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(57) ABSTRACT

A mobile rapid test system for nucleic acid analysis. A
method comprising the steps of amplification of the nucleic
acids by means of rapid-PCR technology, conversion of a
double-stranded amplification product into a single-stranded
DNA fragment, hybridization with a labeled probe and detec-
tion of the nucleic acids on a lateral-flow test strip. A device
comprising a reaction cavity which preferably consists of a
thin {1lm, 1inlet and outlet openings for the reaction cavity, one
or more heatable sample blocks which are connected to min-
1aturized cooling bodies and a window for reading oif the
result. The lateral-tlow test strip 1s a component of the mobile
rapid test system. Operation of the instrument system requires
no external power source, but only batteries or a rechargeable
battery.
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MOBILE RAPID TEST SYSTEM FOR
NUCLEIC ACID ANALYSIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit under 35 U.S.C.
§365(c) and 35 U.S.C. §120 to PCT/EP2008/068197, filed
Dec. 22, 2008, which claims priority to Germany 10 2007 062
441.9, filed Dec. 22, 2007. Both of these documents are

hereby incorporated by reference 1n their entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] A mobile equipment system for gene diagnostics.
[0004] 2. Description of the Related Art

[0005] The examination of diagnostically relevant biologi-

cal samples, such as serum, plasma, blood, swab samples, or
organ smears, for the detection of infectious pathogens has
gained tremendous importance in recent years. Viral infec-
tions such as HIV, HCV, or HBV are increasing worldwide.
Furthermore, bacterial infections are also increasing again,
among other things also as the result of climatic changes. The
occurrence of new, deadly infectious diseases having an
extremely high infection potential (SARS, bird flu) shows
more and more clearly that rapid diagnostics, which can be
carried out on site, are decisive for preventing epidemics.
Furthermore, diagnostic systems that are easy to handle and
relatively 1mexpensive also play an important role, particu-
larly for developing countries, in combating the spread of
infectious diseases. The majority of the tests currently being
used primarily for the detection of viral infectious diseases
(HIV, HCV, HBV) are based on carrying out REAL-TIME
PCRs. These tests are tied to extremely expensive equipment
technology prerequisites, and also expensive reagents. These
methods can only be carried out by trained technical person-
nel 1n special laboratories. On-site diagnostics are not pos-
sible. New generations of integrative system solutions (com-
binations of nucleic acid 1solation, amplification, and chip
detection) for mobile on-site diagnostics are in development,
but not 1n a stage of successiul marketing. Furthermore, these
systems often focus on the sector of military diagnostics, and,

in analogy to the “traditional REAL-TIME PCR” methods,
are also very expensive, in terms of both devices and reagents.

[0006] The so-called rapid PCR technology allows carry-
ing out amplification reactions within only a few minutes and
1s therefore clearly faster than standard PCR methods. For the
mimaturized device solution, the invention 1s accomplished
by means of a novel reaction cavity (consumable). In the
sector of PCR consumables, various methods are known for
theirr production. The most widespread 1s the production
method using injection-molding. The consumables produced
in this manner are commercially available 1n a large number
of shapes and arrangements. However, these receptacles all
have a very thick wall thickness (approximately 0.2 mm-0.35
mm ), which opposes good heat transfer from the heated
sample block 1nto the sample, as a very great resistance. If
these receptacles are used as intended, 1n a thermocycler, the
sample block situated 1n the devices heats up at a speed of up
to 5° C./s. The resulting speed in the sample, however, 1s
significantly reduced by the receptacles, so that the sample
(situated 1n the receptacle) 1s only heated up at approximately
1.5-2° C./s. Even those receptacles offered for sale as “thin-
wall” receptacles (minimal wall thickness of approximately
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0.19 mm; Eppendort product catalog 07-08, p. 200) are not
able to significantly improve this condition. The technical
prerequisites (heating and cooling) for rapid processing of the
temperatures 1n PCR are implemented technically, but the
elficacy 1s greatly impaired, because of the consumable used.

[0007] Usual sample volumes used in PCR lie 1n the range
of 5-50 ul. The receptacles, produced by means of 1njection-
molding, possess their maximal wall thickness at the bottom,
so that tempering and implementation of a PCR reaction of
low volumes, 1-10 ul (which collect at the bottom of the
receptacles), can be carried out only very imprecisely and
slowly.

[0008] The metallic sample blocks used (aluminum, silver)
in thermocyclers having a very great heat capacity further-
more ensure that rapid temperature changes in the sample are
impossible to implement, even when using strong heating
clements. The rapidity of existing systems on the market,
which work on the basis of metallic sample blocks and 1njec-
tion-molded consumables, thus comes up against objective
limits. From this, 1t follows that because of their tremendous
thermal 1nefficiency, miniaturized, mobile variants of these
thermocyclers exceed the electrical conductivity of acces-
sible battery technology 1n unacceptable manner.

[0009] Other stationary systems bet on advanced technol-
ogy to mcrease the thermal efficiency and make rapid PCR
possible.

