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FIG. 24 
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FIG. 57 (Inset AD) 
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LOC DEVICE WITH PARALLEL 
NCUBATON AND PARALLEL NUCLEC 
ACIDAMPLIFICATION FUNCTIONALTY 

FIELD OF THE INVENTION 

0001. The present invention relates to diagnostic devices 
that use microSystems technologies (MST). In particular, the 
invention relates to microfluidic and biochemical processing 
and analysis for molecular diagnostics. 

CO-PENDING APPLICATIONS 

0002 The following applications have been filed by the 
Applicant which relate to the present application: 
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GASO8SUS GASO86US GASO87US GASO88US GASO89US 
GASO90US GASO91US GASO92US GASO93US GASO94US 
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GAS100US GAS101 US GAS102US GAS103US GAS104US 
GAS1 OSUS GAS106US GAS108US GAS109US GAS11 OUS 
GAS111 US GAS112US GAS113US GAS114US GAS11SUS 
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GAS127US GAS128US GAS 129US GAS13OUS GAS131 US 
GAS132US GAS 133US GAS 134US GAS13SUS GAS136US 
GAS137US GAS138US GAS 139US GAS14OUS GAS141US 
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GVAO22US GHUOO1US GHUOO2US GHUOO3US GHUOO4US 
GHUOO6US GHUOO7US GHUOO8US GWMOO1US GWMOO2US 
GDIOO1US GDIOO2US GDIOO3US GDIOO4US GDIOOSUS 
GDIOO6US GDIOO7US GDIOO9US GDIO1 OUS GDIO11US 
GDIO13US GDIO14US GDIO1SUS GDIO16US GDIO17US 
GDIO19US GDIO23US GDIO28US GDIO3OUS GDIO39US 
GDIO4OUS GDIO41US GPCOO1US GPCOO2US GPCOO3US 
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GLYOO1US GLYOO2US GLYOO3US GLYOO4US GLYOOSUS 
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GINOOSUS GINOO6US GINOO7US GINOO8US GMIOO1US 
GMIOO2US GMIOOSUS GMIOO8US GLEOO1US GLEOO2US 
GLEOO3US GLEOO4US GLEOOSUS GLEOO6US GLEOO7US 
GLEO08US GLEO09US GLEO1OUS GLEO11 US GLEO12US 
GLEO13US GLEO14US GLAOO1US GGAOO1US GGAOO3US 
GREOO1US GREOO2US GREOO3US GRE004US GREOOSUS 
GRE006US GREOO7US GCFOO1US GCFOO2US GCFOO3US 
GCFOO4US GCFOOSUS GCFOO6US GCFOOTUS GCFOO8US 
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GCFO22US GCFO23US GCFO24US GCFO2SUS GCFO27US 
GCFO28US GCFO29US GCFO3OUS GCFO31US GCFO32US 
GCFO33US GCFO34US GCFO36US GCFO37US GSAOO1US 
GSAOO2US GSEOO1US GSEOO2US GSEOO3US GSEOO4US 
GDAOO1US GDAOO2US GDAOO3US GDAOO4US GDAOOSUS 
GDAO06US GDAO07US GPKOO1US GMOOO1US GMVOO1US 
GMVOO2US GMVOO3US GMVOO4US GRDOO1US GRDOO2US 
GRDOO3US GRDOO4US GPDOO1US GPDOO3US GPDOO4US 
GPDOOSUS GPDOO6US GPDOO7US GPDOO8US GPDOO9US 
GPDO1OUS GPDO11 US GPDO12US GPDO13US GPDO14US 
GPDO1SUS GPDO16US GPDO17US GALOO1US GPAOO1US 
GPAOO3US GPAOO4US GPAOOSUS GSSOO1US GSLOO1US 
GCAOO1US GCAOO2US GCAOO3US 

0003. The disclosures of these co-pending applications are 
incorporated herein by reference. The above applications 
have been identified by their filing docket number, which will 
be substituted with the corresponding application number, 
once assigned. 

BACKGROUND OF THE INVENTION 

0004 Molecular diagnostics has emerged as a field that 
offers the promise of early disease detection, potentially 
before symptoms have manifested. Molecular diagnostic test 
ing is used to detect: 

0005. Inherited disorders 
0006 Acquired disorders 
0007 Infectious diseases 
0008 Genetic predisposition to health-related condi 
tions. 

