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(57) Abstract: Use ol helper probes in dipstick assays is described.
In a dipstick assay o lest for the presence of a targel nucleic acid in
a sample solution, the sample solution is connected with the contact
end ol the dipstick (o cause the sample solution is contacled with the
contact end of the dipstick to cause the sample solution o move by
capillary action Lo a caplure zone of the dipstick atl which target nu-
cleic acid is caplured. ‘T'he target nucleic acid may be captured at the
caplure zone by a caplure probe capable ol hybridising o the target
nucleic acid. A labelled detection probe capable of hybridising to the
lurgel nucleic acid may be used 1o delect the largel nucleic acid at the
caplure zone. A helper probe may be used 1o enhance the binding ol
the capture and/or detection probe to the target nucleic acid, therehy
improving Lhe sensilivily ol targel nucleic acid delection. Dipsticks
and kits are also described.
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Improved Capture and Detection of Target Nucleic Acid in

Dipstick Assays

The present invention relates to methods for improved
detection of nucleic acid by dipsticks. Methods of the
invention are used to test for the presence of a target
nucleic acid in a sample solution, for example to identify
whether a patient is infected with a disease causing

microorganism such ag Chlamydia trachomatis (CT).

Some conventional methods for testing for the presence of a
target mnucleic acid in a sample solution rely on
amplification of the target nucleic acid using the
polymerase chain reaction (PCR). Whilst this reaction allows
detection of small quantities of target nucleic acid, it can
take several hours before a result is cobtained. This can be
a significant disadvantage because it is often desired to
obtain the result as soon as possible, for example, to keep -
patient waiting times to a minimum. Further disadvantages of
such methods are the requirement for expensive specialiét
equipment to perform the reaction and the relatively high

cost of the reagents.

In contrast, dipsticks can detect unamplified target nucleic
acid without the requirement for any specialist equipment.
The results can be obtained much more rapidly than PCR-based
methods and, therefore, in a single visit from a patient.
The patlent can then be treated in the same visit. This is
particularly advantageous where the patient is unlikely to,
or cannot return for treatment at a later date. The cost of
performing a dipstick test can also be significantly lower

than the cost of a PCR-based test.
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In a typical conventional dipstick described in
US 5,310,650, a single stranded DNA capture probe is
immobilised on a nitrocelluleose filter at a capture =zone
remote from cne end of the filter (the contact end). The
sequence of the capture probe is complementary to the
sequence of a first region of the target nucleic acid to be
detected. A labelled single stranded DNA detection probe is
releasably immcbilised on the nitrocellulose filter at a
probe zone located between the capture zone and the contact
end of the filter. The sequence of the detection proke is
complementary to the sequence of a second region (distinct

from the first region) of the target nucleic acid.

To detect target DNA in a sample solution thought to contain
target DNA, the contact end of the nitrocellulose filter is
contacted with the sample solution. The sample solution
wicks up the Eilter by capillary action and passes the probe
zone and the capture zone. As the sample solution passes the
prebe zone, it mobilises the detection probe and csuses it
to rise with the sample solution towards the capture zone.
Mobilised detection probe can then hybridise to the second
region of any target DNA present in the sample solution.
When the hybridised detection probe and target DNA arrive at
the capture zone, the first region of the target DNA can
hybridise to the immobilised capture probe. A ternary
complex is thereby formed between the target nucleic acid,
the capture probe and the labelled detecticn probe. Presence
of label at the capture =zone, thersfore, indicates that

target DNA is present in the sample solution.

With a second type of conventiomal dipstick, the labelled
DNA detection probe is not immobilised on the nitrocellulose

filter. Instead the detection probe is added to the sample
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solution under conditions allowing hybridisation of the
detection probe to any target nucleic acid in the sample
solution. The contact end of the nitrocellulose filter is
then contacted with the sample solution and as the sample
solution wicks up the dipstick, target nucleic acid which is
hybridised to the detection procbe rises up the
nitrocellulose filter and may be captured at the capture

zone by the capture prche.

Although results can be obtained more rapidly using
conventional dipsticks than detection metheds which require
amplification of the target nucleic acid, the sensitivity of
nucleic acid detection by conventional dipsticks can be low.
The sensitivity of detesction of double stranded target
nucleic acid by conventional dipsticks can be particularly
low especially as the size of the targst nucleic acid
increases, and circular double stranded.target nucleic acid
is thought to be virtually undetectable using conventional
dipsticks. Consequently, the presence of target nucleic
acid in a sample solution can sometimes be undstected. It is
desired, therefore, to improve the sensitivity of target
nucleic acid detection, in particular the sensitivity of
double stranded and circular double stranded target nucleic

acid detection by dipsticks.

In its broadest sense, the invention provides use of a
helper probe in a dipstick assay to enhance the
hybridisation of a capture and/or detection probe to the

target nucleic acid.

The term “dipstick assay” as used herein means any assay
using a dipstick in which sample solution is contacted with

the dipstick to cause sample solution to move by capillary
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action to a capture zone of the dipstick thereby allowing
target nucleic acid in the sample solution to be captured

and detected at the capture zone.

According to a first aspect of the invention thers is
provided a method for testing for the presence of target
nucleic acid in a sample solution which comprises:

a) providing a chromatographic strip having: a contact end
for contacting the sample golution; and a capture probe
immobilised at a capture zone of the chromatographic strip
remote from the contact end, the capture probe being capable
cf hybridising to a first sequence of the target nucleic
acid;

k) incubating the sample solution with a detection probe
capable of attaching to the target nucleic acid under
conditions for attachment of the detection probe to target
nucleic acid, thereby allowing direct or indirect detection
of ‘target mucleic acid utilising the detection probe; and
a first helper probe capable of hybridising to a second
sequence of the target nucleic acid and thereby enhancing
hybridisation of the capture probe to target nucleic acid,
the sample solution and the first helper probe being
incubated under conditions for hybridisation of the first
helper probe to target nucleic acid;

e) contacting the contact end of the chromatographic strip
with the sample solution so that a complex formed between
the detection probe, the first helper probe and target
nucleic acid can move by capillary action to the capture
zone and bind to the capture zone by hybridisation of the
capture probe to target nucleic acid of the complex; and

d) checking for the presence of detecticn probe at the

capture zone.
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There is also provided according to the first aspect of the
invention a kit for testirg for the presence of target
nucleic acid in a sample solution suspected of containing
target nucleic acid which comprises:

i) a dipstick comprising:

a chromatographic strip having a contact end for contacting
the sample solution; and

a capture probe immobilised at a capture zone of the
chromatographic strip remote from the contact end, the
capture probe being capable of hybridising te a first
sequence of the target nucleic acid;

ii) a first helper probe capable of hybridising to a second
sequence of the target nucleic acid and thereby enhancing
hybridisation of the capture probe to the target nucleic
acid; and optionally

1ii) a detection probe capable of attaching to target
nucleic acid to allow direct or indirect detection of the

target nucleic acid utilising the detection proke.

The term “chromatographic strip® used herein means any
porous strip of material capable of transporting a soluticn

by capillarity.

The detection probe and the first helper probe may be
incubated with the sample solution in any order or they may

be added at the same time to the sample solution.

It will be understcod that the contact end of the
chromatographic strip will normally be contacted with the
sample solution after the sample solution has heen incubated
with the detection prche ana the first helper probe
according to step (b). However, it is not essential for the

working of the invention that the contact end is contacted
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with the sample solution after step (b) has been completed -
the contact end of the chromatographic strip may be
contacted with the sample solution before or during step

(b) .

The capture probe of the first aspect of the invention may
comprise a single probe, or more than cne probe. For example
the capture probe may comprise a universal capture proke
immobilised to the chromatographic strip and a heok capture
probe hybridised to the universal capture probe, the hook
probe being capable of hybridising to the first sequence of

the target nucleic acid.

An advartage of using a universal probe and a hock probe as
the capture probe is that chromatographic strips which have
the universal probe immcbilised to them may be used to
detect any target nucleic acid. A hook probe capable of
hybridising to the desired target nucleic acid ig simply
selected and hybridised to the universal probe before the
chromatographic strip is used to test for the presence of

the desired target nucleic acid.

According to a second aspect of the invention there is
provided a method for testing for the presence of target
nucleic acid in a sample solution which comprises:

a) providing a chreomatographic strip having: a contact end
for contacting the samwple solution; and a capture moiety
immobilised at a capture zone of the chromatographic strip
remote from the contact end;

b) incubating the sample solution with:

a detection probe capable of attaching to the target nucleic
acid under conditions for attachment of the detection probe

to target nucleic acid, thereby allowing direct or indirect
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detection of target nucleic acid utilising the detection
probe;

a capture prcbe capable of hybridising to a first sequence
of the target nucleic acid wunder conditions for
hybridisation of the capture probe to the first sequence,
the capture probe being capable of being bound by the
capture moiety when the capture probe has hybridised to the
first sequence; and

a first helper probe capable of hybridising to a second
sequence of the target nucleic acid and thereby enhancing
hybridisation of the capture probe to target nucleic acid,
the sample scolution and the £irst helper proke being
incubated undsr conditions for hybridisation of the first
helper probe to the second sequence;

a) contacting the contact end of the chromatographic strip
with the sample solution so that a complex formed betwesen
the detection probe, the capture probe, the first helper
probe and target nucleic acid can move by capillary action
to the capture zone and bind to the capture zone by binding
of the capture moiety to the capture probe of the complex;
and

d) checking for the presence of detection probe at the

capture zone.

According to the second aspect of the invention there is
also provided a kit for testing for the presence of a target
nucleic acid in a sample solution which comprises:

i) a dipstick comprising:

a chromatographic strip having a contact end for contacting
the sample soluticn; and a capture moiety immobilised at =z
capture zone of the chromatographic strip remote from the

contact end;

-10-
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ii) a capture probe capable of hybridising to a first
sequence of the target nucleic acid and which can be bound
by the capture moiety when the capture probe has hybridised
to the first sequence;

iii) a first helper probe capable of hybridising to a second
sequence of the target nucleic acid and thereby enhancing
hybridisation of the capture probe to the first sequence;
and optionally

iii) a detectlon probe capable of attaching to the target
nucleic acid to allow direct or indirect detection of the

target nucleic acid.

