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FLUOROMETRIC METHOD FOR MONITORING AND DETECTING NUCLEIC ACID AMPLIFICATION

The present invention provides a method for detecting
amplification of a target polynucleotide (sometimes known as a
5 poly nucleic acid), preferably quantitatively, and to probes

for use in those methods.

Known fluorescence PCR monitoring techniques include both

strand specific and generic DNA intercalator techniques that

10 can be used on a few second-generation PCR thermal cycling

devices.

Generic methods utilise DNA intercalating dyes that exhibit
increased fluorescence when bound to double stranded DNA

15 species. Fluorescence increase due to a rise in the bulk
concentration of DNA during amplifications can be used to
measure reaction progress and to determine the target molecule
copy number. However, these methods are only guasi strand-
specific since any non-specific amplification which takes

20 place will generate double stranded DNA and so produce an

increase in signal.

Strand spe01flc methods utilise additional polynucleotide

25 reactions. These methods use fluorescence resonance transfer
(FRET) as the basis of detection. One or more polynucleotide
probes are labelled with fluorescent molecules, a donor
molecule and an acceptor molecule (sometimes known as a
reporter and a quencher molecule respectively). The donor

Mf molecule is excited with a specific wavelength of light for
which it will normally exhibit a fluorescence emission
wavelength. The acceptor molecule is highly excited at the
emission wavelength such that it can accept the emission
energy of the donor molecule by resonance transfer when they

35 are in close proximity (e.g. on the same, or a neighbouring
molecule). The basis of FRET detection is to monitor the

changes at donor and acceptor emission wavelengths. There

are two types of FRET probes, those using hydrolysis of




CA 02311931 2000-05-26

WO 99/28501 PCT/GB98/03563

10

15

20

N
W

30

polynucleotide probes to separate donor from acceptor, and

those using hybridisation to alter the spatial relationship of

donor and acceptor molecules.,

Hydrolysis probes are commericially available as TagMan™

probes. These consist of DNA oligonucloetides that are
labelled with donor and acceptor molecules. The probes are
designed to bind to a specific region on one strand of a PCR

product. Following annealing of the PCR primer to this
strand, Taq enzyme extends the DNA with 5’ to 3’ polymerase

activity. Taqg enzyme also exhibites 5’ to 3’ exonuclease

activity. TagMan™ probes are protected at the 3’ end by

phosphorylation to prevent them from.priming Tag extension.

If the TagMan™ probe is hybridised to the product strand than

an extending Tag molecule may also hydrolyse the probe,

liberating the donor from acceptor as the basis of detection.

Hybridisation probes are available in a number of guises.
Molecular beacons are oligonucleotides that have complementary
5’ and 3’ sequences such that they form hairpin loops.
Terminal fluorescent Jlabels are 1n close proximity for FRET
to occur when the hairpin structure is formed. Following
hybridisation of molecular beacons to a complementary sequence
the fluorescent labels are separated, so FRET does not occur,
as the basis of detection. A modification of such a system
is in which the molecular beacon is attached to an
amplification primer is described in Nucl. Acids. Res. (1997)
25, 12, 2516-2521.

However, the signal generated by such sequences is limited by
the length of the probe as this forms the limiting factor in

the level of signal to noise ratio which can be achieved.

The applicants have developed a system which allows accurate

detection and/or monitoring of certain reactions 1including

amplification reactions.
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Thus the invention provides a method for
monitoring a reaction within a sample, said method
comprising supplying or forming a double stranded
polynucleotide having a fluorescence donor and a
fluorescence acceptor molecule spaced along the length of
the polynucleotide at a distance at which fluorescence from
the donor is reduced by the acceptor, applying to said
molecule a restriction enzyme which cuts said polynucleotide
at a site intermediate said donor and said acceptor

molecule, and monitoring fluorescence of said sample.

Using this method, reactions which may be
monitored include the formation of the double stranded
polynucleotide, for example by way of an amplification
reaction, or, where the sample 1s known to contaln double
stranded polynucleotide, the reaction which can be monitored

g

is the activity of the restriction enzyme.