0009. With high accuracy and fast turnaround times, 
molecular diagnostic tests have the potential to reduce the 
occurrence of ineffective health care services, enhance 
patient outcomes, improve disease management and indi 
vidualize patient care. Many of the techniques in molecular 
diagnostics are based on the detection and identification of 
specific nucleic acids, both deoxyribonucleic acid (DNA) and 
ribonucleic acid (RNA), extracted and amplified from a bio 
logical specimen (such as blood or saliva). The complemen 
tary nature of the nucleic acid bases allows short sequences of 
synthesized DNA (oligonucleotides) to bond (hybridize) to 
specific nucleic acid sequences for use in nucleic acid tests. If 
hybridization occurs, then the complementary sequence is 
present in the sample. This makes it possible, for example, to 
predict the disease a person will contract in the future, deter 
mine the identity and virulence of an infectious pathogen, or 
determine the response a person will have to a drug. 

Nucleic Acid Based Molecular Diagnostic Test 
0010. A nucleic acid based test has four distinct steps: 
0011 1. Sample preparation 
0012. 2. Nucleic acid extraction 
0013 3. Nucleic acid amplification (optional) 
0014. 4. Detection 
00.15 Many sample types are used for genetic analysis, 
Such as blood, urine, sputum and tissue samples. The diag 
nostic test determines the type of sample required as not all 
samples are representative of the disease process. These 
samples have a variety of constituents, but usually only one of 
these is of interest. For example, in blood, high concentra 
tions of erythrocytes can inhibit the detection of a pathogenic 
organism. Therefore a purification and/or concentration step 
at the beginning of the nucleic acid test is often required. 
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0016 Blood is one of the more commonly sought sample 
types. It has three major constituents: leukocytes (white blood 
cells), erythrocytes (red blood cells) and thrombocytes (plate 
lets). The thrombocytes facilitate clotting and remain active 
in vitro. To inhibit coagulation, the specimen is mixed with an 
agent such as ethylenediaminetetraacetic acid (EDTA) prior 
to purification and concentration. Erythrocytes are usually 
removed from the sample in order to concentrate the target 
cells. In humans, erythrocytes account for approximately 
99% of the cellular material but do not carry DNA as they 
have no nucleus. Furthermore, erythrocytes contain compo 
nents such as haemoglobin that can interfere with the down 
stream nucleic acid amplification process (described below). 
Removal of erythrocytes can be achieved by differentially 
lysing the erythrocytes in a lysis solution, leaving remaining 
cellular material intact which can then be separated from the 
sample using centrifugation. This provides a concentration of 
the target cells from which the nucleic acids are extracted. 
0017. The exact protocol used to extract nucleic acids 
depends on the sample and the diagnostic assay to be per 
formed. For example, the protocol for extracting viral RNA 
will vary considerably from the protocol to extract genomic 
DNA. However, extracting nucleic acids from target cells 
usually involves a cell lysis step followed by nucleic acid 
purification. The cell lysis step disrupts the cell and nuclear 
membranes, releasing the genetic material. This is often 
accomplished using alysis detergent, such as Sodium dodecyl 
sulfate, which also denatures the large amount of proteins 
present in the cells. 
0018. The nucleic acids are then purified with an alcohol 
precipitation step, usually ice-cold ethanol or isopropanol, or 
via a solid phase purification step, typically on a silica matrix 
in a column, resin or on paramagnetic beads in the presence of 
high concentrations of a chaotropic salt, prior to washing and 
then elution in a low ionic strength buffer. An optional step 
prior to nucleic acid precipitation is the addition of a protease 
which digests the proteins in order to further purify the 
sample. 
0019. Other lysis methods include mechanical lysis via 
ultrasonic vibration and thermal lysis where the sample is 
heated to 94° C. to disrupt cell membranes. 
0020. The target DNA or RNA may be present in the 
extracted material in very Small amounts, particularly if the 
target is of pathogenic origin. Nucleic acid amplification pro 
vides the ability to selectively amplify (that is, replicate) 
specific targets present in low concentrations to detectable 
levels. 