The capture molety of the second aspect of the invention may
comprise a universal capture probe capable of hybridising to
the capture probe. Alternatively the capture moiety may be
capable of binding by non base pairing interaction to the
capture probe once the capture probe has hybridised to the

target nucleic acid.

For example, the capturs moiety may comprise an antibody or
antibody fragment capable of binding to the duplex formed
when the capture probe has hybridised to the target nucleic
acid. Alternatively, the capture probe may compris_;e a
capture ligand which can be bound by the capture moiety.
When the capture probe comprises a capture ligand the
capture moiety wmway comprise an antibody or antibody
fragment. If the capture ligand comprises bictin the capture
noiety may comprise an anti-biotin antibody or streptavidin,
avidin, or a derivative thereof which retains biotin binding

activity.

The second sequence of the first and second aspects of the

inventicn should be in a different region of the target

-11-
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nucleic acid to the first sequence. Preferably the second
sequence 1s spaced upto 10 nucleotides from the first
sequence. More preferably the second sequerce is immediately

adjacent the first sequence.

In preferred methods of the first and second aspects of the
invention the sample solution is incubated with a second
helper probe cepable of hybridising to a third sequence of
the target nucleic acid and thereby enhancing hybridisatiocn
of the capture probe to target nucleic acid, the sample
solution and the second helper probe being incubated under
conditions for hybridisation of the second helper probe to

target nucleic acid.

The third sequence should be in a different region of the
target nucleic acid to the first and second seguences.
Preferably the second ard third sequences flank the first
sequence. More preferably the second and third sequences are
spaced upto 10 nucleotides each side of the first ssquence.
Most preferably the second and the third sequence are

immediately adjacent each side of the first sequence.

The capture probe, detection probe and helper probes may
comprise nucleic acids or nucleic acid analogues. The
capture probe may comprise z gingle probe, or more than one

probe .

The detection probe of the first and seccnd aspects of the
invention may be a label which covalently attaches to the
target nucleic acid thereby allowing direct detection of
target nucleic acid. Alternatively the detection probe may
be & ligand which covalently attaches to the target nucleic

acid thereby allowing indirect detection of target nucleic

12-
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acid using a ligand binding moiety capable of binding to the
ligand. The detection probe may be added to the sample
solution in the form of a precursor which reacts with the
target nucleic acid to covalently attach the detection probe

to the target nucleic acid.

Alternatively, the detecticn prohe may be capable of
attaching to the target nucleic acid by non covalent
interaction. For example, the detection probe may be capable
of hybridising to a fourth sequence of the Largel nucleic
acid. The detection probe may be labelled thereby allowing
direct detection of the target nucleic acid when the
detection probe has attached to the target nucleic acid by
non covalent interaction. Alternmatively, the detection probe
may comprise a ligand thereby allowing indirect detection of
the target nucleic acid using a ligand binding moiety when
the detection probe has attached to the target nucleic acid

by non covalent interaction.

Preferred labels are non radicactive labels. Examples of
suitable lzbels include textile dyes, metal sol such as
colloidal gold and coloured particles such as coloured latex
particles. Examples of suitable ligands include biotin
(detectable for example by an anti-biotin antibody, or by
streptavidin or avidin or a derivative thereof which retains
biotin binding activity), fluorescein (detectable for
example by an anti-flucrescein antibody), and 2,4-
dinitrophenol (DNP) (detectable for example by an anti-DNP
antibody) .

Further improved sensitivity of detection of target nucleic

acid may be obtained if the sampls solution is incubated

with a third and, preferably, also with a fourth helper

-13-
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probe. The third helper probe is capable of hybridising to
a fifth sequence of the target nucleic acid and the fourth
helper probe is capable of hybridising to a sixth sequence
of the target nucleic acid, thereby enhancing hybridisation
of the detection probe to the fourth sequence. The gample
solution and the third and fourth helper probes are
incubated under conditions for hybridisation of the third

and fourth helper probes to target nucleic acid.

It is possible that sny significant enhancement of the
sensitivity of detection using the third and fourth helper
probes may only be observed when the first and the fourth
gequences of the target mnucleic acid are at least 200

nucleotides apart.

Preferably the fifth and sixth sequences flank the fourth
sequence. More preferably the fifth and sixth sequences are
gpaced upto 10 nucleotides each side of the fourth sequence.
Mogt preferably the <£ifth and sixth sequences are

immediztely adjacent each side of the fourth seguence.

According to a third aspect of the invention there is
provided a method for testing for the presence of target
nucleic acid in a sample solution which comprises:

a) providing a chromatographic strip having: a contact end
for contacting the sample solution; and a capture probe
immobilised at a capture zone of the chromatographic strip
remote from the contact end, the capture probe being capable
of hybridising te a first sequence of the target nuclelc
acid;

b) incubating the sample solution with:

a detection probe capsble of hybridising to a second

sequence of the target nucleic acid under conditions for

14-
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hybridisation of the detection probe to target nucleic acid,
thereby allowing direct or indirsct detection of target
nucleic acid utilising the detection probe; and

a first helper probe capable of hybridising to a third
sequence of the target mucleic acid and thereby enhancing
hybridisation of the detection probe to the second sequence,
the gample sclution and the first helper probe being
incubated under conditions for hybridisation of the first
helper probe to the third sequence;

c) contacting the contact end of the chromatographic strip
with the sample sclution so that a complex formed between
the detection probe, the first helper probe and target
nucleic acid can move by capillary action to the capture
zone and bind to the capture zone by hybridisation of the
capture probe to the target nucleic acid of the complex; and
d) checking for the presence of detection probe at the

capture zone.

According to the third aspect of the invention there is also
provided a kit for testing for the presence of a target
nucleic acid in a sample solution suspected of containing
target nucleic acid which comprises:

i) a dipstick comprising:

a chrbmatographic strip having a contact end for contacting
the sample solution; and a capture probe immobilised at a
capture zone of the chromatographic strip remote from the
contact end, the capture probe being capable of hybridising
to a first sequence of the target nucleic acid;

id) a detection proke capable of hybridising to & second
sequence of the target nucleic acid to allow direct or

indirect detection of the target nucleic acid; and

-15-
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i1ii) a first helper probe capable of hybridising to a third
sequence of the target nucleic acid and thereby enhancing

hybridisation of the detection probe to the second sequence.

The capture probe of the third aspect of the invention may
comprise a single probe, or more than one probe. For example
the capture probe may comprise a universal capture probe
immobilised to the chromatographic strip and a hook capture
probe hybridised to the universal capture probe, the hock
probe being capable of hybridising to the first sequence of

the tarcet nucleic acid.

According to a fourth aspect of the invention there is
provided a method for testing for the presence of target
nucleic acid in a sample solution which comprises:

a) providing a chromatographic strip having: a contact end
for contacting the sample solution; and a capture moiety
‘mmobilised at a capture zone of the chromatographic strip
remote from the contact end;

b) incubating the sample solution with:

a capture probe capable of hybridising to a first sequence
of the target nucleic acid under conditions for
hybridisation of the capture probe to the first sequence,
the capture vrobe being capable of being bound by the
capture moiety when the capture probe has hybridised to the
first sequence;

a detection probe capable of hybridising to a second
sequence of the target nucleic acid under conditions for
hybridization of the detection probe to the second sequence,
thereby allowing direct or indirect detection of target
mucleic acid utilising the detection probe; znd

a first helper probe capable of hybridising to & third

gsequence of the target nuclsic acid and thereby enhancing

-16-
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hybridisation of the detection probe to target nucleic acid,
the sample solution and the first helper probe being
incubated under conditions for hybridisation of the first
helper proze to the third sequence;

c) contacting the contact end of the chromatographic strip
with the sample solution so that a complex formed between
the detection probe, the capture prcbe, the first heiper
probe and target nucleic acid can move by capillary action
to the capture zone and bind to the capture zone by binding
of the capture moiety to the capture probe of the complex;
and

d) checking for the presence of detection probe at the

capture zone.

According to the fourth aspect of the iavention there is
also provided a kit for testing for the presence of a target
nucleic acid in a sample solution suspected of corntaining
target nucleic acid which comprises:

1) a dipstick comprising:

a chromatographic strip having a contact end for contacting
the sample solution; and a capture moiety immobilised at a
capture zone of the chromatographic strip remote from the
contact end;

ii) a capture probe capable of hybridising to a first
sequence of the target nucleic acid and which can be bound
by the capture moiety when the capture probe has hybridised
to the first sequence;

iii) a detection probe capable of hybridising to a second
sequence of the target nucleic acid to allow direct or
indirect detection of the target nucleic acid; and

iv) a first kelper prcbe capable of hybridising to a third
sequence of the target nucleic acid and thereby enhancing

hybridisation of the detection probe to the second sequence.

-17-




WO 02/04668 PCT/GB01/03024

10

15

20

25

- 15 -

The capture moiety of the fourth aspect of the invention may
comprise a universal capture probe capable of hybridising to
the capture probe. Alternatively the capture moiety may be
capable of binding by non base pairing interaction to the
capture prcbe once the capture probe has hybridised to the

target nucleic acid.

For example, the capture molety may comprise an antibody or
antibody £fragment capable of binding to the duplex formed
when the capture probe has hybridised to the target nucleic
acid. Alternatively, the capture probe may comprise a
capture ligand which can be bound by the capture moiety.
When the capture probe comprises a capture ligand the
capture moiety wmay comprise an antibody or antibody
fragment. If the capture ligand comprises biotin the capture
molety may comprise an anti-biotin antibody or streptavidin,
avidin, or a derivative thereof which retains biotin binding

activity.

The detection prokte of the third and fourth aspects of the
inventicn may be labelled thereby allowing direct detection
of ‘the target nucleic acid when the detection probe hasg
hybridised to the target mucleic acid. Alternatively, the
detection prcbe may comprise a ligand thereby allowing
indirect detection of the target nucleic acid using a ligand
binding moiety when the detection probe has hybridised to

the target nucleic acid.

The third sequence in methods of the third and fourth aspect
of the invention is preferably spaced upto 10 nucleotides
from the second sequence. More preferably che third sequence

is immediately adjacent the second sequence.

