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Analysis system and method for testing a sample

The present invention relates to an analysis system according to the preamble of
claim 1, to a method according to the preamble of claim 18 and to the use of claim
30.

Preferably, the present invention deals with analysing and testing a sample, in par-
ticular from a human or animal, particularly preferably for analytics and diagnostics,
for example with regard to the presence of diseases and/or pathogens and/or for
determining blood counts, antibodies, hormones, steroids or the like. Therefore, the
present invention is in particular within the field of bioanalytics. A food sample, envi-
ronmental sample or another sample may optionally also be tested, in particular for
environmental analytics or food safety and/or for detecting other substances.

Preferably, by means of the present invention, at least one analyte (target analyte)
of a sample can be identified, determined or detected. In particular, the sample can
be tested for qualitatively or quantitatively determining at least one analyte, for ex-
ample in order for it to be possible to detect or identify a disease and/or pathogen.

Within the meaning of the present invention, analytes are in particular nucleic-acid
sequences, in particular DNA sequences and/or RNA sequences, or proteins, in
particular antigens and/or antibodies, or other analytes, in particular hormones, low-
molecular substances, steroids, organophosphates or the like. In particular, by
means of the present invention, nucleic-acid sequences can be determined or de-
tected as analytes of a sample, proteins can be determined or detected as analytes
of the sample, or other analytes of the sample can be determined or detected. More
particularly preferably, the present invention deals with systems, devices and other
apparatuses for carrying out a nucleic-acid assay for detecting a nucleic-acid se-
quence, a protein assay for detecting a protein, or an aptamer assay for detecting a
protein, a low-molecular substance, a steroid, an organophosphate or other target
analytes.

The present invention deals in particular with what are known as point-of-care sys-
tems, i.e. in particular with mobile systems, devices and other apparatuses, and
deals with methods for carrying out tests on a sample at the sampling site and/or
separately or away from a central laboratory or the like. Preferably, point-of-care
systems can be operated autonomously or independently of a mains network for
supplying electrical power.
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US 5,096,669 discloses a point-of-care system for testing a biological sample, in
particular a blood sample. The system comprises a single-use cartridge and an
analysis device. Once the sample has been received, the cartridge is inserted into
the analysis device in order to carry out the test. The cartridge comprises a micro-
fluidic system and a sensor apparatus comprising electrodes, which apparatus is
calibrated by means of a calibration liquid and is then used to test the sample.

Furthermore, WO 2006/125767 A1 discloses a point-of-care system for integrated
and automated DNA or protein analysis, comprising a single-use cartridge and an
analysis device for fully automatically processing and evaluating molecular-
diagnostic analyses using the single-use cartridge. The cartridge is designed to re-
ceive a sample, in particular blood, and in particular allows cell disruption, PCR and
detection of PCR amplification products, which are bonded to capture molecules
and provided with a label enzyme, in order for it to be possible to detect bonded
PCR amplification products or nucleic-acid sequences as target analytes in what is
known as a redox cycling process.

US 2014/0377852 A1 discloses a microfluidic device for performing protein assays
and/or nucleic acid assays, wherein glass nano-reactors formed by functionalised
micro-length tubes are used for optical detection. The glass nano-reactors can be
made with captures strands complementary to a sequence of interest. Multiple dif-
ferent populations of glass nano-reactors, specific for different DNA target popula-
tions can be used.

Furthermore, the scientific publication "Isothermal Amplification and Quantification
of Nucleic Acids and its Use in Microsystems" according to Troger et al., published
in Journal of Nanomedicine & Nanotechnology, 2015, vol. 6, issue 3, relates to mi-
crofluidic platforms and lab-on-a chip devices and particularly to isothermal amplifi-
cation methods and their implementation in micro systems in relation to quantifica-
tion of nucleic acids.

Likewise, the scientific publication "Point-of-care-testing of nucleic acids by micro-
fluidics" according to Zhang et al., published in Trends in Analytical Chemistry,
2017, vol. 94, pages 106 to 116, gives an overview on microfluidics-based point of
care testing of nucleic acids, particular in connection with diagnosing pathogen in-
fection and monitoring disease treatment.
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The scientific publication "Microfluidic devices for sample preparation and rapid de-
tection of foodborne pathogens™ according to Kant at al., published in Biotechnolo-
gy Advances, 2013, vol. 36, pages 1003 to 1024, relates to the detection of food-
borne pathogens via microfluidic devices and lab-on chip technology.

WO 2018/065104 A1 discloses an analysis system and a method for testing a bio-
logical sample, wherein a plurality of assays selected from at least two assays from
a group consisting of a protein assay for detecting target protein, a nucleic-assay
for detecting a target nucleic-acid sequence and/or an aptamer assay for detecting
another target analyte are carried out sequentially in a common sensor array by
means of a sensor apparatus. However, due to the high temperatures, which are
necessary for the amplification of the target nucleic-acids, the analysis system and
method require a spatial and temporal separation of the amplification of target nu-
cleic-acids from the capture proteins and capture aptamers and from the protein
and/or aptamer assay.

Overall, point-of-care systems and microfluidic devices according to the prior art
are linked with several disadvantages. Point-of-care systems as known in the prior
art often require the application of high temperatures of about 90 °C, particularly
when an amplification of target DNA by PCR is necessary. The application of high
temperatures, particularly thermal cycling reactions like the PCR, are highly energy
and time consuming. Furthermore, in case of a simultaneous or sequential detec-
tion of antigens, antibodies, hormones and the like, the high temperatures lead to a
denaturation of the proteins. Furthermore, high temperature of some reactions, par-
ticularly of amplification reactions, require a spatial and temporal separation of such
reaction, which leads to longer run-times of testing samples.

Therefore, the problem addressed by the present invention is to provide an im-
proved analysis system and an improved method for testing a sample, a simple
and/or compact construction or design of the analysis system and/or comprehen-
sive, efficient, rapid, reliable, energy-efficient and/or precise testing of the sample,
in particular at a high sample throughput, preferably being made possible or facili-
tated thereby. Furthermore, an improved or simplified use of the reagents neces-
sary for testing the sample is desired.

The above problem is solved by an analysis system according to claim 1 or by a
method according to claim 18 or by a use according to claim 30. Advantageous de-
velopments are the subject of the dependent claims.
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The proposed analysis system for testing an in particular biological sample prefera-
bly comprises a sensor arrangement/apparatus for identifying or detecting — prefer-
ably multiple different — analytes of the sample.

The analysis system preferably comprises a fluid system having a plurality of chan-
nels.

The sensor arrangement/apparatus preferably comprises a sensor array.

The sensor arrangement/apparatus, in particular the sensor array, preferably com-
prises a plurality of sensor fields and/or electrodes.

Particularly, the analysis system preferably comprises a cartridge having the fluid
system and the sensor arrangement/apparatus, the cartridge and/or sensor ar-
rangement/apparatus preferably being provided with at least one reagent for an
amplification of target nucleic acid sequences and furthermore with capture mole-
cules for capturing and/or bonding the analytes.

Particularly preferably, the analysis system, its cartridge or fluid system comprises
a sensor compartment, with the sensor apparatus or a sensor array thereof being
arranged within the sensor apparatus.

One aspect of the present invention is that the analysis system or sensor apparatus
comprises at least one reagent and/or reaction mix for isothermal DNA amplifica-
tion of at least one analyte or multiple/different analytes in the sensor compartment.
In other words, according to the present invention at least one reagent and/or reac-
tion mix for isothermal DNA amplification are used for an DNA amplification of one
or more analytes of the sample in a sensor compartment of the analysis system,
particularly of a sensor apparatus or sensor arrangement of the analysis system or
the cartridge.

In particular, it is an aspect of the present invention that the sensor arrange-
ment/apparatus, particularly the sensor array and/or (some or all) sensor fields
and/or electrodes of the sensor arrangement/apparatus, comprises/comprise cap-
ture nucleic acid sequences and at least one reagent for carrying out an amplifica-
tion reaction of target nucleic acid sequences as analytes from the sample in the
sensor array of the sensor arrangement/apparatus. Particularly, the analysis sys-



10

15

20

25

30

35

WO 2022/128917 PCT/EP2021/085490

tem of the present invention is designed to allow an amplification of target analytes,
in particular target nucleic acid sequences, infon and/or by means of the (same)
sensor arrangement/apparatus, in particular the (same) sensor array, the (same)
sensor fields and/or the (same) electrodes.

Contrary to point-of-care systems known in the prior art, according to the present
invention a spatial and/or temporal separation of amplification reactions from the
detection and measurement of analytes in the analysis system is not intended. In-
stead, the analysis system, in particular the sensor arrangement/apparatus, is de-
signed to allow an amplification of target analytes, particularly target nucleic acid
sequences, on the one hand, and bonding of analytes, particularly target mole-
cules, in a sample to capture molecules and detection and/or measurement of
bonded analytes, particularly target molecules, on the other hand, in/on and/or by
means of the (common) sensor arrangement/apparatus, preferably the (same) sen-
sor fields and/or the (same) electrodes.

One further aspect of the present invention according to a particularly preferred
embodiment is that the sensor arrangement/apparatus — preferably the sensor ar-
ray, (some or all) sensor fields and/or electrodes thereof — comprises capture nu-
cleic acid sequences and at least one more type of capture molecules selected
from capture proteins and/or capture aptamers, in particular in order to bond target
analytes, preferably target nucleic acid sequences which correspond to the capture
nucleic acid sequences, target proteins and/or target hormones, which correspond
to the capture proteins and/or target proteins, low-molecular substances, steroids,
organophosphates or other target analytes, which correspond to the capture ap-
tamers. Furthermore, the sensor arrangement/apparatus, preferably the sensor ar-
ray, (some or all) sensor fields and/or electrodes thereof, comprises at least one
reagent for carrying out an amplification reaction of analytes on the basis of target
nucleic acid sequences.

In other words, the analysis system of the present invention allows an amplification
of target nucleic acid sequences as well as bonding of (different) analytes and the
bonding and/or hybridisation of analytes to capture molecules and detection as-
says, particularly the detection of nucleic acids, proteins, hormones etc., in a com-
mon reaction room on the basis of the sensor arrangement/apparatus. Therefore,
the present invention provides an analysis system which overcomes the often nec-
essary spatial and temporal separation of amplification reactions from the detection
assays.
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The analysis system is linked with several advantages, in particular a higher
throughput and shorter run-times for analysing a sample.

According to a preferred embodiment of the present invention, target nucleic acid
sequences are amplified at constant and relatively low temperatures of preferably
less than 45 °C by means of the sensor arrangement/apparatus.

Due to the constant and lower amplification temperature, the analysis system ac-
cording to the present invention is not only energy efficient but also prevents pro-
teins on or in the sensor arrangement/apparatus, either in the form of capture pro-
teins or in the form of target proteins, from being denatured, in particular during
amplification of the target nucleic acid sequences. On this basis, target proteins can
be bonded to the corresponding capture molecules simultaneously with or after
amplification and bonding of the target nucleic acid sequences.

Overall, the analysis system according to the present invention allows comprehen-
sive, efficient, rapid, reliable, energy-efficient and/or precise testing of the sample,
in particular detection of the analytes, and a high sample throughput.

According to a first embodiment, the sensor arrangement/apparatus, in particular
(some or all) sensor fields and/or electrodes, comprise/comprises both capture nu-
cleic acid sequences as well as capture proteins as capture molecules, preferably
in order to bond target analytes, in particular target proteins and/or target hor-
mones, which correspond to the capture proteins, and to bond target analytes, in
particular target nucleic acid sequences, which correspond to the capture nucleic
acid sequences.

According to another embodiment, the sensor arrangement/apparatus, in particular
(some or all) sensor fields and/or electrodes, comprise/comprises both capture nu-
cleic acid sequences and capture aptamers as capture molecules, in particular in
order to bond target analytes, in particular target proteins, low-molecular substanc-
es, steroids, organophosphates or other target analytes, which correspond to the
capture aptamers, and to bond target analytes, in particular target nucleic acid se-
guences which correspond to the capture nucleic acid sequences.

According to a further embodiment, the sensor arrangement/apparatus, in particular
(some or all) sensor fields and/or electrodes, comprise/comprises besides capture
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nucleic acid sequences capture proteins as well as capture aptamers as capture
molecules, in particular in order to target analytes, in particular target nucleic acid
sequences, which correspond to the capture nucleic acid sequences, target pro-
teins, which correspond to the capture proteins, and/or low molecular substances,
steroids, organophosphates or other target analytes, which correspond to the cap-
ture aptamers.

According to another aspect of the present invention, the analysis system and/or
the cartridge, particularly the sensor arrangement/apparatus, is designed to carry
out an amplification of target nucleic acid sequences from the sample.

In order to allow an amplification of target nucleic acid sequences, it is particularly
preferred that the sensor arrangement/apparatus, in particular (some or all) sensor
fields and/or electrodes, comprise/comprises at least one reagent for the amplifica-
tion, preferably a reaction mix.

According to a particularly preferred embodiment, the sensor arrange-
ment/apparatus, in particular (some or all) sensor fields and/or electrodes, com-
prise/comprises the at least one reagent and/or a reaction mix in the form of a dry
reagent.

The at least one reagent preferably includes reagents which are necessary for the
amplification of target nucleic acid sequences, particularly under constant tempera-
tures of preferably less than 45 °C. It is particularly preferred when the at least one
reagent is selected from enzymes, particularly enzymes for a preferably isothermal
DNA amplification, NTPs, dNTPs, preferably pathogen specific primers, sugar mol-
ecules and/or salts.

The at least one reagent, particularly the enzyme(s), are adapted to the respective
isothermal amplification technique. According to the present invention, any known
isothermal amplification technique can be used.

According to a preferred embodiment of the present invention, the at least one rea-
gent is selected from enzymes for a recombinase polymerase amplification, particu-
larly DNA polymerases with strand displacement activity, recombinases and/or sin-
gle strand binding proteins.
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In order to allow a detection of the target nucleic acid sequences, it is preferred
when the at least one reagent is selected from preferably pathogen-specific pri-
mers, particularly wherein a portion of the primers comprises a detectable label.

According to a particularly preferred embodiment, the sensor arrange-
ment/apparatus, in particular (some or all) sensor fields and/or electrodes, com-
prise/comprises a reaction mix for amplifying target nucleic acid sequences, par-
ticularly wherein the reaction mix comprises enzymes, particularly enzymes for a
preferably isothermal DNA amplification, NTPs, dNTPs, preferably pathogen specif-
ic primers, sugar molecules and/or salts.

Preferably, the at least one reagent and/or the reaction mix are immobilized and/or
fixed into or onto the sensor arrangement/apparatus. It is particularly preferred,
when the at least one reagent or the reaction mix are immobilized and/or fixed onto
the surface of the sensor fields and/or the electrodes of the sensor arrange-
ment/apparatus.

When using the analysis system, particularly in a method according to the present
invention, the at least one reagent and/or the reaction mix is rehydrated and/or sol-
ubilized. The rehydrated and/or solubilized reagents preferably contain reagents for
the amplification of target nucleic acid sequences. Furthermore, the rehydrated
and/or solubilized reagents can stabilize the capture and/or target proteins and/or
the detection of target analytes. Particularly sugar molecules have a stabilizing ef-
fect on capture and/or target proteins and/or the detection of target analytes.

Sugar molecules can be selected from the group of monosaccharides, disaccha-
rides, oligosaccharides, polysaccharides and combinations thereof, preferably
monosaccharides and/or disaccharides. In particular, the sugar molecules are se-
lected from glucose, mannose, galactose, lactose, sucrose, fructose, isomalt, iso-
maltulose, maltulose, trehalose, oligofructose, inulin, starch, dextrin, cyclodextrin
and combinations thereof.

Furthermore, according to another aspect of the present invention it is preferred,
when the analysis system and/or the cartridge and/or the sensor arrange-
ment/apparatus is designed to allow a detection and/or measurement of bonded
target molecules.
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Particularly, the analysis system and/or the cartridge and/or the sensor arrange-
ment/apparatus is designed to carry out a plurality of (different) assays, the assays
preferably being selected from the selection group consisting of a nucleic acid as-
say for detecting a target analyte, in particular a target nucleic acid sequence, par-
ticularly preferably by means of a capture nucleic acid sequence, and/or a protein
assay for detecting a target analyte, in particular a target protein, particularly pref-
erably by means of a capture protein, and/or in aptamer assays for detecting a tar-
get analyte, in particular a target protein or another target analyte that is preferably
different from the target protein, particularly preferably by means of a capture ap-
tamer.

The sensor arrangement/apparatus or its sensor array preferably comprises a plu-
rality of sensor fields and/or electrodes, in particular electrode pairs, which each
permit independent measurement and/or detection. Furthermore, the sensor ar-
rangement/apparatus or its sensor array permits an amplification of target nucleic
acid sequences.

Preferably, the — in particular some or all — sensor fields and/or electrode pairs or
individual electrodes are each provided with capture nucleic acid sequences and at
least one more type of capture molecules selected from capture proteins and/or
capture aptamers. A plurality of different assays and/or detection processes can
thus be carried out in succession or simultaneously, preferably simultaneously, us-
ing the same sensor fields and/or electrode pairs. This allows a simple, compact
and/or cost-effective construction and allows testing and/or detection of many dif-
ferent target analytes.

Particularly preferably, the sensor fields and/or electrode pairs or individual elec-
trodes are each provided with both capture nucleic acid sequences and capture
proteins. In this way, a protein assay and a nucleic acid assay can be carried out.