0021. The most commonly used nucleic acid amplifica 
tion technique is the polymerase chain reaction (PCR). PCR 
is well known in this field and comprehensive description of 
this type of reaction is provided in E. van Pelt-Verkuil et al., 
Principles and Technical Aspects of PCR Amplification, 
Springer, 2008. 
0022. PCR is a powerful technique that amplifies a target 
DNA sequence against a background of complex DNA. If 
RNA is to be amplified (by PCR), it must be first transcribed 
into cDNA (complementary DNA) using an enzyme called 
reverse transcriptase. Afterwards, the resulting cDNA is 
amplified by PCR. 
0023. PCR is an exponential process that proceeds as long 
as the conditions for Sustaining the reaction are acceptable. 
The components of the reaction are: 
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0024. 1. pair of primers—short single strands of DNA 
with around 10-30 nucleotides complementary to the regions 
flanking the target sequence 
0025 2. DNA polymerase—a thermostable enzyme that 
synthesizes DNA 
0026 3. deoxyribonucleoside triphosphates (dNTPs)— 
provide the nucleotides that are incorporated into the newly 
synthesized DNA strand 
0027 4. buffer to provide the optimal chemical environ 
ment for DNA synthesis 
0028. PCR typically involves placing these reactants in a 
small tube (~ 10-50 microlitres) containing the extracted 
nucleic acids. The tube is placed in a thermal cycler; an 
instrument that subjects the reaction to a series of different 
temperatures for varying amounts of time. The standard pro 
tocol for each thermal cycle involves a denaturation phase, an 
annealing phase, and an extension phase. The extension phase 
is sometimes referred to as the primer extension phase. In 
addition to Such three-step protocols, two-step thermal pro 
tocols can be employed, in which the annealing and extension 
phases are combined. The denaturation phase typically 
involves raising the temperature of the reaction to 90-95°C. 
to denature the DNA strands; in the annealing phase, the 
temperature is lowered to ~50-60° C. for the primers to 
anneal; and then in the extension phase the temperature is 
raised to the optimal DNA polymerase activity temperature of 
60-72°C. for primer extension. This process is repeated cycli 
cally around 20-40 times, the end result being the creation of 
millions of copies of the target sequence between the primers. 
0029. There are a number of variants to the standard PCR 
protocol such as multiplex PCR, linker-primed PCR, direct 
PCR, tandem PCR, real-time PCR and reverse-transcriptase 
PCR, amongst others, which have been developed for 
molecular diagnostics. 
0030. Multiplex PCR uses multiple primer sets within a 
single PCR mixture to produce amplicons of varying sizes 
that are specific to different DNA sequences. By targeting 
multiple genes at once, additional information may be gained 
from a single test-run that otherwise would require several 
experiments. Optimization of multiplex PCR is more difficult 
though and requires selecting primers with similar annealing 
temperatures, and amplicons with similar lengths and base 
composition to ensure the amplification efficiency of each 
amplicon is equivalent. 
0031 Linker-primed PCR, also known as ligation adaptor 
PCR, is a method used to enable nucleic acid amplification of 
essentially all DNA sequences in a complex DNA mixture 
without the need for target-specific primers. The method 
firstly involves digesting the target DNA population with a 
suitable restriction endonuclease (enzyme). Double-stranded 
oligonucleotide linkers (also called adaptors) with a suitable 
overhanging end are then ligated to the ends of target DNA 
fragments using a ligase enzyme. Nucleic acid amplification 
is Subsequently performed using oligonucleotide primers 
which are specific for the linker sequences. In this way, all 
fragments of the DNA source which are flanked by linker 
oligonucleotides can be amplified. 
0032) Direct PCR describes a system whereby PCR is 
performed directly on a sample without any, or with minimal, 
nucleic acid extraction. It has long been accepted that PCR 
reactions are inhibited by the presence of many components 
of unpurified biological samples, such as the haem compo 
nent in blood. Traditionally, PCR has required extensive puri 
fication of the target nucleic acid prior to preparation of the 
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reaction mixture. With appropriate changes to the chemistry 
and sample concentration, however, it is possible to perform 
PCR with minimal DNA purification, or direct PCR. Adjust 
ments to the PCR chemistry for direct PCR include increased 
buffer strength, the use of polymerases which have high activ 
ity and processivity, and additives which chelate with poten 
tial polymerase inhibitors. 
0033 Tandem PCR utilises two distinct rounds of nucleic 
acid amplification to increase the probability that the correct 
amplicon is amplified. One form of tandem PCR is nested 
PCR in which two pairs of PCR primers are used to amplify 