-18-
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- Preferably in methods of the third and fourth aspects of the

invention the sample solution is incubated with a second
helper probe capable of hybridising to a fourth sequence of
the target nucleic acid and thereby enhancing hybridisation
of the detection probe to target nucleic acid, the sample
solution and the second helper probe being incubated under
conditions for hybridisation of the second helper probe to

the fourth sequence.

Preferably with methods of the third and fourth aspects oZ
the invention the third and fourth seguences £lank the
second sequence. More preferably the fourth sequence is
spaced upto 10 nucleotides from the second sequence. Most
preferably the fourth sequence is immediately adjacent the

second sequence.

It is possible that any significant enhancement of the
sensitivity of detection using the first and second helper
probes in methods of the third and fourth aspects of the
invention may only be cbserved when the first and the second
sequences of the target nucleic acid are at least 200

nucleotides apart.

If the detection probe of a kit of the invention comprises
a detection ligand, the kit may further comprise a labelled
detection ligand binding molety capable of kinding to the
detecticn ligand thereby enabling detection of target
nucleic acid utilising the detection probe and the detection
ligand binding moiety. The detection ligand binding moiety

may be an antibody, an antibody fracment or a non antibody.

19-
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Kits of the invention way further cowprise any reagent
required to allow detection of target nucleic acid in the

sample solution utilising the chromatographic strip.

There is also provided according to the invention a
substantially isolated nucleic acid molecule or nucleic acid
analogue having a sequence corresponding to the sequence of

any of SEQ ID NOS: 1-18.

There is also provided according to the invention use of a
substantially isolated nucleic acid molecule or nucleic acid
analogus of the invention as a helper probe te enhance
detection of CT target nucleic acid in a test for the

presence of such target nucleic acid in a sample solution.

The helper probes used in wethods of the invention way
enhance the binding of capture cor detection probes to single
stranded or double stranded target nucleic acid. Where the
target nucleic acid is single stranded, it is thought that
the helper probe way enhance the binding of the
capture/detection probe to the target nucleic acid by
ensuring that the target nucleic acid does not form
significant secondary structure in the region of the target

nucleic acid to which the capture/detection probe binds.

It will be appreciated that the region of the target nucleic
acid to which the helper probe binds may not always be close
to or immediately adjacent the region to which the
capture/detection probe binds. Hybridisation of a helper
probe to one reglon of target nucleic acid could alter its
secondary structure at a remote location, thereby allowing
a capture/detection probe to bind more easily to the target

nucleic acid at that remote location.
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Consequently, the regior of the target nucleic acid to which
the helper probe binds is likely to differ depending on the
identity of the target nuclelc acid and of the
capture/detection probe. However, a person skilled in the
art can readily determine which helper probes are most
effective by experimenting with different probes and

different lengths of probe.

Where the target nucleic acid is double stranded, it is
thought that hybridisation of a helper probe to the target
aucleic acid enhances hybridisation of the capture or
detection probe to the target nucleic acid by opening up the
double strands of the target nucleic zcid in the region in
which the capture or detection probe binds. Consequently,
for double stranded target nucleic acid, it will normally be
expected that a helper probe binds adjacent the region to

which the capture or detection probe binds.

In crder for = helper probe to enhance the binding of a

capture or detection probe to the target nucleic acid, the
helper probe should be hybridised to the target nucleic acid
before or at the same time as the capture or detection probe
is hybiridised to the target nucleic acid, but not after the
capture or detection probe has been hybridiged to the target

nucleic acid.

In some embodiments, a helper probe may enhance the
hybridisation of a capture and a detection probe to the
target nucleic acid. This may ne achieved, for example, if
the helper probe hybridises to a region of the target

nucleic acld betwesen the capture and detection probss.
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In other embodiments of the invention, one or more of the
probes may be releasably immobilised to the chromatographic
strip, between the contact end and the capture zone, in such
a way that movement of the sample solution from the contact
end to the capture zone by capillary action will cause the
or each prcbe to be released from the chromatographic strip
into the sample sclution. Released probe can then hybridise

to target nucleic acid in the sample solutiomn.

For smbodiments of the invention in which a helper probe is
provided which is capable of enhancing hybridisation of a
detection probe to the target nucleic acid, the helper probe
(preferably with the detection probe) may be contacted with
the capture zone of the chromatographic strip after the
sample solution has been contacted with the contact end of
the chromatographic strip to allow capture of target nucleic
acid at the capture zome. This may be achieved by applying
a separate helper prcbe solution containing the helper probe
(and detection probe) directly to the capture zone, or by
contacting the contact end of the chromatographic strip with
the helper prcbe sclution after the sample sclution, thereby
causing the helper probe to move by capillary action to the
capture zone. If the detection probe ig not in the helper
probe solution, this will need tc be contacted with the

capture zone after the helper probe.

However, in preferred methods of the invention,
hybridisation of the probes to target nucleic acid (other
than where a capture probe is ilmmobilised at the capture
zone) 1s carried out in the sample solution before the
sample solution is contacted with the chromatographic strip.

Most preferably hybridisation of the probeg ig carried out

22




WO 02/04668 PCT/GB01/03024

10

15

25

- 20 -

in a single step. This simplifies the methods, thereby

making them considerably quicker and easier to perform.

Multiple step hybridisation may be carried out by sequential
hybridisation of the different probes to the target nucleic
acid in the sample solution, or by contacting the dipstick
with different solutions each containing a different probe.
Usually, the latter method of multiple step hybridisatiom
will involve washing the dipstick between each contact with

a different probe solution.

Whilst there may be circumstances in which multiple step
hybridisation is preferred, it will be appreciated that the
simpler and quicker format of one step hybridisation will

usually be preferrved.

It is most preferred that the sample solution is of suitable
composition to allow the hybridisation reactions to take
place in a single hybridisation step and also to allow non
base pairing interactions to take place (for example between
a detection ligand and a detection licand binding moiety and
between a capture ligand and a capture ligand binding
moiety) and transport a complex compriging target nucleic
acid and one or more hybridised probes and (optionally)

ligand binding moleties by capillary action up the dipstick.

Using such a sample solution, it will be appreciated that
the hybridisation reactions can then be carried out in a
single step, and any ligand-ligand binding wmciety
interactions can take place, before the sample solution is
contacted directly with the contact end of the dipstick
(without the need to first dilute or alter the sample

solution). Ligand-ligand binding moiety interactions can
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additionally or alternatively take place on the dipstick if
desired as the sample solution travels to the capture zone.
Simple and rapid dipstick detecticn of target nucleic acid

ig thereby facilitated.

We have found that such results are achieved with sample
solutions comprising a standard hybridisation buffsr (such
as SSPE buffer or Tris buffer) with salt, detergent and a
blocking protein such as BSA or powdered milk. The
sensitivity of detection of target nucleic acid using such
assays has been found to be about equal to or better than

that of other dipstick assays.

Embodiments of the invention are now described by way of
example with reference to the accompanying drawings in

which:

Figure 1 shows a dipstick used to detect target nucleic acid
in accordance with an embodiment of the invention;

Figure 2 lists the sequences of helper probes which can be
used in accordance with the invention;

Figure 3 shows the experimental setup for Example 1;
Figure 4 shows the experimental setup for Example 2;
Figure 5 shows the experimental setup for Example 3;
Figure 6 shows the experimental setup for Example 4;
Figure 7 shows the experimental setup for Example 5;
Figure 8 shows the experimental setup for Example 6;
Figure 9 shows the results of a one-step hybridisation

assay.
The following examples illustrate improved sensitivity of

detection of target nucleic acid using wethods of the

invention. The examples relate to detection of a DNA
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fragment of the cryptic plasmid of Chlamydia trachomatis

(CT) .

CT is one of the most common causes of sexually transmitted
disease. CT infections can cause infertility and, during
pregnancy, can result in spontaneous abortion, still birth
or postpartum endometritis. In neomates, CT infection can
cause blindness and chronic respiratory disease.
Approximately 10% of infected men and upto 70% of infected
women do not show symptoms of CT infecticn. Consequently,
accurate diagnosis of CT infection is important so that

early treatment of the disease can be initiated.

In the following examples a dipstick 10 is used to try to
detect double stranded CT target nucleic acid 12 in a sample
solution 14. The dipstick 10 comprises a strip of
nitrocellulose 16 having a contact end 18 for contacting the
sample solution 14 and a capture probe 20 immobilised at a
capture zone 22 of the nitrocellulose strip 16 remote from
the contact end 18. An anti-biotin antibody-dye conjugate 24
is releasably immobilised at a conjugate zone 26 of the
nitrocellulose strip located between the contact end 18 and
the capture zone 22, The capture probe 20 is capable of
hybridising to a first sequence of one strand (the first

strand) of the target nucleic acid 12.

A detection probe 28 and a helper probe 30 each capable of
hybridising to distinct regions of the first strand of the
double stranded target nucleic acid 12 are then added to the
sample solution 14. The detection probe 28 comprises a
nucleic acid coupled to biotin (using methods well known to
those of skill in the art). The sample solution 14

containing the detection probe 28 and the helper probe 30 is
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then heated to a temperature sufficient to separate the
complementary strande of the double stranded target nucleic
acid 12 from each other at least in the region of the first
strand to which the detesction probe 28 and helper probe 30
bind, and then cooled to allow hybridisation of the
detection probe 28 and the helper probe 30 to the first
strand of the double stranded target nucleic acid. As the
detection probe and helper probe hybridise to the firet
strand, the second strand re-anneals to the first =strand,
but is prevented from re-annealing to the region of Lhe
first strand which is bound by the detection probe 28 and

the helper probe 30.

The contact end 18 of the dipstick 10 is then contacted with
the sample solution 14. The sample sclution 14 and any
target nucleic acid 12 hybridised to the detection probe 28
and the helper probe 30 moves up the dipstick 10 by
capillary action. As the sample solution 14 passes the
conjugate zone 26, it mobilises the anti-biotin antibody-dye
conjugate 24. Released anti-biotin antibody-dye conjugate 24
can then bind to the biotin coupled to the detection probe

28 hybridised to the target nucleic acid 12.