According to another preferred embodiment of the present invention, a first portion
of the sensor fields and/or electrode pairs or individual electrodes are each provid-
ed with capture nucleic acid sequences and at least one further portion of the sen-
sor fields and/or electrode pairs or individual electrodes are each provided with at
least one more type of capture molecules selected from capture proteins and/or
capture aptamers, preferably capture proteins.
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Furthermore, the sensor fields and/or electrode pairs and/or individual electrodes
can be further provided with spacer molecules, preferably selected from non-
nucleotide spacer molecules and/or nucleotide spacer molecules, in particular nu-
cleotide spacer molecules. According to a particularly preferred embodiment of the
present invention, the spacer molecules are oligonucleotides, preferably oligonu-
cleotides having at least 5 or 10 bases and/or at most 70 or 80 bases, especially 10
to 50 bases, particularly preferably 12 to 20 bases. Preferably, the spacer mole-
cules are based on thymine bases. Likewise, spacers can be based on any other
nucleobase, particularly adenine, guanine, cytosine and/or combinations thereof.

According to a particularly preferred embodiment, the at least one reagent and/or
the reaction mix comprise reagents for an isothermal DNA amplification and a sta-
bilization of the capture molecules and the at least one reagent and/or the reaction
mix are immobilized and/or fixed onto or into the sensor arrangement/apparatus.

Furthermore, it is preferred when the sensor arrangement/apparatus comprise cap-
ture nucleic acid sequences and at least one more type of capture molecules se-
lected from capture proteins and/or capture aptamers and when the at least one
reagent and the reaction mix is immobilized and/or fixed onto or into the sensor ar-
rangement/apparatus.

According to another aspect of the present invention, the analysis system and/or
analysis device of the analysis system comprises a temperature-control apparatus
for temperature-controlling the sensor arrangement/apparatus and/or the cartridge
and/or a fluid contained therein. Particularly, the temperature-control apparatus is
designed to control the temperature of the sensor arrangement/apparatus in order
to activate and/or support the amplification of the target nucleic acid sequences, in
particular by regulating and/or heating the sensor arrangement/apparatus, prefera-
bly the sensor array and/or sensor fields of the sensor arrangement/apparatus, to a
temperature less than 45 °C, even more preferred less than 43 °C and/or less than
the denaturing temperatures of proteins, particularly capture proteins and/or target
proteins.

According to another aspect of the present invention, which can also be imple-
mented independently, the amplification of target nucleic acid sequences as well as
their bonding to capture nucleic acid sequences and the bonding of at least one
more type of target nucleic acid sequences, preferably selected from target proteins
and/or target analytes corresponding to capture aptamers, and preferably a plurality
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of (different) assays are carried out, in particular simultaneously, preferably in one
sensor arrangement/apparatus, in particular in a common or the same sensor array
and/or sensor field of the sensor arrangement/apparatus.

Particularly preferably, a plurality of assays is carried out, selected from at least two
assays from the selection group consisting of a nucleic acid sequence assay for de-
tecting a target analyte, in particular a target nucleic acid sequence, a protein assay
for detecting a target analyte, in particular a target protein or target hormone,
and/or an aptamer assay for detecting a target analyte, in particular target proteins,
low molecular substances, steroids, organophosphates or other target analytes,
which correspond to the capture aptamers, wherein the assays are carried out sim-
ultaneously or sequentially to the amplification of the target nucleic acid sequences
to the capture nucleic acid sequences. This makes comprehensive, rapid and/or
precise and furthermore energy-efficient testing of the sample possible.

Furthermore, according to the proposed invention it is preferred when the capture
molecules, particularly the capture proteins, and/or the target analytes, particularly
the target proteins, are stabilized by sugar molecules, especially during amplifica-
tion of target nucleic acid sequences and/or bonding of target analytes. For this
purpose, it is preferred when the at least one reagent and/or the reaction mix com-
prises sugar molecules. Likewise, a buffer, particularly a reaction buffer, which con-
tains sugar molecules, can be used during amplification and/or bonding of target
analytes.

Sugar molecules can be selected from the group of monosaccharides, disaccha-
rides, oligosaccharides, polysaccharides and combinations thereof, preferably
monosaccharides and/or disaccharides. In particular, the sugar molecules are se-
lected from glucose, mannose, galactose, lactose, sucrose, fructose, isomalt, iso-
maltulose, maltulose, trehalose, oligofructose, inulin, starch, dextrin, cyclodextrin
and combinations thereof.

According to a particularly preferred embodiment of the present invention, the sen-
sor arrangement/apparatus, in particular (some or all) sensor fields and/or elec-
trodes, comprise/comprises capture nucleic acid sequences as well as capture pro-
teins, wherein target nucleic acid sequences are amplified preferably by means of
isothermal amplification and bonded to the capture nucleic acid sequences in/on
and/or by means of the (common) sensor arrangement/apparatus, in particular the
(same) sensor fields and/or electrodes, and wherein target proteins are bonded to
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the capture proteins and wherein a nucleic acid assay and a protein assay are car-
ried out infon and/or by means of the (common) sensor arrangement/apparatus
and/or sensor array, in particular the (same) sensor fields and/or electrodes, in or-
der to detect and/or measure the target analytes.

The sensor arrangement/apparatus is preferably designed for electrochemical
and/or fluorescence detection of analytes bonded to the capture molecules.

The sensor arrangement preferably comprises the sensor apparatus. In particular,
the sensor apparatus forms part of the sensor arrangement.

The sensor arrangement preferably comprises a sensor cover for the sensor appa-
ratus, a sensor compartment, an inlet into the sensor compartment and/or an outlet
out of the sensor compartment, preferably wherein the sensor apparatus and the
sensor cover define or delimit the sensor compartment, preferably on the flat sides,
and/or wherein the sensor compartment is arranged (directly) between the sensor
apparatus and the sensor cover.

Mostly preferred, the sensor arrangement comprises exactly one sensor compart-
ment, exactly one inlet into the sensor compartment and/or exactly one outlet out of
the sensor compartment.

Preferably, the sensor compartment is coherent/contiguous and/or not sec-
tioned/segmented/subdivided.

The sensor arrangement/apparatus preferably comprises a plurality of sensor fields
and/or electrodes (electrode pairs) and/or (exactly) one sensor array having a plu-
rality of sensor fields and/or electrodes (electrode pairs), preferably wherein some
or all sensor fields and/or electrodes (electrode pairs) are each provided with cap-
ture molecules and/or wherein some or all sensor field and/or electrodes (electrode
pairs) face the sensor compartment and/or protrude into the sensor compartment
and/or are fluidically (directly) connected to one another by means of the sensor
compartment.

Within the meaning of the present invention, capture molecules are in particular nu-
cleic-acid sequences, in particular DNA sequences, RNA sequences and/or ap-
tamers, and/or proteins, in particular antigens and/or antibodies. In particular, cap-
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ture molecules are designed to bond and/or immobilise corresponding analytes of
the sample.

Within the meaning of the present invention, capture nucleic acid sequences are in
particular capture molecules based on long (single-stranded) nucleic acid sequenc-
es, in particular DNA sequences and/or RNA sequences, particularly preferably
having more than 70 or 80 bases and/or fewer than 5000 or 1000 bases. In particu-
lar, capture nucleic-acid sequences are designed to bond corresponding target nu-
cleic-acid sequences, in particular target DNA sequences and/or target RNA se-
quences, which are particularly preferably at least substantially of the same length.
Particularly, nucleic acid sequences are based on pathogen-specific oligonucleo-
tides. Furthermore, as delineated in detail in relation to the amplification of target
nucleic acid sequences, the capture nucleic acid sequences are capable of bonding
amplification products and/or to function as primers in the amplification reaction.

Within the meaning of the present invention, capture proteins are preferably anti-
bodies or antigens that specifically bind analytes on the basis of the corresponding
antigens or antibodies, respectively, from the sample.

Within the meaning of the present invention, capture aptamers are in particular cap-
ture molecules based on short (single-stranded) nucleic-acid sequences, particular-
ly preferably having at least 10 or 20 bases and/or at most 70 or 80 bases. Particu-
larly preferably, capture aptamers are shorter than capture nucleic-acid sequences
and/or capture aptamers have fewer bases than capture nucleic-acid sequences.
Capture aptamers are preferably designed to bond target proteins, low-molecular
substances, steroids, organophosphates and/or other target analytes. In particular,
within the meaning of the present invention, capture aptamers are DNA oligonucle-
otides and/or RNA oligonucleotides and/or peptides.

Capture aptamers are preferably produced synthetically and generally do not (yet)
have a three-dimensional structure (immediately) after being produced. Against this
background, it may be necessary for capture aptamers to first be thermally activat-
ed before being used and/or in order to bond target analytes, and/or it may be nec-
essary for the hydrogen bridge bonds to be opened by the effect of heat and
formed by subsequent cooling (folding). The capture aptamers thus assume a
three-dimensional structure which makes target analyte bonding possible. The
temperature for activating and/or folding the capture aptamers (threshold tempera-
ture) is preferably greater than 70 °C or 80 °C, in particular greater than 90 °C or 95
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°C. The capture molecules are in particular applied to and immobilised on and/or
bonded to the sensor array, in particular the sensor fields and/or electrodes, in a
process known as spotting.

According to a preferred embodiment of the present invention, the sensor fields
and/or electrodes each comprise besides the at least one reagent and/or a reaction
mix for the amplification of target nucleic acid sequences from the sample capture
nucleic acid sequences and at least one more type of capture molecules selected
from capture proteins, in particular in the form of antibodies and/or antigenes,
and/or capture aptamers. For this purpose, in a preferred manner, the capture nu-
cleic acid sequences, capture proteins and/or capture aptamers are immobilized on
the sensor arrangement/apparatus, in particular on the sensor array and/or the
sensor fields and/or the electrodes. The capture nucleic acid sequences, capture
proteins and/or capture aptamers can bond and/or immobilize analytes based on
target nucleic acid sequences, target proteins and/or other target analytes. The
immobilized analytes can be identified or detected by means of subsequent elec-
trochemical measurement and/or redox cycling and/or fluorescence measurement.

According to the proposed invention, the analysis system and/or the cartridge
and/or the sensor arrangement/apparatus allows a time efficient and comprehen-
sive testing of the sample, as amplification of target nucleic acid sequences, bond-
ing of analytes to the capture molecules as well as detection and/or measurements
of bonded analytes are carried out in a common sensor arrangement/apparatus in-
stead of spatially separated reaction cavities. Thus, a particularly large number of
preferably different tests can advantageously by carried out on the sample and/or a
plurality of diseases and/or pathogens can be detected or identified in the sample in
a relatively short time period.

The analysis system is preferably portable, mobile and/or is a point-of-care system
and/or can be used in particular at the sampling site and/or away from a central la-
boratory and/or can be operated autonomously and/or independently of the mains,
in particular independently of a mains power supply, for example by accumulators,
batteries and/or other power storage means.

The analysis system preferably comprises an analysis device and a cartridge for
testing the sample, the cartridge preferably being designed for receiving the sample
and the analysis device preferably being designed for receiving the cartridge.
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The term "analysis device" is preferably understood to mean an instrument which is
in particular mobile and/or can be used on site, and/or which is designed to chemi-
cally, biologically and/or physically test and/or analyse a sample or a component
thereof, preferably in and/or by means of a cartridge. In particular, the analysis de-
vice controls the pretreatment and/or testing of the sample in the cartridge.

Particularly preferably, the analysis device is designed to receive the cartridge or to
connect said cartridge electrically, thermally, mechanically and/or pneumatically.

The term "cartridge" is preferably understood to mean a structural apparatus or unit
designed to receive, to store, to physically, chemically and/or biologically treat
and/or prepare and/or to measure a sample, preferably in order to make it possible
to detect, identify or determine at least one analyte, in particular a protein, a nucle-
ic-acid sequence and/or another analyte, of the sample.

A cartridge within the meaning of the present invention preferably comprises a fluid
system having a plurality of channels, cavities and/or valves for controlling the flow
through the channels and/or cavities.

In particular, within the meaning of the present invention, a cartridge is designed to
be at least substantially planar and/or card-like, in particular is designed as a (mi-
cro)fluidic card and/or is designed as a main body or container that can preferably
be closed and/or said cartridge can be inserted and/or plugged into a proposed
analysis device when it contains the sample.

The term "assay" is preferably understood to mean an in particular molecular-
biological test for detecting or identifying at least one analyte in a sample. In partic-
ular, at least one analyte in a sample can be qualitatively and/or quantitatively de-
tected or identified by means of an assay or by carrying out an assay. A plurality of
method steps is preferably required to (fully) carry out an assay. Preferably, within
the meaning of the present invention, when carrying out an assay, a sample is pre-
treated with one or more reagents and the pretreated sample is tested, in particular
at least one analyte in the sample being detected or identified.

An assay within the meaning of the present invention is in particular an immunoas-
say and/or protein assay for detecting a target hormone and/or target protein, in
particular a target antigen and/or target antibody, particularly preferably by bonding
to corresponding capture proteins, a nucleic-acid assay for detecting a target nucle-
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ic-acid sequence, in particular a target DNA sequence and/or target RNA se-
quence, particularly preferably by bonding to corresponding capture nucleic-acid
sequences, and/or an aptamer assay for detecting a target protein and/or other tar-
get analytes, particularly preferably by bonding to corresponding capture aptamers.

The assays thus differ in particular in terms of the capture molecules used. In the
protein assay, preferably capture proteins are used as the capture molecules, in
particular in order for it to be possible to bond and/or detect or identify target ana-
lytes corresponding to the capture proteins. In the nucleic-acid assay, preferably
capture nucleic-acid sequences are used as the capture molecules, in particular in
order for it to be possible to bond and/or detect or identify target analytes corre-
sponding to the capture nucleic-acid sequences. Furthermore, the nucleic acid as-
say preferably comprises an amplification of the target nucleic acid sequences ZN.
In the aptamer assay, preferably capture aptamers are used as the capture mole-
cules, in particular in order for it to be possible to bond and/or detect or identify tar-
get analytes corresponding to the capture aptamers.

The above-mentioned aspects and features of the present invention and the as-
pects and features of the present invention that will become apparent from the
claims and the following description can in principle be implemented independently
from one another, but also in any combination or order.

Other aspects, advantages, features and properties of the present invention will
become apparent from the claims and the following description of a preferred em-
bodiment with reference to the drawings, in which:

Fig. 1 is a schematic view of a proposed analysis system comprising a pro-
posed analysis device and a proposed cartridge received in the anal-
ysis device;

Fig. 2 is a schematic view of the cartridge;

Fig. 3 is a schematic front view of a sensor apparatus of the analysis system

and/or cartridge;

Fig. 4 is an enlarged detail from Fig. 3 illustrating a sensor field of the sen-
sor apparatus;
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is a schematic rear view of the sensor apparatus;

is a schematic sectional view of a first preferred sensor arrangement
of the analysis system and/or cartridge comprising the sensor appa-
ratus and a sensor cover that has been moved away;

is a schematic sectional view of another preferred sensor arrange-
ment of the analysis system and/or cartridge comprising the sensor
apparatus and a sensor cover that has been moved away;

is a schematic representation of the preferably isothermal amplifica-
tion of target nucleic acid sequences;

is a schematic sectional view of the sensor arrangement after the am-
plification of target nucleic acid sequences and bonding of target ana-
lytes has been carried out;

is a schematic sectional view of the sensor arrangement after label
and detector molecules and substrate have been added;

is a schematic sectional view of the sensor arrangement while a nu-
cleic acid and a protein assay are being carried out simultaneously;

are graphical representations of the results of electrochemical meas-
urements of the sensor array;

In the Figures, which are only schematic and not necessarily to scale, the same
reference signs are used for the same or similar parts and components, corre-
sponding or comparable properties and advantages being achieved even if these
are not repeatedly described.

Fig. 1 is a highly schematic view of a proposed analysis system 1 and analysis de-
vice 200 for testing an particular biological sample P, preferably by means of or in
an apparatus or cartridge 100.

Fig. 2 is a schematic view of a preferred embodiment of the proposed apparatus or
cartridge 100 for testing the sample P. The apparatus or cartridge 100 in particular
forms a handheld unit, and in the following is merely referred to as a cartridge 100.
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The term "sample" is preferably understood to mean the sample material to be
tested, which is in particular taken from a human or animal. In particular, within the
meaning of the present invention, a sample is a fluid, such as saliva, blood, urine or
another liquid, preferably from a human or animal, or a component thereof. Within
the meaning of the present invention, a sample may be pretreated or prepared if
necessary, or may come directly from a human or animal or the like, for example. A
food sample, environmental sample or another sample may optionally also be test-
ed, in particular for environmental analytics, food safety and/or for detecting other
substances, preferably natural substances, but also biological or chemical warfare
agents, poisons or the like.

A sample within the meaning of the present invention preferably contains one or
more analytes, it preferably being possible for the analytes to be identified or de-
tected, in particular qualitatively and/or quantitatively determined. Particularly pref-
erably, within the meaning of the present invention, a sample has target nucleic-
acid sequences as the analytes, in particular target DNA sequences and/or target
RNA sequences, target proteins as the analytes, in particular target antigens and/or
target antibodies, and/or other target analytes, such as hormones, low-molecular
substances, steroids, organophosphates, etc. Particularly preferably, at least one
disease, pathogen and/or other substances can be detected or identified in the
sample P by qualitatively and/or quantitatively determining the analytes.

Preferably, the analysis system 1 or analysis device 200 controls the testing of the
sample P in particular in or on the cartridge 100 and/or is used to evaluate the test-
ing or the collection, processing and/or storage of measured values from the test.