[0010] The most well-known commercially available PCR
system that will be mentioned here 1s the LightCycler from
Roche Molecular Biochemicals (cat. No. 1909339 and cat.
No. 2011468). This system 1s based on the use of very thin
glass capillaries as PCR consumables and carries out temper-
ing by means of hot air that flows around the capillaries.
These capillaries can hold a volume of 10-20 ul and are
characterized by their large surface area, which allows good
heat transier. However, this large glass surface area absorbs
components of standard PCR batches and thus causes the
reaction to become more and more nactive. In order to com-
pensate this effect, different carrier molecules, etc., for
example, have to be used (EP 1133359). Another disadvan-
tage 1n this connection 1s the handling of the very thin capil-
laries and their price. Miniaturization and simple handling of
the receptacles continues to be impossible, however.

[0011] A technology that 1s not based on standard consum-
ables and can be used for mobile use 1s explained in the
published patent application US2005/0227275 Al. Here, a
woven metal textile 1s itroduced into the wall of the PCR
reaction chamber, by means of production technology. This
ensures direct heat transfer to the sample. Although 1t 1s
pointed out that the wall should be thin, 1t 1s not explained how
thin. At the same time, cooling of the sample 1s not discussed
in any way. Thus, while this reference explains that rapid PCR
1s supposed to be carried out, 1t does not, however, provide
suificient information about technical implementation. This
point also includes the fact that the consumable described
there does not meet the requirements of being a cost-advan-
tageous consumable material. Introduction of a defined
woven heating material and a device for temperature control
stand 1n the way of this requirement. Furthermore, the object
according to the invention of the published patent application
U.S. 2005/0227275 Al 1s furthermore carrying out a PCR
reaction and detecting amplification products by means of a
lateral-tlow strip. PCR with marked primers and nucleotides
1s described (claim 1, FIG. 1, 2, 3, 4, 6). However, a disad-
vantage of this method 1s that the PCR product 1s not hybrid-
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1zed with a marked probe. The sole detection of an amplifi-
cation product 1n this manner 1s diagnostically very uncertain,
however, since the required 100% specificity of the amplifi-
cation product 1s not guaranteed. For this purpose, a specific
hybridization reaction 1s required. Furthermore, there 1s the

latent risk that false-positive results occur due to mis-priming
and primer dimers.

[0012] The use of a design similar to a “chip” for accom-
modating a PCR chamber does not represent level of mven-
tion, because 1t 1s cited many times 1n the patent literature.
Instead, the configuration of the heating/cooling mechanism,
ol the entire heat transfer, the feed of liquid/solid biochemical
reaction components, and the implementation of the process
parameter control represent innovation. Thus, for example,
the reference WO 2007/092713 A2 discusses a consumable
design 1n chip form that can comprise not only cell sorting and
immunological protein detection but also a PCR chamber.
Ditfferent cell types (precursors of cancer cells, and cancer
cells) are separated by means of a lateral-flow test strip
method, using approprniate antibodies, and discriminated.
However, the lateral-flow method does not serve to detect
amplification events. The detection of RNA expression from
RNA, which previously took place in a so-called lab-on-a-
chip system, 1s uncoupled from this lab-on-a-chip and takes
place as described, on a “laboratory table, using known meth-
ods.” It 1s described that alternatively to this, an amplification
reactor and a detector can be integral components of the
lab-on-a-chip system. "

T'his reference does not discuss the
configuration of the PCR chamber 1n the sense of the afore-
mentioned properties. There 1s also no mention of a PCR
reaction 1n the claims. Nevertheless, a mobile variant of the
equipment system (with consumable) can be discussed here.
For operation of the device independent of the power net-
work, power consumption must be optimized and be as low as
possible. Because of the use of a large number of thermoelec-
tric modules (*hydrogel 1ce valves”) and fluid pumps, a per-
son skilled in the art recognizes that this device cannot be
suitable for mobile battery operation.

[0013] The authors of the reference described above dis-
cuss the topic of chip production and of the PCR chamber
within this or a similar chip 1n a publication (Chen, 7., et al.;
Ann. N.Y. Acad. Sci. (March 2007) 1098; 429-436). A system
1s presented that comprises a PCR chamber and a lateral-flow
test strip. Measured by the requirements—rapid (rapid PCR),
mobile (battery operation), cost-advantageous (consumable),
and easy to handle—this invention must be assessed as fol-
lows. It 1s known to an expert that rapid PCR 1s defined by the
total time of the reaction (with 30 cycles 1n less than 30
minutes) and by the temperature changes 1n the sample that
are achieved (>4 K/second). Without any statement of heating
or cooling rates, a cycle time of at least one minute (sum of the
stop times without duration of the temperature change), as
well as the use of a PCR chamber made of polycarbonate,
produced by means of milling technology (wall thickness
values of at least 100 um), 1t becomes clear to a person skilled
in the art that this equipment system cannot be used for rapid
PCR. In this publication, a mobile system 1s not described 1n
any manner. Just like in the patent document described above,
more than 10 thermoelectric modules, plus two multidirec-
tional setting valves, a fluid pump, a vacuum pump, and a
laser scanner are supposed to be accommodated here, on the
equipment side. These modules, which are very power-inten-
stve, as well as the consumable design, which 1s not opti-
mized, thus preclude even the possibility of mobile battery
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operation. Finally, a person skilled 1n the art recognizes that
this system cannot be used for mobile use, since the complex-
ity of the consumable (multiple production steps, introduc-
tion of hydrogels) requires unreasonable production costs.
Detection of the amplification takes place by way of the use of
two marked primers. However, 1t 1s known to a person skilled
in the art that such a detection method on a test strip 1s highly
problematical, since specific amplification products cannot
be separated from the non-specific amplificates and so-called
primer dimers. Thus, such a detection system cannot be used
in diagnostics.

