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Figure 2

1 =903 Card, 2 = FTA Fluge Card, 3 = FTA Gene Card, 4 = FTA Flute Cand,
washed, 5 = FTA Geng Card, washed, M = Size Markes, - Negative control,

+ Positive controd (purified human genomic DINAL
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Figure 3

1= 903 Card, 2 Cene Card, 3 A Elute Card, M = Size M
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ANALYTE DETECTION ON A SOLID
SUPPORT BY NUCLEIC ACID
AMPLIFICATION COUPLED TO AN
IMMUNOASSAY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of PCT/
US2015/064409 filed on Dec. 8, 2015 which claims priority
benefit of U.S. Provisional Patent Application No. 62/093,
530 filed Dec. 18, 2014. The entire contents of which are
hereby incorporated by reference herein.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted electronically in ASCII format and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on May 15, 2017, is named 39154556_1.txt
and is 2,850 bytes in size.

FIELD OF THE INVENTION

The present invention relates to a method for detecting at
least one analyte derived from a sample. More specifically,
the invention relates to an ultrasensitive detection method
for an analyte on a solid support, as well as reagent kit for
performing the method.

BACKGROUND OF THE INVENTION

Immuno-polymerase chain reaction (iPCR) is a promising
technique for the ultrasensitive analysis of proteins and other
antigens. It combines the well-established ELISA method-
ology with the signal amplification power of PCR. iPCR
leads to ~1000-to 10,000-fold gain in sensitivity, as com-
pared to conventional ELISA (Adler, M., Wacker, R., &
Niemeyer C. M. A real-time immune-PCR assay for routine
ultrasensitive quantification of proteins. Biochemical and
Biophysical Research Communications (2003) 308, 240-
250.) and reveals a very broad linear dynamic range of up to
six orders of magnitude. Therefore, the use of immuno-
polymerase chain reaction (iPCR) and real-time iPCR assays
enable the detection of rare biomarkers in complex biologi-
cal samples that are poorly accessible by conventional
immunoassays.

Conventional ELISA methods have already been used for
detection of HIV, HTLV, HCV and many other disease
markers from samples applied to 903/Guthrie cards (Parker,
S. P. & Cubitt, W. D. J. Clin. Pathol. (1999) 52, 633-639.),
for example, the commercially available Human Immuno-
deficiency Virus Type 1 p24 Antigen ELISA assay has been
successfully modified for use on Dried Whole-Blood Spot
(i.e., blood applied to 903 paper) eluates and used as a
reliable test for infant diagnosis (Patton, J. C., Sherman, G.
G., Coovadia, A. H., Stevens, W. S., & Meyers, T. M. Clin.
Vaccine. Immunol. (2006), 13 (1), 152-155) Immuno-PCR
has been used for many of the same applications as classical
ELISA, such as detection of prion, toxins, hormones, pes-
ticides, virus and other antigen. iPCR has been used for the
detection of protooncogene ETS1 (Zhou, H., Fisher R. J., &
Papas, T. S., Universal immune-PCR for ultra-sensitive
target protein detection Nucleic Acids Research, (1993) 21,
6038-6039.), TNF-a(Komatsu, M. et al Tumour necrosis
factor-alpha in serum of patients with inflammatory bowel
disease as measured by a highly sensitive immune-PCR.
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Clin. Chem. (2001) 47, 1297-1301.), interleukin-3 and stem
cell factor (Putuckova, L. et al Rapid and sensitive detection
of cytokines using functionalized gold nanoparticles based
immune-PCR, comparison with immuno-PCR and ELISA.
J.Immunol. Methods (2011) 37, 38-47; T-cell receptors
(Sperl, J. et al Soluble T cell receptors; detection and
quantitative assay in fluid phase via ELISA or immune-PCR.
J. Immunol. Methods (1995) 186, 181-194.), angiotensino-
gen (Sugawara, K., et al A highly sensitive immune-poly-
merase chain reaction assay for human angiotensinogen
using the identical first and second polyclonal antibodies.
Clin. Chim Acta (2000) 299, 45-54.), protein toxins (He, X.
et al Sensitive detection of Shiga toxin 2 and some of its
variants in environmental samples by a novel immune-PCR
assay. Appl. Environ. Microbiol. (2011) 77, 3558-3564;
Zhang, W. et al New immune-PCR assay for detection of
low concentrations of Shiga toxin 2 and variants. J. Clin.
Microbiol. (2008) 46, 1292-1297.), prion protein (Barletta,
J. A. et al Detection of ultra-low levels of pathologic prion
protein in scrapie infected hamster brain homogenates using
real-time immuno-PCR J. Virol. Methods (2005) 127, 154-
164.), potential viral as well as bacterial antigens (Niemeyer,
C. M. Adler, M., & Wacker, R. Immuno-PCR: high sensi-
tivity detection of proteins by nucleic acid amplification.
Trends Biotechnol. (2005) 3, 208-216; Perez, J. W. et al
Detection of respiratory syncytial virus using nanoparticle
amplified immuno polymerase chain reaction. Anal.
Biochem. (2011) 410,141-148.), mycobacterial RD antigens
(Mehta, P. K. et al. Development of an ultrasensitive poly-
merase chain reaction-amplified immunoassay based on
mycobacterial RD antigens: implications for the serodiag-
nosis of tubercolosis. Diagnostic Microbiology and Infec-
tious Disease (2012) 72, 166-174.) and can be adapted as a
novel diagnostic tool for various infectious diseases (Malou,
N. & Raoult, D. A promising ultrasensitive diagnostic
method to detect antigens and antibodies. Trends Microbiol.
(2011) 19, 295-392.).