By means of the proposed analysis system 1, analysis device 200, and/or the car-
tridge 100 and/or using the proposed method for testing the sample P, preferably
an analyte of the sample P, in particular a (certain) nucleic-acid sequence or target
nucleic-acid sequence ZN, a (certain) protein or target protein ZP, and/or another
target analyte, can be determined, identified or detected. Particularly preferably, a
plurality of analytes of the sample P, in particular a plurality of different target nucle-
ic-acid sequences ZN, different target proteins ZP and/or different other target ana-
lytes, can be determined, identified or detected, in particular on a cartridge 100,
preferably simultaneously. Said analytes are in particular detected, identified and/or
measured not only qualitatively, but, alternatively or additionally, particularly prefer-
ably also quantitatively.
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Therefore, the sample P can in particular be tested for qualitatively and/or quantita-
tively determining at least one analyte, for example in order for it to be possible to
detect or identify a disease and/or pathogen or to determine other values or sub-
stances, which are important for diagnostics, for example.

Particularly preferably, a molecular biological test is made possible by means of the
analysis system 1 and/or analysis device 200 and/or by means of the cartridge 100.

Particularly, the sample P or individual components of the sample P or analytes are
amplified, in particular by means of an amplification reaction at constant tempera-
tures, particularly a temperature less than the denaturing temperature of proteins,
and can be tested, identified and/or detected in the analysis system 1 or analysis
device 200 or in the cartridge 100. Preferably, amplification products or amplicons
of the analyte or analytes are thus produced.

Particularly preferably, a nucleic-acid assay for detecting or identifying a target nu-
cleic acid sequence ZN, in particular a target DNA sequence and/or target RNA se-
quence, a protein assay for detecting or identifying a target protein ZP, in particular
a target antigen and/or target antibody, and/or an aptamer assay for detecting or
identifying a target protein ZP and/or other target analytes, are made possible
and/or carried out.

In the following, further details are first given on a preferred construction of the car-
tridge 100, with features of the cartridge 100 preferably also directly representing
features of the analysis system 1, in particular even without any further explicit ex-
planation.

The cartridge 100 is preferably at least substantially planar, flat, plate-shaped
and/or card-like.

The cartridge 100 preferably comprises an in particular at least substantially planar,
flat, plate-shaped and/or card-like main body or support 101, the main body or sup-
port 101 in particular being made of and/or injection-moulded from plastics material,
particularly preferably polypropylene.

The cartridge 100 preferably comprises at least one film or cover 102 for covering
the main body 101 and/or cavities and/or channels formed therein at least in part, in
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particular on the front, and/or for forming valves or the like, as shown by dashed
lines in Fig. 2.

The analysis system 1 or cartridge 100 or the main body 101 thereof, in particular
together with the cover 102, preferably forms and/or comprises a fluidic system
103, referred to in the following as the fluid system 103.

The cartridge 100, the main body 101 and/or the fluid system 103 are preferably at
least substantially vertically oriented in the operating position and/or during the test,
in particular in the analysis device 200, as shown schematically in Fig. 1. In particu-
lar, the main plane or surface extension of the cartridge 100 thus extends at least
substantially vertically in the operating position.

The cartridge 100 and/or the fluid system 103 preferably comprises a plurality of
cavities, in particular at least one receiving cavity 104, at least one metering cavity
105, at least one intermediate cavity 106, at least one mixing cavity 107, at least
one storage cavity 108, at least one reaction cavity 109, at least one intermediate
temperature-control cavity 110 and/or at least one collection cavity 111, a plurality
of cavities preferably being fluidically interconnected in particular by a plurality of
channels 114.

Within the meaning of the present invention, channels are preferably elongate
forms for conducting a fluid in a main flow direction, the forms preferably being
closed transversely, in particular perpendicularly, to the main flow direction and/or
longitudinal extension, preferably on all sides.

In particular, the support 101 comprises elongate notches, recesses, depressions
or the like, which are closed at the sides by the cover 102 and form channels within
the meaning of the present invention.

Within the meaning of the present invention, cavities or chambers are preferably
formed by recesses, depressions or the like in the cartridge 100 or support 101,
which are closed or covered by the cover 102, in particular at the sides. The space
enclosed by each cavity is preferably fluidically linked by means of channels.

In particular, within the meaning of the present invention, a cavity comprises at
least two openings for the inflow and/or outflow of fluids.
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Within the meaning of the present invention, cavities preferably have a larger diam-
eter and/or flow cross section than channels, preferably by at least a factor of 2, 3
or 4. In principle, however, cavities may in some cases also be elongate, in a simi-
lar manner to channels.

The cartridge 100 and/or the fluid system 103 also preferably comprises at least
one pump apparatus 112 and/or at least one sensor arrangement or sensor appa-
ratus 113. In particular, the sensor apparatus 113 forms part of a sensor arrange-
ment, as shown in Fig. 6 to 11.

In the example shown, the cartridge 100 or the fluid system 103 preferably com-
prises two metering cavities 105A and 105B, a plurality of intermediate cavities
106A to 106G, a plurality of storage cavities 108A to 108E and/or a plurality of re-
action cavities 109, which can preferably be loaded separately from one another, in
particular a first reaction cavity 109A, a second reaction cavity 109B and an option-
al third reaction cavity 109C, as can be seen in Fig. 2.

The metering cavities 105 are preferably designed to receive, to temporarily store
and/or to meter the sample P, and/or to pass on said sample in a metered manner.
Particularly preferably, the metering cavities 105 have a diameter which is larger
than that of the (adjacent) channels.

In the initial state of the cartridge 100 or when at the factory, the storage cavities
108 are preferably filled at least in part, in particular with a liquid such as a reagent,
solvent or wash buffer.

The collection cavity 111 is preferably designed to receive larger quantities of fluids
that are in particular used for the test, such as sample residues or the like. Prefera-
bly, in the initial state or when at the factory, the collection cavity 111 is empty or
filled with gas, in particular air. The volume of the collection cavity 111 corresponds
to or preferably exceeds the (cumulative) volume of the storage cavity/cavities 108
or the liquid content thereof and/or the volume of the receiving cavity 104 or the
sample P received.

The reaction cavity/cavities 109 is/are preferably designed to allow a substance lo-
cated in the reaction cavity 109 to react when an assay is being carried out, for ex-
ample by being linked or coupled thermally, electrically, mechanically and/or pneu-
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matically to apparatuses or modules of the analysis device 200. Particularly, pre-
treatments of the sample P can be carried out in the reaction cavity 109.

The sensor arrangement or sensor apparatus 113 is used in particular for an ampli-
fication of target analytes, particularly target nucleic acid sequences, on the one
hand, and for detecting, particularly preferably qualitatively and/or quantitatively de-
termining, the analyte or analytes of the sample P, in this case particularly prefera-
bly the target nucleic-acid sequences ZN and/or target proteins ZP or further ana-
lytes as the analytes, on the other hand. Alternatively or additionally, however, oth-
er values may also be collected and/or determined.

Particularly, the sensor arrangement or the sensor apparatus 113 are used for car-
rying out a nucleic acid assay, a protein assay and/or an aptamer assay.

Furthermore, it is preferred when at least one reagent and/or a reaction mix R is
immobilized and/or fixed to the sensor apparatus 113, preferably the sensor fields
113B and/or the electrodes 113C of the sensor array 113A and/or the sensor com-
partment 118.

Preferably, the at least one reagent R is selected from enzymes, particularly en-
zymes for a preferably isothermal DNA amplification, NTPs, dNTPs, preferably
pathogen-specific amplification primers, sugar molecules and/or salts, Likewise, the
reaction mix R can comprise enzymes, particularly enzymes for a preferably iso-
thermal DNA amplification, NTPs, dNTPs, preferably pathogen-specific amplifica-
tion primers, sugar molecules and/or salts.

Sugar molecules are preferably selected from the group of monosaccharides, di-
saccharides, oligosaccharides, polysaccharides and combinations thereof, prefera-
bly monosaccharides and/or disaccharides. In particular, the sugar molecules are
selected from glucose, mannose, galactose, lactose, sucrose, fructose, isomalt,
isomaltulose, maltulose, trehalose, oligofructose, inulin, starch, dextrin, cyclodextrin
and combinations thereof.

In particular, target nucleic acid sequences ZN as analytes of the sample P are
amplified in the sensor apparatus 113, preferably in the sensor array 113A, even
more preferred in the sensor fields 113B, of the sensor apparatus 113 or the sensor
arrangement, in particular in order to produce amplification products for the subse-
quent detection in the sensor arrangement or sensor apparatus 113.
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Within the meaning of the present invention, amplification reactions are in particular
molecular-biological reactions in which an analyte, in particular a target nucleic-acid
sequence ZN, is amplified and/or copied and/or in which amplification products or
amplicons, in particular nucleic-acid products, of an analyte are produced. Amplifi-
cation preferably takes place with participation of enzymes, preferably of at least
one enzyme with strand displacement activity. Particularly preferably, amplification
reactions with constant reaction temperatures of particularly less than 45 °C, even
more preferred less than 43 °C, and/or less than the denaturing temperature of pro-
teins and/or isothermal DNA amplifications are amplification reactions within the
meaning of the present invention.

For the amplification, marker primers are preferably used, i.e. primers which (addi-
tionally) produce a marker or a label L, in particular biotin and/or a fluorescent label,
on the amplified analyte or analytes or amplification product. This allows or facili-
tates detection. Preferably, the primers used are biotinylated and/or comprise in
particular covalently bonded a biotin marker as the label L. According to a particu-
larly preferred embodiment, the primers comprise a label which differs from the la-
bel for the detection of target proteins ZP. Alternatively, the primers used are fluo-
rescently labelled and/or comprise in particular covalently bonded fluorescence
marker as the label L. Furthermore, the primers used for amplification preferably
comprise a pathogen-specific nucleotide sequence. According to a particularly pre-
ferred embodiment of the present invention, the primers are the at least one rea-
gent on or in the sensor apparatus for the amplification. Likewise, the primers can
be part of the reaction mix for carrying out the amplification.

In particular, the pump apparatus 112 comprises or forms a tube-like or bead-like
raised portion, in particular by means of the film or cover 102, particularly preferably
on the back of the cartridge 100, as shown schematically in Fig. 1.

The cartridge 100, the main body 101 and/or the fluid system 103 preferably com-
prise a plurality of channels 114 and/or valves 115, as shown in Fig. 2.

By means of the channels 114 and/or valves 115, the cavities 104 to 111, the pump
apparatus 112 and/or the sensor arrangement or sensor apparatus 113 can be
temporarily and/or permanently fluidically interconnected and/or fluidically separat-
ed from one another, as required and/or optionally or selectively, in particular such
that they are controlled by the analysis system 1 or the analysis device 200.
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The cavities 104 to 111 are preferably each fluidically linked or interconnected by a
plurality of channels 114. Particularly preferably, each cavity is linked or connected
by at least two associated channels 114, in order to make it possible for fluid to fill,
flow through and/or drain from the respective cavities as required.

The fluid transport or the fluid system 103 is preferably not based on capillary forc-
es, or is not exclusively based on said forces, but in particular is essentially based
on the effects of gravity and/or pumping forces and/or compressive forces and/or
suction forces that arise, which are particularly preferably generated by the pump or
pump apparatus 112. In this case, the flows of fluid or the fluid transport and the
metering are controlled by accordingly opening and closing the valves 115 and/or
by accordingly operating the pump or pump apparatus 112, in particular by means
of a pump drive 202 of the analysis device 200.

Preferably, each of the cavities 104 to 110 has an inlet at the top and an outlet at
the bottom in the operating position. Therefore, if required, only liquid from the re-
spective cavities can be removed via the outlet.

In the operating position, the liquids from the respective cavities are preferably re-
moved, in particular drawn out, via the outlet that is at the bottom in each case, it
preferably being possible for gas or air to flow and/or be pumped into the respective
cavities via the inlet that is in particular at the top. In particular, relevant vacuums in
the cavities can thus be prevented or at least minimised when conveying the lig-
uids.

In particular, the cavities, particularly preferably the storage cavity/cavities 108, the
mixing cavity 107 and/or the receiving cavity 104, are each dimensioned and/or ori-
ented in the normal operating position such that, when said cavities are filled with
liquid, bubbles of gas or air that may potentially form rise upwards in the operating
position, such that the liquid collects above the outlet without bubbles. However,
other solutions are also possible here.

The receiving cavity 104 preferably comprises a connection 104A for introducing
the sample P. In particular, the sample P may for example be introduced into the
receiving cavity 104 and/or cartridge 100 via the connection 104A by means of a
pipette, syringe or other instrument.
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The receiving cavity 104 preferably comprises an inlet 104B, an outlet 104C and an
optional intermediate connection 104D, it preferably being possible for the sample
P or a portion thereof to be removed and/or conveyed further via the outlet 104C
and/or the optional intermediate connection 104D. Gas, air or another fluid can flow
in and/or be pumped in via the inlet 104B, as already explained.

Preferably, the sample P or a portion thereof can be removed via the outlet 104C or
the optional intermediate connection 104D of the receiving cavity 104. In particular,
a supernatant of the sample P, such as blood plasma or blood serum, can be con-
ducted away, discharged or removed via the optional intermediate connection
104D.

Preferably, at least one valve 115 is assigned to each cavity and/or storage cavity
108, the receiving cavity 104, the pump apparatus 112 and/or the sensor apparatus
113 and/or is arranged upstream of the respective inlets and/or downstream of the
respective outlets.

Preferably, the cavities 104 to 111 or sequences of cavities 104 to 111, through
which fluid flows in series or in succession for example, can be selectively released
and/or fluid can selectively flow therethrough by the assigned valves 115 being ac-
tuated, and/or said cavities can be fluidically connected to the fluid system 103
and/or to other cavities.

In particular, the valves 115 are formed by the main body 101 and the film or cover
102 and/or are formed therewith and/or are formed in another manner, for example
by or having additional layers, depressions or the like.

Particularly preferably, one or more valves 115A are provided which are preferably
tightly closed initially or in the storage state, particularly preferably in order to seal
liquids or liquid reagents F, located in the storage cavities 108, and/or the fluid sys-
tem 103 from the open receiving cavity 104 in a storage-stable manner.

Preferably, an initially closed valve 115A is arranged upstream and downstream of
each storage cavity 108. Said valves are preferably only opened, in particular au-
tomatically, when the cartridge 100 is actually being used and/or during or after in-
serting the cartridge 100 into the analysis device 200 and/or for carrying out the as-
say.
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A plurality of valves 115A, in particular three valves in this case, are preferably as-
signed to the receiving cavity 104, in particular if the intermediate connection 104D
is provided in addition to the inlet 104B and the outlet 104C. Depending on the use,
in addition to the valve 115A on the inlet 104B, then preferably only the valve 115A
either at the outlet 104C or at the intermediate connection 104D is opened.

The valves 115A assigned to the receiving cavity 104 seal the fluid system 103
and/or the cartridge 100 in particular fluidically and/or in a gas-tight manner, prefer-
ably until the sample P is inserted and/or the receiving cavity 104 or the connection
104A of the receiving cavity 104 is closed.

As an alternative or in addition to the valves 115A (which are initially closed), one
or more valves 115B are preferably provided which are not closed in a storage-
stable manner and/or which are open initially or in an inoperative position, in an ini-
tial state or when the cartridge 100 is not inserted into the analysis device 200,
and/or which can be closed by actuation. These valves 115B are used in particular
to control the flows of fluid during the test.

The cartridge 100 is preferably designed as a microfluidic card and/or the fluid sys-
tem 103 is preferably designed as a microfluidic system. In the present invention,
the term "microfluidic” is preferably understood to mean that the respective vol-
umes of individual cavities, some of the cavities or all of the cavities 104 to 111
and/or channels 114 are, separately or cumulatively, less than 5 ml or 2 ml, particu-
larly preferably less than 1 ml or 800 pl, in particular less than 600 ul or 300 ul,
more particularly preferably less than 200 ul or 100 pl.

Particularly preferably, a sample P having a maximum volume of 5 ml, 2 ml or 1 ml
can be introduced into the cartridge 100 and/or the fluid system 103, in particular
the receiving cavity 104.

According to a preferred embodiment, the analysis system 1 can comprise — addi-
tionally to the at least one reagent and/or the reaction mix R in the sensor appa-
ratus 113 — further reagents and liquids which are preferably introduced or provided
before the test in liquid form as liquids or liquid reagents F and/or in dry form as dry
reagents S, as indicated in the schematic view according to Fig. 2 by reference
signs F1 to F5 and S1 to S10.
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Other reagents, preferably other liquids F, are preferably selected from solubiliza-
tion and/or rehydration buffers, reaction buffers or wash buffers, solvent for dry re-
agents S and/or a substrate SU.

Particularly, the other reagents can include a solubilization and/or rehydration buff-
er for the amplification of target nucleic acid sequences ZN. The solubilization
and/or rehydration buffer preferably functions as a solvent for the at least one rea-
gent and/or the reaction mix R. The solubilization and/or rehydration buffer is pref-
erably selected from water and/or TRIS buffer.

According to another embodiment, the other reagents can include a reaction buffer
particularly wherein the reaction buffer contains sugar molecules. A reaction buffer
with sugar molecules is preferred, when the at least one reagent and/or the at least
one reagent and/or the reaction mix R does not include sugar molecules. A sugar
containing buffer for carrying out the preferably isothermal amplification is linked
with the advantage of a stabilizing effect on capture molecules, in particular capture
proteins FP and/or capture aptamers FA, and target molecules, in particular target
proteins ZP and target analytes corresponding to capture aptamers.

Sugar molecules are preferably selected from the group of monosaccharides, di-
saccharides, oligosaccharides, polysaccharides and combinations thereof, prefera-
bly monosaccharides and/or disaccharides. In particular, the sugar molecules are
selected from glucose, mannose, galactose, lactose, sucrose, fructose, isomalt,
isomaltulose, maltulose, trehalose, oligofructose, inulin, starch, dextrin, cyclodextrin
and combinations thereof.

Furthermore, the other reagents can include reagents which are required for the
detection process, particularly for the detection assays for bonded target analytes,
for example in order to form detection molecules D and/or a redox system.