a single locus in separate rounds of nucleic acid amplification. 
The first pair of primers hybridize to the nucleic acid 
sequence at regions external to the target nucleic acid 
sequence. The second pair of primers (nested primers) used in 
the second round of amplification bind within the first PCR 
product and produce a second PCR product containing the 
target nucleic acid, that will be shorter than the first one. The 
logic behind this strategy is that if the wrong locus were 
amplified by mistake during the first round of nucleic acid 
amplification, the probability is very low that it would also be 
amplified a second time by a second pair of primers and thus 
ensures specificity. 
0034 Real-time PCR, or quantitative PCR, is used to mea 
sure the quantity of a PCR product in real time. By using a 
fluorophore-containing probe or fluorescent dyes along with 
a set of standards in the reaction, it is possible to quantitate the 
starting amount of nucleic acid in the sample. This is particu 
larly useful in molecular diagnostics where treatment options 
may differ depending on the pathogen load in the sample. 
0035 Reverse-transcriptase PCR (RT-PCR) is used to 
amplify DNA from RNA. Reverse transcriptase is an enzyme 
that reverse transcribes RNA into complementary DNA 
(cDNA), which is then amplified by PCR. RT-PCR is widely 
used in expression profiling, to determine the expression of a 
gene or to identify the sequence of an RNA transcript, includ 
ing transcription start and termination sites. It is also used to 
amplify RNA viruses such as human immunodeficiency virus 
or hepatitis C virus. 
0036) Isothermal amplification is another form of nucleic 
acid amplification which does not rely on the thermal dena 
turation of the target DNA during the amplification reaction 
and hence does not require Sophisticated machinery. Isother 
mal nucleic acid amplification methods can therefore be car 
ried out in primitive sites or operated easily outside of a 
laboratory environment. A number of isothermal nucleic acid 
amplification methods have been described, including Strand 
Displacement Amplification, Transcription Mediated Ampli 
fication, Nucleic Acid Sequence Based Amplification, 
Recombinase Polymerase Amplification, Rolling Circle 
Amplification, Ramification Amplification, Helicase-Depen 
dent Isothermal DNA Amplification and Loop-Mediated Iso 
thermal Amplification. 
0037 Isothermal nucleic acid amplification methods do 
not rely on the continuing heat denaturation of the template 
DNA to produce single stranded molecules to serve as tem 
plates for further amplification, but instead rely on alternative 
methods such as enzymatic nicking of DNA molecules by 
specific restriction endonucleases, or the use of an enzyme to 
separate the DNA strands, at a constant temperature. 
0038 Strand Displacement Amplification (SDA) relies on 
the ability of certain restriction enzymes to nick the unmodi 
fied strand of hemi-modified DNA and the ability of a 5'-3' 
exonuclease-deficient polymerase to extend and displace the 
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downstream strand. Exponential nucleic acid amplification is 
then achieved by coupling sense and antisense reactions in 
which Strand displacement from the sense reaction serves as 
a template for the antisense reaction. The use of nickase 
enzymes which do not cut DNA in the traditional manner but 
produce a nick on one of the DNA strands, such as N. Alw1. 
N. BstNB1 and Mly 1, are useful in this reaction. SDA has 
been improved by the use of a combination of a heat-stable 
restriction enzyme (Aval) and heat-stable Exo-polymerase 
(Bst polymerase). This combination has been shown to 
increase amplification efficiency of the reaction from 10 fold 
amplification to 10' fold amplification so that it is possible 
using this technique to amplify unique single copy molecules. 
0039 Transcription Mediated Amplification (TMA) and 
Nucleic Acid Sequence Based Amplification (NASBA) use 
an RNA polymerase to copy RNA sequences but not corre 
sponding genomic DNA. The technology uses two primers 
and two or three enzymes, RNA polymerase, reverse tran 
scriptase and optionally RNase H (if the reverse transcriptase 
does not have RNase activity). One primer contains a pro 
moter sequence for RNA polymerase. In the first step of 
nucleic acid amplification, this primer hybridizes to the target 
ribosomal RNA (rRNA) at a defined site. Reverse tran 
scriptase creates a DNA copy of the target rRNA by extension 
from the 3' end of the promoter primer. The RNA in the 
resulting RNA:DNA duplex is degraded by the RNase activ 
ity of the reverse transcriptase if present or the additional 
RNase H. Next, a second primer binds to the DNA copy. A 
new strand of DNA is synthesized from the end of this primer 
by reverse transcriptase, creating a double-stranded DNA 
molecule. RNA polymerase recognizes the promoter 
sequence in the DNA template and initiates transcription. 
Each of the newly synthesized RNA amplicons re-enters the 
process and serves as a template for a new round of replica 
tion. 