[0014] Furthermore, the publication by Wang et al. belongs
to the state of the art (Wang, J. et al.; Lab on a Chip (2006) 6:
46-33. The system presented there can be identified by a
person skilled 1n the art as a variant of the two developments
described above (for example the same use of 1ce valves or
marked primers as a detection system). Here, the precise
properties of the PCR reaction unit are stated once more in
concrete terms. A thickness of 250 um 1s indicated for the wall
between the heating/cooling element and the sample. On the
technology side, this chamber and all the channels are ntro-
duced into a polycarbonate carrier by means of a CNC milling
process. Therefore, the thermal resistance of this chamber
still lies above that of commercially available reaction recep-
tacles (wall thickness 200 um to 300 um; material polyethyl-
ene), 1n which rapid PCR 1s only possible by means of high-
power equipment. Thus, use of the concept for battery
operation 1s excluded once again. The inefliciency of the
concept becomes evident to a person skilled 1n the art when
the authors discuss the difficulties 1n achieving an acceptable
cooling rate. Even with active heat transport by means of
Peltier elements and the inclusion of a 14 watt fan (conven-
tional fans for processors require 6 watts), only 2.6 K/second
1s achieved 1n the sample (see rapid PCR). The concept must
also be critically illuminated with regard to the formulated
goal of cost mimimization. According to the publication,
many different production chains have to be run through in
order to produce a chip with this concept. Aside from milling
ol the precision channels, the surfaces additionally have to be
polished, hydrogels have to be introduced, two chip halves
have to be joined, using a complicated thermal method, and
subsequently, reactivation of the gels has to be implemented.
This makes 1t evident to a person skilled in the art that this
chip concept makes a cost-advantageous consumable 1mpos-

sible.

BRIEF DESCRIPTION OF THE INVENTION

[0015] Theinvention was based on the task of developing a
novel mobile gene-diagnostic rapid test system (combination
of hardware and reagents), which 1s supposed to be easy to
operate, allows extremely rapid diagnostic information, and
1s inexpensive both with regard to the device and with regard
to the test to be performed. Theretfore, the possibility of being,
able to carry out diagnostics of infectious diseases 1n devel-
oping countries, without qualitative restrictions, 1s also sup-
posed to be created.

[0016] The mobile rapid test system, according to the
invention, for nucleic acid analysis comprises a device for
amplification and hybridization of nucleic acids, with ampli-
fication primers and at least one hybridization probe, as well
as a test kit for detection of the amplification event, and 1s
characterized 1n that

a) the amplification product and the hybridization probe con-
tain at least one marker, in each instance, and
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b) the test kit comprises at least one lateral-flow test strip,
which contains a zone for coupling the markers, 1n each
instance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The mvention will be explained in greater detail
using two figures. In the appendix, the fundamental diagrams
for the means according to the ivention are shown. In this
connection, the drawings are not considered a limitation for
other embodiments.

[0018] FIG. 1 shows the schematic representation of the
cartridge.
[0019] FIG. 2 shows the schematic representation of the

device (voltage source and reaction cartridge).

REFERENCE SYMBOL LIST

[0020] A: Inlet opening

[0021] B: Consumable for the amplification/hybridization
reaction

[0022] C: Outlet opening and connection between consum-

able and test strip

[0023] D: Reservoir for running butler

[0024] E: Outlet opening from reservoir for running buifer,
with feed to the test strip

[0025] F: Test strip

[0026] G: Viewing window for detection of the detection
signal on the test strip

[0027] H: Battery as a voltage source

[0028] I: Heating/cooling element

[T

DETAILED DESCRIPTION OF THE INVENTION

[0029] The term “marker” 1s understood to mean any atom
or molecule that can be used to generate a detectable (prefer-
ably quantifiable) signal on a lateral-flow test strip, and that
can be bound to a nucleic acid.

[0030] Markers can preferably generate signals by means
of fluorescence, colorimetry, or enzymatic activity. Markers
by means of biotin and FITC (fluorescein 1sothiocyanate) are
preferred.

[0031] Marking of the amplification product takes place
either by means of marking of a primer or from marking of the
nucleic acid to be determined.

[0032] The devices and the test kit are integral components
of the mobile rapid test system, and this system represents a
mimaturized, mobile-operated, hand-held device that
requires no external voltage source during operation, but
rather 1s operated by means of a battery or a rechargeable
battery.

[0033] Mobile rapid test system contains a reaction cavity
for carrying out amplification of nucleic acids, preferably by
means of rapid PCR technology, one or more inlet and/or
outlet opemings for the reaction cavity, one or more heatable
sample blocks that are connected with mimaturized cooling
bodies, and a possibility for reading oif the result, whereby
the reaction cavity contains a plastic film having a film thick-
ness thatis less than 300 um, preferably less than 250 um, 200
wm, 150 um or 100 um. These film thickness values include all
intermediate values and subranges. The plastic film prefer-
ably consists of polypropylene, and 1s welded, with a stable
shape, 1 a desired geometry, and pressed onto the sample
block with light contact pressure, from above.