Complex formed ©between the anti-biotin antibody-dye
conjugate 24, the detection probe 28, Lhe helper pzobe 30
and the target nucleic acid 12 then moves up the dipstick 10
to the capture zone 22 waere the target nucleic acid of the
complex can hybridise tc the immobilised capture probe 20.
The capture probe 20 is immobilised at the captuxe zone 22
in such a way that it cannot be mobilised by the szmple
golution 14 as it moves past the capture zone 22.
Consequently, the complex bound to the capture probe remains

in the capture zone and can be detected by the presence of
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the dye of the anti-biotin antibody-dye conjugate at the

capture zone.

If there 1s no CT target nucleic acid in the sample
solution, the detection probe 28 cannot be captured at the
capture zone 22 and so no dye is visible at the capture
zone. If there i1s CT target nucleic acid in the sample
solution, but insufficient amounts of the target nucleic
acid can be captured at the capture zone the presence of the
target nucleic acid in the sample solution will not be

detected.

The capture of target nucleic acid described above is
referred to as direct probe capture in the examples below.
In example 5 below two further capture formats were used -
universal probe capture and antibody capture. Universal
probe capture relies on capture of the target nucleic acid
using =a hook probe hybridised to a wuniversal probe
immobilised to the capture zone of the dipstick. The hook
probe is capable of hybridising to the target nucleic acid.
The method of capture ig identical to direct probe capture
except the capture probe is replaced by the universal and

hook probes.

With antibody capture, an antibody is immobilised at the
capture zone of the dipstick instead of the capture probe.
The capture probe comprises =z probe coupled to a ligand
(such as DNP) which can be bound by the antibody and is
added to the sample solution with the helper and detection
probes. The capture probe hybridises to target nucleic scid
when the sample golution is heated and then cooled in order
to hybridise the helper and detection probes to the target

nucleic acid.

27-




WO 02/04668 PCT/GB01/03024

10

15

25

- 25 -

The contact end of the dipstick is contacted with the sample
solution after incubation oZ the capture, helper and
detection probes in the sample solution. Complex containing
the target nucleic acid, capture probe, helper probe and
detection probe (bound by the anti-biotin antibody-dye
conjugate) is then captured at the capture zone by the
antibody immobilised at the capture zone. Presence of target
nucleic acid in the sample solution is again detected by the
presence of the anti-bictin antibody-dye conjugats at the
capture zone. Thus, kybridisation of the captures probe to
the target occurs in the sample solution rather than on the

dipstick.

It has been found that the sensitivity of detection of
target nuclelc acid can be reduced if the distance between
the region of the target nucleic acid to which the capture
probe hybridises and the reglon to which the detection probe
hybridises 1is 1less than 26 nucleotides. Thue, it is
preferred that the distance between these regions ig at
least 26 nucleotides and preferably at least 200

nucleotides.

Example 1

Experimental setup

Capture format: direct probe capturs (cp) Seg ID No 13
immobilised on dipstick;

Detection format: detection probe (dp) comprising nucleic
acid of Seq ID No 14, 15, 16, or 17 ccupled to bictin at 10%
copies, and an anti-biotin antibody-dye conjugate to detect
the detection probe;

Target DNA: 872 bp DNA at 10 - 10° copies.
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Helper probes: HP SEQ ID No 1’ (24 mer, G+C= 9 nucleotides,
Tm= 72.2°C, which hybridises to a sequence of the target
spaced 11 nucleotides from the 5’-end of the capture probe
when hybridised to the target nucleic acid) or HP SEQ ID No
1 (24 mer, G+C= 8 nucleotides, Tm= 70.5°C, which hybridises
to sequence of the target nucleic acid immediately adjacent
the 5’-end of capture probe when hybridised to the target

nucleic acid) at 10*? copies.

Results

Target coples lot 10 lx109 10
Control (no helper) 2.5 0.0 0.0 0.0
HP SEQ ID Nol' 3.0 1.0 0.0 0.0
HP SEQ ID Nol 5.0 3.5 2.5 0.0

Conclusions

A helper probe improves the sensitivity of target nucleic
acid detection by more than 10-fold.

HP SEQ ID NO:1, which aybridises to a sequence of the target
nucleic acid immediately adjacent the 5'-end of the capture
probe when this has hybridised to the target nucleic acid,
has a stronger helper effect than HP SEQ ID NO:1', which
hybridises to a sequence of the target nucleic acid which is
spaced 11 mucleotides from the 5’-end of the capture probe
when this has hybridised to the target nucleic acid. HP SEQ
ID NO:1 has a 2°C higher Tm than HP SEQ ID NO: 1'. However,
the distance between the capture probe and the helper probe

is thought to be more important than the Tm and G+C content.
Example 2

Experimental setup
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Capture format: direct probe capture (cp) {(Seg ID No 14)
immobiliged on dipstick;
Detection format: detection probe (dp) comprising nucleic
acid of Seqg ID No 13 coupled to biotin at 10*? copies, and an
anti-biotin antibody-dye conjugate;
Target DNA: 416 bp DNA at 5x10%° copies.
Helper probes: combinations of helper probe HP SEQ ID Nol,
HP SEQ ID No 2, HP? SEQ ID No 3, Seq ID No 15, Seg ID No 16
and Seg ID No 17 at 10% copies.

Results

See Figure 4

Conclusions

Helper probes which hybridise to a sequence of the target
nucleic acid immediately adjacent the sequence recognised by
the capture probe have the strongest enhancing effect on the
sensitivity of detection of target mnucleic acid in this
example (compare signal 4.5 with 1.5 for control lacking
helper probe}.

The effect on the sensitivity of detection of target nuclesic
acid by helper probes which hybridise to a seqguence of the
target nucleic acid immediately adjacent the sequence
recognised by the capture probe is much stronger than the
effect of helper probes which hybridise to sequences of the
target nucleic acid distant from the sequence recognised by

the capture probe (compare signal 4.5 with signal 2.5).

Example 3

Experimental set up
Capture format: direct probe capture (cp) Seg ID No 14

(immobilised on the dipstick);
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Detecticn format: detection probe comprising nucleic acid of
Seq ID No 13 (d1), 15 (d3) 16 (d4) or 17 (d5) coupled to
biotin at 102 copies, and an anti-biotin antibody-dye
conjugate;

Target DNA: 872 bp DNA at 10'° copies.

Helper probes: combinations of helper probes hl = HP SEQ ID
Nol, h2 = HP SEQ ID No 2, h3 = HP SEQ ID No 3, h4 = HP SEQ

ID No 4, at 10 or 10% copies.

Regults
helper at El2 copies at E13
orobe copies

added 0 h2+h3 | ha b3 | h1l+h2+h3 | h1+h2+h3+h4 | hl+h2+h

3+h4

signal { 1.5 | 3.5 2.5 13 3.5 3.5 3.5

Conclusions

Helper probes (h2 and h3) which hybridise to seguences of
the target nucleic acid adjacent each side of the sequence
reccgnised by the capture probe enhance tae sensitivity of
detection compared to the sensitivity of detection using
only one of the helper probes.

Increasing the concentration of helper probe (10 compared
to 10* copies) did not have any effect on the sensitivity of

detection in this example.

Example 4

Experimental getup

Capture format: direct prcbe capture (cp) Seg ID No 12

(immobilised on the dipstick);
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Detection format: detection probe comprising nucleic acid of
Seq ID No 13 (dl), 15 (d3) 16 {d4) or 17 (d5) coupled to
biotin at 10" copies, anti-biotin antibody-dye conjugate;
Helper probes: combinations of helper probe hl = HP SEQ ID
Nol, h2 = HP SEQ ID No 2, h3 = HP SEQ ID No 3, h4 = HP SEQ
ID No 4, at 10 or 10%* coples;

Targets: circular double stranded DNA plasmids pCILLSE (5.1
Xbp) and pCTL131(6.3 Kbp), plasmid pCTL130 lacking
complementary sequences to the capture and detection probes
to act as a negative control, and double stranded linear DNA

(872 bp) at 10 coples to act as a positive control.

Result

target h2 + h3 hl+h2+h3+hd without hp
pCTL130 0.0 0.0 0.0
pCTL131 1.5 1.5 0.0
pCTL15B 1.5 1.5 0.0

872 bp DNA 5.0 5.0 3.5
Conclusion

Circular double stranded DNA, longer than 5 Kbp, could be
detected using helper probes which hybridise to sequence of
the target nucleic adjacent the ssquence recognised by the
capture probe.

Helper probes which hybridise to sequence of the target
nucleic acid distant from the sequence recognised by the
capture probe but adjacent the sequence recognised by the
detection probe (helper probes hl and h4) did not enhance
the sensitivity of nucleic acid detection in this example.
Under the conditions in this example the helper probes
appear primarily to enhance hybridisation of the capture
probe to the double stranded circular target nucleic acid on

the dipstick.
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The sensitivity of detection of the circular double stranded
DNA targets (5.1 Kbp or 6.3 Kbp) is lower than the
sensitivity of detection of the linear double stranded 872
bp DNA. As the size of the target nucleic acid increases,
the efficiency of hybridisation of the detection and capture
prcbes to the target nucleic acid is expected to reduce. The
accessibility of the detection probe to the anti-biotin
antibody-dye conjugate is also thought to be reduced as the
target size increases. Detection of double gtranded target
nucleic acid is thought to be less efficient than detection
of single stranded target nucleic acid because the
efficiency of hybridisation of the detection probe and the
capture probe to the target nucleic acid decreases. The
accessibility of the detection probe to the anti-biotin
antibody-dye conjugate is also thought to be reduced for
double stranded compared to single stranded target nucleic

acid.
Example 5

Experimental setup

Capture sequence: SEQ ID No 15

Capture formats:

i) direct probe capture - probe Seq ID No 15 immobilised on
the dipstick;

ii) universal probe capture - 20 nucleotide universal probe
immobiliged on the dipstick hybridised to a hook probe with
sequence complimentary to the sequence of the universal
probe arnd to the target DNA seqguence (SEQ ID No 15);

iii) antibody capture - anti-DNP antibody immobilised on the
dipstick, capture probe comprising nucleic acid of SEQ ID No
15 coupled to DWP and hybridised to the target nucleic acid

in the sample solution;
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Detection format: detection probe comprising nucleic acid of
Seq ID No 13, 14, 16 or 17 coupled to biotin at 10% copies,
anti-biotin antibody-dye conjugate;

Helper probes: HP SEQ ID No 3 and HP SEQ ID No 4, at 10¥
copies;

Target: 872 bp DNA at 10™ to 10° copies.