In particular, the invention provides a method for
detecting nucleic acid amplification in a sample comprising
performing nucleic acid amplification on a target
polynucleotide in the presence of (a) a nucleic acid
polymerase, (b) a primer that hybridises to sailid target
polynucleotide, and (c) an oligonucleotide probe that

hybridises to said target polynucleotide sequence and which
comprises a fluorescence donor and a fluorescence acceptor
molecule, and a single stranded sequence recognised by a
restriction enzyme which cuts at said sequence when 1n
double stranded form, said sequence being located

intermediate said donor and acceptor molecule; applying to

the amplification product said restriction enzyme such that
double stranded amplification product 1s cleaved so as to
liberate acceptor molecule from donor molecule, and
detecting a fluorescent signal from the sample, wherein

either (a) the said oligonucleotide probe hybridises to said
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target polynucleotide in the region of the 3’ end of said
polynucleotide such that the 3’ end of the polynucleotide
can extend during amplification to form a complementary
region of the probe; or (b) the probe has complementary

sequences 1n the 5’ region and the 3’ region such that prior

e |

to binding to the target polynucleotide sequence, the 5’

region and 3’ region of the probe bind together; or (c) the
amplification reaction is carried out using modified
nucleotides so that amplicons produced are resistant to

cutting by restriction enzymes.

In another aspect, the invention provides a method
for detecting nucleic acid amplification in a sample
comprising performing nucleic acid amplification on a target
polynucleotide in the presence of (a) a nucleic acid
polymerase, (b) a primer that hybridises to said target
polynucleotide, and (c¢) an oligonucleotide probe that
hybridises to said target polynucleotide sequence and which
comprises a fluorescence donor and a fluorescence acceptor
molecule, and a single stranded sequence recognised by a
restriction enzyme which cuts at said sequence when 1n
double stranded form, said sequence being located

intermediate said donor and said acceptor molecule; applying

to the amplification product said restriction enzyme such

that double stranded amplification product 1s cleaved so as

to liberate said acceptor molecule from said donor molecule,

and detecting a fluorescent signal from the sample, wherein

the said oligonucleotide probe hybridises to said target
polynucleotide 1n the region of the 3’ end of said
polynucleotide such that the 3’ end of the polynucleotide
can extend during amplification to form a complementary

region of the probe.

In another aspect, the invention provides a method

for detecting nucleic acid amplification in a sample
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comprlsing performing nuclelc acid amplification on a target
polynucleotide in the presence of (a) a nucleic acid
polymerase, (b) a primer capable of hybridising to said
target polynucleotide, and (c¢) an oligonucleotide probe
which 1s capable of hybridising to said target
polynucleotide sequence and which comprises a fluorescence
donor and a fluorescence acceptor molecule, and a single
stranded seqguence recognised by a restriction enzyme which
cuts at said sequence when 1n double stranded form, said
sequence being located intermediate salid donor and said
acceptor molecule; applyving to the amplification product
sald restriction enzyme such that double stranded
amplification product 1s cleaved so as to liberate said
acceptor molecule from said donor molecule, and detecting a
fluorescent signal from the sample, wherein the probe 1is

blocked at the 3’ end so that 1t does not extend during an

amplification cycle and has complementary sequences 1n the
5’ region and the 3’ region such that prior to binding to
the target polynucleotide sequence, the 5’ region and 3’

region of the probe bind together.

In another aspect, the invention provides a method
for detecting nucleic acid amplification 1n a sample
comprising performing nucleic acid amplification on a target
polvnucleotide 1n the presence of (a) a nucleic acid
polymerase, (b) a primer capable of hybridising to said
target polynucleotide, and (c) an oligonucleotide probe
which 1s capable of hybridising to said target
polynucleotide seqguence and which comprises a fluorescence
donor and a fluorescence acceptor molecule, and a single
stranded sequence recognised by a restriction enzyme which
cuts at said sequence when in double stranded form, said
sequence being located intermediate said donor and said

acceptor molecule; applying to the amplification product
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sald restriction enzyme such that double stranded
amplification product 1s cleaved so as to liberate said
acceptor molecule from said donor molecule, and detecting a
fluorescent signal from the sample, whereiln the
amplification reaction 1s a polymerase chain reaction
carried out using modified nucleotides so that amplicons

produced are resistant to cutting by restriction enzymes.

The method can be used to detect the presence of a

target polynucleotide i1n sample. If amplification 1s
detected 1n the method of the invention, then target

polynucleotide 1s present 1in the sample to act as a

template.
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By using a restriction enzyme to liberate donor molecule from

acceptor molecule, the time delay incurred for example when

multiple hydrolysis reactions are required in order to bring

about the separation 1s avoilded.

Furthermore, the separation of the acceptor from the donor
molecule is not as limited by the length of the probe and

therefore a better signal to noise ratio may be achieved.

The method of the invention may be used for end point

detection, where the enzyme is added after the amplification
reaction, or the enzyme may be present throughout the
amplification reaction. The latter allows the potential for
monitoring the amplification reaction in real time. However,
in some cases, the reagents required for the enzyme to
digestion may inhibit the amplification reaction. In these
cases, end point detection i1n a separate tube may be

desirable.