As an example, iPCR may be used to detect solid-phase
immobilized antigen. Traditionally, an ELISA assay using a
biotinylated IgG and a streptavidin enzyme conjugate is
used to detect solid-phase immobilized antigen. Real-time
iPCR may be used as a more sensitive assay, using an
antibody—DNA conjugate. To increase the performance of
the rt-iPCR assay, an internal competitor DNA fragment can
be added to the PCR mixture prior to PCR amplification.
Fluorophore-labeled TagMan probes are added for each
DNA to be amplified. During PCR amplification, the
TagMan probe is degraded by the exonuclease activity of the
polymerase, thus liberating a fluorescent dye which is quan-
tified in situ by the instrument. As another example, a
sandwich iPCR assay, may be applied, e.g., in the detection
of rViscumin in human plasma samples using an anti-
rViscumin antibody—DNA aggregate. Indirect iPCR assay
uses DNA—antibody conjugates with binding specificity for
IgG from specific species as secondary reagents for the
detection of a primary antibody coupled to the antigen to be
detected. For example, DNA—antibody conjugates specific
for rabbit-IgG, termed anti-rabbit secondary reagents
(“RSR,” CHIMERA BIOTEC), were used for the detection
of rabbit-IgG, or anti-mouse secondary reagents (“MSR,”
CHIMERA BIOTEC) for the detection of mouse IgG.
(Adler, M., Wacker, R., & Niemeyer C. M. A real-time
immune-PCR assay for routine ultrasensitive quantification
of proteins. Biochemical and Biophysical Research Com-
munications (2003) 308, 240-250.).

There is a need for applying iPCR and related methods to
detect low abundance analyte deposited on a solid support,
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without the need to separate the analyte from the solid
support. The dried format provides enhanced benefits asso-
ciated with the convenience and stability for storage of a
sample in a non-liquid format.

BRIEF SUMMARY OF THE INVENTION

This invention describes a novel method and kit that
enables the detection of low abundance analyte from a
sample. Thus, in one aspect, it is provided a method for
detecting at least one analyte derived from a sample. The
method comprises the steps of:

a) depositing the sample on a surface of a solid support;

b) transferring at least a portion of the solid support to a
receptacle suitable for performing a specific binding
assay for one or more analytes of interest;

¢) optionally washing the portion;

d) adding a single specific binding partner for each
analyte of interest to the receptacle, the binding partner
being labelled with an oligonucleotide sequence;

e) mixing the portion with nucleic acid amplification
reagents;

f) amplifying the oligonucleotide sequence ; and

g) detecting amplified nucleic acid.

In another aspect, the invention provides a kit for per-
forming the novel method. The kit comprises a solid sup-
port; a specific binding partner for each analyte of interest,
labelled with an oligonucleotide sequence; reagents for
amplifying said oligonucleotide sequence; and a user
instruction manual.

Further details and advantages of the present invention
will appear from the description and claims below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows measurement of model protein (IL-2) from
a solid support.

FIG. 2 shows result of direct amplification of a 500 bp
genomic DNA fragment from human blood treated with
heparin and preserved on various solid supports.

FIG. 3 shows result of direct PCR of 1 kb, 3.8 kb and 7.5
kb genomic DNA amplicons from human blood treated with
EDTA and preserved on various solid supports.

DETAILED DESCRIPTION OF THE
INVENTION:

In one aspect, the invention provides methods and kits
that uses iPCR to detect antibodies or antigens attached to
solid supports such as 903 Guthrie cards, 31-ETF paper,
FTA or FTA elute. The invention enables diagnosis of body
fluids (such as saliva, blood, urine, lymph etc.) or samples
used for single cell analysis where, the concentrations are
usually too low to detect by current applications. It enables
the use of 903 cards (and other solid supports) for diagnosis
of diseases that were previously not feasible. The PCR
amplification method may also be replaced by isothermal
amplification (e.g., such as rolling circle amplification using
Phi29 DNA polymerase).

Thus, in one embodiment, it is provided a method for
detection of at least one analyte derived from a sample,
comprising the steps of:

a) depositing the sample on a surface of a solid support;

b) transferring at least a portion of the solid support to a

receptacle suitable for performing a specific binding
assay for one or more analytes of interest;
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c) optionally washing the portion of transferred solid
support;

d) adding a single specific binding partner for each
analyte of interest to the receptacle, which binding
partner is labelled with an oligonucleotide sequence;

e) mixing the portion with nucleic acid amplification
reagents;

f) amplifying the oligonucleotide sequence ; and

g) detecting amplified nucleic acid.