Preferably, other reagents, in particular other liquids F and/or dry reagents S and/or
substrate SU, are provided in the cartridge 100, i.e. are likewise introduced before
use, in particular before delivery. At some points in the following, a distinction is not
made between liquid reagents and other liquids, and therefore the respective ex-
planations are accordingly also mutually applicable.

The analysis system 1 or the cartridge 100 preferably contains all the reagents and
liquids required for pretreating the sample P and/or for carrying out the test or as-
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say. In particular, the analysis system 1 or the cartridge 100 preferably contain fur-
ther reagents and/or liquids, especially liquids, for carrying out one or more amplifi-
cation reactions, particularly amplification reactions at constant temperatures, and
therefore, particularly preferably, it is only necessary to receive the optionally pre-
treated sample P.

The cartridge 100 or the fluid system 103 preferably comprises a bypass 114A that
can optionally be used, in order for it to be possible, if necessary, to conduct or
convey the sample P or components thereof past the reaction cavities 109 and/or,
by bypassing the optional intermediate temperature-control cavity 110, also directly
to the sensor apparatus 113.

The cartridge 100 or the fluid system 103 or the channels 114 preferably comprise
sensor portions 116 or other apparatuses for detecting liquid fronts and/or flows of
fluid.

It is noted that various components, such as the channels 114, the valves 115, in
particular the valves 115A that are initially closed and the valves 115B that are ini-
tially open, and the sensor portions 116 in Fig. 2 are, for reasons of clarity, only la-
belled in some cases, but the same symbols are used in Fig. 2 for each of these
components.

The collection cavity 111 is preferably used for receiving excess or used reagents
and liquids and volumes of the sample, and/or for providing gas or air in order to
empty individual cavities and/or channels. In the initial state, the collection cavity
111 is preferably filled solely with gas, in particular air.

In particular, the collection cavity 111 can optionally be connected to individual
cavities and channels or other apparatuses fluidically in order to remove reagents
and liquids from said cavities, channels or other apparatuses and/or to replace said
reagents and liquids with gas or air. The collection cavity 111 is preferably given
appropriate (large) dimensions.

Once the sample P has been introduced into the receiving cavity 104 and the con-
nection 104A has been closed, the cartridge 100 can be inserted into and/or re-
ceived in the proposed analysis device 200 in order to test the sample P, as shown
in Fig. 1. Alternatively, the sample P could also be fed in later.
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Fig. 1 shows the analysis system 1 in a ready-to-use state for carrying out a test or
assay on the sample P received in the cartridge 100. In this state, the cartridge 100
is therefore linked to, received by and/or inserted into the analysis device 200.

In the following, some features and aspects of the analysis device 200 are first ex-
plained in greater detail, in particular on the basis of Fig. 1. The features and as-
pects relating to said device are preferably also directly features and aspects of the
proposed analysis system 1, in particular even without any further explicit explana-
tion.

The analysis system 1 or analysis device 200 preferably comprises a mount or re-
ceptacle 201 for mounting and/or receiving the cartridge 100.

Preferably, the cartridge 100 is fluidically, in particular hydraulically, separated or
isolated from the analysis device 200. In particular, the cartridge 100 forms a pref-
erably independent and in particular closed or sealed fluidic or hydraulic system
103 for the sample P and the reagents and other liquids. In this way, the analysis
device 200 does not come into direct contact with the sample P and can in particu-
lar be reused for another test without being disinfected and/or cleaned first.

It is however provided to connect or couple the analysis device 200 mechanically,
electrically, thermally and/or pneumatically to the cartridge 100.

In particular, the analysis device 200 is designed to have a mechanical effect, in
particular for actuating the pump apparatus 112 and/or the valves 115, and/or to
have a thermal effect, in particular for temperature-controlling the reaction cavi-
ty/cavities 109 and/or the intermediate temperature-control cavity 110 and/or the
sensor apparatus 113.

In addition, the analysis device 200 can preferably be pneumatically connected to
the cartridge 100, in particular in order to actuate individual apparatuses, and/or
can be electrically connected to the cartridge 100, in particular in order to collect
and/or transmit measured values, for example from the sensor apparatus 113
and/or sensor portions 116.

The analysis system 1 or analysis device 200 preferably comprises a pump drive
202, the pump drive 202 in particular being designed for mechanically actuating the
pump apparatus 112.
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Preferably, a head of the pump drive 202 can be rotated in order to rotationally axi-
ally depress the preferably bead-like raised portion of the pump apparatus 112.
Particularly preferably, the pump drive 202 and pump apparatus 112 together form
a pump, in particular in the manner of a hose pump or peristaltic pump and/or a
metering pump, for the fluid system 103 and/or the cartridge 100.

Particularly preferably, the pump is constructed as described in DE 10 2011 015
184 B4. However, other structural solutions are also possible.

Preferably, the capacity and/or discharge rate of the pump can be controlled and/or
the conveying direction of the pump and/or pump drive 202 can be switched. Pref-
erably, fluid can thus be pumped forwards or backwards as desired.

The analysis system 1 or analysis device 200 preferably comprises a connection
apparatus 203 for in particular electrically and/or thermally connecting the cartridge
100 and/or the sensor arrangement and/or sensor apparatus 113.

As shown in Fig. 1, the connection apparatus 203 preferably comprises a plurality
of electrical contact elements 203A, the cartridge 100, in particular the sensor ar-
rangement or sensor apparatus 113, preferably being electrically connected or
connectable to the analysis device 200 by the contact elements 203A. The contact
elements 203A are preferably contact springs; however, they may also be spring-
loaded connection pins or the like.

The analysis system 1 or analysis device 200 preferably comprises one or more
temperature-control apparatuses 204 for temperature-controlling the cartridge 100
and/or having a thermal effect on the cartridge, in particular for heating and/or cool-
ing, the temperature-control apparatus(es) 204 (each) preferably comprising or be-
ing formed by a heating resistor or a Peltier element.

Individual temperature-control apparatuses 204, some of these apparatuses or all
of these apparatuses can preferably be positioned against the cartridge 100, the
main body 101, the cover 102, the sensor arrangement, sensor apparatus 113
and/or individual cavities and/or can be thermally coupled thereto and/or can be in-
tegrated therein and/or in particular can be operated or controlled electrically by the
analysis device 200. In the example shown, in particular the temperature-control
apparatuses 204A, 204B and/or 204C are provided.
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Preferably, the temperature-control apparatus 204A, referred to in the following as
the reaction temperature-control apparatus 204A, is assigned to the reaction cavity
109 or to a plurality of reaction cavities 109, in particular in order for it to be possi-
ble to carry out one or more amplification reactions therein.

When the cartridge 100 is inserted, the reaction temperature-control apparatus
204A preferably abuts the cartridge 100 in the region of the reaction cavity/cavities
109, and therefore a fluid located in said cartridge, in particular the sample P, can
be heated and/or cooled.

The temperature-control apparatus 204B, referred to in the following as the inter-
mediate temperature-control apparatus 204B, is preferably assigned to the inter-
mediate temperature-control cavity 110 and/or is designed to (actively) tempera-
ture-control or heat the intermediate temperature-control cavity 110 or a fluid locat-
ed therein.

The intermediate temperature-control cavity 110 and/or intermediate temperature-
control apparatus 204B is preferably arranged upstream of or (immediately) before
the sensor arrangement or sensor apparatus 113, in particular in order for it to be
possible to temperature-control or preheat, in a desired manner, fluids to be fed to
the sensor arrangement or sensor apparatus 113.

Additionally or alternatively, the intermediate temperature-control cavity 110 and/or
intermediate temperature-control apparatus 204B is designed or provided to ther-
mally activate and/or fold the capture aptamers FA, in particular such that said ap-
tamers FA can bond corresponding target proteins ZP and/or other target analytes,
as already explained at the outset.

Preferably, the analysis system 1, analysis device 200 and/or the cartridge 100
and/or one or each temperature-control apparatus 204 comprise/comprises a tem-
perature detector and/or temperature sensor (not shown), in particular in order to
make it possible to control and/or feedback control temperature.

One or more temperature sensors may for example be assigned to the sensor por-
tions 116 and/or to individual channel portions or cavities, i.e. may be thermally
coupled thereto.
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The temperature-control apparatus 204C, referred to in the following as the sensor
temperature-control apparatus 204C, is in particular assigned to the sensor appa-
ratus 113 and/or is designed to (actively) temperature-control, cool or heat fluids lo-
cated in or on the sensor arrangement or sensor apparatus 113, in particular ana-
lytes or target proteins ZP or target nucleic acid sequences ZN, in a desired man-
ner, in particular in order to support the amplification and/or the assays.

According to a preferred embodiment, the temperature-control apparatus 204C is
designed or provided to evenly heat or cool the sensor apparatus 113 and/or the
sensor compartment 118 and/or to set a uniform and/or even temperature in the
sensor apparatus 113 and/or the sensor compartment 118.

Particularly, the sensor temperature-control apparatus 204C is designed or provid-
ed to thermally activate and/or support the amplification of the target nucleic acid
sequences ZN, particularly to activate and/or support an amplification under con-
stant temperatures, preferably temperatures of less than 45 °C, even more pre-
ferred less than 43 °C, and/or temperatures less than the denaturing temperature
of proteins and/or to activate and/or support an isothermal DNA amplification.

Furthermore, the sensor temperature-control apparatus 204C is designed or pro-
vided to thermally inactivate and/or denature the capture proteins FP and/or target
proteins ZP.

Additionally or alternatively, the sensor temperature-control apparatus 204C is de-
signed or provided to thermally activate and/or fold the capture aptamers FA, in
particular such that said aptamers FA can bond corresponding target proteins ZP
and/or other target analytes, as already explained at the outset.

The sensor temperature-control apparatus 204C is preferably planar and/or has a
contact surface which is preferably rectangular and/or corresponds to the dimen-
sions of the sensor arrangement or sensor apparatus 113, the contact surface al-
lowing for heat transfer between the sensor temperature-control apparatus 204C
and the sensor apparatus 113.

Preferably, the analysis device 200 comprises the sensor temperature-control ap-
paratus 204C. However, other structural solutions are also possible in which the
sensor temperature-control apparatus 204C is integrated in the cartridge 100, in
particular the sensor arrangement or sensor apparatus 113.
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Particularly preferably, the connection apparatus 203 comprises the sensor tem-
perature-control apparatus 204C, and/or the connection apparatus 203 together
with the sensor temperature-control apparatus 204C can be linked to, in particular
pressed against, the cartridge 100, in particular the sensor arrangement or sensor
apparatus 113.

More particularly preferably, the connection apparatus 203 and the sensor tem-
perature-control apparatus 204C (together) can be moved towards and/or relative
to the cartridge 100, in particular the sensor arrangement or sensor apparatus 113,
and/or can be positioned against or abutted on said cartridge, preferably in order to
both electrically and thermally couple the analysis device 200 to the cartridge 100,
in particular the sensor arrangement or sensor apparatus 113 or the support 113D
thereof.

Preferably, the sensor temperature-control apparatus 204C is arranged centrally on
the connection apparatus 203 or a support thereof and/or is arranged between the
contact elements 203A.

In particular, the contact elements 203A are arranged in an edge region of the con-
nection apparatus 203 or a support thereof or are arranged around the sensor tem-
perature-control apparatus 204C, preferably such that the connection apparatus
203 is connected or connectable to the sensor apparatus 113 thermally in the cen-
tre and electrically on the outside or in the edge region. However, other solutions
are also possible here.

The analysis system 1 or analysis device 200 preferably comprises one or more ac-
tuators 205 for actuating the valves 115. Particularly preferably, different (types or
groups of) actuators 205A and 205B are provided which are assigned to the differ-
ent (types or groups of) valves 115A and 115B for actuating each of said valves,
respectively.

The analysis system 1 or analysis device 200 preferably comprises one or more
sensors 206. In particular, fluid sensors 206A are assigned to the sensor portions
116 and/or are designed or intended to detect liquid fronts and/or flows of fluid in
the fluid system 103.
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Particularly preferably, the fluid sensors 206A are designed to measure or detect, in
particular in a contact-free manner, for example optically and/or capacitively, a lig-
uid front, flow of fluid and/or the presence, the speed, the mass flow rate/volume
flow rate, the temperature and/or another value of a fluid in a channel and/or a cavi-
ty, in particular in a respectively assigned sensor portion 116, which is in particular
formed by a planar and/or widened channel portion of the fluid system 103.

Particularly preferably, the sensor portions 116 are each oriented and/or incorpo-
rated in the fluid system 103 and/or fluid flows against or through the sensor por-
tions 116 such that, in the operating position of the cartridge 100, fluid flows
through the sensor portions 116 in the vertical direction and/or from the bottom to
the top, or vice versa, in particular in order to make it possible or easier to accurate-
ly detect liquid.

Alternatively or additionally, the analysis device 200 preferably comprises (other or
additional) sensors 206B for detecting the ambient temperature, internal tempera-
ture, atmospheric humidity, position, and/or alignment, for example by means of a
GPS sensor, and/or the orientation and/or inclination of the analysis device 200
and/or the cartridge 100.

The analysis system 1 or analysis device 200 preferably comprises a control appa-
ratus 207, in particular comprising an internal clock or time base for controlling the
sequence of a test or assay and/or for collecting, evaluating and/or outputting or
providing measured values in particular from the sensor apparatus 113, and/or from
test results and/or other data or values.

The control apparatus 207 preferably controls or feedback controls the pump drive
202, the temperature-control apparatuses 204 and/or actuators 205, in particular
taking into account or depending on the desired test and/or measured values from
the sensor arrangement or sensor apparatus 113 and/or sensors 206.

The flows of fluid are controlled in particular by accordingly activating the pump or
pump apparatus 112 and actuating the valves 115.

Particularly preferably, the pump drive 202 comprises a servomotor, stepper motor,
or a drive calibrated in another way or a drive having a rotational speed and/or
number of (partial) revolutions that can be controlled or feedback controlled, such
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that desired metering can be achieved, at least in principle, by means of appropri-
ate activation.

Additionally or alternatively, the fluid sensors 206A are used to detect liquid fronts
or flows of fluid, in particular in cooperation with the assigned sensor portions 116,
in order to achieve the desired fluidic sequence and the desired metering by ac-
cordingly controlling the pump or pump apparatus 112 and accordingly activating
the valves 115.

Optionally, the analysis system 1 or analysis device 200 comprises an input appa-
ratus 208, such as a keyboard, a touch screen or the like, and/or a display appa-
ratus 209, such as a screen.

The analysis system 1 or analysis device 200 preferably comprises at least one in-
terface 210, for example for controlling, for communicating and/or for outputting
measured data or test results and/or for linking to other devices, such as a printer,
an external power supply or the like. This may in particular be a wired or wireless
interface 210.

The analysis system 1 or analysis device 200 preferably comprises a power supply
211 for providing electrical power, preferably a battery or an accumulator, which is
in particular integrated and/or externally connected or connectable.

Preferably, an integrated accumulator is provided as a power supply 211 and is
(re)charged by an external charging device (not shown) via a connection 211A
and/or is interchangeable.

The analysis system 1 or analysis device 200 preferably comprises a housing 212,
all the components and/or some or all of the apparatuses preferably being integrat-
ed in the housing 212. Particularly preferably, the cartridge 100 can be inserted or
slid into the housing 212, and/or can be received by the analysis device 200,
through an opening 213 which can in particular be closed, such as a slot or the like.

The analysis system 1 or analysis device 200 is preferably portable or mobile. Par-
ticularly preferably, the analysis device 200 weighs less than 25 kg or 20 kg, partic-
ularly preferably less than 15 kg or 10 kg, in particular less than 9 kg or 6 kg.
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As already explained, the analysis device 200 can preferably be pneumatically
linked to the cartridge 100, in particular to the sensor arrangement and/or to the
pump apparatus 112.

Particularly preferably, the analysis device 200 is designed to supply the cartridge
100, in particular the sensor arrangement and/or the pump apparatus 112, with a
working medium, in particular gas or air.

Preferably, the working medium can be compressed and/or pressurised in the
analysis device 200 or by means of the analysis device 200.

Preferably, the analysis device 200 comprises a pressurised gas supply 214, in
particular a pressure generator or compressor, preferably in order to compress,
condense and/or pressurise the working medium.

The pressurised gas supply 214 is preferably integrated in the analysis device 200
or the housing 212 and/or can be controlled or feedback controlled by means of the
control apparatus 207.

Preferably, the pressurised gas supply 214 is electrically operated or can be oper-
ated by electrical power. In particular, the pressurised gas supply 214 can be sup-
plied with electrical power by means of the power supply 211.

Preferably, air can be drawn in, in particular from the surroundings, as the working
medium by means of the analysis device 200 or pressurised gas supply 214.

The analysis device 200 or pressurised gas supply 214 preferably comprises a
connection element 214A, in particular in order to pneumatically connect the analy-
sis device 200 or pressurised gas supply 214 to the cartridge 100.

In the following, further details are given on a preferred construction and the pre-
ferred mode of operation of the analysis system 1 and/or the cartridge 100 or the
sensor arrangement, with reference to Fig. 3 to Fig. 11. The features of the sensor
apparatus 113 and/or of the sensor arrangement formed thereby are preferably al-
so directly features of the analysis system and/or of the cartridge 100, in particular
even without any further explicit indication.
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The sensor arrangement preferably comprises the sensor apparatus 113, especial-
ly the sensor apparatus 113 with the sensor array 113A, a sensor cover 117 for the
sensor apparatus 113, a (common) sensor compartment 118, an inlet 119 into the
sensor compartment 118 and/or an outlet 120 out of the sensor compartment 118,
as shown in Fig. 2 and 6 to 11.