[0034] An amplification primer is preferably marked by
means of biotin, and the hybridization probe 1s preferably
marked with FITC, and 1s protected (“blocked”) against poly-
merization at the 3' end. This “blocking” can be achieved, for
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example, by using non-complementary bases or by adding a
chemical group, such as a phosphate group, at the 3'-hydroxyl
of the last nucleotide. Blocking can also be achieved by
removing the 3'-OH or by using a nucleotide without the
3'-OH, such as a dideoxy nucleotide.
[0035] The lateral-flow test strip carries separate binding
locations, preferably two, a streptavidin location for coupling
the marked amplification products, and a binding location for
function monitoring of the test strip, as well as a zone with
conjugated detection particles (for example anti-FITC gold
particles).
[0036] The object of the mmvention 1s also a method for
detection of nucleic acids by means of the mobile rapid test
system described above, having the following steps:
[0037] Amplification of the nucleic acids by means of
the rapid PCR technology, with amplification primers,
of which either at least one 1s marked or the nucleic acids

were marked,

[0038] Conversion of a double-strand amplification
product 1nto a single-strand DNA fragment (denatur-
1ng),

[0039] Hybrnidization of the denatured amplification

product with at least one marked hybridization probe,

[0040] Detection of the nucleic acids on a lateral-flow
test strip, which contains a zone for coupling of the

markers, 1n each instance.

[0041] Theinvention solves the problems described inideal
manner, by means of the simple and synergistic combination
of an equipment system for carrying out specific amplifica-
tion reactions and simple detection chemistry for detection of
a specific amplification event, whereby the equipment system
1s present in the form of a so-called hand-held system, and this
1s not only minmiaturized but also can be operated in mobile
manner, 1.¢. without the need for an external voltage source,
particularly by means of battery operation.

[0042] In this connection, the mvention 1s based on the use
of the so-called rapid PCR technology.

[0043] Theinvention solves the existing problems of amin-
1aturized, hand-held rapid PCR thermocycler in combination
with a detection model as follows:

[0044] The mvention i1s based on a novel arrangement and
concept of heating elements and sample block, which are
suitable for mobile use 1n terms of power and size, 1n combi-
nation with a completely novel consumable (reaction cavity
for the amplification reaction) having a significantly
improved heat transfer. This 1s achieved, according to the
invention, in that the novel consumable 1s optimized 1n such a
manner that the biggest problem, the physical resistance for
clifective PCR tempering, can be overcome. An optimal heat
transier 1s present when a sample can be applied directly to
the sample block or tempered medium, without interfering
materials and additional heat transfers. Such implementation
has been 1impossible up to now for reasons of contamination.
[0045] Only minimal interference of the heat transfer
would exist 1f an extremely thin layer of a biocompatible
material could be used. This 1s solved, according to the inven-
tion, 1n that an extremely thin-layered PP film 1s used. In this
connection, this film 1s laid or folded into a desired geometry,
and welded 1n stable shape. This specific geometry 1s charac-
terized 1n that 1t possesses the largest possible flat surface area
at the bottom, for the sample volume of the amplification
batch to be filled 1. This large surface area serves as a heat
transier surface to the heated sample block. Because of the
ultra-thin film, minimal resistance to the heat transfer takes
place. All non-heated surfaces of the reaction chamber are
reduced to a minimum, so that no unnecessary heat flow to the
surroundings can take place. Thus, 1t 1s possible to implement
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a heating rate effectiveness from the sample block to the
sample of almost 100%, within the sample.

[0046] Preferably, the non-heated surface areas are <1 .4,
1.4,1.5,1.6,1.7,1.8,1.9, 2.0 or >2.0 times larger, particularly
1.7 times larger, than the heated surface areas.

[0047] A Peltier element operated by a battery 1s used as the
sample block to be used; it 1s screwed onto a cooling body
adapted to the system as a whole. The geometry of the sample
block that 1s used 1s also characterized by a maximal surface
area, as a counterpart of the consumable. The volume and thus
also the capacity of the sample block are reduced to an abso-
lute minimum, according to the mvention. Therefore the
sample block can theoretically be heated at a heating rate of
15° C./s. The geometry of the consumable has been selected
to be so large, according to the invention, that strong contact
pressure onto the sample block 1s implemented by means of
slight downward pressure from above and physical effects
that are utilized and therefore uniform heating at these speeds
1s also promoted and implemented 1n this way.

[0048] Thus the prerequisites for implementing an ampli-
fication reaction with a small, mobile device, using a normal
battery, and carrying out an ultra-rapid reaction, have been
created. However, 1t 1s clear to a person skilled in the art that
mobile on-site diagnostics cannot be carried out solely with a
mimaturized and mobile possibility of implementing the PCR
reaction. For this purpose, the system also requires detection
of a specific target amplification that has taken place.

[0049] Inthis connection, the detection must be an integral
component of the system as a whole. This combination of
amplification and detection 1s surprisingly implemented 1n
very simple manner, according to the invention, by means of
the use of so-called lateral-tflow strips that are known to a
person skilled in the art. Although the two technologies (rapid
PCR and lateral-tlow strips) exist as standard techniques,
there 1s no link between the two technologies 1n the form of an
integrative overall system that fulfills the requirements for a
specific diagnostic system. As has already been explained, a
number of similar equipment systems use detection strategies
that do not allow correct diagnostics or do not use an ampli-
fication reaction of nucleic acids (U.S. 2005/0227275 Al,
WO 2007/092713 A2, Chen, 7., et al.; Ann. N.Y. Acad. Sci.
(March 2007) 1098: 429-436, Wang, J. et al.; Lab on a Chip
(2006) 6: 46-53).