By the term “analyte”, it is meant a substance or chemical
constituent that is of interest in an analytical procedure, and
is usually detected in a laboratory. An analyte is thus a
substance or chemical constituent that is undergoing analy-
sis.

By the term “receptacle”, it is meant a hollow object used
to contain a portion of the solid support containing the
analyte, for the detection of the analyte according to embodi-
ments of the invention. Examples of receptacles are, but not
limited to, tubes, test tubes, microtitre plates, cluster wells,
dishes, bottles etc. Examples of materials used for the
manufacture of receptacles are, but not limited to, glass,
plastic, metals, rubber, teflon and polyethylene.

A specific binding assay is a biochemical test that mea-
sures the presence or concentration of a molecule, usually in
a solution through the use of a specific binding partner, an
antibody or immunoglobulin, an aptamer, nucleic acid
sequence, ligand or specific binding protein or receptor. The
molecule detected by the specific binding assay is often
referred to as an analyte. Analytes measured using specific
binding assays are frequently used for clinical, research,
environmental, forensic and other analytical purposes.

The term “oligonucleotide” refers to single-stranded
DNA or RNA molecules, from 15 to 500 nt, preferably 20 -to
400 nt, most preferably 30 to 300 nt in length. For PCR or
variations of PCR amplification reactions, the oligonucle-
otide is linked to the antibody or specific bending moiety and
used as a tag or template for amplification. In some other
amplification methods, the oligonucleotide can be used as a
primer, e.g., in the case of RCA where the antibody is bound
to a linear oligonucleotide. A single stranded circular oligo-
nucleotide can then be added (which contains a complimen-
tary sequence to the linear oligonucleotide) which binds to
the linear oligonucleotide. The linear oligonucleotide will
then be the primer for DNA/RNA replication.

In certain embodiments, the method for detection of at
least one analyte derived from a sample further comprises
quantifying the analyte of interest based on the quantity of
amplified nucleic acid. For example, the amplified nucleic
acid may be quantified using a nucleic acid imaging system,
or by qPCR/Tagman assay.

In certain embodiments, the solid support comprises:
cellulose based paper, woven or non-woven fibrous materi-
als, including man made, or naturally occurring polymer
fibres such as an alginate, mineral fibre based materials such
as glass fibre materials, or surface treated solid materials for
example, chemically or mechanically treated materials,
including laser etched surfaces, all provided with a surface
micro roughness of sufficient roughness to hold, all option-
ally chemically treated with a stabilising reagent or reagent
mix. The solid support may also be made of nylon or
nitrocellulose material.

In certain embodiments, the solid support is fibrous, for
example a cellulose fibre material, or a glass fibre/microfibre
material.

In certain embodiments, the solid support is a porous
polymer, for example porous membrane material such as
polyester, polyether sulfone (PES), polyamide (Nylon),
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polypropylene, polytetrafiuoroethylene (PTFE), polycar-
bonate, cellulose nitrate, cellulose acetate, alginate or alu-
minium oxide.

In certain other embodiments, the solid support is, but not
limited to, FTA paper, FTA Elute paper, Whatman 903 paper,
Whatman 31-ETF paper, alginate, or an alginate coated
support.

Herein FTA (including FTA microcards, FTA indicating,
and FTA classic) is a cellulose fibre paper treated with
stabilizing chemicals, for example a weak base, a chelating
agent and an anionic surfactant, whereby the support surface
is impregnated with the stabilization chemicals. In this way
the biological sample materials can be stored as a dried
material on the solid support for many months or even years,
thereby allowing time for transportation of the solid support,
if needed, to a laboratory, at an ambient temperature. Simple
recovery is then possible, by for example purifying the
biological sample materials from the solid support. Alterna-
tively, the sample can be processed using direct or washed
punch-in protocols. Storing a sample on the solid support
also enables retesting the sample over time, by removing a
portion of the sample and testing that portion as needed.

FTA FElute herein describes similar paper but coated with
a chaotropic agent such as guanidinium thiocyanate. Herein
Whatman 903 describes uncoated cellulose fibre paper.

In certain embodiments, the solid support surface is
impregnated with chemicals, such as a weak base, a chelat-
ing agent, an anionic surfactant, and optionally an anti-
oxidant.

In certain embodiments, the solid support surface is
impregnated with a chaotrope. In one embodiment, the
chaotropic salt is a guanidine salt. In another embodiments,
the guanidine salt is selected from the group consisting of
guanidine thiocyanate, guanidine chloride and guanidine
hydrochloride. In one embodiment, the chaotropic salt is
sodium salt such as sodium iodide.