Regults

See figure 7;

Conclusion

The helper probes improved the sensitivity of detection oI
target nucleic acid using direct prcbe capture (see (i)
above) and universal probe capture (see (1i) above).

These results supoort the conclusions of examples 2, 3 and
4 that helper probes enhance hybridisation between nucleic

acids on the dipstick.

Example 6

Experimental Setup

Capture format: Direct probe capture (cp) (SEQ ID No 10)
immobilised on the dipstick;

Detection format: detection probe (dp) comprising nucleilc
acid of Seg ID No 13 coupled to biotin at 10*? copies, anti-
biotin antibody-dye conjugate; ,

Helper probes: HP SEQ ID No 5 and HP SEQ ID No 6 which
hybridise to a sequence of the target nucleic acid adjacent
the segquence recognised by SEQ ID No 10; HP SEQ ID No 1 and
HP SEQ ID No 2 which hybridise to sequence of the target
nucleic acid adjacent the sequence recognised by SEQ ID
No 13 at 10*? copies;

Target: 872 bp DNA at 5x10% copies.
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Regults

See Figure 8.

Conclusion

When the capture probe and detection probe hybridise to
sequences of the target nucleic acid which are more than
200nt apart, the sensitivity of detection of target nucleic
acid was improved with helper probes that hybridise to
sequence of the target nucleic acid adjacent each side of

the sequence recognised by the detection probe.

Exanple 7
Effect of helper probes on CT detection

Experimental Setup

Capture gsequence: SEQ ID No 15

Capture formats:

Direct probe capture: probe comprising nucleic acid of
Seg ID No 15 coupled to BSA immobilised to the dipstick
membrane ; ;

Antibody capture: Anti-DNP antibody (o-DNP capture)
immobilised to the dipstick membrane; capture probe
comprising nucleic acid of SEQ ID No 15 coupled to DNP.
Detection format: detection probe comprising rucleic acid of
Seq ID No 18 or 13 each coupled to several biotin detection
ligands, and an anti-biotin antibody - dye conjugate. 10%
copies of the dstection probes;

Helper probes: HP SEQ ID No 3 and HP SEQ ID No 4, at 10%
copies. The helper probes are capable of hybridising
adjacent the region of the target nucleic acid recognised by
the capture probe;

Target: CT Elementary Bodies’s at 2.4 107 coples/test.

-35-




WO 02/04668 PCT/GB01/03024

10

15

- 33 -
Results
Capture: Direct Zrobe Ab Capture
Capture
Helpers Yes No Yes No
Signal 4.0 = 2.5 1.5 0.5

Conclusions from example 7

Detection of the cryptic plasmid of CT cells using direct
probe capture or antibody capture was improved by the use of
helper probes.

Use of helper probes in accordance with the invention
appears to enhance hybridisation occurring on the dipstick

membrane or in golution.

In examples 1 to 7 above, the helper probes hybridise to the
same strand of the double stranded target nucleic acid as
the capture and detection probes. Nc enhancement of the
sensitivity of detection of target nucleic acid was observed
in similar experiments in which the helper probes hybridised
to the opposite strand of the double stranded target nucleic
acid to the strand reccgnised by the capture and detection

probes.
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Example 8
One-gtep Nucleic Acid Dipstick Assay Detection of Chlamydia

trachomatis

Experimental Set-up:

Reagents:

Capture format: oligonucleotide probe capture immobilised on
dipstick membrane via BSA carrier;

Detection format: multiple biotin labelled detector probe;
anti-biotin antibody - cclloidal golé conjugate;

Sample preparation: Chlamydia trachomatis (Ct) elementary

bodies (EB) celles were vrepared in ceoncentrations from 109
coples/ul to 10° copies/ul in PBS buffer ard heated at 100°C

for 20 minutes;

Bybridisation/dipstick running buffer: Standard
hybridisation buffer comprising salt, detergent and a
blocking protein such as BSA or powdered milk.

Method:

The detection probe, helper probe and 5x10° - 5x10° coples of
EB diluted in hybridisation buffer made up to 80 wl and
heated at 100°C for 7 minutes. The mixure was then
centrifuged briefly to collect all the liquid and mixed with
20 wul anti-biotin Ab colloidal gold. The whole 100ul
wixture were wicked up on dipstick and let to develop a

signal.

Resulls and Discugsion

The results presented in the Table below and Figure 9 (=ee
the attached power point document) show that about 10 copies
of Ct EB could bpe detected with one step nucleic acid
dipstick assay in less than an hour including the sample

preparation step.
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Although the go presented dipstick detection assay has a
sensitivity of detection about equal to other sandwich
Gybridisation assays it has the major advantages of speed

and simplicity.

A sandwich hybridisaiton assay for detection of Ct digclosed
in PCT WO 93/1322 for example, is a complex multi-component
microtitre plate format assay, which could not be
accomplished for less than 5 hours. This assay is a multi-
step assay, which requires a gradual addition of its
components in a defined order with incubations and washing

steps after the addition of every new component.

The nucleic acid dipstick assay subject of this invention
could be done in one step with no need of different steps
for addition of components and washings. This sandwich
hybridisation assay does not require more than one solution
conditions imn order to zrender them advantageous for
hybridisation and other affinity pair formations. The same
solution conditions could serve a free migration of the

components through the dipstick membrane as well.

-38-




WO 02/04668 PCT/GB01/03024

- 36 -
Methods of the invention have been found to significantly
enhance the sensitivity of detection of target nucleic acids
by dipsticks. In particular, deteciion of double stranded
nucleic acid and circular double strandsd target nucleic

5 acid is greatly improvea.

Figure legends

Figure 7

827bp DNA
UL-BSA
Biotin Probe | @___

L Seq Nol5-BSA Helper Probe | —
Hook Probe
!_ Seq Nol5-DNP \—

o DNP Antibody H__
A) Ab Capture B) Direct Probe C) Universal Probe
Capture Capture
Signal 5xE9 :
35 2.0 3.0
Sensitivity
E9 SxE9 B9
D) Ab Capture — E) Direct Probe F) Universal Probe
with helper probes | Capture - with Capture — with
helper probes helper probes
Signal 5xE9 \
3.5 4.0 3.0
Sensitivity
E9 5xE8 5xE8 (very faint)
Figure 9

One-step nucleic acid dipstick assay detection of Chiamydia trachomatis
The numbers indicate the number of elementary bodies of Chlamydia trachomatis
*NC: Negative conirol

Figure 10
Table: One-step nucleic acid dipstick assay detection of Chlamydia irachomatis
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The claims defining the invention are as follows:

1. A dipstick assay method for testing for the presence of a target nucleic acid in
a sample solution, the method comprising:

contacting the sample solution with a dipstick to cause sample solution to move by
capillary action to a capture zone of the dipstick thereby allowing target nucleic acid
in the sample solution to be eaptured and detected at (he capture 2one;

characterised in that: a capture probe capable of hybridising to the target nucleic acid
is used to capture target nucleic acid at the capture zone, and hybridisation of the
capture probe to the target nucleie acid is enhanced by a helper probe that hybridises
to a different region of the target nucleic acid than the capture probe; or in that a
detection probe capable of hybridising to the targel nueleic acid is used to detect
target nucleic acid at the capturc zone, and hybridisation of the detection probe to the
target nucleic is enhanced by a helper probe that hybridises to a different region of
the target nucleic acid than the detection probe.

2. A method according to ¢laim ] which comprises:

a) providing a chromatographic strip having: a contact end for contacting the
sample solution; and a capture probe immobiliscd at a capture zone of the
chromatographic strip remote from the contact end, the capture probe being capable
of hybridising to a first sequence of the target nucleic acid;

b) incubating the sample solution with:

a detection probe capable of attaching to the target nucleic acid under conditions for
attachmoent of the detection probe to target nucleic acid, thereby allowing direct or
indirect detection of target nucleic acid utilising the detection probe; and

a first helper probe capable of hybridising to a second sequence of the target nucleic
acid and thercby enhancing hybridisation of the capture probe to target nucleic acid,
the sample solution and the first helper probe being incubated under conditions for
hybridisation of the first helper probe to the second sequence;

c) contacting the coniact ¢nd of the chromatographic strip with the sample
solution so that 2 complex formed between the detection probe, the first helper probe
and target nucleic acid can move by capillary action to the capture zone and bind to
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the capture zone by hybridisation of the capture probe to the target nucleic acid of the
complex; and

d) checking for the presence of detection probe at the capture zone.

3. A method according to claim 1 which comprises:

) providing a chromatographic strip having: a contact end for contacting the
sample solution; and a capture moiety immobilised at a capture zone of the
chromatographic strip remote from the contact end;

b) incubating the sample solution with:

a detection probe capable of attaching to the target nmeleic acid under conditions for
attachment of the detection probe to targct nucleic acid, thereby allowing direct or
indirect detection of target mucleic acid utilising the detection probe;

a capture probe capable of hybridising to a first sequence of the target nucleic acid
under conditians for hybridisation of the capture probe to the first sequence, the
captute probe being capable of being bound by the capture moiety when the capture
probe has hybridised to the first sequence; and

a first helper probe capable of hybridising to a second sequence of the target nucleic
acid and thercby cnhancing hybridisation of the capture probe to targel nucleic acid,
the sample solution and the first helper probe being incubated under conditions for
hybridisation of the first helper probe to the second sequence;

c) contacting the contact end of the chromatographic strip with the sample
solution so that & complex formed between the detection probe, the capture probe,
the first helper probe and tarpet nucleic acid can move by capillary action to the
capture zone and bind to the capture zone by binding of the capture moiety to the
capture probe of the complex; and

d) checking for the presence of detection probe at the capture zone.

4. A method according to claim 2 or 3 in which the sccond sequence is spaced
up to 10 nucleotides from the first sequence.