[0050] However, precise diagnostics are made possible by
the invention. Therefore the invention not only combines an
amplification module with a lateral-flow strip, but also 1s
based on a detection strategy that takes the diagnostic require-
ments 1into account. To underline the differences, 1t will be

emphasized once again, in the following, how lateral-flow
strips are used for DNA/RNA diagnostics.

[0051] Carrying out gene tests by means of so-called lat-
cral-tflow strips has been propagated in different forms up to
now. One possibility (published patent application KR
1020060099022 A; Method for the detection and analysis of
nucleotide sequence using membrane lateral flow, and kit for
same) used lateral-flow methods for detecting nucleic acids.
This method uses the technology of hybridization of nucleic
acids on a solid phase. In this connection, specific captor
nucleic acids are immobilized on the test strip and hybridized
with single-strand target nucleic acids. A captor nucleic acid
1s a single-strand ribonucleic acid or deoxyribonucleic acid,
or one that only becomes single-strand during the course of
the process, which possibly contains chemically modified
bases or base analogs, chemically modified sugars or sugar
analogs, or 1s modified 1n some other way, and 1s character-
1zed 1n that 1t binds to a specific, predetermined nucleic acid
or class of nucleic acids at high specificity and selectivity. In
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this connection, this process requires the conversion of a
double-strand DNA {fragment (as the result of a specific
amplification reaction) into a single-strand DNA {fragment.
For this purpose, the process must be carried out subsequent
to a PCR reaction. Another rapid detection method that also
uses the detection of amplification products by means of a test
strip and 1s available commercially 1s based on a completely
different principle, in contrast to the above patent document.
Here, implementation of the PCR reaction 1s carried out with
a biotinylated primer and a non-biotinylated primer. After the
PCR 1s carried out, a PCR product is present, which 1s biotin-
marked at one end. The detection uses a test strip (for example
from Millenia), which contains two separate binding loca-
tions. A streptavidin location for coupling the biotin-marked
DNA strand and an FITC binding location for monitoring the
function of the test strip.

[0052] Thedetection of the PCR product 1s implemented 1n
that atter PCR has been carried out, the PCR batch 1s dena-

tured and hybridized with a probe that 1s complementary to
the biotin-marked DNA strand. The probe 1s FITC-marked.

[0053] For detection, the PCR batch 1s mixed with a run-
ning buifer and applied to the test strip. According to the test
description, the biotinylated DNA strand binds to the strepta-
vidin binding location of the strip. Detection takes place by
way of the FITC marker of the probe hybridized with the
DNA strand. A typical signal 1s formed, 1n the shape of a strip.
This signal 1s supposed to be the specific detection of the
amplification product. However, the method does not com-
bine hybridization of the probe with the process of PCR, but
rather carries this out as a separate method step. However, the
method has a fundamental and dramatic error source.

[0054] The detection of the target nucleic acid to be
detected 1s not specific. The cause for this lies 1n the fact that
artifacts that were formed during PCR, for example primer
dimers, of course also bind specifically to the streptavidin
binding location of the test strip, and therefore can cause a
positive reaction, just like a specific PCR product (as already
described multiple times 1n the above text).

[0055] From these explanations, 1t follows that while there
are applicative solutions for carrying out gene tests on strips,
these require not only amplification but also denaturing of the
amplification product, and thus do not permit a direct com-
bination of amplification and detection. Furthermore, as
shown in Example 2, certain methods are not specific, and are
very problematical with regard to the production of false-
positive diagnostic results.

[0056] A novel and very elegant possibility 1s based on a
probe hybridization between amplificate and specific hybrid-
1zation probe that 1s integrated into the amplification reaction.
The detection of the specific hybridization event then takes
place on a test strip.

[0057] In this way, the possibility 1s created, for the first
time, of working without further manipulation (denaturing of
double-strand DNA) and circumventing the amplification
problems that have already been presented, and thus of being
able to combine the amplification/hybridization reaction
directly with detection on a test strip. Detection of an ampli-
fication/hybridization product takes place 1n that an amplifi-
cation primer and the specific hybridization probe at the
3'-end are provided with a marking molecule, 1n each instance
(for example biotin and FITC). The amplification reaction
takes place under standard conditions. In this connection, the
actual amplification reaction 1s followed by a denaturing step
for thermal strand separation of the amplification product
generated during PCR. After denaturing, the PCR reaction
batch 1s cooled to the hybridization temperature of the probe.
During this step, the hybridization probe binds specifically to
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the complementary DNA strand of the amplification product.
In this connection, this strand carries the biotin marker that
was 1nstalled in the PCR product by means of the biotin-
marked primer. After the amplification/hybridization reaction
has been carried out, the reaction batch 1s transierred to the
test strip. On this test strip, detection of the specific hybrid-
1zation event can take place as follows: The test strip carries
two separate binding locations, for example, 1n one embodi-
ment variant; a streptavidin location for coupling the biotin-
marked amplification products, and an FI'TC binding location
for monitoring the function of the test strip. Furthermore, the
test strip contains a zone with conjugated detection particles
(for example ant1-FI'TC gold particles). After the PCR batchis
brought into contact with such a test strip, the following
binding events can occur:

[0058] 1. All the FITC-marked nucleic acids (non-hy-
bridized FITC-marked hybridization probe and/or
hybridization product between biotin-marked DNA
strand and FITC-marked hybridization probe) bond to
gold particles that are coated with ant1-FITC antibodies,
in the lower sample application region of the test strip.

