit von Flüssigkeit durch
Ablaufenlassen unter der Schwerkraft erhalten wird.

13. Verfahren gemäß Anspruch 12, wobei das Ablau-
fenlassen unter der Schwerkraft das Ergebnis einer
Veränderung der Orientierung der Reaktionskam-
mer ist, vorzugsweise durch ein Verfahren, das aus
der Gruppe ausgewählt ist, die aus Rotation, Ver-
schiebung, Umdrehen oder seitlicher Bewegung be-
steht.

Revendications

1. Procédé d’exécution d’amplifications et de détec-
tions PCR en temps réel, en utilisant un couvercle
scellable (1) pour une plaque multi-puits PCR (2)
pourvue d’au moins une zone définie (3), ladite zone
définie étant configurée pour être accouplée à au
moins un puits (4) de la plaque multi-puits (2) au
moyen d’un matériau scellable (9), au moins l’une
desdites zones définies (3) étant pourvue d’une ou
de plusieurs molécules de capture de polynucléotide
non marqué immobilisées (5) ; dans lequel les am-
plifications et détections PCR en temps réel sont ef-
fectuées dans au moins un puits fermé de la plaque
multi-puits PCR (2) après que ledit couvercle (1) a
été scellé sur la plaque multi-puits et que la zone
définie (3) a été accouplée à au moins un puits (4)
de la plaque multi-puits (2) ; et dans lequel une me-
sure de molécules de nucléotide cibles amplifiées,
produites dans ledit au moins un puits fermé de ladite
plaque multi-puits PCR (2), est effectuée sans lava-
ge avant la mesure, et en l’absence de liquide, après
hybridation des molécules de nucléotide cibles am-
plifiées avec lesdites une ou plusieurs molécules de
capture (5), et dans lequel la mesure des molécules
de nucléotide cibles amplifiées liées auxdites une ou
plusieurs molécules de capture (5) est répétée pen-
dant au moins deux cycles thermiques.

2. Procédé selon la revendication 1, dans lequel la zo-
ne définie (3) a, fixé sur sa surface, un micro-réseau
(7) comprenant au moins 5, de préférence plus de

10, plus préférablement plus de 20, et encore plus
préférablement plus de 50 molécules de capture dif-
férentes immobilisées dans des zones spécifique-
ment localisées (8) de ladite zone définie (3).

3. Procédé selon la revendication 2, dans lequel la zo-
ne définie (3) a, fixés sur sa surface, entre 20 et 1000
points par cm2, chaque point étant la zone localisée
(8) pour une molécule de capture.

4. Procédé selon la revendication 2 ou 3, dans lequel
la zone localisée (8) est comprise entre 10 Pm2 et 1
mm2.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel les molécules de capture
comprennent une séquence nucléotidique de 15 à
100 nucléotides qui est capable de se lier spécifi-
quement à la séquence nucléotidique cible ampli-
fiée, ladite séquence nucléotidique spécifique est
séparée de la surface du support solide par un es-
pace d’au moins 20 nucléotides.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le couvercle contient au
moins 2, de préférence au moins 8, plus préférable-
ment au moins 24, et encore plus préférablement au
moins 96 zones définies (3).

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la plaque multi-puits PCR
(2) comporte au moins 2, de préférence au moins 8,
plus préférablement au moins 24, encore plus pré-
férablement au moins 96, et encore plus préférable-
ment au moins 384 puits (4).

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la zone définie (3) est di-
visée en compartiments (6).

9. Procédé selon la revendication 8, dans lequel la zo-
ne définie (3) est divisée en au moins 4 comparti-
ments (6), au moins 4 molécules de capture (5, 5’,
5", 5"’) différentes étant séparées physiquement
dans au moins 4 compartiments (6).

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel une amplification et une
détection PCR multiplex sont obtenues en utilisant
différents puits portant différents produits PCR qui
sont mis en contact avec différentes zones définies
du couvercle portant une ou plusieurs molécules de
capture.

11. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la zone définie (3) du cou-
vercle a une tolérance de planéité inférieure à 100
microns à 85 °C.
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12. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’absence de liquide est
obtenue par drainage par gravité.

13. Procédé selon la revendication 12, dans lequel le
drainage par gravité est le résultat de la modification
de l’orientation de la chambre de réaction, de préfé-
rence par un procédé sélectionné dans le groupe
consistant en une rotation, une translation, un bas-
culement ou un mouvement latéral.
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