The sensor arrangement, in particular the sensor apparatus 113, especially the
sensor array 113A, is preferably designed for amplifying analytes, particularly target
nucleic acid sequences ZN, and for electrochemically and/or fluorescence measur-
ing or detecting analytes of the sample P, in particular in the common/same sensor
compartment 118.

In particular, the sensor arrangement or sensor apparatus 113, especially the sen-
sor array 113A, is designed to amplify target nucleic acid sequences at constant
temperatures, particularly temperatures less than 45 °C, even more preferred less
than 43 °C, and/or temperatures less than the denaturing temperature of proteins
and to identify, to detect and/or to determine (identical or different) analytes bonded
to capture molecules or products derived therefrom, in particular amplification
products of the analyte or different analytes.

Particularly, the sensor arrangement or sensor apparatus 113, especially the sen-
sor array 113A of the sensor apparatus 113, is designed for carrying out a nucleic
acid assay, a protein assay and/or an aptamer assay, either sequentially or simul-
taneously, preferably simultaneously.

The sensor arrangement is preferably designed as a multiple-part module, the sen-
sor apparatus 113 and the sensor cover 117 preferably each forming a component
of the sensor arrangement or module.

Preferably, the sensor arrangement has a layered construction, the sensor appa-
ratus 113 preferably forming a base of the sensor arrangement and the sensor
cover 117 being directly connected to the sensor apparatus 113, at least at the
edge, and/or resting thereon.

The sensor apparatus 113 and the sensor cover 117 define or delimit the sensor
compartment 118, preferably on the flat sides. In particular, the sensor compart-
ment 118 is formed or arranged (directly) between the sensor apparatus 113 and
the sensor cover 117.
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The sensor compartment 118 preferably has, in particular when the sensor cover
117 is not actuated or has been moved away, a volume of greater than 0.1 uyl or 0.2
ul, particularly preferably greater than 0.5 ul or 1 yl, in particular greater than 2 yl,
and/or less than 10 ul or 8 yl, particularly preferably less than 6 ul or 3 pl.

The sensor arrangement, in particular the sensor apparatus 113 and the sensor
cover 117, is/are preferably planar, flat and/or plate-shaped. Preferably, the surface
area of a flat side of the sensor apparatus 113 and/or sensor cover 117 is less than
400 mm?or 300 mm?, particularly preferably less than 250 mm? or 150 mm?, in par-
ticular less than 100 mm? or 50 mm?, and/or greater than 0.01 mm? or 0.25 mm?,
particularly preferably greater than 1 mm? or 4 mm?,

The sensor apparatus 113 preferably has a front side or measuring side and a rear
side or connection side, the measuring side and the connection side each prefera-
bly forming one flat side of the in particular flat, planar and/or plate-shaped sensor
apparatus 113.

The measuring side is preferably the side of the sensor apparatus 113 (directly)
facing the fluid or the sample P or the analyte or the sensor compartment 118.

The connection side is preferably opposite the measuring side and/or is the side of
the sensor apparatus 113 that faces away from the fluid or the sample P or the
analyte or the sensor compartment 118.

Preferably, the sensor arrangement comprises precisely one sensor compartment
118, precisely one inlet 119 into the sensor compartment 118 and/or precisely one
outlet 120 out of the sensor compartment 118.

Preferably, the sensor compartment 118 is coherent/contiguous and/or not sec-
tioned/segmented/subdivided.

The sensor apparatus 113 preferably comprises (precisely) one sensor array 113A
on the measuring side, having a plurality of sensor cavities and/or sensor fields
113B, the sensor fields 113B preferably being round, in particular circular, in a plan
view of the sensor array 113A and/or being arranged so as to be spatially separat-
ed from one another and/or directly next to one another.
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Fig. 3 is a plan view of the sensor array 113A or the measuring side of the sensor
apparatus 113. Fig. 4 is an enlarged detail from Fig. 3. Fig. 5 shows the connection
side of the sensor arrangement or the sensor apparatus 113. Fig. 6 to Fig. 11 are
schematic sections through the sensor arrangement during different method steps.

Preferably, the sensor arrangement, in particular the sensor apparatus 113 or the
sensor array 113A, comprises more than 10 or 20, particularly preferably more than
50 or 80, in particular more than 100 or 120 and/or less than 1000 or 800 sensor
fields 113B.

Preferably, the sensor fields 113B are separated or spaced apart from one another,
in particular by less than 100 ym or 10 ym and/or more than 10 nm or 100 nm. Par-
ticularly preferably, all the sensor fields 113B are arranged on a surface area of
less than 100 mm? and/or greater than 1 mm? and/or the sensor array 113A has a
surface area of less than 100 mm? and/or greater than 1 mm?.

The sensor fields 113B are in particular spatially separated measuring regions of
the sensor apparatus 113 and/or sensor array 113A that, independently from one
another, allow an analyte to be amplified, detected, identified and/or measured. Dif-
ferent sensor fields 113B can thus amplify, detect and/or measure different ana-
lytes, respectively. However, a plurality of sensor fields 113B could also amplify
and/or measure the same analytes, however, again independently from one anoth-
er, depending on the capture molecules with which the sensor fields 113 are pro-
vided. Alternatively, individual sensor fields 113B can also be used for control pur-
poses, i.e. may not be used for amplifying, measuring and/or detecting an analyte.

Preferably, the sensor apparatus 113 comprises barriers or partitions between each
of the sensor fields 113B, which are preferably formed by an in particular hydro-
phobic layer 113F having corresponding recesses for the sensor fields 113B. How-
ever, other structural solutions are also possible.

Preferably, the sensor arrangement, in particular the sensor apparatus 113 or the
sensor array 113A, comprises a plurality of electrodes 113C. Particularly prefera-
bly, at least two electrodes 113C are arranged in each sensor field 113B. In particu-
lar, at least or precisely two electrodes 113C corresponding to one another form
one or each sensor field 113B.
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Preferably, some or all sensor fields 113B and/or electrodes 113C face the sensor
compartment 118 and/or protrude into the (common) sensor compartment 118
and/or are fluidically (directly) connected to one another by means of the (common)
sensor compartment 118,

The electrodes 113C are preferably made of metal, preferably so as to be electri-
cally conductive, in particular at least the surface thereof is made of noble metal,
such as platinum or gold.

Preferably, the electrodes 113C are finger-like and/or engage in one another, as
can be seen from the enlarged detail of a sensor field 113B according to Fig. 4.
However, other structural solutions or arrangements are also possible.

Preferably, each electrode pair forms one sensor field 113B, or each sensor field
113B contains one electrode pair.

The electrodes 113C of a sensor field 113B preferably correspond to one another
in terms of their shape and size.

The sensor apparatus 113 preferably comprises a support 113D, in particular a
chip comprising an electronic or integrated circuit, and/or a semiconductor chip, the
electrodes 113C preferably being arranged on the support 113D and/or being inte-
grated in the support 113D.

The sensor apparatus 113, in particular the support 113D, preferably comprises at
least one, preferably a plurality of, electronic or integrated circuits, the circuits in
particular being designed to detect electrical currents or voltages that are preferably
generated at the sensor fields 113B in accordance with the redox cycling principle.

Particularly preferably, the measurement signals from the different sensor fields
113B are separately collected or measured by the sensor apparatus 113 and/or the
circuits.

Particularly preferably, the sensor apparatus 113 and/or the integrated circuits di-
rectly convert the measurement signals into digital signals or data, which can in
particular be read out by or via the analysis device 200.
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Particularly preferably, the sensor apparatus 113 and/or the support 113D is con-
structed as described in EP 1 636 599 B1.

The sensor apparatus 113, in particular the support 113D, preferably comprises a
plurality of, in this case eight, electrical contacts or contact surfaces 113E, the con-
tacts 113E preferably being arranged on the connection side and/or forming the
connection side, as shown in Fig. 5.

Preferably, the sensor apparatus 113 can be electrically contacted on the connec-
tion side and/or by means of the contacts 113E and/or can be electrically connect-
ed to the analysis device 200. In particular, an electrical connection can be estab-
lished between the cartridge 100, in particular the sensor apparatus 113, and the
analysis device 200, in particular the control apparatus 207, by electrically connect-
ing the contacts 113E to the contact elements 203A of the connection apparatus
203.

Preferably, the contacts 113E are arranged laterally, in the edge region and/or in a
plan view or projection around the electrodes 113C and/or the sensor array 113A,
and/or the contacts 113E extend as far as the edge region of the sensor apparatus
113, in particular such that the sensor apparatus 113 can be electrically contacted,
preferably by means of the connection apparatus 203 or the contact elements
203A, laterally, in the edge region and/or around the sensor temperature-control
apparatus 204C, which can preferably be positioned centrally or in the middle on
the support 113D, as already explained.

As already explained, the sensor compartment 118 is preferably arranged between
the sensor apparatus 113 and the sensor cover 117, the measurement side and/or
the sensor array 113A of the sensor apparatus 113 preferably defining or delimiting
the sensor compartment 118.

Preferably, the sensor fields 113B and/or the electrodes 113C are fluidically inter-
connected by the sensor compartment 118, in particular such that some or all sen-
sor fields 113B and/or electrodes 113C can come into contact with a fluid, the sam-
ple P and/or the analytes via the (common) sensor compartment 118.

The sensor cover 117 can preferably be moved relative to the sensor apparatus
113. In particular, the sensor cover 117 can be lowered onto the sensor apparatus
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113, in particular the sensor array 113A and/or the layer 113F, preferably such that
the sensor fields 113B are closed and/or fluidically separated from one another.

In particular, the fluid can be displaced out of the sensor compartment 118 by
means of the sensor cover 117, and/or by lowering the sensor cover 117 onto the
sensor apparatus 113.

The sensor cover 117 is therefore designed to seal and/or fluidically separate the
individual sensor fields 113B from one another for the actual measurement, prefer-
ably such that fluid cannot be exchanged (in a relevant manner) between the sen-
sor fields 113B, at least when the measurement is being taken.

Fig. 6 and Fig. 7 are each a schematic section through a preferred embodiment of
the sensor arrangement with the sensor cover 117 moved away and/or before use,
particularly before amplification, bonding of analytes and measurement and/or de-
tection.

At least when the sensor cover 117 is moved away, the sensor apparatus 113 or
the sensor compartment 118 is fluidically linked to the fluid system 103, in particular
to the reaction cavity/cavities 109, preferably by the inlet 119 and the outlet 120, in
particular such that fluids, in particular the (pretreated) sample P or the analytes
and/or reagents, can be admitted to the measurement side of the sensor apparatus
113 or sensor array 113A.

The sensor compartment 118 can thus be loaded with fluids and/or said fluids can
flow therethrough, at least when the sensor cover 117 is raised or moved away
from the sensor apparatus 113 or the sensor array 113A.

Preferably, fluid can flow through the sensor compartment 118 by means of the in-
let 119 and the outlet 120. In particular, a fluid can flow into the sensor compart-
ment 118 via the inlet 119 and can flow out of the sensor compartment 118 via the
outlet 120. However, the flow direction can also be reversed. In particular, the inlet
119 can function or be used as the outlet, at least temporarily, and the outlet 120
can function or be used as the inlet, at least temporarily.

The inlet 119 and/or the outlet 120 is/are preferably formed by cut-outs, holes,
openings, channels or the like in the main body 101, the sensor cover 117 and/or
the sensor apparatus 113.
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The sensor apparatus 113 preferably comprises a plurality of in particular different
capture molecules for bonding the analytes, different capture molecules preferably
being arranged and/or immobilised in or on different sensor fields 113B and/or be-
ing assigned to different sensor fields 113B.

Particularly preferably, the, in particular some or all, sensor fields 113B or elec-
trodes 113C are provided with the capture molecules, in particular at the factory,
and/or the capture molecules are immobilised or fixed in or on the sensor fields
113B or electrodes 113C, in particular at the factory.

As already explained at the outset, the capture molecules are preferably capture
nucleic acid sequences FN, in particular capture DNA sequences, capture RNA se-
quences and/or capture oligonucleotides, and at least one more type of capture
molecules selected from capture proteins FP, in particular capture antigens and/or
capture antibodies, and/or capture aptamers. Particularly, the capture molecules
are preferably capture nucleic acid sequences FN, in particular capture DNA se-
quences, capture RNA sequences and/or capture oligonucleotides, and capture
proteins FP, in particular capture antigens and/or capture antibodies (shown in
Figs. 6 to 11).

Preferably, the cartridge 100 and/or the sensor apparatus 113 comprises a first
group of capture molecules, such as capture nucleic acid sequences FN for ampli-
fying and bonding target nucleic acid sequences ZN, and in particular a second
group of (different) capture molecules, such as capture proteins FP or capture ap-
tamers FA, for bonding another type of target molecules and/or analytes.

It is proposed for the analysis system 1, the cartridge 100, the sensor apparatus
113 and/or the sensor array 113A to comprise both capture proteins FP and cap-
ture nucleic-acid sequences FN, which are provided and/or immobilised together or
separately in sensor fields 113B.

It is thus possible and provided for both, a nucleic-acid assay for detecting a nucle-
ic-acid sequence ZN, in particular a plurality of different nucleic-acid sequences ZN,
and a protein assay for detecting a target protein ZP, in particular a plurality of dif-
ferent target proteins ZP, to be carried out using the analysis system 1 and/or by
means of the cartridge 100 and/or sensor apparatus 113, in particular in and/or by
means of the same cartridge 100.
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Different capture nucleic acid sequences and/or different capture proteins are pref-
erably provided for the different sensor fields 113B and/or the different electrode
pairs and/or electrodes 113C, in order to specifically bond different analytes, in par-
ticular different target proteins, on the one hand and different target nucleic-acid
sequences, on the other hand, in the sensor fields 113B.

Particularly preferably, the sensor apparatus 113 or sensor array 113A allows the
analytes bonded in each sensor field 113B to be qualitatively and/or quantitatively
determined.

Preferably, the capture molecules are bonded to the sensor apparatus 113, the
sensor array 113A and/or the electrodes 113C by a bond B, in particular a thiol
bond, and/or, optionally, by a so-called C6 spacer and/or elongated thymine primer
with preferably 5 to 20 bases. The formation of structures that disrupt hybridisation,
e.g. hairpin structures, can be prevented by the preferred bonding of the capture
molecules by the bond B.

Preferred embodiments of the sensor apparatus 113, particularly the sensor array
113A, with respect to the functionalization of the sensor fields 113B are delineated
in the following.

A first preferred embodiment is shown in Fig. 6, according to which a portion of the
sensor fields 113B and/or electrodes 113C is provided with capture nucleic acid
sequences FN, in particular in order to be able to detect or identify the target nucle-
ic acid sequences ZN that correspond to the capture nucleic acid sequences FN,
and another portion of the sensor fields 113B and/or electrodes 113C is provided
with capture proteins FP, in particular in order to be able to detect or identify the
target proteins ZP that correspond to the capture proteins FP.

In other words, capture nucleic acid sequences FN and capture proteins FP are
applied to, fixed to and/or immobilised onto different sensor fields 113B of a com-
mon sensor arrangement and/or sensor apparatus 113 and/or sensor array 113A.

Such functionalization is linked with the advantage that no differentiation of detec-
tion signals produced by target nucleic acid sequences ZN, on the one hand, and
target proteins ZP, on the other hand, is necessary. In other words, the same de-
tection method and/or the same type of detection markers and/or detection labels L
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can be used for the detection of bonded target nucleic acid sequences ZN and tar-
get proteins ZP.

According to a preferred embodiment, some or all of the sensor fields 113B and/or
electrodes 113C are additionally provided with spacer molecules SC, as shown in
Fig. 6 for the second sensor field 113B (from the left).

Spacer molecules SC in the sense of the present invention are chemically inert
molecules, which are not directly involved in amplification, bonding and measure-
ment and/or detection of the analytes. Instead, spacer molecules SC reduce the
steric hindrance for analytes, particularly target nucleic acid sequences, when
bonded to capture molecules. Spacer molecules can have a positive effect on am-
plification and bonding of target nucleic acid sequences ZN as well as their detec-
tion and/or measurement. Preferably, spacer molecules are based on chemically
inert substances.

According to a particularly preferred embodiment of the present invention, the
spacer molecules SC are oligonucleotides, preferably oligonucleotides having at
least 5 or 10 bases and/or at most 70 or 80 bases, especially 10 to 50 bases, par-
ticularly preferably 12 to 20 bases. Preferably, the spacer molecules SC are based
on thymine bases. Likewise, spacers can be based on any other nucleobase, par-
ticularly adenine, guanine, cytosine and/or combinations thereof.

According to another, particularly preferred embodiment as shown in Fig. 7, prefer-
ably some or all of the sensor fields 113B and/or electrodes 113C are provided with
both capture nucleic acid sequences FN and capture proteins FP, in particular in
order to be able to detect or identify the target nucleic acid sequences ZN that cor-
respond to the capture nucleic acid sequences FN and the target proteins ZP that
correspond to the capture proteins FP by means of the sensor apparatus 113
and/or in the corresponding sensor fields 113B and/or on the corresponding elec-
trodes 113C.

In other words, preferably both capture nucleic acid sequences FN and capture
proteins FP are applied to, fixed to and/or immobilised in common sensor fields
113B and/or on common electrodes 113C and/or are applied, fixed and/or immobi-
lised directly next to one another.
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Preferably, one sensor field 113B is thus used not just for amplifying target nucleic
acid sequences ZN and detecting at least one analyte, but rather for detecting and
in particular measuring at least two analytes, specifically a target protein ZP on the
one hand (in Fig. 7 e.g. ZP3 to ZP5) and a target nucleic-acid sequence ZN on the
other hand (in Fig. 7 e.g. ZN3 to ZN5). The corresponding capture molecules, spe-
cifically capture proteins FP and capture nucleic-acid sequences FN, can in this
case be arranged and/or immobilised together on each of the electrodes 113C of
the sensor field 113B or, at least in theory, separately on the two electrodes 113C
of the same sensor field 113B.