The oligonucleotide probe may be designed such that it
includes the site for the restriction enzyme within the region
of the amplicon. In this case, detection of amplification 1is
effected by adding the restriction enzyme to the reaction on
completion. The enzyme cuts the amplification product
between the donor and acceptor molecule of the probe, thus
liberating the donor molecule which generates an end-point
signal. This may be used for in-situ PCR situations. Its
use however depends upon the presence within the amplicon of a
site which will hybridise with the probe. 1In addition, total
isolation of full length amplicon may not be possible

following detection in this manner.

In a preferred embodiment, the probe is designed so that the
oligonucleotide probe is capable of hybridising to sald target
polynucleotide in the region of the 3’ end of said
polynucleotide that can extend in the presence of the

polymerase to provide the complementary strand double stranded
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DNA with the oligonucleotide probe. The restriction sité 1S
suitably located in the extension region. In this case, the
target polynucleotide will itself act as a primer for
extension and during a chain extension reaction, the
polynucleotide sequence will extend along the length of the
probe thereby rendering it double stranded. Once this occurs,
the restriction enzyme can cut the extended region, thereby
releasing the acceptor from the probe so as to generate a

signal.

Suitably the 3’ end of the probe is ‘blocked’ for example by
phosphorylation so that it does not extend in the direction of
the polynucleotide during extension phases of the

amplification cycle.

This means that the polymerase extehsion reaction will result
in extension of the target polynucleotide strand in the region
complementary to the overhanging region of the probe,
resulting in the production of a double stranded restriction
site in this region. Where the enzyme 1s selected such that
the restriction site is not found elsewhere in the amplicon,
application of the restriction enzyme will not cut within the
target polynucleotide sequence and so full length product may

afterwards be isolated.

Alternatively, the probe may be attached to an amplification
primer. In such cases both the acceptor and donor molecules
are preferably present on a non-binding region of the primer.
When the thus produced amplicon undergoes a subsequent
extension cycle under the influence of the other primer, the
extension reaction will include the entire region of the probe
thus making the restriction site double stranded and thereby

liable to be cut by the restriction enzyme.

In addition, if the restriction enzyme is present throughout
the amplification reaction, the progress of the amplification
reaction itself may be monitored since donor molecules will be

liberated in amounts which are proporticnal to the number of
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amplicons present in the reaction mixture at every cycle of
the amplification reaction. The build up in the signal from
the donor molecules may be observed and the increase used for
example to calculate the amount of target polynucleotide

present in the sample at the beginning using the sort of

calculation which are well known in connection with the

TagMan™ system.

Restriction endonucleases are enzymes that bind to and cleave
double stranded DNA molecules at specific base pair sequences
known as restriction or recognition sites. There are three
types of restriction enzymes. Each type has two specific
enzyme activities. A DNA methylase and an endonuclease that

catalyses the cleavage and separation of double stranded DNA.

Type I restriction enzymes have methylase and ATP dependent
nuclease activities in the same molecule. Methylation occurs
in the recognition site and cleavage occurs a distance away
from the recognition site as the DNA loops around the bound
enzyme. Type I and III enzymes are similar. Type III1 enzymes
also have methylase and nuclease activities 1n the same
molecule. However, the enzymes do not require ATP and the
cleavage site is closer to the recognition site. Type II
restriction enzymes cleave at the recognition site. They
recognise structures four or more nucleotides in length. Each
enzyme type cleaves differently. The enzyme can cleave at
both strands in exactly the same place forming blunt ends on

the DNA. Other enzymes can cleave at symmetrical positions on

'each strand of DNA producing fragments with single stranded

overhangs or “sticky ends”. They can create fragments with 3’

overhangs and 5’overhangs.

Any of the known restriction enzymes may be used in the method
of the invention, particularly where these are added at the
end of any amplification reaction, provided only that where a
specific reaction product is to be recovered, these do not
contain internal sites recognised by the enzymes. Restriction

enzymes which can withstand the conditions employed in the
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reaction, for example in the amplification reaction are

thermostable enzymes.

A particularly suitable restriction enzyme for use in the

method of the invention i1is Taql. This restriction enzyme is,

like TAQ polymerase, obtainable from Thermus aquaticus. It
will therefore withstand the conditions found during cycling
carried out in amplification reactions such as the polymeraSe
chain reaction (PCR). A further such enzyme is the thermo-
stable restriction enzyme “PspG 1”, (New England Biolabs).
This enzyme 1s 1solated from Pyrococcus sp and recognises

CCWGG cutting in front of first C. Stability is 2 hours at

95°C and it will survive 30 cycles of ‘block PCR.