[0059] 2. In the further progression of the test strip, there
1s the streptavidin binding location. The following
nucleic acids can bind to this binding location:

[0060] (a) the biotin-marked primers,

[0061] (b) the biotin-marked DNA strands, and
[0062] (c¢) the hybrnidization products between biotin-
marked DNA strand and FITC-marked hybridization

probe.
[0063] However, adetection signal can only become visible
i the specific hybridization product between biotin-marked
DNA strand and FITC-marked hybridization probe 1s present,
since only this product 1s also coupled with the detection
system (FITC/ant1-FITC gold particles).

[0064] 3. In the further progression of the test strips,
excess gold particles coated with anti-FITC antibodies
then also bind; these serve as a control to check the
ability of the test strip to function.

[0065] This embodiment variant, as has already been men-
tioned, 1s very elegant and does not entail the potential risk of
false-positive signals. It 1s therefore the variant to be preferred
for use of a lateral-tlow test strip, for the mobile detection
system according to the invention.

[0066] The invention should be understood as a combina-
tion of the novel method for detection of amplificates and a
novel device for mobile use. In the implementation of the
device according to the mvention, the detection strategy by
means of lateral-flow strips, intelligent sample application,
and energy-eilicient tempering of sample volumes are com-
bined, to produce a consumable that 1s cost-advantageous
because 1t 1s simple to produce.

[0067] An embodiment of the device according to the
invention looks as follows:

[0068] The consumable represents a design integration of
the functional modules for application of the reaction mixture
mitially produced (nucleic acid to be mvestigated, dNTPs,
primer, hybridization probe, as well as amplification buifer),
for implementation of an energy-etficient amplification reac-
tion, for storage and application of a running buifer, as well as
for the detection reaction by means of test strips. The battery-
operated device 1s configured 1n such a manner that 1t repre-
sents an 1deal means for processing the functional sections of
the consumable. The sequence of processing begins with
application of the reaction mixture by way of the inlet open-
ing, whereby the mixture 1s guided into the amplification
chamber directly or by way of additional process segments.
After the amplification/hybridization reaction has taken
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place, the reaction batch 1s transferred to the test strip by way
ol the outlet opening. Subsequently, the running butfer 1s also
passed to the test strip, from a separate reservoir, whereby in
one embodiment variant, the running buifer can first pass
through the reaction chamber. The reservoir for the running
buifer 1s also situated in the cartridge. After the test strip
reaction has been completed, the diagnostic result 1s read off
in a viewing zone. The reaction cartridge, which contains the
amplification module and the test strip, as well as the reservoir
for the running bufler, 1s preferably a disposable article, 1n
other words, a new one 1s 1nserted 1into the base device for
every reaction and disposed of atfter the test has been run.
[0069] The device according to the invention 1s an object of
the mvention described, even without the detection system
according to the invention, and can also be combined with the
detection system for captor nucleic acids that was mentioned
above. In this way, a system 1s made available that consists of
the device according to the invention, according to the
embodiments described herein, and a test strip on which
special captor nucleic acids are immobilized, and with which
detection of the nucleic acids to be determined takes place by
means of hybridization with the captor nucleic acids on the
test strip. Preferably, such a system will comprise a device
that 1s a miniaturized hand-held device that can be operated in
mobile manner, which does not require any external voltage
source during operation, but rather 1s operated by means of a
battery or a rechargeable battery, and which integrates said
device and said test kit. The hand-held device can comprise a
reaction cavity for carrying out an amplification of nucleic
acids by means of the rapid PCR technology, one or more inlet
and/or outlet openings for the reaction cavity, one or more
heatable sample blocks that are connected with mimaturized
cooling bodies, and a means for reading the result, wherein
the reaction cavity contains a plastic film having a film thick-
ness that 1s less than 300 um, preferably a film thickness of
less than 100 um. The plastic film may consist of polypropy-
lene and 1s welded 1n a desired geometry, 1n shape-stable
manner, and 1s pressed against the sample block by means of
slight contact pressure from above. The reaction cavity and
the test strip can be disposed 1n a reaction cartridge, and the
plastic film produces connection channels with the reaction
cartridge. The system may further comprise a reservoir and an
outlet opening for running butfer or contain connection chan-
nels between a reaction cavity, test strip, and running butier
reservolr, which can be closed ofl. The reaction cavity may
have two surfaces that can be connected with one another at
channel or chamber edges, with force fit and/or shape {it,
whereby at least one of these surfaces consists of a plastically
or elastically deformable material. The reaction cavity can
also comprise a depression and the sample block can be
configured 1n convex manner with the chamber opening being
circular. This system may contain reaction cavity that con-
tains movable pistons and related hollow cylinders for storage
of reactants. It may also comprise a heatable sample block,
which 1s connected with a mimiaturized cooling body, that
contains a battery-operated Peltier element having a heating
rate of <5°C./s,5°C./s,10°C./5,12.5°C./sand up to 15°C./s.
[0070] Inthefollowing, these embodiment variants accord-
ing to the invention will be explained, without restricting the
invention to these variants.