In certain embodiments, the solid support is a cellulose
based matrix. In some embodiments, the solid support is a
surfactant-treated cellulose based solid support. The term
“Surfactants™ refers to compounds that lower the surface
tension (or interfacial tension) between two liquids or
between a liquid and a solid. Surfactants may act as deter-
gents, wetting agents, emulsifiers, foaming agents, and dis-
persants.

Certain solid supports are described in WO 2012113911,
WO 2012113907, WO 2012113906 and WO 2013165870,
the disclosure of each is incorporated by reference in its
entirety.

The solid supports described above are intended to be
used in a generally flat configuration, but in the alternative,
may for example be used on a roll.

In certain embodiments, the one or more assays is per-
formed directly from a punch excised from solid support
containing the sample. Thus, the assays may be carried out
directly from punches excised from solid support on which
a sample has been applied. The punches containing the
sample may be added directly to an assay reaction. Option-
ally, simple “punch-ins” additions can be performed in
which the excised punch (solid support plus sample) is
washed to remove any potential inhibitory chemicals prior to
the addition to the reaction.

In certain embodiments, the adding and mixing steps are
performed in the presence of a sequestrant to counteract
surfactant inhibition of enzyme activity or binding of the
specific binding partner. In certain embodiments, the seques-
trant is a cyclodextrin. Cyclodextrin acts as a sequestor of
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detergents which coat the outside of certain solid supports,
thus improved DNA amplification and specific binding
assays may be performed.

In certain embodiments, the solid support is coated with
specific binding moieties, or, surface charge modifying
agents. The specific binding moieties are for example anti-
bodies, both polyclonal and monoclonal, specific receptor
proteins, ligands, nucleic acid sequences, and similar
reagents which, through specific binding or chemical reac-
tion with substances in a specimen, are intended for use for
identification, measurement and quantification of an indi-
vidual chemical substance or analyte in a specimen. The
surface charge modifying agents include ion exchange
papers such as cationic and anionic charged cellulose papers.

In certain embodiments, the sample is derived from a
biological sample. A biological sample (or a biological
specimen, also called a bio specimen) is a biological sample
including, but not limited to, blood, plasma, serum, cerebral
spinal fluid, synovial fluid, lymphatic fluid, saliva, buccal,
urine, faeces, skin, hair or tissue. Other biological samples
are infectious materials (such as bacteria, viruses, rickett-
siae, parasites, or fungi) and those samples obtained from
animals.

In certain embodiments, the sample is a drug or derived
from the environment such as pollutants, herbicides, pesti-
cides, heavy metals or drugs. By “the environment”, it is
meant the natural world, as a whole or in a particular
geographical area.

In certain embodiments, the sample is derived from a
crime scene and is used for forensics purposes such as, but
not limited to, blood, semen, hair roots, fibres, alcohol, drug
abuse, explosives and gunpowder. By “crime scene” it is
meant a location where a crime took place, or another
location where evidence of the crime may be found, and
comprises the area from which physical evidence is
retrieved by law enforcement personnel

In certain embodiments, the specific binding partner is an
antibody.

In certain other embodiments, the specific binding partner
is an aptamer.

In other embodiments, the specific binding partner is a
natural or recombinant protein.

In still other embodiments, the specific binding partner is
a recombinant Pleckstrin homology domain, FYVE domain,
PX domain, ENTH domain, CALM domain, PDZ domains,
PTB domains, FERM domain or Metallothioneins. These
specific binding partners are all inositide-recognition mod-
ules i.e. these are all specific binding partners for inositol
phosphates.

In another embodiment, the specific binding partners are
members of the clathrin adaptor protein and arrestin fami-
lies. Clathrin adaptor proteins act as specific binding part-
ners for certain proteins (such as soluble receptors) and
lipids, while arrestins are specific binding partners for
G-protein coupled receptors.

In yet another embodiment, the specific binding partners
are Metallothioneins, a family of cysteine-rich, low molecu-
lar weight (MW ranging from 500 to 14000 Da) proteins.
Metallothioneins may be used as a specific binding partner
for both physiological and heavy metal pollutants. Metallo-
thioneins have the capacity to bind zinc, copper, selenium
cadmium, mercury, silver, arsenic, lead, iron metals through
the thiol group of the cysteine residues.

The nucleic acid amplification reaction may comprise a
polymerase chain reaction. Thus, certain aspects of the
invention relates to the application of immune-PCR for a
sample deposited on a solid support. As discussed earlier,
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conventional ELISA methods have already been used for
detection of HIV, HTLV, HCV and many other disease
markers from samples deposited on a solid support such as
903/Guthrie cards (Parker, S. P. & Cubitt, W. D. J. Clin.
Pathol. (1999) 52, 633-639). For example, the commercially
available Human Immunodeficiency Virus Type 1 p24 Anti-
gen ELISA assay has been successtully modified for use on
Dried Whole-Blood Spot (i.e., blood applied to 903 paper)
eluates and used as a reliable test for infant diagnosis
(Patton, J. C., Sherman, G. G., Coovadia, A. H., Stevens, W.
S., & Meyers, T. M. Clin. Vaccine. Immunol. (2006) 13 (1),
152-155). With the significantly increased sensitivity of
immune-PCR, low abundance samples are now successfully
detected, using the methods according to certain aspects of
the invention.