0040. In Recombinase Polymerase Amplification (RPA), 
the isothermal amplification of specific DNA fragments is 
achieved by the binding of opposing oligonucleotide primers 
to template DNA and their extension by a DNA polymerase. 
Heat is not required to denature the double-stranded DNA 
(dsDNA) template. Instead, RPA employs recombinase 
primer complexes to scan dsDNA and facilitate strand 
exchange at cognate sites. The resulting structures are stabi 
lised by single-stranded DNA binding proteins interacting 
with the displaced template Strand, thus preventing the ejec 
tion of the primer by branch migration. Recombinase disas 
sembly leaves the 3' end of the oligonucleotide accessible to 
a strand displacing DNA polymerase, such as the large frag 
ment of Bacillus subtilis Pol I (Bsu), and primer extension 
ensues. Exponential nucleic acid amplification is accom 
plished by the cyclic repetition of this process. 
0041 Helicase-dependent amplification (HDA) mimics 
the in vivo system in that it uses a DNA helicase enzyme to 
generate single-stranded templates for primer hybridization 
and Subsequent primer extension by a DNA polymerase. In 
the first step of the HDA reaction, the helicase enzyme 
traverses along the target DNA, disrupting the hydrogen 
bonds linking the two strands which are then bound by single 
Stranded binding proteins. Exposure of the single-stranded 
target region by the helicase allows primers to anneal. The 
DNA polymerase then extends the 3' ends of each primer 
using free deoxyribonucleoside triphosphates (dNTPs) to 
produce two DNA replicates. The two replicated dsDNA 
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strands independently enter the next cycle of HDA, resulting 
in exponential nucleic acid amplification of the target 
Sequence. 