It is thus possible to carry out twice the number of detection processes and/or
measurements of analytes using the same number of sensor fields 113B. Overall, a
higher number of target molecules can be detected at once according to this em-
bodiment.

As further shown in Fig. 6 and Fig. 7, preferably some or all of the sensor fields
113B and/or electrodes 113C, particularly all sensor fields 113B and/or electrodes
113C with capture nucleic acid sequences FN, comprise at least one reagent R for
carrying out an amplification of target nucleic acid sequences ZN from the sample
P.

According to a particularly preferred embodiment, some or all of the sensor fields
113B and/or electrodes 113C, particularly all sensor fields 113B and/or electrodes
113C with capture nucleic acid sequences FN, and/or the sensor compartment 118
comprise a reaction mix for carrying out an amplification of target nucleic acid se-
quences ZN from the sample P.

Preferably, the at least one reagent R and/or the reaction mix is immobilized and/or
fixed, especially dried onto or into the, in particular some or all, sensor fields 113B
and/or electrodes 113C, and/or the (common) sensor compartment 118.

According to a preferred embodiment of the present invention, the at least one rea-
gent R is selected from enzymes, particularly enzymes for a DNA amplification,
NTPs, dNTPs, primers, particularly wherein the primers comprise a pathogen-
specific nucleotide sequence and/or wherein a portion of the primers comprises a
detectable label, sugar molecules and/or salts.
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According to a preferred embodiment, the reaction mix comprises enzymes, partic-
ularly enzymes for a DNA amplification, NTPs, dNTPs, primers, particularly wherein
the primers comprise a pathogen-specific nucleotide sequence and/or wherein a
portion of the primers comprises a detectable label, sugar molecules and/or salts.

One the one hand, it is preferred when the at least one reagent and/or the reaction
mix R comprises reagents for the amplification of target nucleic acid sequences ZN.
On the other hand, it is preferred when the at least one reagent and/or the reaction
mix R comprises stabilizing substances for the amplification and/or proteins, partic-
ularly capture proteins FP and/or target proteins ZP, especially sugar molecules.

In particular, sugar molecules are selected from the group of monosaccharides, di-
saccharides, oligosaccharides, polysaccharides and combinations thereof, prefera-
bly monosaccharides and/or disaccharides. Especially, the sugar molecules are se-
lected from glucose, mannose, galactose, lactose, sucrose, fructose, isomalt, iso-
maltulose, maltulose, trehalose, oligofructose, inulin, starch, dextrin, cyclodextrin
and combinations thereof.

Preferably, all reagents for the amplification of target nucleic acid sequences ZN, in
particular enzymes, primers, NTPs and/or dNTPs, are immobilized and/or fixed into
or onto the sensor fields 113B and/or electrodes 113C. Alternatively, only a portion
of the reagents for the amplification, particularly primers, NTPs and/or dNTPs, are
immobilized and/or fixed to the sensor fields 113B and/or electrodes 113C.

According to a particularly preferred embodiment, the at least one reagent R and/or
the reaction mix comprise reagents for an isothermal DNA amplification and a sta-
bilization of the capture molecules and the at least one reagent R and/or the reac-
tion mix are immobilized and/or fixed onto or into the sensor compartment 118 or
the sensor array 113A, particularly onto the surface of sensor fields 113B and/or
electrodes 113C of the senor array 113A.

Furthermore, it is advantageous when a senor array 113A of the sensor apparatus
113 comprises capture nucleic acid sequences FN and at least one more type of
capture molecules selected from capture proteins FP and/or capture aptamers FA
and when the at least one reagent R and/or the reaction mix are immobilized and/or
fixed onto or into the sensor compartment 118 or sensor array 113A, particularly
onto the surface of sensor fields 113B and/or electrodes 113C of the senor array
113A.
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Particularly preferably, the analysis system 1 and/or the cartridge 100 is designed
such that a nucleic acid assay, a protein assay and/or an aptamer assay can be
carried out, particularly simultaneously.

During the nucleic-acid assay, the analytes and/or target nucleic-acid sequences
ZN are amplified and bonded to the capture nucleic-acid sequences FN and then
detection and/or measurement of bonded target nucleic acid sequences ZN is car-
ried out. During the protein assay, the analytes and/or target proteins ZP are bond-
ed to the capture proteins FP and then detection and/or measurement of bonded
target proteins ZP is carried out. During the aptamer assay, analytes corresponding
to the capture aptamers FA are bonded to the capture aptamers FA and then de-
tection and/or measurement of the analytes is carried out.

Alternatively, the analysis system 1 and/or the cartridge 100 can be designed such
that a nucleic acid assay, on the hand, and a protein assay and/or an aptamer as-
say, on the other hand, are carried out sequentially.

Preferably, particularly in case the protein assay is carried out before the nucleic
acid assay and/or the aptamer assay, the capture proteins FP and/or target pro-
teins ZP are denatured, in particular by a corresponding effect of heat, or degraded
or blocked in another manner, after the protein assay has been carried out.

In the following, a preferred sequence of a test or analysis using the proposed
analysis system 1 and/or analysis device 200 and/or the proposed cartridge 100
and/or in accordance with the proposed method is explained in greater detail by
way of example.

The analysis system 1, the cartridge 100 and/or the analysis device 200 is prefera-
bly designed to carry out the proposed method.

The method may be used in particular in the field of medicine, in particular veteri-
nary medicine, for example in order to detect or identify diseases and/or pathogens.
Alternatively, the method may also be used for other purposes, for example for food
safety, environmental analytics or the like.

The method of the present invention is particularly characterized in that amplifica-
tion of target nucleic acid sequences ZN, bonding of target analytes and the plurali-
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ty of assays in order to detect the bonded target analytes are carried out by means
of the sensor apparatus 113 without a temporal and/or spatial separation.

Particularly, target nucleic acid sequences ZN are amplified as analytes from the
sample, bonded to capture nucleic acid sequences FN and detected and/or meas-
ured, preferably on the basis of a nucleic acid assay, wherein amplification, bond-
ing and detection and/or the nucleic acid assay are carried out in the sensor appa-
ratus 113 of the analysis system 1 and/or the cartridge 100 and/or the analysis de-
vice 200.

Particularly preferably, amplification of target nucleic acid sequences ZN, bonding
and detection of target analytes are carried out in a common sensor array 113A
and/or in the same sensor fields 113B of the sensor apparatus 113 and/or in a
common sensor compartment 118.

According to a particularly preferred embodiment of the proposed method, target
nucleic acid sequences ZN are amplified from the sample and bonded to capture
nucleic acid sequences FN and at least one more type of analytes selected from
analytes that correspond to capture proteins FP and/or capture aptamers FA, pref-
erably capture proteins FP, is bonded to capture proteins FP and/or capture ap-
tamers FA in the sensor apparatus 113.

Preferably, a plurality of (different) assays for detecting or identifying (different) tar-
get analytes of the sample P are carried out by means of the sensor apparatus,
wherein the assays are selected from at least two assays from the selection group
of consisting of a protein assay, a nucleic acid assay and/or an aptamer assay.

Preferably, the amplification of target nucleic acid sequences ZN, bonding of target
analytes and/or the plurality of assays are carried out in a common sensor array
113A and/or in the same sensor fields 113B of the sensor apparatus 113 and/or in
a common sensor compartment 118.

The method of the present invention is particularly realized by amplifying the target
nucleic acid sequences ZN at constant temperatures, particularly temperatures less
than 45 °C, even more preferred less than 43 °C.

Likewise, it is preferred when the target nucleic acid sequences ZN are amplified at
constant temperatures less than the denaturing temperature of proteins, particularly
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the denaturing temperature of capture proteins FP and/or target proteins ZP and/or
target analytes that correspond to capture aptamers FA.

Amplification of target nucleic acid sequences ZN at temperatures less than 45 °C
and/or temperatures less than the denaturing temperature of proteins allows the
amplification of target nucleic acid sequences and the bonding of (different) target
analytes, particularly target nucleic acid sequences ZN and target proteins ZP, to
capture molecules as well as the detection assays to be carried out without a spa-
tial and/or temporal separation.

According to a particularly preferred embodiment, the plurality of assays, especially
the nucleic acid assay, the protein assay and/or the aptamer assay, are carried out
at temperatures less than 45 °C, preferably less than 43 °C, and/or less than the
denaturing temperature of proteins.

Preferably, target nucleic acid sequences ZN are amplified by means of isothermal
DNA amplification and/or by using at least one enzyme, particularly a DNA poly-
merase, with strand displacement activity.

Amplification of target nucleic acid sequences ZN at constant temperatures, prefer-
ably temperatures less than 45 °C and/or temperatures less than the denaturing
temperature of proteins, can be carried out according any established isothermal
DNA amplification protocol, for example a multi-displacement amplification, an iso-
thermal assembly, a recombinase polymerase amplification and the like.

Fig. 8 shows a schematic representation of a preferred isothermal amplification of
target nucleic acid sequences, preferably on the basis of a recombinase amplifica-
tion:

In a first step (Fig. 8A), labelled amplicons of target nucleic acid sequences ZN are
generated from the sample P, particularly by using a pair of preferably pathogen-
specific primers PR, wherein at least one primer comprises a detectable marker
and/or label L. According to a preferred embodiment of the isothermal ampilification,
at least one primer comprises a nucleotide sequence which is homolog and/or iden-
tical to the nucleotide sequence of the capture nucleic acid sequences FN. Particu-
larly, the pair of primers comprises one forward and one reverse primer.
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In a further amplification step, preferably pathogen-specific capture nucleic acid se-
quences FN can function as further primers. Thereby, single strands of the ampli-
cons hybridise to the capture nucleic acid sequences TN. Preferably, the capture
nucleic acid sequences FN are elongated in the amplification process preferably to
the length of the amplified target nucleic acid sequences ZN and/or the hybridised
amplicons (Fig. 8B and 8C).

During and/or after amplification, the capture nucleic acid sequences FN can take
various forms, depending on the elongation of the capture molecules. Particularly,
the elongated single strand of a capture nucleic acid sequences FN can comprise a
preferably labelled primer PR, as shown in Fig. 8C. Likewise, the capture nucleic
acid sequences FN can be in a state as shown in Fig. 8D. Furthermore, intermedi-
ate states between the states shown in Figs. 8C and 8D are possible.

After amplification, the bonded and preferably labelled target nucleic acid sequenc-
es ZN can be detected and/or identified and/or measured.

A particularly preferred amplification method is described in Piepenburg et al.:
"DNA Detection Using Recombination Proteins”, published in Plos Biology, Ju-
ly 2006, Volume 4, Issue 7, e204

As already explained before, Fig. 8 shows only one preferred embodiment of a par-
ticularly suitable isothermal amplification reaction for target nucleic acid sequences
ZN. Alternative amplification methods at constant temperatures, preferably temper-
atures less than 45 °C and/or less than the denaturing temperature of proteins can
be used as well.

As delineated above, the method of the present invention allows a nucleic acid as-
say and at least one more type of assay, particularly a protein assay and/or an ap-
tamer assay to be carried out in a common sensor array 113A and/or in the same
sensor fields 113B of the sensor apparatus 113 and/or in a common sensor com-
partment 118.

Preferably, amplification and bonding of target nucleic acid sequences ZN to cap-
ture nucleic acid sequences FN are carried out simultaneously or sequentially,
preferably simultaneously. According to a particularly preferred embodiment, bond-
ing of target nucleic acid sequences ZN is performed within and/or in course with
the amplification.
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According to a further embodiment of the present invention, amplification and bond-
ing of target nucleic acid sequences ZN to capture nucleic acid sequences FN and
bonding of the at least one more type of analytes to capture proteins FP and/or
capture aptamers FA are carried out simultaneously or sequentially, preferably
simultaneously.

Particularly, the plurality of assays, especially the nucleic-acid assay, the protein
assay and/or the aptamer assay, are carried out simultaneously or sequentially,
preferably simultaneously.

Preferably, a nucleic-acid assay is carried out in order to amplify, bond, detect
and/or identify and/or quantify a target nucleic-acid sequence ZN, in particular a
target DNA sequence and/or target RNA sequence. Particularly preferably, target
nucleic-acid sequences ZN are amplified and bonded to corresponding capture
molecules, in particular capture nucleic-acid sequences FN, in the form of analytes
of the sample P are detected.

Preferably, a protein assay, particularly in addition to the nucleic-acid assay, is car-
ried out in order to detect or identify and/or quantify a target protein ZP, in particular
a target antigen and/or target antibody. In particular, target proteins ZP are bonded
to corresponding capture molecules, in particular capture proteins FP, in the form of
analytes of the sample P are detected.

Optionally, an aptamer assay is carried out, in particular as an alternative to the
protein assay, in order to detect or identify a target protein or another target analyte
that is different from the target protein ZP.

According to a preferred embodiment, the bonded analytes, particularly bonded
target nucleic acid sequences ZN, target proteins ZP and/or the target aptamers
ZA, are identified or detected electrochemically and/or by redox cycling and/or by
fluorescence measurement.

In case the sensor apparatus 113 comprises the capture nucleic acid sequences
FN and the capture proteins FP in common sensor fields 113B, target nucleic acid
sequences ZN and target proteins ZP are preferably detected and/or identified with
different detection methods and/or different detection systems and/or different de-
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tection markers and/or labels L, preferably selected from the group of electrochem-
ically detectable labels and/or fluorescence labels.

In case the sensor apparatus 113 comprises the capture nucleic acid sequences
FN and the capture proteins FP in different sensor fields 113 B, target nucleic acid
sequences ZN and target proteins ZP are preferably detected and/or identified with
the same detection method and/or detection system and/or detection markers
and/or labels L, preferably selected from the group of electrochemically detectable
labels and/or fluorescence labels, particularly preferably electrochemically detecta-
ble labels.

In the following, however, a first, particularly preferred variant of the method is de-
scribed first of all, in which both a protein assay and a nucleic-acid assay are car-
ried out. However, any explanations relating to preparing and/or carrying out the
respective assays apply correspondingly to other combinations from the selection
group consisting of a protein assay, a nucleic-acid assay and/or an aptamer assay.

A particularly preferred conduct of the method is delineated in the following:

At the start of the proposed method, a sample P having at least one analyte, pref-
erably a fluid or a liquid from the human or animal body, in particular blood, saliva
or urine, is preferably first introduced into the receiving cavity 104 via the connec-
tion 104A, it being possible for the sample P to be pretreated, in particular filtered.

Once the sample P has been received, the receiving cavity 104 and/or the connec-
tion 104A thereof is fluidically closed, in particular in a liquid-tight and/or gas-tight
manner.

Preferably, the cartridge 100 together with the sample P is then linked to the analy-
sis device 200, in particular is inserted or slid into the analysis device 200 or the
opening 213, particularly preferably from the top.

Particularly preferably, the cartridge 100 is received, at least substantially vertically,
by the analysis device 200.

The method sequence, in particular the flow and conveying of the fluids, the mixing
and the like, is controlled by the analysis device 200 or the control apparatus 207,
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in particular by accordingly activating and actuating the pump drive 202 or the
pump apparatus 112 and/or the actuators 205 or valves 115.

Preferably, the sample P or a part or supernatant of the sample P is removed from
the receiving cavity 104, in particular via the outlet 104C, and/or via the intermedi-
ate connection 104D, and is preferably fed to the mixing cavity 107 in a metered
manner.

Preferably, the sample P or a portion thereof is removed, optionally via the outlet
104C or the intermediate connection 104D of the receiving cavity 104.

Preferably, the sample P or a portion thereof in the cartridge 100 is metered, in par-
ticular in or by means of the first metering cavity 105A and/or second metering cavi-
ty 105B, before being introduced into the mixing cavity 107. Here, in particular the
upstream and/or downstream sensor portions 116 are used together with the as-
signed sensors 206 in order to make possible the desired metering. However, other
solutions are also possible.

According to a preferred embodiment of the method, the sample P or a portion
thereof is mixed in the mixing cavity 107 with a liquid F1, especially a rehydration
and/or solubilization buffer and/or a reaction buffer, preferably a rehydration and/or
solubilization buffer.

The rehydration and/or solubilization buffer for the proposed method is preferably
selected from water and/or TRIS-buffer.

According to a specific embodiment, the liquid F1 and/or the buffer is suitable to
stabilize the capture molecules, particularly the capture nucleic acids FN and/or the
capture proteins FP and/or the capture aptamers FA, and/or the nucleic acid assay,
the protein assay and/or the aptamer assay. In this context it is preferred when the
sample P or a protein thereof is mixed with a reaction buffer containing sugar mole-
cules and/or salts, particularly sugar molecules.

Nevertheless, addition and/or admixing of a liquid F1, particularly a rehydration
and/or solubilization buffer and/or a reaction buffer, can likewise take place later, as
delineated in the following.
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Preferably, the sample P or a portion thereof is removed from the mixing cavity 107
and fed to the sensor arrangement and/or sensor apparatus 113, preferably direct-
ly, in particular via the bypass 114A and/or past the reaction cavities 109.

According to a specific embodiment of the method, the sample P or a portion
thereof can, if required, be pretreated in the cartridge 100, or can be conducted to
the sensor arrangement and/or sensor apparatus 113 without being pretreated. The
latter case is possible in particular when, for example, a supernatant of the sample
P is discharged via the intermediate connection 114D and conducted to the sensor
arrangement or sensor apparatus 113 as a sample portion. However, other method
sequences are also possible here.

For a pretreatment, the sample P or a portion thereof is preferably conducted
through one or more of the reaction cavities 109.