In certain embodiments, the nucleic acid amplification
reaction may comprise an isothermal amplification reaction.
The isothermal amplification reaction may comprise rolling
circle amplification. When the nucleic acid amplification
reaction involves rolling circular amplification, the oligo-
nucleotide may be circularized with T4 ligase, and amplified
with Phi 29 DNA polymerase. Alternatively, with the use of
circular DNA, the oligonucleotide may act as a primer that
hybridizes to the circular DNA, and RCA may proceed in the
presence of a Phi29 DNA polymerase.

In certain embodiments, the nucleic acid amplification
involves loop mediated isothermal amplification, T7 RNA
polymerase, recombinase polymerase amplification or
nucleic acid sequence-based amplification

In certain embodiments, the method for detecting at least
one analyte derived from a sample may further comprise
quantifying the analyte of interest based on the quantity of
amplified nucleic acid. Methods for quantifying the nucleic
acid amplification product are well known. For example, the
amplification product may be measured by a hybridisation
reaction.

In certain embodiments, the method may be multiplexed.
Thus, more than one analytes may be individually detected
simultaneously by detecting the amplified nucleic acid
sequence associated with each specific binding partner, each
labelled with a unique oligonucleotide sequence. A “multi-
plex assay” or “multiplex method” relates to or is a method
of measurement or communication of information or signals
from two or more messages from the same source. Simply
put, a multiplex assay is a type of assay that simultaneously
measures multiple analytes in a single run/cycle of the assay.
It is distinguished from procedures that measure one analyte
at a time. (An example of a muliplex assay is described by
Ugozzoli, et al. (Analytical Biochemistry, 2002, 307,
47-53)).

In certain embodiments, the one or more assays is per-
formed using lyophilized reagents. Lyophilized reagents
such as GE Healthcare’s illustra Ready-To-Go (RTG) prod-
ucts are well known. These reagents may contain the specific
binding partner, and/or reagents for analysing the specific
oligonucleotides etc.

In certain embodiments, the sample is previously pre-
served on a solid support and stored at room temperature.
The sample may simply be applied to the solid support and
allowed to dry at ambient temperature for preservation.
Biological sample preserved on a solid support may be
stable for a long period of time, see for example, GE
Healthcare Life Sciences Application Note 29-0082-33 AA.
Thus, the sample may be stored on the solid support for at
least 30 minute. The sample may be immobilised on the
solid support for longer periods, for example, for at least 24
hours, for at least 7 days, for at least 30 days, for at least 90
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days, for at least 180 days, for at least one year, and for at
least 10 years. In this way the sample may be stored in a
dried form which is suitable for subsequent analysis. Typi-
cally, samples are stored at temperatures from —-200° C. to
40° C. In addition, stored samples may be optionally stored
in dry or desiccated conditions or under inert atmospheres.

The power of iPCR allows for ultrasensitive detection of
antibodies or antigens from a sample deposited on a solid
support material, which brings a new tool in detecting
microbiological disease especially for viral infections or for
fastidious bacteria that are difficult to isolate. This method-
ology also contributes significantly for serological diagnosis
of some bacterial or viral diseases such as rickettsia or
cytomegalovirus infection, where classical serological
methods fail to detect antibodies at early stages of infection
and where seroconversion is detected after a few weeks.

In another aspect, the invention provides a kit for per-
forming the method for detection of at least one analyte
derived from a sample. The kit comprises a solid support; a
specific binding partner for each analyte of interest, labelled
with an oligonucleotide sequence; reagents for amplifying
the oligonucleotide sequence; and a user instruction manual.

In certain embodiments, the kit also comprises a recep-
tacle suitable for performing a specific binding assay for one
or more analytes of interest.

In certain embodiments, the specific binding partners or
the reagents for amplifying said oligonucleotide sequence in
the kit are provided in ambient temperature stable, dried
form.

EXAMPLES

The following examples are intended only to illustrate
methods and embodiments in accordance with the invention,
and as such should not be construed as imposing limitations
upon the claims.

Example 1

Direct Measurement of Interleukin from a Solid
Support

Recombinant IL-2+carrier (R & D Systems; Cat. 202-IL-
CF-10 pg; lot AE4309112 and Cat. 202-IL-10pg; lot
AE4309081 respectively) was dissolved in blood (TCS
Biosciences) at 50 pg or 100 pg/ul. Aliquots (1 pl containing,
50 (B) or 100 (A) pg of IL-2) were applied to GE Healthcare
903 filter papers.

These samples were allowed to dry overnight at ambient
temperature and humidity. 3mm diameter punched disks
were extracted from each paper type using the appropriately
sized punch. Single discs were directly analysed for IL.-2
with reagents from a fully configured IL-2 Quantikine
ELISAkit (R & D Systems, Cat. D2050, lot 273275). Direct
assays were carried out “punch in well”, i.e., where a portion
of the 903 filter paper was punched out and deposited in a
reaction well of a convention multiwall plate.