0042. Other DNA-based isothermal techniques include 
Rolling Circle Amplification (RCA) in which a DNA poly 
merase extends a primer continuously around a circular DNA 
template, generating a long DNA product that consists of 
many repeated copies of the circle. By the end of the reaction, 
the polymerase generates many thousands of copies of the 
circular template, with the chain of copies tethered to the 
original target DNA. This allows for spatial resolution of 
target and rapid nucleic acid amplification of the signal. Up to 
10' copies of template can be generated in 1 hour. Ramifi 
cation amplification is a variation of RCA and utilizes a 
closed circular probe (C-probe) or padlock probe and a DNA 
polymerase with a high processivity to exponentially amplify 
the C-probe under isothermal conditions. 
0043 Loop-mediated isothermal amplification (LAMP), 
offers high selectivity and employs a DNA polymerase and a 
set of four specially designed primers that recognize a total of 
six distinct sequences on the target DNA. An inner primer 
containing sequences of the sense and antisense strands of the 
target DNA initiates LAMP. The following strand displace 
ment DNA synthesis primed by an outer primer releases a 
single-stranded DNA. This serves as template for 
0044) DNA synthesis primed by the second inner and 
outer primers that hybridize to the other end of the target, 
which produces a stem-loop DNA structure. In subsequent 
LAMP cycling one inner primer hybridizes to the loop on the 
product and initiates displacement DNA synthesis, yielding 
the original stem-loop DNA and a new stem-loop DNA with 
a stem twice as long. The cycling reaction continues with 
accumulation of 10 copies of target in less than an hour. The 
final products are stem-loop DNAs with several inverted 
repeats of the target and cauliflower-like structures with mul 
tiple loops formed by annealing between alternately inverted 
repeats of the target in the same strand. 
0045. After completion of the nucleic acid amplification, 
the amplified product must be analysed to determine whether 
the anticipated amplicon (the amplified quantity of target 
nucleic acids) was generated. The methods of analyzing the 
product range from simply determining the size of the ampli 
con through gel electrophoresis, to identifying the nucleotide 
composition of the amplicon using DNA hybridization. 
0046 Gel electrophoresis is one of the simplest ways to 
check whether the nucleic acid amplification process gener 
ated the anticipated amplicon. Gel electrophoresis uses an 
electric field applied to a gel matrix to separate DNA frag 
ments. The negatively charged DNA fragments will move 
through the matrix at different rates, determined largely by 
their size. After the electrophoresis is complete, the fragments 
in the gel can be stained to make them visible. Ethidium 
bromide is a commonly used stain which fluoresces under UV 
light. 
0047. The size of the fragments is determined by compari 
son with a DNA size marker (a DNA ladder), which contains 
DNA fragments of known sizes, run on the gel alongside the 
amplicon. Because the oligonucleotide primers bind to spe 
cific sites flanking the target DNA, the size of the amplified 
product can be anticipated and detected as a band of known 
size on the gel. To be certain of the identity of the amplicon, 
or if several amplicons have been generated, DNA probe 
hybridization to the amplicon is commonly employed. 
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0048 DNA hybridization refers to the formation of 
double-stranded DNA by complementary base pairing. DNA 
hybridization for positive identification of a specific amplifi 
cation product requires the use of a DNA probe around 20 
nucleotides in length. If the probe has a sequence that is 
complementary to the amplicon (target) DNA sequence, 
hybridization will occur under favourable conditions oftem 
perature, pH and ionic concentration. If hybridization occurs, 
then the gene or DNA sequence of interest was present in the 
original sample. 
0049 Optical detection is the most common method to 
detect hybridization. Either the amplicons or the probes are 
labelled to emit light through fluorescence or electrochemi 
luminescence. These processes differ in the means of produc 
ing excited States of the light-producing moieties, but both 
enable covalent labelling of nucleotide strands. In electro 
chemiluminescence (ECL), light is produced by luminophore 
molecules or complexes upon stimulation with an electric 
current. In fluorescence, it is illumination with excitation 
light which leads to emission. 
0050 Fluorescence is detected using an illumination 
Source which provides excitation light at a wavelength 
absorbed by the fluorescent molecule, and a detection unit. 
The detection unit comprises a photosensor (such as a pho 
tomultiplier tube or charge-coupled device (CCD) array) to 
detect the emitted signal, and a mechanism (such as a wave 
length-selective filter) to prevent the excitation light from 
being included in the photosensor output. The fluorescent 
molecules emit Stokes-shifted light in response to the excita 
tion light, and this emitted light is collected by the detection 
unit. Stokes shift is the frequency difference or wavelength 
difference between emitted light and absorbed excitation 
light. 
0051 ECL emission is detected using a photosensor 
which is sensitive to the emission wavelength of the ECL 
species being employed. For example, transition metal 
ligand complexes emit light at visible wavelengths, so con 
ventional photodiodes and CCDS are employed as photosen 
sors. An advantage of ECL is that, if ambient light is 
excluded, the ECL emission can be the only light present in 
the detection system, which improves sensitivity. 
0.052 Microarrays allow for hundreds of thousands of 
DNA hybridization experiments to be performed simulta 
neously. Microarrays are powerful tools for molecular diag 
nostics with the potential to screen for thousands of genetic 
diseases or detect the presence of numerous infectious patho 
gens in a single test. A microarray consists of many different 
DNA probes immobilized as spots on a substrate. The target 
DNA (amplicon) is first labelled with a fluorescent or lumi 
nescent molecule (either during or after nucleic acid ampli 
fication) and then applied to the array of probes. The microar 
ray is incubated in a temperature controlled, humid 
environment for a number of hours or days while hybridiza 
tion between the probe and amplicon takes place. Following 
incubation, the microarray must be washed in a series of 
buffers to remove unbound strands. Once washed, the 
microarray Surface is dried using a stream of air (often nitro 
gen). The stringency of the hybridization and washes is criti 
cal. Insufficient stringency can result in a high degree of 
nonspecific binding. Excessive stringency can lead to a fail 
ure of appropriate binding, which results in diminished sen 
sitivity. Hybridization is recognized by detecting light emis 
sion from the labelled amplicons which have formed a hybrid 
with complementary probes. 






















