According to a further preferred embodiment, once the sample P or a portion there-
of has been conducted to the sensor arrangement and/or sensor apparatus 113, a
liquid F1 and/or a rehydration and/or solubilization buffer and/or a reaction buffer,
preferably a rehydration and/or solubilization buffer, is fed into the sensor arrange-
ment and/or sensor apparatus 113.

The at least one reagent and/or the reaction mix R in the sensor apparatus 113
and/or the sensor array 113A and/or the sensor fields 113B and/or on the sensor
electrodes 113C are solved and/or solubilized through the sample P and/or a por-
tion thereof and/or a liquid F1, preferably the rehydration and/or solubilization buffer
and/or the reaction buffer.

As delineated before, according to a particularly preferred embodiment the at least
one reagent and/or the reaction mix R comprises sugar molecules and/or salts, par-
ticularly sugar molecules. After solubilization and/or solving of the at least one rea-
gent and/or the reaction mix R, preferably through a rehydration and/or solubiliza-
tion buffer, particularly preferably water and/or TRIS buffer, and/or the sample P,
the solubilized and/or solved sugar molecules and/or salts, especially sugar mole-
cules, stabilize not only the amplification reaction but also the capture and/or target
proteins as well as the plurality of assays, in particular the nucleic acid assay
and/or the protein assay.
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According to another embodiment, the liquid F1 and/or the reaction buffer is suita-
ble to stabilize the capture molecules, particularly the capture nucleic acids FN
and/or the capture proteins FP and/or the capture aptamers FA, and/or the nucleic
acid assay, the protein assay and/or the aptamer assay. According to a particularly
preferred embodiment, a liquid F1 and/or a reaction buffer containing sugar and/or
salts, particularly sugar, is fed into the sensor arrangement and/or the sensor appa-
ratus 113.

Once the sample P or a portion thereof and/or a liquid F1 and/or a rehydration
and/or solubilization buffer and/or a reaction buffer have been conducted to the
sensor arrangement and/or sensor apparatus 113, the nucleic acid assay, the pro-
tein assay and/or the aptamer assay are carried out sequentially or simultaneously,
preferably simultaneously.

According to a particularly preferred embodiment, amplification of the target nucleic
acid sequences ZN and bonding of target nucleic acid sequences ZN, target pro-
teins ZP and/or target molecules which correspond to the target aptamers ZA, pref-
erably the bonding of target nucleic acid sequences ZN and target proteins ZP, to
the corresponding capture nucleic acid sequences FN and/or capture proteins FP
and/or capture aptamers FA are performed simultaneously or sequentially, prefera-
bly simultaneously.

Preferably, the nucleic acid assay and/or the protein assay and/or the aptamer as-
say, especially the protein assay and the nucleic acid assay, are carried out at
temperatures less than 45 °C, preferably less than 43 °C, and/or temperatures less
than the denaturing temperature of proteins.

Particularly preferably, the target nucleic acid sequences ZN are amplified from the
sample at constant temperatures and/or by an isothermal amplification.

Particularly, target nucleic acid sequences ZP are produced with a detectable label
L during amplification. Preferably, the label L is selected from electrochemically de-
tectable labels and fluorescence labels. Nevertheless, the use of other detectable
labels is likewise possible.

According to a particularly preferred embodiment, the nucleic acid assay and/or the
amplification of the target nucleic acid sequences ZN is supported and/or activated
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by controlling the temperature of the sensor arrangement and/or sensor apparatus
113.

Preferably, the temperature of the sensor arrangement and/or sensor apparatus
113 is controlled by means of the sensor temperature-control apparatus 204C
and/or by conducting a fluid that has been correspondingly preheated, preferably
by means of the intermediate temperature-control apparatus 204B.

Particularly, the temperature of the sensor arrangement and/or the sensor appa-
ratus is set to less than 45 °C, preferably less that 43 °C and/or less than the dena-
turing temperature of proteins, particularly of target proteins ZP and/or capture pro-
teins FP and/or target analytes which correspond to target aptamers FA. Likewise,
the temperature of the sensor arrangement and/or the sensor apparatus is set to a
temperature in the range from 30 °C to 45 °C, preferably from 35 °C to 43 °C.

As delineated before, the protein assay and/or the aptamer assay, particularly the
protein assay, are preferably carried out simultaneously to the nucleic acid assay.

Particularly, the at least one more analyte, particularly selected from target proteins
FP and/or target analytes which correspond to target aptamers, bonds to the corre-
sponding capture molecules simultaneously and/or in course with the nucleic acid
assay and/or amplification and/or bonding of target nucleic acid sequences.

In order to stop amplification of target nucleic acid sequences ZN and/or bonding of
target analytes, particularly preferably a washing and/or flushing process for the
sensor arrangement or sensor apparatus 113 is carried out.

Following the bonding of the analytes, preferably an optional washing process
takes place and/or additional reagents or liquids, in particular from the storage cavi-
ties 108B to 108E, are optionally fed in.

In particular, it may be provided that remnants of the sample P, sample residues, or
unbonded analytes or amplification products, reagents and/or remnants from the
amplification, and other substances that may disrupt the further method sequence,
are in particular removed from the sensor compartment 118.

Preferably, a liquid, in particular a wash buffer, is conducted through the sensor
compartment 118 and/or past the sensor apparatus 113, in particular in order to
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wash away or flush out unbonded analytes and/or excess reagents from the sensor
compartment 118 and/or the region of the sensor apparatus 113. Preferably, the
wash buffer itself does not comprise any analytes, and therefore the sensor com-
partment 118 is freed of substances that could prevent or distort a subsequent
evaluation and/or measurement.

Washing or flushing may in particular take place using a liquid or reagent F2, in
particular a wash buffer, particularly preferably a sodium-citrate buffer or SSC buff-
er, which is preferably contained in the storage cavity 108C. Unbonded analytes,
amplification products and substances which could disrupt subsequent detection
are preferably removed from the sensor compartment 118 and/or from the sensor
apparatus 113 by the wash buffer and/or fed to the collection cavity 111.

Subsequently and/or after the washing process, in accordance with a preferred var-
iant of the method, detection of the analytes and/or amplification products bonded
to the capture molecules takes place.

According to a particularly preferred embodiment of the proposed method, the
bonded target analytes, in particular the bonded target nucleic acid sequences ZN,
the target proteins ZP and/or the target analytes corresponding to the capture ap-
tamers FA, are identified and/or detected, in particular electrochemically and/or by
redox cycling and/or by fluorescence measurement, in the sensor arrangement
and/or sensor apparatus 113.

Detection of different analytes can be carried out either simultaneously or sequen-
tially, preferably simultaneously.

Detection is preferably carried out by means of detection labels and/or markers,
particularly a label L. In particular, a label L can be detected or a label L can be
identified in a detection process, as explained in greater detail in the following.

In the method of the present invention, any molecular biological detection method
and/or detection system and/or combination of detection labels in order to distin-
guish bonded target nucleic acid sequences ZN from target proteins ZP and vice
versa can be used.

For the detection of target nucleic acid sequences, the label L is preferably pro-
duced directly and/or during the amplification reaction(s) (in each case) and/or is at-
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tached to the analytes, amplification products and/or target nucleic-acid sequences
ZN. This is in particular achieved by using primers with a detectable label, for ex-
ample biotinylated primers or fluorescently labelled primers.

In case the sensor apparatus 113 comprises capture nucleic acid sequences FN
and capture proteins FP in common sensor fields 113B, it is preferred when target
nucleic acid sequences ZN are produced with labels that are different from the la-
bels used for target proteins ZP.

However, the label L can also be produced and/or bonded to the analytes, amplifi-
cation products, target nucleic-acid sequences ZN and/or target proteins ZP sepa-
rately or later. In particular with respect to target proteins ZP, a label L is only
bonded to analytes and/or target proteins ZP after bonding of the analytes and/or
target proteins ZP to the capture molecules.

Target nucleic acid sequences ZN and target proteins ZP can be detected by using
identical or different detection labels.

With respect to embodiments where the sensor apparatus 113 and/or the sensor
array 113A comprises capture nucleic acid sequences FN and at least one more
type of capture molecules, particularly capture proteins FP, in common sensor
fields 113B and/or on common sensor electrodes 113C, preferably different detec-
tion markers and/or detection labels L are used for target nucleic acid sequences
ZN and target proteins ZP.

According to a particularly preferred embodiment of the method, target nucleic acid
sequences ZN are produced with a fluorescence label and a label different there-
from, preferably a biotin marker, is bonded to the bonded target proteins ZP, espe-
cially after bonding of the target proteins ZP to the capture proteins FP.

Alternatively, the target nucleic acid sequences ZN are produced with a biotin label
and a label different therefrom, preferably a fluorescence label, is bonded to the
bonded target proteins ZP.

Nevertheless, any other combination of molecular biological detection molecules
and/or detection labels or markers can be used for the detection and/or measure-
ment of bonded analytes. The selection of a suitable detection system and/or de-
tection labels belongs to the general knowledge of the person skilled in the art.



10

15

20

25

30

35

WO 2022/128917 PCT/EP2021/085490

- 60 -

With respect to embodiments where the sensor apparatus 113 and/or the sensor
array 113A comprises the capture nucleic acid sequences FN and at least one
more type of capture molecules, particularly capture proteins FP, in different sensor
fields 113B, preferably identical labels L are used for target nucleic acid sequences
ZN and target proteins ZP, preferably electrochemically detectable labels, particu-
larly preferably biotin.

Fig. 9 is a schematic sectional detail of the sensor arrangement when the sensor
cover 117 is raised and/or not lowered after the amplification and bonding of target
nucleic acid sequences ZN comprising a label L1 and bonding of target proteins
ZP.

Fig. 10 is a schematic sectional view of the sensor arrangement after labels L2 for
target proteins have been fed and before the detection and/or identification and/or
measurement of the target analytes are carried out, wherein the sensor cover has
been moved away.

As can be seen from Fig. 9, the target nucleic acid sequences ZN3, ZN4 and ZN5
are bonded to the capture nucleic acid sequences FN3, FN4 and FN5 and com-
prise a detectable marker and/or label L1. As explained before, the detectable la-
bels L1 of the target nucleic acid sequences ZN have been produced during iso-
thermal amplification.

According to a particularly preferred embodiment, the detectable marker and/or la-
bel L1 is an electrochemically detectable label and/or a fluorescence label, in this
case a fluorescence label. Nevertheless, according to a likewise preferred embod-
iment, the label L1 for the target nucleic acid sequences can be an electrochemical-
ly detectable label.

Furthermore, the target proteins ZP3, ZP4 and ZP5 are bonded to the capture pro-
teins FP3, FP4 and FP5. In contrast to the target nucleic acid sequences ZN3, ZN4
and ZN5, the bonded target proteins ZP3, ZP4 and ZP5 do not comprise a label
yet.

Following the (respective) bonding of the analytes, the sensor arrangement and/or
sensor apparatus 113 is prepared and/or pretreated for the detection of bonded
target analytes.
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According to a preferred embodiment, a washing and/or flushing process with a re-
agent and/or liquid F2, preferably a wash buffer, for the sensor arrangement or
sensor apparatus 113, particularly for the sensor fields 113B is carried out, particu-
larly to stop amplification and/or bonding of analytes.

Furthermore, particularly in order to allow a detection of the bonded target proteins
ZP3, ZP4 and ZP5, a reagent and/or liquid F3, preferably a liquid comprising labels
L2, are fed into the sensor arrangement or the sensor compartment 118, preferably
from the storage cavity 108E. The labels L2 preferably bond to the bonded target
proteins ZP3, ZP4 and ZP5 (cf. Fig. 10).

The labels L2 are preferably selected from electrochemically detectable labels
and/or fluorescence labels, in the present case from electrochemically detectable
labels, for example biotin. Likewise, the label L2 and/or the label for target proteins
FP can be a fluorescence label.

Optionally, there is then another washing process.

Furthermore, a reagent or liquid F4 and/or detector molecules D, for example alka-
line phosphatase/streptavidin, is/are fed to the sensor apparatus 113, preferably
from the storage cavity 108D.

Within the meaning of the present invention, the term "detector molecules” is pref-
erably understood to mean molecules that bond specifically to the marker or label
L, in the present case only the label L2 of the bonded target proteins ZP and thus
allow the detection thereof.

In particular, the detector molecules D may be enzyme conjugates and/or immuno-
conjugates, which bond specifically to the marker or label L, preferably the label L2,
in particular biotin, and comprise a reporter enzyme for converting a substrate SU.

In the context of the present invention, the detector molecules D are preferably
based on streptavidin, which has a high affinity for biotin, and/or alkaline phospha-
tase, which can convert non-reactive phosphate monoesters to electrochemically
active molecules and phosphate.
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Preferably, for the target proteins ZP a detection system is used, where the label L2
is based on biotin and where the detector molecules D are based on streptavi-
din/alkaline phosphatase. However, other detector molecules D can also be used.

The reagents F4 or detector molecules D can bond to the bonded target proteins
ZP, in particular to the label L2 of the bonded analytes or proteins, particularly pref-
erably to the biotin marker, as shown in Fig. 10.

Optionally, subsequently or after the reagents F4 and/or detector molecules D have
bonded to the target proteins ZP or the labels L2, an (additional) washing process
and/or flushing takes place, preferably by means of the fluid or reagent F2 or wash
buffer, in particular in order to remove unbonded reagents F4 and/or detector mole-
cules D from the sensor apparatus 113.

Preferably, a reagent S7 and/or S8 and/or substrate SU for the detection, in par-
ticular from the storage cavity 106D, is lastly fed to the sensor arrangement or sen-
sor apparatus 113, preferably together with a liquid or reagent F1 or F2 (in particu-
lar a buffer), which is suitable for the substrate SU, particularly preferably for dis-
solving the reagent S7 and/or S8 and/or substrate SU. In particular, the reagent S7
and/or S8 can form or can comprise the substrate SU.

Preferably, p-aminophenyl phosphate (pAPP) is used as the substrate SU.

The substrate SU preferably reacts on and/or with the bonded analytes, particularly
the bonded target proteins ZP, and/or detector molecules D and/or allows these to
be electrochemically measured.

In order to carry out the detection or measurement of the bonded target analytes or
after adding the substrate SU, the sensor cover 117 is preferably pneumatically ac-
tuated and/or lowered onto the sensor apparatus 113 (as shown in Fig. 11), in par-
ticular in order to fluidically separate the (individual) sensor fields 113B from one
another, and/or to prevent or minimise the exchange of substances between the
sensor fields 113B.

Actuating or lowering the sensor cover 117 in particular prevents a reaction and/or
detection from being assigned to an incorrect or adjacent sensor field 113B, and in
this way prevents measurement inaccuracies or errors from occurring. In particular,
the sensor cover 117 increases the measurement accuracy of the method.
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As shown in particular in Fig. 11, the substrate SU is preferably split by the bonded
detector molecules D, in particular the alkaline phosphatase of the bonded detector
molecules D, preferably into a first substance SA, such as p-aminophenol, which is
in particular electrochemically active and/or redox active, and a second substance
SP, such as phosphate.

Preferably, the first or electrochemically active substance SA is detected in the
sensor apparatus 113 or in the individual sensor fields 113B by electrochemical
measurement and/or redox cycling.

Particularly preferably, by means of the first substance SA, a redox reaction takes
place at the electrodes 113C, the first substance SA preferably discharging elec-
trons to or receiving electrons from the electrodes 113C.

In particular, the presence of the first substance SA and/or the respective amounts
in the respective sensor fields 113B is detected by the associated redox reactions.
In this way, it can be determined qualitatively and in particular also quantitatively
whether and how many analytes or amplification products are bonded to the cap-
ture molecules in the respective sensor fields 113B. This accordingly gives infor-
mation on which analytes are or were present in the sample P, and in particular al-
so gives information on the quantity of said analytes, particularly the target proteins
ZP.

In particular, by means of the redox reaction with the first substance SA, an electri-
cal signal is generated at the assigned electrodes 113C, the signal preferably being
detected by means of an assigned electronic circuit.

Depending on the signal from the electrodes 113C that is generated in this way, it
is determined whether and/or where hybridisation to the capture molecules has oc-
curred.

According to a particularly preferred embodiment, simultaneously to electrochemi-
cal measurement and/or detection of target analytes, particularly target proteins ZP,
a fluorescence measurement and/or fluorescence detection of target analytes, par-
ticularly target nucleic acid sequences ZN, is carried out.
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Depending on the presence of a fluorescence signal FS, it is determined whether
and/or where hybridisation to capture molecules has been occurred.

Furthermore, it is possible that electrochemical measurement and/or detection of
target analytes and fluorescence measurement are carried out sequentially or with
an overlap in time.

In the embodiment as shown in Fig. 11, target nucleic acid sequences ZN3, ZN4
and ZN5 are measured and/or detected by fluorescence measurement. Thereby,
the fluorescence signal FS emitted from the fluorescence markers and/or the labels
L1 are measured and/or recorded.

The above explanations in connection with Fig. 9 to 11 also apply for embodiments
where the sensor arrangement, particularly the sensor apparatus 113 and/or the
sensor compartment 118, comprises capture nucleic acid sequences FN and cap-
ture proteins FP in different or separated sensor fields of a common sensor appa-
ratus 113 and/or a common sensor array 113A and/or a common sensor compart-
ment 118 (cf. Fig. 6).

Nevertheless, in this context it is preferred to use the same type of detection labels
L for the detection and/or measurement of all target analytes, particularly target nu-
cleic acid sequences ZN and target proteins ZP. According to a particularly pre-
ferred embodiment, electrochemically detectable labels L are used for detection
and/or measurement of target nucleic acid sequences ZN and target proteins ZP. In
other words, target nucleic acid sequences ZN and target proteins ZP are prefera-
bly detected electrochemically and/or by redox cycling, in particularly simultaneous-

ly.