On completion of the assay the optical density was
monitored at 450 nm. The recovery of IL.-2 was determined
by comparing values to a standard curve of known IL-2
concentrations. Recovery rates are shown in FIG. 1, and
demonstrate that effective amounts of a protein can be
recovered when the protein is deposited on a solid support.

Thus, a protein from a biological sample such as blood or
cerebral spinal fluid is stable on a solid support and may be
detected and quantified using immunology methods such as
ELISA.
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Example 2

Direct PCR from Blood Preserved on Whatman
FTA and 903 Cards

Thermo Scientific Phusion Blood Direct PCR Kit was
demonstrated to support the amplification of DNA directly
from blood samples stored on a range of solid supports
including Whatman 903, FTA and FTA Elute cards (Chum
and Andre 2013; Thermo Fisher Scientific). FTA and FTA
elute cards are examples of chemical coated paper-based
cards whilst 903 cards are not chemically coated. In direct
amplification workflows, no prior DNA extraction or puri-
fication steps are needed and the cards are simply added to
the PCR reaction mixture.

Sample preparation: Fresh blood or blood preserved with
heparin (1.4 IU/mL), K,EDTA (1.8 mg/mL), or Na Citrate
(109 mM) was applied to Whatman 903 Cards, FTA Elute
Cards, or FTA Gene Cards and dried as per the manufac-
turer’s instructions. For direct PCR, a 1 mm diameter disc
was punched out of the sample in the card and used in the
following PCR reaction volumes: Whatman 903: 10-50 pl,
FTA Elute Card: 25-50 pl and FTA Gene Card: 50 pl.

When larger punches or smaller reaction volumes were
used, punches were washed with 20 pl, of water at 50° C. for
3 minutes. After removing the water, PCR components were
added directly to the rinsed punch. The parameters and
reagents used are listed in Tables 1, 2, 3 below.

TABLE 1

PCR REACTION MIXTURES

25 L 50 pL FINAL
COMPONENT REACTION REACTION  CONC.
1,0 ADD TO 25 L. ADD TO 50 pL

2x PHUSION BLOOD 12,5 uL 25 uL 1x
PCR BUFFER

PRIMER F x uL xul 0.5 L
(FORWARD)

PRIMER R x uL xul 0.5 L
(REVERSE)

PHUSION BLOOD 0.5 pL 1L

DNA POLYMERASE

903/FTA CARD 1 mmPUNCH 1 mm PUNCH

OPTIONAL COMPONENTS FOR REACTION OPTIMIZATION*

50 mM MgCl, 0.75 pL 15 uL

50 mM EDTA 0.6-1.25 pL 1.25-25 pL

DMSO 1.25 uL 2.5 L 5%
TABLE 2

10

15

20

25

30

35

40

45

10

TABLE 3

PRIMERS USED TO AMPLIFY THE EXEMPLARY GENES
OF INTEREST

AMPLICON ANNEALING
GENE OF LENGTH FORWARD PRIMER TEMPERATURE
INTEREST (kb) REVERSE PRIMER (e C.)
CATHEPSIN K 0.5 GAGAATCGCTTGAAC 78.1
GENE CCGGGAGGTGTAGGT
CCTGCTGATGCCTGG 78.1
CCTCTTTCTTCTTTG
GLUTATHIONE 1.0 CATCACCCGTCTAGG 77.6
PEROXIDASE 3 AACCCAGTCATCAG
CTCCTTCATCCCGCT 77.9
ACACCACGCATACAC
BETA-GLOBIN 3.8 GCACTGGCTTAGGAG 65.9
GENE TTGGACT
ACAGACACCCAGGCC 65.6
TACTTG
BETA-GLOBIN 7.5 GCACTGGCTTAGGAG 73.9
GENE TTGGACTTCAAACC
CAACTGCTGAAAGAG 75.1
ATGCGGTGGG
SO0X21 GENE 0.2 AGCCCTTGGGGASTT 73.5
5' REGION GAATTGCTG
(CONTROL GCACTCCAGAGGACA 72.2/75.3
PRIMERS OF GCRGTGTCAATA (R = A/G)
PHUSION
BLOOD DIRECT
PCR KIT

FIG. 2 shows result of direct amplification of a 500 bp
genomic DNA fragment from human blood treated with
heparin and preserved on various cards. Reactions were
performed from 1 mm punches either rinsed or placed
directly into PCR reactions of 50, 25 or 10 pl in volume. A
2-step PCR protocol described was used.

FIG. 3 shows result of direct PCR of 1 kb, 3.8 kb and 7.5
kb gDNA amplicons from human blood treated with EDTA
and preserved on various cards. Reactions were performed
from 1 mm punches in 50 pl reactions (FTA Gene Card
punches were washed by rinsing with water for 7.5 kb
fragment). A 2-step protocol was used for 1 kb and 7.5 kb
fragments and a 3-step protocol for 3.8 kb amplicon.