EXEMPLARY EMBODIMENTS

Example 1

[0071] The reaction mixture 1s fed nto the inlet opening.
The 1nlet opening 1s welded shut by means of a heated wire
that 1s integrated into the device. In this connection, the
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heated wire 1s moved to the inlet opening by means of a
simple pressure mechanism. In this embodiment, both the
consumable used for the amplification/hybridization reac-
tion, according to the invention (reaction cavity), and the test
strip are placed 1n a reaction cartridge, one behind the other.

Example 2

[0072] The embodiment variant of the consumable 1s struc-
tured 1n such a manner that one or all the fluids on the con-
sumable are transported from one functional module to the
next by way of novel fluid structures. These structures are
produced by means of production technology, 1n that two
surfaces are applied to one another, whereby at least one of
these surfaces consists of a plastic or elastically deformable
material. At the delimitations of the structures, for example
the edges of the channels or chambers, the two surfaces are
connected with one another, by means of force fit and/or
shape fit. When tluid pressure 1s applied to the small gap that
this structure can represent, then at least one of the surfaces
domes up and releases a larger gap for passage between the
two surfaces. By means of this novel concept, cost-advanta-
geous production of fluidic elements on the consumable 1s
made possible.

Example 3

[0073] In another embodiment variant, the reaction cham-
ber represents a perforation or depression 1n the carrier mate-
rial of the consumable. Closure of the chamber 1s achieved in
that the film that lies on top of 1t 1s pressed against the edges
of the perforation or depression. In an embodiment of this
variant, the pressure 1s produced by the sample block, so that
the latter brings about not only the heat transter but also the
chamber closure. The increased demands on the pressure seal
during PCR are achieved 1n that the sample block 1s config-
ured 1n convex manner and the chamber opening 1s circular.

Example 4

[0074] Storage and application of the running builer can be
configured as follows, 1n one embodiment variant: A cavity 1s
created between the film and the carrier material, by means of
production methods that create a space. This cavity 1s filled
with running buffer during production/outfitting of the con-
sumable. The outlet opening of the reservoir 1s closed oif with
a pressure-dependent valve, which can be implemented, for
example, by means of a welding seam that can be re-opened.
In order to feed the bufter into the reaction chamber, the butfer
chamber has pressure applied to it, by the device or by the
user, 1n such a manner that the valve opens and the buffer 1s
moved to the test strip.

Example 5

[0075] In thus embodiment variant, movable pistons and
related hollow cylinders are part of the consumable. In this
connection, these cylinders can be filled with fluid on the
production side (for example running bufler, reactants). The
inlet opening of the consumable 1s shaped 1n such a manner
that a sample application tool can be connected 1n shape-fit
manner. This tool 1s also composed of a hollow cylinder that
has a piston. For sampling, the piston 1s pulled up into the
cylinder and then connected with the consumable. The pis-
tons of the consumable and of the sampling tool can be moved
by the user or by the device. The sample 1s pressed nto the
reaction chamber by means of the piston movement at the
sample application tool. Air that has to be displaced from the
chamber or from the fluidic regions 1n this manner escapes
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into the air-free spaces and/or out of the outlet openings that
are fluidically situated behind the detection region. Then, one
or more sample blocks are pressed down from one or more
sides of the reaction chamber. With this process, the reaction
chamber 1s sealed 1n airtight manner, as 1n Example 4, so that
energetically advantageous tempering of the sample can take
place. When the sample blocks are removed, the sample can
now be pressed further in the direction of the detection cham-
ber. For this purpose, the piston of the sample application tool
and/or the piston of the cylinder with the runming buffer can
be moved. Air and/or fluids from the cylinders described
displaces the sample from the reaction chamber and moves 1t
toward the test strip. Additional running buifer from the cor-
responding cylinder 1s applied to the test strip by means of the
movement of the pistons. The user can read off the result of
the detection by way of a viewing window 1n the detection
region. In another embodiment variant, the detection region,
just like the application tool, can be reversibly removed from
and connected with the consumable as a whole, and can be
replaced by an alternative detection system.

[0076] With the combination of rapid PCR and detection of
the amplification event according to the mvention, by means
of a mobile and battery-operated hand-held system, the pre-
requisites for very simple and mmexpensive gene-diagnostic
on-site analysis have been created for the first time. In this
connection, of course, the hand-held device 1s much less
expensive than the previously proposed high-technology
equipment systems, particularly for military applications.
This 1s also supposed to universally allow use of gene-diag-
nostic rapid tests i developing countries. By means of the
method according to the invention, 1t 1s made possible to carry
out an extremely rapid amplification reaction. The subse-
quent detection on a test strip 1s also very fast and robust.
Thus, the mvention represents a real rapid test system.
[0077] Various modifications and varations of the
described systems, devices, primers, probes, markers, other
system elements, and methods of their configuration and use
as well as the concept of the mvention will be apparent to
those skilled 1n the art without departing from the scope and
spirit of the invention. Although the invention has been
described 1n connection with specific preferred embodi-
ments, 1t should be understood that the invention as claimed 1s
not intended to be limited to such specific embodiments.
Various modifications of the described modes for carrying out
the 1nvention which are obvious to those skilled 1n the medi-
cal, biological, chemical or pharmacological arts or related
fields are intended to be within the scope of the following
claims.