5. A method according (0 ¢laim 4 in which the sccond sequence is immediately

adjacent the first sequence.
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6. A method according to any of claims 2 to 5 in which the sample solution is
incubated with a second helper probe capable of hybridising to a third sequence of
the target nucleic acid and thereby enhancing hybridisation of the capture probe to
target nucleic acid, the sample solution and the second helper probe being incubated
under conditions for hybridisation of the second helper probe to the third sequence.

7 A method according to ¢laim 6 in which the second and third sequences flank
the first sequence.

3. A method according fo claim 7 in which the third sequence is spaced up to 10
nucleotides from the first sequence.

9. A method according to claim 8 in which the third sequence is immediatcly
adjacent the first sequence.

10. A method according to any of claims 2 1o 9 in which the detection probe
comprises a hook detection probe vapable of hybridising to the target nucleic acid
and a universal detection probe capable of hybridising to the hook detection probe.

11. A method according to any of cleims 2 to 10 in which the detection probe is
capable of hybridising to a fourth sequence of the target nucleic acid to atiach the
detection probe to the target nucleic acid.

12. A method according to claim 11 in which the sample solution is incubated
with a third helper probe capable of hybridising to a fifth sequence of the target
nucleic acid thereby enhancing hybridisation of the detection probe to the fourth

sequence, the third helper probe and the sample solution being incubated under
conditions for hybridisation of the third helper probe to the fifth sequence.
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13, A method according to claim 1 which comprises:

a) providing a chromatographic strip having: a contact end for contacting (he
sample solution; and a capture probe immobilised at a capture zonc of the
chromatographic strip remote from the contact end, the capturc probe being capable
of hybridising to the target nucleic acid;

b) contacling the sample solution with a helper probe ¢apable of hybridising to
the (arget nucleic acid and thereby enhancing hybridisation of the capture probe to
the target nucleic acid, the sample solution being contacted with the helper probe
under conditions for hybridisation of the helper probe to the target nucleic acid;

¢) contacting the contact end of the chromatographic strip with the sample
solution to cause sample solution to move by capillary action to the capture zone so
that a complex formed between the helper probe and target nucleic acid can be
capturcd at the capture zone by hybridisation of the capture probe to the targct
nucleic acid of the complex; and

d)  checking for the presence of target nuclcic acid at the capture zone.

14, A method according to claim 1 which comprises:

a)  providing a chromatographte strip having: a contact end for contacting the
sample solution; and a capture moicty immobilised at a capture zome of the
chromatographic strip remote from the contact end;

b)  contacting the sample solution with:

a éapture probe capable of hybridising to the target nucleic acid under conditions for
hybridisation of the capture probe to the target nucleic acid, the capture probe being
capable of being bound by the capture moiety when the capture prabe has hybridised
to the target nucleic acid; and

a helper probe capable of hybridising to the target nucleic acid and thereby
enhancing hybridisation of the capture probe to the target nucleic acid, the sample
solution and the helper probe being contacted under conditions for hybridisation of
the helper probe to the target nucleic acid;

c)  contacting the contact end of the chromatographic strip with the sample
solution to cause sample solution to move by capillary action to the capture zone so
that a complex formed between the capture probe, the helper probe and target nucleic
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acid can be capturcd at the capture zone by binding of the capture moiety to the
capture probe of the complex; and
dy  checking for the presence of target nucleic acid at the capture zonc.

15. A method according to any of claims 2 to 14 in which the capture probc
comprises a universal capture probe hybridised to a hook capture probe.

16.. A method according to claim 1 which comprises:

a)  providing a chromatographic strip having: a contact end for contacting the
sample solution; and a capture probe immobilised at a capture zone of the
chromatographic strip remote from the contact end, the capture probe being capable
of hybridising to a first sequence of the target nucleic acid;

b)  incubating the sample solution with:

a detection probe capable of hybridising to a second sequence of the target nucleic
acid under conditions for hybridisation of the detection probe Lo target nucleic acid,
thereby allowing dircet or indirect detection of target nucleic acid utilising the
detection probe; and

a first helper probe capable of hybridising to a third sequence of (he target nucleic
acid and thereby enhancing hybridisation of the detection probe to the sccond
sequence, the sample solution and the first helper probe being incubated under
conditions for hybridisation of the first helper probe to the third sequence;

c)  contacting the contact end of the chromatographic strip with the sample
solution so that a complex formed between the detection probe, the first helper probe
and target nucleic acid ean move by capillary action to the capture zone and bind to
the capture zone by hybridisation of the capture probe to the target nucleic acid of the
complex; and

d)  checking for the presence of detection probe at the capture zone.

17. A method according to claim 1 which comprises:
a)  providing a chromatographic strip having: a contact end for contacting the
sample solution; and a capture moiety immobilised at a capture zone of the

chromatographic strip remote from the contact end;
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b)  incubating the sample solution with:

a capture probe capable of hybridising to a first sequence of the target nucleic acid
under conditions for hybridisation of the capture probe to the first sequence, the
capturc probe being capable of being bound by the capture moiety when the capture
probe has hybridised to the first sequence;

a detection probe capable of hybridising to a second sequence of the target nucleic
acid under conditions for hybridisation of the datection probe to {he second sequence,
thereby allowing directv or indirect detection of target nucleic acid utilising the
detection probe; and

a first helper probe capable of hybridising to a third sequence of the target nucleic
acid and thereby enhancing hybridisation of the detection proi:e to target nucleic
acid, the sample solution and the first helper probe being incubated under conditions
for hybridisation of the first helper probe to the third sequence;

¢)  contacting the contact end of the chromatographic strip with the sample
solution so that a complex formed between the detection probe, the capture probe,
the first helper probe and target nucleic acid can move by capillary action to the
capture zone and bind to the capture zone by binding of the capture moiety to the
capture probe of the complex; and

d)  checking for the presence of detection probe at the capture zone.

18. A method according to elaim 16 or 17 in which the third sequence is spaced
up to 10 nucleotides from the second sequence.

19. A method according to claim 18 in which the third sequence is immediately
adjacent the second sequence.

20. A method according 10 any of claims 16 to 19 in which the sample solution is
incubated with a second helper probe capable of hybridising to a fourth sequence of
the target nucleic acid and thereby enhancing hybridisation of the detection probe to

target nucleic acid, the sample solution and the second helper probe being incubated

under conditions for hybridisation of the second helper probe to the fourth sequence.
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21, A method according to claim 20 in which the third and fourth sequences tlank

the second sequence.

22. A method according to claim 21 in which the fourth sequence is spaced up to

10 nucleotides from the second sequence.

23. A mcthod according to claim 22 in which the fourth sequence is immediately

adjacent the second sequence.

24. A melhod according to any of claims 16 to 23 in which the capture probe
comprises a universal capture probe hybridised to a hook capture probe.

25. A method according to any of claims 2 to 24 in which hybridisation of the
probes to target nucleic acid in the sample solution is carried out in a single step.

26. A method according to claim 1 which compriges:

4)  providing a chromatographic strip having: a contact end for contacting the
sample solution; a caplure probe immobilised at a capture zone of the
chromatographic strip remote from the conlact end, the caplure probe being capable
of hybridising to the target nucleic acid; and a helper probe releasably immobilised to
the chromatographic strip between the contact end and the capture zone, the helper
probe: being capable of hybridising to the target nucleic acid and thereby enhancing
hybridisation of the capture probe to the target nucleic acid;

b)  contacting the contact end of the chromatographic steip with the sample
solution to cause sample solution to move by capillary action to the capture zone,
thereby releasing helper probe from the chromatographic strip and allowing released
helper probe to hybridise to target nucleic acid in the sample solution as it travels to
the capture zone, so that a complex comprising larget nucleic acid and helper probe
¢an be captured at the capture zone by hybridisation of the capture probe to the target
nucleic acid of the complex; and

¢)  checking for the presence of target nucleic acid at the capture zone.
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27. A method according to claim 1 which comprises:

a)  providing a chromatopraphic sttip having: a contact end for contacting the
sample solution; a capture moisty immobilised at a capture zone of the
chromatographic strip remote from the contact end; and a capture probe releasably
immobilised to the chromatographic strip between the contact end and the capture
zone, the capture probe being capable of hybridising to the target nucleic acid and
capable of being bound by the capture moiety when the capture probe has hybridised
to the target nucleic acid;

b)  incubating the sample solution with:

a belper probe capable of hybridising to the target nucleic acid and thereby
enhancing hybridisation of the capture probe t;) target nucleic acid, under conditions
for hybridisation of the helper probe to the target nucleic acid; and

¢)  contacting the contact end of the chromatographic strip with the sample
solution to cause sample solution to move by capillary action to the capture zone,
thereby releasing capturc probe from the chromatographic strip so that released
capture probe can hybridise to target nucleic acid in the sample solution as it travels
to the capture zone, and $o that a complex comprising target nucleic acid, capture
probe and helper probe can be captured at the capture zone by binding of the capture
moiety 1o the capture probe of the complex; and

d)  checking for the presence of target nucleic acid at the capture zone,

28. A methed according to claim 1 which compriscs:

8)  providing a chromatographic strip baving: a contact end for contacting the
sample solution; a capture moicty immobiliscd at a capture zone of the
chromatographic strip remote from the contact end; a capture probe releasably
immobilised to the chromatographic strip between the contact end and the capture
zone, the capture probe being capable of hybridising to the target nucleic acid and
capable of being bound by the capture moiety when the caplure probe has hybridised
to the target nucleic acid; and & helper probe releasably immobilised io the
chromatographic strip between the ¢contact end and the capture zone, the helper probe
being capable of hybridising to the target nucleic acid and thereby enhancing
hybridisation of the capture probe to target nucleic acid; and
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"b)  contacting the contact end of the chromatographic strip with the sample

solution to cause sample solution to move by capillary action to the capture zone,
thereby releasing captute probe and helper probe from the chromatographic strip so
that released capture probe and helper probe can hybridise to target nucleic acid in
the sample solution as it travels to the capture zone, and so that a complex
comprising target nucleic acid, capture probe and helper probe can be captured at the
capture zone by binding of the capture moiety to the capture probe of the complex;
and

d)  checking for the presence of target nucleic acid at the capture zone.