Overall, by means of the proposed method it is possible to bond and detect a plu-
rality of, in particular also different, target proteins ZP, and a plurality of, in particu-
lar also different, target nucleic-acid sequences ZN, preferably simultaneously, in a
common sensor array 113A and/or in common sensor fields 113B of the sensor
apparatus 113 and/or of the sensor array 113A.

On account of the possible multiple occupancy of individual sensor fields 113B with
capture molecules of different substance classes, a significantly larger number of
samples P and/or analytes can thus be reliably detected using just one sensor ap-
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paratus 113, which is in turn associated with improved method efficiency and a re-
duction in costs.

As already mentioned, different groups of capture molecules are preferably used
for bonding and/or detecting in particular different kinds and/or types of target mol-
ecules and/or target analytes.

Particularly, by means of the proposed method a nucleic acid assay and/or a pro-
tein assay and/or an aptamer assay can be carried out in a common sensor array
113A and/or in common sensor fields 113B of the sensor apparatus 113 and/or of
the sensor array 113A and/or in a common sensor compartment 118, preferably
simultaneously.

The test results or measurement results, in particular of both the protein assay and
the nucleic-acid assay, are in particular electrically transmitted to the analysis de-
vice 200 or the control apparatus 207 thereof, preferably by means of the electrical
connection apparatus 203 and/or sequentially or simultaneously, and are accord-
ingly prepared, analysed, stored, displayed and/or output, in particular by the dis-
play apparatus 209 and/or interface 210.

After the test has been carried out, the cartridge 100 is disconnected from the anal-
ysis device 200 and/or is released or ejected therefrom, and is in particular dis-
posed of.

Fig. 12 shows — as a non-limiting example — the results of electrochemical meas-
urements of bonded target nucleic acid sequences ZN after isothermal amplification
and bonding to capture nucleic acid sequences FN. Thereby, the effect of thymine-
based spacer molecules of different length has been further analysed.

The biological sample P contained DNA of Brachyspira hyodysenteriae with 1,000
genome equivalents per pl. The bacterium causes dysentery in pigs.

The sensor array 113A contained 128 sensor fields 113B with the sensor fields
113B being arranged in eight rows and sixteen columns. 10 sensor fields 113B
were used as negative control. 10 sensor fields 113B were used as positive con-
trols. 108 sensor fields 113B were functionalized with capture nucleic acid se-
quences FN on the basis of Brachyspira hyodysenteriae-specific oligonucleotides.
The capture nucleic acid sequences FN were fixed to the sensor fields 113B and/or
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the electrodes 113C of the sensor array 113A with a 15 thymine bases elongated 5’
thiol-C6 linker. The sensor fields 113B additionally comprised spacer molecules on
the basis of thymine bases, wherein 36 sensor fields 113B, respectively, comprised
spacer molecules with a length of 15 thymine bases (T15 spacer), 30 thymine ba-
ses (T30 spacer) and 45 thymine bases (T45 spacer). The layout of the sensor ar-
ray 113A is depicted in Fig. 12A.

Amplification of target nucleic acid sequences ZN and the nucleic acid assay, re-
spectively, have been performed as delineated above.

Isothermal amplification has been performed on the basis of a recombinase poly-
merase amplification as delineated above. The amplicons and/or the target nucleic
acid sequences ZN have been amplified and/or produced with a detectable label on
the basis of biotin.

The electrochemical measurements were carried out in the manner already ex-
plained above.

The results of the electrochemical measurements are depicted in Figs. 12B and
12C.

As can be seen from Fig. 12B, the diagrams each show the sensor fields 113B ar-
ranged in eight rows (right-hand axis 1 to 8) and sixteen columns (top axis V1 to
V16), and the current or power measurement curves resulting in each case (the
bottom axis shows the time in sec, and the left-hand column shows the measured
current or power in values proportional thereto).

An increase in the current or power and/or the signal intensity indicates splitting of
the substrate p-aminophenyl phosphate to p-aminophenol, which is redox-active
and thus leads to the increase in the measurement signal.

The highest substrate conversion could be measured in the sensor fields 113B with
T15 spacer molecules. Nevertheless, also in sensor fields 113B with T30 spacer
molecules T45 spacer molecules significant substrate conversion was measured.
No relevant measurement signals could be detected in the sensor fields 113B that
were used as a negative control.
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In this context, reference is also made to Fig. 12C. Fig. 12C shows the results of
electrochemical measurement on the basis of a boxplot. It can be seen that, on av-
erage, the highest substrate conversion was recorded in sensor fields 113B with
T15 spacer molecules. In sensor fields 113B with T45 spacer molecules and T30
spacer molecules, substrate conversion was lower when compared with sensor
fields 113B with T15 spacer molecules, but still higher than in sensor fields 113B
used as positive controls.

Overall, the results show that target nucleic acid sequences ZN which have been
amplified with isothermal amplification by means of the sensor apparatus 113, par-
ticularly in the sensor fields 113B of a sensor array 113A of the sensor apparatus
113, are capable of being detected in a nucleic acid assay.

Furthermore, the nucleic acid assay can be further supported by use of spacer
molecules SP, particularly thymine spacers with a length of 10 to 50 bases.

Additionally, another aspect of the present invention is — as initially delineated — the
use of one reagent R or a reaction mix for isothermal DNA amplification for testing
an in particular biological sample P, wherein the DNA amplification of one or more
analytes of the sample P is performed in a sensor compartment 118 with a sensor
apparatus 113, wherein the sensor apparatus 113 comprises immobilized capture
molecules for bonding the analyte(s).

In this context, it is further preferred when the DNA amplification is performed on
and/or in a sensor array 113A of the sensor apparatus 113 or the sensor arrange-
ment.

According to a particularly preferred embodiment, the reagent and/or reaction mix
is used in an analysis system according to the present invention.

The use of the at least one reagent R or a reaction mix for isothermal DNA amplifi-
cation for testing an in particular biological sample P with the DNA amplification be-
ing performed in a sensor compartment 118 of a sensor apparatus 113 and/or on
and/or in a sensor array 113A of the sensor apparatus 113 allows relatively low
amplification temperatures below the denaturing temperature of proteins, in particu-
lar capture proteins FP or protein-based analytes. With respect to the advantages
of an amplification of target analytes in the sensor compartment 118 and/or in
and/or on the sensor array 113A, reference is made to the respective explanations
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above. With respect to the use of at least one reagent and/or a reaction mix accord-
ing to the present invention, reference is particularly made to the working examples
described according to Figs. 12A to 12C.

For further details with respect to an isothermal DNA amplification in the sensor ar-
rangement and/or the sensor apparatus 113, particularly in the sensor compart-
ment 118 and/or in and/or on the sensor array 113A, and the use of the at least one
reagent R and/or the reaction mix for the isothermal DNA amplification reference is
made to the above and furthermore to the following explanations.

Individual aspects and features of the present invention and individual method
steps and/or variants of the method and/or the use according to the present inven-
tion may be implemented independently from one another, but also in any desired
combination and/or order.
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List of reference signs:

analysis system

cartridge

main body

cover

fluid system
receiving cavity
connection

inlet

outlet

intermediate connection
metering cavity

first metering cavity
second metering cavity
intermediate cavity
mixing cavity
storage cavity
reaction cavity

first reaction cavity
second reaction cavity
third reaction cavity
intermediate temperature-control cavity
inlet

outlet

collection cavity
pump apparatus
sensor apparatus
sensor array

sensor field
electrode

support

contact

layer

channel

bypass

valve

initially closed valve
initially open valve
sensor portion
sensor cover

sensor compartment
inlet

outlet
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analysis device

receptacle

pump drive

connection apparatus

contact element

temperature-control apparatus
reaction temperature-control apparatus
intermediate tempera-ture-control apparatus
sensor temperature-control apparatus
(valve) actuator

(valve) actuator for 115A

(valve) actuator for 115B

sensor

fluid sensor

other sensor

control apparatus

input apparatus

display apparatus

interface

power supply

connection

housing

opening

pressurised gas supply

connection element

bond

detector molecule

reagent / reagent mix

liquid reagent

capture aptamer

capture protein

capture nucleic-acid sequence
fluorescence signal

label

sample

dry reagent

first substance

second substance

spacer molecule

substrate

target protein

target nucleic-acid sequence
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Claims:

1. Analysis system (1) for testing an in particular biological sample (P),

the analysis system (1) comprising a fluid system (103) having a plurality of chan-
nels (114) and a sensor apparatus (113) comprising capture molecules for bonding
analytes of the sample (P),

preferably wherein the analysis system (1) comprises a cartridge (100) with the flu-
id system (103) and with the sensor apparatus (113),

preferably wherein the analysis system (1), its cartridge (100) or fluid system (103)
comprises a sensor compartment (118), with the sensor apparatus (113) or a sen-
sor array (113A) thereof being arranged in the sensor compartment (118),

characterised

in that the analysis system (1) or sensor apparatus (113) comprises at least one
reagent (R) and/or reaction mix for isothermal DNA amplification of at least one an-
alyte or multiple/different analytes in the sensor compartment (118), and/or

in that the sensor apparatus (113) comprises capture nucleic acid sequences (FN)
and at least one more type of capture molecules selected from capture proteins
(FP) and/or capture aptamers (FA), and in that the sensor apparatus (113) com-
prises at least one reagent (R) and/or reaction mix for carrying out a reaction for
amplifying target nucleic acid sequences (ZN) from the sample (P), preferably on a
sensor compartment (118) thereof.

2. Analysis system according to claim 1, characterised in that the analysis system
(1) comprises a sensor arrangement, wherein the sensor apparatus (113) forms
part of the sensor arrangement.

3. Analysis system according to claim 2, characterised in that the sensor ar-
rangement comprises a sensor cover (117), the sensor compartment (118), an inlet
(119) into the sensor compartment (118) and/or an outlet (120) out of the sensor
compartment (118).

4. Analysis system according to claim 2 or 3, characterised in that the sensor ap-
paratus (113) and the sensor cover (117) define or delimit the sensor compartment
(118).



WO 2022/128917 PCT/EP2021/085490

10

15

20

25

30

35

=72 -

5. Analysis system according to any of claims 2 to 4, characterised in that the
sensor compartment (118) is arranged between the sensor apparatus (113) and the
sensor cover (117).

6. Analysis system according to any of claims 2 to 5, characterised in that the
sensor arrangement comprises exactly one sensor compartment (118), exactly one
inlet (119) into the sensor compartment (118) and exactly one outlet (120) out of
the sensor compartment (118).

7. Analysis system according to any of the preceding claims, characterised in that
the sensor arrangement and/or the sensor apparatus (113) comprise one sensor
array (113A) having a plurality of sensor fields (113B) and/or electrodes (113C),
which permit independent measurement and/or detection of multiple analytes.

8. Analysis system according to claim 7, characterised in that some or all sensor
fields (113B) and/or electrodes (113C) are provided with capture molecules.

9. Analysis system according to any of the preceding claims, characterised in that
the analysis system (1) and/or the sensor apparatus (113) are designed for carrying
out a protein assay, a nucleic-acid assay or an aptamer assay.

10. Analysis system according to any of the preceding claims, characterised in that
the analysis system (1) and/or the sensor apparatus (113) are designed for carrying
out a nucleic acid amplification reaction, in particular a nucleic acid amplification
reaction under constant temperatures, preferably an isothermal DNA amplification.

11. Analysis system according to any of the preceding claims, characterised in that
the reaction mix comprises reagents for a preferably isothermal DNA amplification
and/or a stabilization of the capture molecules, in particular the capture proteins
(FP).

12. Analysis system according to any of the preceding claims, characterised in that
the at least one reagent (R) and/or the reaction mix comprise enzymes for a re-
combinase polymerase amplification, particularly a DNA polymerase with strand
displacement activity, recombinases and/or single strand binding proteins.

13. Analysis system according to any of the preceding claims, characterised in that
the at least one reagent (R) and/or the reaction mix comprise enzymes, particularly
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enzymes for a preferably isothermal DNA ampilification, NTPs, dNTPs, preferably
pathogen-specific amplification primers, sugar molecules and/or salts.

14. Analysis system according to any of the preceding claims, characterised in that
the at least one reagent (R) and/or the reaction mix are immobilized and/or fixed
onto or into the sensor compartment (118), the sensor apparatus (113) and/or the
sensor array (113A), particularly onto the surface of sensor fields (113B) and/or
electrodes (113C) of a senor array (113A) and/or the sensor apparatus (113).

15. Analysis system according to any of the preceding claims, characterised in that
the at least one reagent (R) and/or the reaction mix comprise reagents for an iso-
thermal DNA amplification and a stabilization of the capture molecules and in that
the at least one reagent (R) and/or the reaction mix is immobilized and/or fixed onto
or into the sensor compartment (118) or the sensor array (113A), particularly onto
the surface of sensor fields (113B) and/or electrodes (113C) of the senor array
(113A).

16. Analysis system according to any of the preceding claims, characterised in that
a senor array (113A) of the sensor apparatus (113) comprises capture nucleic acid
sequences (FN) and at least one more type of capture molecules selected from
capture proteins (FP) and/or capture aptamers (FA) and in that the at least one re-
agent (R) and/or the reaction mix is immobilized and/or fixed onto or into the sensor
compartment (118) or sensor array (113A), particularly onto the surface of sensor
fields (113B) and/or electrodes (113C) of the senor array (113A).

17. Analysis system according to any of the preceding claims, characterised in that
the analysis system (1) comprises a temperature-control apparatus (204) for tem-
perature-controlling the sensor apparatus (113), in particular wherein the analysis
system (1) and/or the temperature-control apparatus are designed to activate
and/or support the amplification of the target nucleic acid sequences (ZN) and/or
the nucleic acid assay, preferably at a temperature less than 45 °C, even more pre-
ferred less than 43 °C, and/or at a temperature less than the denaturing tempera-
ture of proteins.

18. Method for testing an in particular biological sample (P),
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analytes of the sample (P) being bonded to capture molecules of a sensor appa-
ratus (113) and the bonded analytes being detected or identified by means of the
sensor apparatus (113),

characterised

in that target nucleic acid sequences (ZN) are amplified as analytes from the sam-
ple (P) by means of and/or in the sensor apparatus (113), and

in that the target nucleic acid sequences (ZN) and at least one more type of ana-
lytes selected from analytes that correspond to capture proteins (FP) or capture ap-
tamers (FA) are bonded to capture nucleic acid sequences (FN), capture proteins
(FP) and/or capture aptamers (FA) in the sensor apparatus (113).

19. Method according to claim 18, characterised in that amplification of target nu-
cleic acid sequences (ZN) and bonding of target analytes, in particular target nucle-
ic acid sequences (ZN) and target analytes that correspond to capture proteins
(FP) and/or capture aptamers (FA), to the capture molecules, in particular to cap-
ture nucleic acid sequences (FN), capture proteins (FP) and/or capture aptamers
(FA), are carried out without spacial separation.

20. Method according to claim 18 or 19, characterised in that amplification of target
nucleic acid sequences (ZN) and detection of target analytes, in particular target
nucleic acid sequences (ZN) and target analytes that correspond to capture pro-
teins (FP) and/or capture aptamers (FA), are carried out without spacial separation.

21. Method according to any of claims 18 to 20, characterised in that amplification
of target nucleic acid sequences (ZN), bonding and detection of target analytes are
carried out in a common sensor array (113A) and/or in same sensor fields (113B)
of the sensor apparatus (113) and/or in a common sensor compartment (118).

22. Method according to claim 18 or 21, characterised in that target nucleic acid
sequences (ZN) are amplified at constant temperatures, particularly temperatures
of less than 45 °C, even more preferred less than 43 °C, and/or temperatures of
less than the denaturing temperature of proteins.

23. Method according to any of claims 18 to 22, characterised in that target nucleic
acid sequences (ZN) are amplified by means of isothermal DNA amplification
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and/or in that target nucleic acid sequences (ZN) are amplified by using at least one enzyme,
particularly a DNA polymerase, with strand displacement activity.

24. Method according to any of claims 18 to 23, characterised in that target nucleic acid
sequences (ZN) are amplified from the sample (P) by using preferably pathogen-specific primers
and/or characterised in that target nucleic acid sequences (ZN) are amplified and/or produced
with a detectable label L.

25. Method according to any of claims 18 to 24, characterised in that amplification and bonding
of target nucleic acid sequences (ZN) to capture nucleic acid sequences (FN) are carried out
simultaneously or sequentially, preferably simultaneously.

26. Method according to any of claims 18 to 25, characterised in that amplification and bonding
of target nucleic acid sequences (ZN) to capture nucleic acid sequences (FN) and bonding of
the at least one more type of analytes to capture proteins (FP) and/or capture aptamers (FA)
are carried out simultaneously or sequentially, preferably simultaneously.

27. Method according to any of claims 18 to 26, characterised in that the capture molecules,
particularly the capture proteins (FP), and/or the target analytes, particularly the target proteins
(ZP) are stabilized by sugar molecules.

28. Method according to any of claims 18 to 27, characterised in that amplification of target
nucleic acid sequences (ZN), bonding and detection of target analytes are carried out
simultaneously or sequentially, preferably simultaneously.

29. Method according to any of claims 18 to 28, characterised in that the bonded analytes,
particularly bonded target nucleic acid sequences (ZN), target proteins (ZP) and/or the target
aptamers (ZA), are identified or detected electrochemically and/or by redox cycling and/or by
fluorescence measurement.

30. Use of one reagent (R) or a reaction mix for isothermal DNA amplification for testing an in
particular biological sample (P), wherein the DNA amplification of one or more analytes of the
sample (P) is performed in a sensor compartment (118) with a sensor apparatus (113), wherein
the sensor apparatus (113) comprises immobilized capture molecules for bonding the
analyte(s).

RECTIFIED SHEET (RULE 91) ISA/EP
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