[0078] FEach document, patent, patent application or patent
publication cited by or referred to 1n this disclosure 1s icor-
porated by reference 1n its entirety, especially with respect to
the specific subject matter surrounding the cited reference.
However, no admission 1s made that any such reference con-
stitutes background art and the right to challenge the accuracy
and pertinency of the cited documents 1s reserved.

1. A mobile rapid test system for analysis of a nucleic acid
to be determined, comprising:
a device for amplification and hybridization of nucleic
acids,
amplification primers optionally comprising at least one
marker,

at least one hybridization probe comprising at least one
marker, and

a test kit for detection of an amplification event that com-
prises at least one lateral-tlow test strip having a zone for
coupling markers.
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2. The mobile rapid test system according to claim 1,
turther comprising a nucleic acid to be determined.

3. The mobile rapid test system according to claim 1,
turther comprising a nucleic acid to be determined that 1s
marked.

4. The mobile rapid test system according to claim 1,
wherein the amplification primers comprise a marker.

5. The mobile rapid test system according to claim 1,
turther comprising a marked nucleic acid produced from the
nucleic acid to be determined.

6. The mobile rapid test system according to claim 1, which
comprises a hand-held device that can be operated in mobile
manner, which does not require any external voltage source
during operation, but rather 1s operated by means of a battery
or a rechargeable battery, and which integrates said device
and said test kat.

7. The mobile rapid test system according to claim 6,
wherein the hand-held device comprises a reaction cavity for
carrying out an amplification of nucleic acids by means of the
rapid PCR technology, one or more 1nlet and/or outlet open-
ings for the reaction cavity, one or more heatable sample
blocks that are connected with miniaturized cooling bodies,
and a means for reading the result, wherein the reaction cavity
contains a plastic film having a film thickness that 1s less than
300 pum.

8. The mobile rapid test system according to claim 7,
wherein said plastic film as a film thickness of less than 100
L.

9. The mobile rapid test system according to claim 7,
wherein the plastic film consists of polypropylene and 1s
welded 1n a desired geometry, 1n shape-stable manner, and 1s
pressed against the sample block by means of slight contact
pressure from above.

10. The mobile rapid test system according to claim 7,
wherein the reaction cavity and the test strip are disposed in a
reaction cartridge and the plastic film produces connection
channels with the reaction cartridge.

11. The mobile rapid test system according to claim 1,
turther comprising a reservoir and an outlet opening for run-
ning builer.

12. The mobile rapid test system according to claim 1,
which contains connection channels between a reaction cav-
ity, test strip, and running bufler reservoir, which can be
closed ofl.

13. The mobile rapid test system according to claim 1,
comprising a reaction cavity that contains two surfaces that
can be connected with one another at channel or chamber
edges, with force fit and/or shape {it, whereby at least one of
these surfaces consists of a plastically or elastically deform-
able matenal.

14. The mobile rapid test system according to claim 1,
comprising a reaction cavity that contains a depression and
the sample block 1s configured 1n convex manner and the
chamber opening 1s circular.
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15. The mobile rapid test system according to claim 1,
comprising a reaction cavity that contains movable pistons
and related hollow cylinders for storage of reactants.

16. The mobile rapid test system according to claim 1,
comprising a heatable sample block, which 1s connected with
a miniaturized cooling body, that contains a battery-operated
Peltier element having a heating rate of up to 13° C./s.

17. The mobile rapid test system according to claim 1,
wherein an amplification primer and the hybridization probe
are marked at the 5'-end.

18. The mobile rapid test system according to claim 17,
wherein the amplification primer 1s marked by means of
biotin and the hybridization probe 1s marked by means of
FITC, and protected against polymerization at the 3'-end.

19. The mobile rapid test system according to claim 1,
wherein the lateral-tlow test strip carries two separate binding,
locations, a streptavidin location for coupling of the marked
amplification products, and a binding location for monitoring

the function of the test strip, as well as a zone with conjugated
detection particles (for example anti-FITC gold particles).

20. A method for detection of nucleic acids by means of the
mobile rapid test system according to claim 1, comprising:

amplifying of the nucleic acids by means of the rapid PCR
technology, with amplification primers, of which either
at least one 1s marked or the nucleic acids were marked,

converting of a double-strand amplification product into a
single-strand DNA fragment (denaturing),

hybridizing of the denatured amplification product with at
least one marked hybridization probe,

detecting of the nucleic acids on a lateral-flow test strip,
which contains a zone for coupling of the markers, 1n
cach instance.

21. The method according to claim 20, wherein the PCR
reaction 1s carried out with a marked primer and an unmarked
primer for each DNA fragment to be detected, in each
instance, and the test strip contains a binding location for the
marker of the primer, 1n each instance, whereby the detection
ol the nucleic acids takes place 1n that the denatured ampli-
fication product 1s hybridized with a marked probe that 1s
complementary to the DNA strand marked with the primers,
the PCR batch 1s mixed with a running buffer and applied to
the test strip.

22. The method according to claim 20, wherein after dena-
turing of the PCR reaction batch, cooling to the hybridization
temperature of the probe takes place, whereby the hybridiza-
tion probe specifically binds to the complementary DNA
strand of the amplification product and this DNA strand car-
ries the biotin marker that was installed 1nto the PCR product
by the biotin-marked primer.
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