29. A method according to claim 1 which comprises:

a)  providing a chromatographic strip havinp: a contact end for contacting the
sample solution; a capture probe immobilised at a capture zone of the
chromatographic strip remote from the contact end, the capture probe being capable
of hybridising to the target mucleic acid; and a detection probe releasably
immobilised 10 the ¢hromatographic strip between the contact end and the capture
zone, the detection probe being capable of hybridising to the target nucleic acid and
thereby allowing direct or indirect detection of target nucleic acid utilising the
detection probe;

b)  incubating the sample solution with:

a helper probe capable of hybridising to the target nucleic acid and thereby
enhancing hybridisation of the detection probe to-the target nucleic acid, the sample
solution and the helper probe being incubated under conditions for hybridisation of
the helper probe to the target nucleic acid;

¢)  contacting the contact end of the chromatographic steip with the sample
solution to cause sample solution to move by capillary action to the capturc zone,
therchy releasing detection probe from the chromatographic strip so that released
detection probe can hybridise to tarpet nucleic acid in the sample solution as it
travels to the capture zone, and so that a complex comprising target nucleic acid,
helper probe, and detection probe can be captured at the capture zome by
hybridisation of the capture probe to the target nucleic acid of the complex; and

d)  checking for the presence of detection probe at the capture zone.
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30. A method according to claim 1 which comprises:

8)  providing a chromatographic strip having: a contact end for contacting the
sample solution; a capture probe immobilised at a capture zome of the
chromatographic strip remote from the contact ead, the capture probe being capable
of hybridising to the target nucleic acid; a detection probe relcasably immobilised to
the chromaiographic strip between the contact end and the capture Zome, the
detection probe being capable of hybridising to the target nucleic acid and thereby
allowing direct or indirect detection of larget nucleic acid utilising the detection
probe; and a helper probe releasably immobilised to the chromatographic strip
between the contact end and the capture zone, the helper probe being capable of
hybridising to the target nucleic acid and thereby ephancing hybridisation of the
detection probe to the target nucleic acid; and

b)  contacting the contact end of the chromatographic strip with the sample
solution to cause sample solution to move by capillary action to the capture Zone,
thereby releasing helper probe and detection probe from the chromatographic strip so
that released helper probe and detection probe can hybridise to target nucleie acid in
the sample solution as it travels to thc capture zone, and so that a complex
comprising target nucleie acid, helper probe, and detection probe can be captured at
the capture zone by hybridisation of the capture probe to the target nucleic acid of the
complex; and

d)  checking for the presence of detection probe at the caplure Zone.

31. A method according to claim 1 which comprises:

a)  providing a chromatographic strip having: a contact end for contacting the
sample  solution; a capture moiety immobilised at a capture zone of the
chromatographic sirip remote from the contact end; and a capture probe relcasably
imniobilised to the chromatographic strip between the contact end and the capture
zone, the capture probe being capable of hybridising to the target nucleic acid and
being capable of being bound by the capture moiety when the capture probe has
hybridised to the targel nocleic acid;

b)  incubating the sample solution with:
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2 detection probe capable of hybridising to the target nucleic acid thereby allowing
direct or indirect detection of target nucleic acid utilising the detection probe, the
detection probe being incubated with the sample solution under conditions for
hybridisation of the detection probe to the target nucleic acid; and

a helper probe capable of hybridising to the target nucleic acid and (hereby
enhancing hybridisation of the detection probe to the target nucleic acid, the sample
solution and the helper probe being incubated under conditions for hybridisation of
the helper probe to the target nucleic acid;

¢)  contacting thc contact end of the chromalographic strip. with the sample
solution 1o cause sample solution to move by capillary action to the capture zone
thereby releasing capture probe from the chromatographic strip so that released
capture probe can hybridise to target nucleic acid in the sample solution as it travels
to the capture zone, and so that a complex comprising target nucleic acid, capture
probe, helper probe, and detection probc can be captured at the capture zone by
binding of the capture maiety to the capture probe of the complex; and

d)  checking for the presence of detection probe at the capture zone.

32. A method according to claim 1 which comprises:

a)  providing a chromatographic sitrip having: a coniacl end for contacting the
sample solution; a capture moiety immobilised at a capture zome of the
chromatographie strip remote from the contact end; and a detection probe releasably
immobilised to the chromatographic strip between the contact end and the capture
zone, the detection probe being capable of hybridising to the target nucleic acid
thereby allowing dircct or indirect detection of target nucleic acid utilising the
detection probe;

b)  incubating the sample solution with:

a capture probe capable of hybridising to the target nucleic acid and capable of being
bound by the capture moiety when the caplure probe has. hybridised to the target
nucleic acid, under conditions for hybridication of the capture probe to the target
nucleic acid; and
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a helper probe capable of hybridising to the target nucleic acid and thereby
enhancing hybridisation of the detection probe to the target nucleic acid, under
conditions for hybridisation of the helper probe to the target nucleic acid;

c)  comtacting the contact end of the chromatographic strip with the sample
solution to cause sample solution to move by capillary action to the capture zone,
thercby releasing detection probe from the chromatographic strip so that released
detection probe can hybridise to target nucleic acid in the sample solution as it
travels to the capture zone, and so that a complex comprising target nucleic acid,
capture probe, helper probe, and detection probe can be captured at the capturc zone
by binding of the capiure moicty to the capture probe of the complex; and

d)  checking for the presence of detection probe at the capture zone.

33.  Amethod according to claim 1 which comprises:

a)  providing a chromatographic strip having: a contact end for contacting the
sample solution; a capture moiety immobilised at a capture zone of the
chromatographic sirip remote from the contact end; a detection probe rcleasably
immobilised to the chromatographic strip between the contact end and the capture
zone, the detection probe being capable of hybridising to the target nucleic acid
thereby allowing direct or indirect detection of target nucleic acid utilising the
detection probe; and a helper probe releasably immobilised to the chromatographic
sirip, the helper probe being capable of hybridising to the target nucleic acid and
thereby enhancing hybridisation of the detection probe 10 the target nueleic acid;

b)  incubating the sample solution with:

a capture probe capable of hybridiging to the Larget nucleic acid and capable of being
bound by the capture moiety when the capture probe has hybridised to the target
nucleic acid, the capture probe being incubated with the sample solution under
conditions for hybridisation of the capture probe to the target nucleic acid; and

& helper probe capable of hybridising to the target nucleic acid and thereby
enhancing hybridisation of the detection probe to the target nucleic acid, the helper
probe being incubated with the sample solution under conditions for hybridisation of

the helper probe to the target nucleic acid;
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c)  contacting the contact end of the chromalographic strip with the sample
solution to cause sample solution to move by capillary action to the capture zone,
thereby releasing detection probe and helper probe from the chromatographic strip so
that reJeased detection probe and helper probe can hybridise to target nucleic acid in
the sample solntion as it travels to the capture zone, and so that a complex
comprising target nucleic acid, capture probe, heiper probe, and detection probe can
be captured at the caplure zone by binding of the capture moiety to the caplure probe
of the complex; and

d)  checking for the presence of detection probe at the eapture zone.

34. A method according to claim 1 which comprises:

a)  providing a chromatographic sirip having: a contact end for contacting the
samplc solution; a capture moicty immobilised at a capture zone of the
chromatographic strip remote from the contact end; a detection probe releasably
immobilised to the chromatographic strip between the contact end and the capture
zone, the detection probe being capable of hybridising to the target nucleic acid
thereby allowing direct or indirect detection of target nucleic acid utilising the

detection probe; and a capturc probe releasably immobilised to the chromatographic .

strip between the contact end and the capture zone, the caphire probe being capable
of hybridising to the target nucleic acid and capable of being bound by the capture
moiety when the capture probe has hybridised to the target nucleic acid;

b)  incubating the sample solution with a helper probe capable of hybridising to
the target nucleic acid and thercby cnhancing hybridisation of the detection probe to
target nucleic acid, the helper probe being incubated with the sample solution under

«conditions for hybridisation of the helper probe to the target nucleic acid;

¢)  contacting the contact end of the chromatographic strip with the sample
solution fo cause sample solution to move by capillary action to the capture zone,
thereby releasing detection probe and captﬁre probe from the chromatographic strip
so that released detection probe and released capture probe can hybridise to target
nucleic acid in the sample solution as it travels to the capture zone, and so ibat a

complex comprising target nucleic acid, capture probe, helper probe, and detection

13/07/05,5k13 L8Vjul1 1 claims, 49

COMS ID No: SBMI-04278968 Received by IP Australia: Time (H:m) 18:14 Date (Y-M-d) 2006-07-26

-53-

Qo18/047




26/07 2006 WED 18:Q7 FAX +61 3 9859 3011 CALLAWRIE

26 Jul 2006

2001267752

20

25

30

_50-

probe can be captured at the capture zone by binding of the capture moicty to the
capture probe of the complex; and
d)  checking for the prescnee of detection probe at the capture zone.

35, A method according lo claim 1 which comprises:

a)  providing a chromatographic strip having: a contact end for contacting the
sample solution; a capturc moicty immobilised at a captuwre zone of the
chromatographic strip remote from the contact end; a detection probe releasably
immobilised to the chromatographic strip between the contact end and the capture
Zone, the detection probe being capable of hybridising to the target nueleic acid
thereby allowing direct or indirect detection of target nucleic acid utilising the
detection probe; a helper probe rcleasably immobilised to the chromatographic strip
between the contact end and the capture zone, the helper probe being capable of
hybridising to the target nucleic acid and thereby enhancing hybridisation of the
detection probe 10 the target nucleic acid;

and a capture probe releasably immobiliscd to the chromatographic strip between the
contact end and the capture zone, the capture probe being capable of hybridising to
the target nucleic acid and capable of being bound by the capture moiety when the
capture probe has hybridisced to the target nucleic acid;

b)  contacting the contact end of the chromatographic strip with the sample
solution to cause sample solution to move by capillary action to the capture zone,
thercby teleasing detection probe, helper probe and capture probe from the
chromatographic strip so that released detection probe, helper probe and capture
probe can hybridise to target nucleic acid in the sample solution as it travels to the
capture zone, and so that a complex comprising target nucleic acid, capture probe,
helper probe, and detection probe can be captured at the capture zone by binding of
the caplure moiety to the capture probe of the complex; and

¢) - checking for the prescnee of detection probe at the capture zone.