The PCR study confirmed that DNA can be directly
amplified from blood stored on various filter cards.

Samples derived from the 903 Cards showed almost no
inhibition, and a 1 mm punch could be used with reaction
volumes as low as 10 pl. FTA Flute and FTA Cards exhibited
varying levels of inhibition. FTA elute inhibited direct PCR
reactions slightly; a 1 mm disc in a 25-50 p1 reaction worked

PCR THERMO-CYCLING PROTOCOLS. THE 2-STEP PROTOCOL
WAS USED WHEN PRIMER Tm VALUES WERE 69-72° C.

2-STEP PROTOCOL 3-STEP PROTOCOL

CYCLE STEP TEMP. TIME TEMP. TIME CYCLES
LYSIS OF CELLS 98° C. 5 MINUTE 98° C. 5 MINUTE 1
DENATURATION 98° C. 1s 98° C. 1s 35-40
ANNEALING* — — x° C. S5s

EXTENSION** 72°C.  15-30 s/kb 72°C.  15-30 s/kb

FINAL 72° C. 1 MINUTE 72°C. 1 MINUTE 1
EXTENSION 4° C. HOLD 4° C. HOLD
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well, but when placed in a 10 pl reaction, the PCR was
totally inhibited. FTA Gene Cards showed the greatest level
of inhibition. Without any pre-treatments, a 1 mm punch of
FTA Gene Card worked well only in a 50 pl reaction volume.
For smaller reaction volumes, a very simple washing pro-
tocol was enough to remove inhibitors from both FTA Elute
and FTA Gene Cards. After washing the card punch for 3
minutes with water, the sample was of sufficient purity for
use in direct PCR reactions with Phusion Blood Direct PCR
Kit at all reaction volumes tested.

Punches from 903 Cards and rinsed punches from FTA
Elute and FTA Gene Cards (all 1 mm in diameter) were used
in 50 pl reaction volumes with primers specific for 1 kb, 3.8
kb and 7.5 kb amplicons. In all cases, the PCR reaction
generated the appropriately sized amplification product.

Example of iPCR on a Solid Support

Recombinant human IL-2 was diluted with MADB buffer
(150 mM NaCl, 20 mM Tris-HCI1 pH 7.4 2M guanidine) and
added to the solid support overnight at 4° C. This simple
addition was sufficient to permanently attach the antigen to
the solid support. The immobilised antigen was washed
three times with Tris buffered saline (TBS) and non-specific
binding site on the solid support were blocked using
MESTBS (TBS supplemented with 4.5% non-fat dried milk,
0.1 mM EDTA, 1 mg/ml salmon sperm DNA and 0.2%
sodium azide) at 37° C. for 1 hour. The solid support was
washed 3 times with TETBS (TBS supplemented with
0.04% Tween and 0.1 mM EDTA). All subsequent washing
steps followed this procedure.

Multiple punches were excised from the solid support
using a disposable Harris 3 mm Uni-core punch and then
added to a 96-well plate suitable for PCR.

Biotinylated goat anti-IL-2 (R&D Systems, catalogue
code BAF202) was diluted with reagent dilution buffer
(RDB) composed of 1 part of MESTBS plus nine parts of
TETBS and was added to the 96-well plate containing the
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solid support punches. The IL.-2 antigen and biotinylated
antibody was incubated for one hour at room temperature
(22° C.) followed by a three-minute washing step using
TETBS. Washing was repeated 5 times.

A 1038 bp fragment of the p53 mRNA co-corresponding
to 217-1255 of the p53 c¢DNA as described in GenBank
accession number BC003596 (IMAGE; 3544714, MGC;
646) was used as the template for the immuno-PCR reaction.
The appropriate sized p53 DNA fragment was excised from
the vector and biotinylated using the random prime DNA
biotinylation kit (KPL, catalogue code 60-01-00) using
exo-minus fragment of Klenow DNA polymerase using
biotin d-CTP.

Free streptavidin (Sigma Catalogue code 54762) was used
to link the biotinylated antibody to the biotinylated P53
fragment.

The iPCR detection reaction involved the generation of a
250 bp PCR product using the p53-specific forward primer
1; 5-GCGCACAGAGGAAGAGAATC-3'" and reverse
primer 2; 5-CCAAGGCCTCATTCAGCTCT-3 (Sigma
Genosys).

PCR amplicons were generated using a PCR master mix
(95 ul; 1 U Taq DNA polymerase, 20 pmol forward and
reverse primers) and amplified accordingly (denature 94° C.,
3 min. 30 cycles 0f94° C.,30s; 55° C., 1 min; 72° C., 2 min;
final soak at 72° C., 10 min).

The resultant amplicons were visualized on a 1% agarose
gel (data not shown).