36. A kit for testing for the presence of a target nucleic acid in a sample solution

suspected of containing target nucleic acid which comprises:
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a dipstick comprising: a chromatographic sirip having 2 contact end for

contacting the sample solution; and a capture probe immobilised at a capture zone of -

the chromatographic strip remote from the contact end, the ¢apture probe being
capable of hybridising to a first sequence of the target nucleic acid; and

(a) a helper probe capable of hybridising to a second sequence of the target
nucleic acid and thereby enhancing hybridisation of the capture probe to the target
nucleic acid; and optionally a detection probe capable of attaching to the target
nucleic acid to allow direct or indirect detection of the target nucleic acid; or

(b) a detection probe capable of hybridising to 2 second sequence of the target
nucleic acid to allow direct or indirect detection of the target nucleic acid; and a
helper probe capable of hybridising to a third sequence of the target nucleic acid and
thereby enhancing hybridisation of the detection probe to the second sequence.

37. A kit according to claim 36 in which the helper probe is releasably
immobilised to the chromatographic strip between the contact end and the capture

Z0D¢.

38. A kit according to claim 36 in which the detection probe is releasably
immobilised to the chromatographic strip between the contact end and the capture

zone.

39.  AKkit according to claim 36 in which the detection probe and the helper probe
are relcasably immobilised to the chromatographic strip between the contact end and
the capture zone.

40. A kit for testing for the presence of a target nucleic acid in a sample solution
suspected of containing target nucleic acid which comprises:
a dipstick comprising: a chromatographic strip having a contact end for

contacting the sample solution; and a capture moiety immobilised at a captare zone
of the chromatographic strip remote from the contact end; and
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a capture probe capable of hybridising to a first sequence of the target nucleic

acid and which can be bound by the capture moicty when the capture probs has
hybridised to the first sequence; and
(2) a helper probe capable of hybridising to a second sequence of the target
nucleic acid and thereby enhancing hybridisation of the capture probe to the first
sequence; and optionally a detection probe capable of attaching to the target nucleic
acid to allow direct or indirect detection of the target nucleic acid; or ‘
(b) a detection probe capable of hybridising to a second sequénce of the target
nucleic acid to allow direct or indirect detection of the target nucleic acid; and a
helper probe capable of hybridising to a third sequencs of the target nucleic acid and
thereby enhancing hybridisation of the detection probe to the second sequence.

41. A kit according to claim 40 in which the capture probe is releasably
immobilised to the chromatographic strip between the contact end and the capture

zone.

42. A kit according to claim 40 in which the capture probe and the helper probe
are releasably immobilised to the chromatographic strip between the contact end and
the capture zone.

43. A kit according to claim 40 in which the capture probe and/or the detection
probe is releasably immobilised to (he chromatographic strip between the contact end
and the capfure zone.

44, A kit according to claim 40 in which the helper probe and the detection probe,
and optionally the capture probe, are releasably immobilised to the chromatographic
strip between the contact end and the capture zone.

45, A chromatographic strip for testing for the presence of a target nucleic acid in
a sample solution which comprises: a contact end for contacting the sample solution;
& capture picbe immobilised at a capture zone of the chromatographic strip remote
from the contact end, the capture probe being capable of hybridising to the target
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nucleic acid; and a helper probe releasably immobilised to the chromatographic strip
between the contact end and the capture zone, the helper probe being capable of
hybridising to the target nucleic acid and thereby enhancing hybridisation of the
capture probe, or a detection probe, to the target nucleic acid.

46. A chromatographic strip for testing for the presence of a target aucleic acid in
a sample solution which comprises:

a contact end for contacting the sample solution;

a capture moicty immobilised at a captute zone of the chromatographic strip
remote from the contact end, the capture moiety being capable of binding a capture
probe hybridised to the target aucleic acid; and
(3) = capture probe releasably immabilised to the chromatographic strip between
the contact end and the capture zone, the capture probe being capable of hybridising
to the target nucleic acid; and optionally a helper probe releasably immobilised to the
chromatographic strip between the contact end and the capture zone, the helper probe
being capable of hybridising to the target nucleic acid and thereby enhancing
hybridisation of the capture probe to the target nucleic acid; or
(b) adetection probe releasably immobilised to the chromatographic strip between
the contact end and the capture zome, the detection probe being capable of
hybridising to the target nucleic acid thereby atlowing direct or indirect detection of
target nucleic acid utilising the detection probe; and optionally: I) a capture probe
releasably immobilised to the chromatographic strip between the contact end and the
capture zone, the capturc probe being capable of hybridising to the target nucleic
acid and capable of being bound by the capture moiety; and/or ii) a helper probe
capable of hybridising to the target nucleic acid and thereby enhancing hybridisation

_of the detection probe to the target nucleic acid.

47.  Use of a helper probe in a dipstick assay to test for the presence of target

nucleic acid in a sample solution.

48.  Use according to claim 47 in which the helper probe enhances hybridisation of
a capture probe or a detection probe to the target nucleic acid.
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49.  Use according to claim 47 to test for the presence of CT target nucleic acid in
a sample solution, wherein & nucleic acid molecule or nucleic acid analogue having a
sequence corresponding to the sequence of any of SEQ ID NOS: 1-18 is used as a
helper probe to enhance detection of CT target nucleic acid.

50.  Use of a kit or chromatographic strip according to any of claims 36 to 46 to

test for the presence of a té.rgct nucleic acid in a sample solution.

DATED this 26® dayof July 2006
DIAGNOSTICS FOR THE REAL WORLD, LTD
By their Patent Attorneys:

CALLINAN LAWRIE
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Figure 2

HP SEQ ID No 1: 5' GAT AAA ATC CCT TTA CCC ATG AAA

HP SEQID No 1: 5' CTT GCT GCA AAG ATA AAA TCC CTT

HP SEQID No 2: 5' TAA AAT GTC CTG ATT AGT GAA ATA AT

HP SEQID No 3: 5' TCG GTA TTT TTT TAT ATA AAC ATG AAA A
HP SEQID No 4: 5' TGC AAG ATA TCG AGT ATG CGT TGT TA

HP SEQID No 5: 5' AAA GGG AAA ACT CTT GCA GA

HP SEQID No 6: 5' TCT TTT CTA AAG ACA AAA AAG ATC CTC GAT

SEQID No 7: 5' CTT GCT GCT CGA ACT TGT TTA GTA C
SEQ ID No 8: 5' AGA AGT CTT GGC AGA GGA AACTTT T
SEQ ID No 9: 5' CTA GAA TTA GAT TAT GAT TTA AAA GGG

SEQ ID No 10:
SEQ ID No 11:
SEQ ID No 12:
SEQ ID No 13:
SEQ ID No 14:
SEQ ID No 15:
SEQ ID No 16:
SEQID No 17:
SEQ ID No 18:

5" TTC ATA TCC AAG GAC AAT AGA CCA A

5' TGA TCT ACA A;GT ATG TTT GTT GAG T

5' TGC ATA ATA ACT TCG AAT AAG GAG AAG
5' TCC CTC GTG ATA TAA CCT ATC CG

5' CAG GTT GTT AAC AGG ATA GCA CGC

5' CTC GTT CCG AAA TAG AAA ATC GCA

5" GGT AAA GCT CTG ATA TTT GAA GAC

5' CTG AGG CAG CTT GCT AAT TAT GAG T

5' GTT GGG AAA AAT AGA CAT GGA TCG G
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SEQUENCE LISTING
<110> Lee, Helen

<120> Improved Capture and Detection of Target Nucleic Acid in Dipstick Assay
S

<130> 41745

<140> PCT/GB01/03024
<141> 2001-07-06

<150> GB 0016814.6
<151> 2000-07-07

<160> 18

<170> PatentIn version 3.1

<210> 1

<211> - 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic oligonucleotide

<400> 1

gataaaatcc ctttacccat gaaa 24
<210> 2

<211> 26

<212> DNA

<213> Artificial Sequence

<220> .

<223> Synthetic¢ oligonucleotide

<400> 2

taaaatgtcc tgattagtga aataat 26
<210> 3

<211> 28

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic oligonucleotide

<400> 3

tcggtatttt tttatataaa catgaaaa 28
<210> 4

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
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<223>

<400>

41745.ST25.txt

Synthetic oligonucleotide

4 .

tgcaagatat cgagtatgeg ttgtta

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

20

DNA ’
Artificial Sequence

Synthetic oligonucleotide

5

aaagggaaaa ctcﬁtgcaga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

30

DNA

Artificial Sequence

Synthetic oligonucleotide

6

tcttttctaa agacaaaaaa gatectcgat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

7

25

DNA

Artificial Sequence

Synthetic oligonucleotide

7

cttgetgete gaacttgttt agtac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

8

25

DNA

Artificial Sequence

Synthetic oligonucleotide

8

agaagtcttg gcagaggaaa ctttt

<210>
<211>
<212>
<213>

<220>

. <223>

9

27

DNA

Artificial Seguence

Synthetic cligonucleotide
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<400>
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9

ctagaattag attatgattt aaaaggg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

10

25

DNA

Artificial Seguence

Synthetic oligonucleotide

10

ttcatatcca aggacaatag accaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

11

25

DNA

Artificial Seguence

Synthetic oligonucleotide

11

tgatctacaa gtatgtttgt tgagt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

12

27

DNA

Artificial Sequence

Synthetic oligonucleotide

12

tgcataataa cttcgaataa ggagaag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

23

DNA

Artificial Sequence

Synthetic oligonucleotide

13

tcectegtga tataacctat ccg

<210>
<211>
<212>
<213>

<220>
<223>

Artificial Sequence

Synthetic oligonuclectide
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<400> 14
caggttgtta acaggatagc acgc 24
<210> 15
<211> 24
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic oligonucleotide
<400> 15
ctcgttccga aatagaaaat cgca 24
<210> 16
<211> 24
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic oligonucleotide
<400> 16
ggtaaagctc tgatatttga agac 24
<210> 17
<211> 25
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic oligonucleotide
<400> 17
ctgaggcage ttgctaatta tgagt 25
<210> 18
<211> 25
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic oligonucleotide
<400> 18
25

gttgggaaaa atagacatgg atcgg

<210> 19
<211> 24
<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide

<400> 19
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