While the particular embodiment of the present invention
has been shown and described, it will be obvious to those
skilled in the art that changes and modifications may be
made without departing from the teachings of the invention.
The matter set forth in the foregoing description and accom-
panying drawings is offered by way of illustration only and
not as a limitation. The actual scope of the invention is
intended to be defined in the following claims when viewed
in their proper perspective based on the prior art.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 12
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

<400> SEQUENCE: 1

gagaatcgcet tgaacccggyg aggtgtaggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

<400> SEQUENCE: 2

cctgetgatyg cectggectet ttettetttg

<210> SEQ ID NO 3

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

OTHER INFORMATION: Synthetic oligonucleotide

OTHER INFORMATION: Synthetic oligonucleotide

30

30
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-continued

14

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 3

catcagceeg tctaggaace cagtcatcag

<210> SEQ ID NO 4

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 4

ctcetteate cecgctacace acgcatacac

<210> SEQ ID NO 5

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 5

gecactggett aggagttgga ct

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 6

acagacaccce aggcectactt g

<210> SEQ ID NO 7

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 7

gcactggett aggagttgga cttgaaacc

<210> SEQ ID NO 8

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 8

caactgctga aagagatgceg gtggg

<210> SEQ ID NO 9

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: S is G or C.
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-continued

<400> SEQUENCE: 9

agcccttggg gasttgaatt getg

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 10

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION:
FEATURE:

NAME/KEY: misc_feature
LOCATION: (18)..(18)

OTHER INFORMATION: R is A or G.

Synthetic oligonucleotide

<400> SEQUENCE: 10

gecactccaga ggacagergt gtcaata

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 11

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 11

gegcacagag gaagagaatce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 12

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 12

ccaaggecte attcagetet

24

27
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We claim:

1. A method for detection of at least one analyte derived

from a sample, comprising the steps of:

a) depositing the sample on a surface of a solid support,
drying the sample on the surface of the solid support,
and storing the dried sample on the solid support at
ambient temperature for at least one month;

b) transferring at least a portion of the solid support and
the dried sample to a receptacle suitable for performing
a specific binding assay for one or more analytes of
interest;

c¢) washing the said portion for at least 3 minutes;

d) adding a single specific binding partner for each
analyte of interest to said receptacle said binding part-
ner being labelled with an oligonucleotide sequence;

e) mixing said portion with nucleic acid amplification
reagents;

f) amplifying the oligonucleotide sequence; and

g) detecting amplified nucleic acid,

wherein the solid support comprises cellulose based
paper, or woven or non-woven fibrous materials,

wherein more than one analytes are individually detected
simultaneously by detecting the amplified nucleic acid
sequence associated with each specific binding partner,
each labelled with a unique oligonucleotide sequence,
and

wherein the binding partners and the nucleic acid ampli-
fication reagents are provided in ambient temperature
stable, dried form.
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2. The method of claim 1, further comprising:

quantifying the analyte of interest based on the quantity of

amplified nucleic acid.

3. The method of claim 1, wherein the solid support
comprises man made, or naturally occurring polymer fibres,
or mineral fibre based materials all provided with a surface
micro roughness of sufficient roughness to be held with a
holder.

4. The method of claim 1, wherein the solid support
surface is impregnated with at least one of a weak base, a
chelating agent, an anionic surfactant, or an anti-oxidant.

5. The method of claim 1, wherein the solid support
surface is impregnated with a chaotrope.

6. The method of claim 1, wherein the solid support is a
surfactant- treated cellulose based solid support.

7. The method of claim 1, wherein the adding and mixing
steps are performed in the presence of a sequestrant to
counteract surfactant inhibition of enzyme activity or bind-
ing of the specific binding partner.

8. The method of claim 7, wherein the sequestrant is a
cyclodextrin.

9. The method of claim 1, wherein the solid support is
coated with specific binding moieties, or, surface charge
modifying agents.

10. The method of claim 1, wherein the specific binding
partner is an antibody.

11. The method of claim 1, wherein the specific binding
partner is an aptamer.
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12. The method of claim 1, wherein the specific binding
partner is a natural or recombinant protein.

13. The method of claim 1, wherein the specific binding
partner is a recombinant Pleckstrin homology domain,
FYVE domain, PX domain, ENTH domain, CALM domain,
PDZ domains, PTB domains, FERM domain or Metalloth-
ioneins.

14. The method of claim 1, wherein the sample is derived
from a biological sample.

15. The method according to claim 1, wherein the sample
comprises one or more of a drug, pollutants, herbicides,
pesticides, or metals.

16. The method of claim 1, wherein the sample is derived
from a crime scene, wherein the sample comprises blood,
semen, hair roots, fibres, alcohol, drugs of abuse, explosives
or gunpowder, and wherein the sample is configured to be
used for forensics purposes.

17. The method of claim 1, wherein the nucleic acid
amplification reaction comprises polymerase chain reaction.

18. The method of claim 1, wherein the nucleic acid
amplification reaction comprises isothermal amplification.

19. The method of claim 18 wherein the isothermal
amplification reaction comprises rolling circle amplification.

20. The method of claim 19, wherein the amplification
product is measured by a hybridisation reaction.
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