The PCR reaction 1s a preferred amplification method in the

context of the invention.

Suitably the amplicon and/or restriction enzyme are selected
so that the site recognised by the enzyme does not appear in
the amplicon. If necessary, available restriction enzymes can

be isolated, mutated or engineered so that they are

thermostable at the reaction temperatures required.

Suitably the nucleic acid polymerase used in the method of the

invention is a thermostable polymerase such as TAQ polymerase.

The probe used in the method of the invention may take the
form of a molecular beacon so that it forms a hairpin shape
prior to hybridisation to the target polynucleotide. In this
case, the probe has complementary seguences in the 5’ region
and the 3’ region such that prior to binding to the target
polynucleotide sequence, the 5’ region and 3’ region bind
together. The restriction will in this case be located 1n a
non-complementary region of the probe so that is remains
single stranded before the probe hybridises to the target

sequence.
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Suitably the donor molecule 1s arranged at one end of the

probe and the acceptor is at the other end. Thus the donor
molecule may be arranged at the 5’ end of the probe and the
acceptor i1s at the 3’ end or vice-versa. In such cases, the

hairpin arrangement of the molecular beacon is particularly
effective as the donor and acceptor are held in close
proximity prior to hybridization to the target sequence.

Hence the risk of an unwanted background signal from the donor

molecule 1s reduced.

On hybridisation of the probe to the target sequence, the
hairpin is opened out, thereby spatially sepérating the
acceptor from the donor molecule and so generating a signal.
However, in the case of the invention, the restriction enzyme
will cut the probe-target sequence hybrid intermediate the
donor and acceptor molecules thus further separating these

moieties and so enhancing the signal.

In yet a further modification of this, the probe 1is attached
at one end thereof to an amplification primer. The probe may
or may not be in the form of a hairpin. However, the region
containing the donor -and acceptor molecules should be arranged
upstream of the 3’ end of the primer. Extension of the
primer leads to an amplicon having the probe attached at the
5’ end thereof. During a subsequent amplification cycle, a
complementary strand is formed following the binding of the
other amplification primer to the remote end of the amplicon.
This complementary strand will be extended during chain
extension, not only along the length of the target chain, but
also across the probe, thereby rendering it double stranded

and so liable for cutting by the restriction enzyme.

In yet a further embodiment of the invention, the
amplification reaction is effected using modified nucleotides
which are resistant to cutting by restriction enzymes.
Examples of such nucleotides are methylated nucleotides. In

this case, the probe used in the process will not contain
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modified nucleotides. This means that the amplicons produced

1n the reaction will be restriction resistant.

However when the probe hybridises to an amplicon, it will be

recognised by the restriction enzyme which would then cut it

‘at the restriction site. The complementary strand will not be

cut however and so the result is that the double stranded DNA
1s only “nicked”. On subsequent melting of the probe, the

acceptor are donor molecules separate thereby generating a

modified signal which can be detected.

This embodiment may be used in end-point detéction, where the
restriction enzyme is added on completion of the
amplification. When it is to be used in the course of the
reaction for example to monitor and/or quantify the
amplification, 1t would be necessary to ensure that the
restriction enzyme did not cut up the target molecule (which
would generally not be resistant to restriction) prior to the
commencement of the amplification. This may be achieved in
various ways. The delivery of the restriction enzyme may be
delayed until after at least the first round of amplification
has taken place. This may be effected automatically, for
example using the “hot start” techniques where polymerase
enzyme 1s kept separate from the remainder of the reaction
mixture, for example using a wax barrier, which melted to

release the enzyme only after the desired temperature levels

had been reached. Similar methods may be used in the assay of
the invention to restrain the restriction enzyme until
required in the process. Alternatively, other reaction
suppression means can be employed, for example by including in
the reaction mixture an antibody to the restriction enzyme
which inhibits its activity but which is itself denatured at

the desired temperature, or by using enzymes, 1n particular

"modified enzymes as are known in the art, such as TAQ Gold™

which require heating to a particular level before they are

activated.
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When using this embodiment of the invention, the location at
which the probe binds the amplicon is immaterial. At no point
is the amplicon strand cut and so even if the probe locates at

a central position within the amplicon, there will be no loss
of amplicon and so it remains available for use a template

strands in subsequent amplification cycles.

Suitable combinations of donor and acceptor molecules are
known 1in the art. For example, the donor molecule may
comprise a fluorescein dye and the acceptor molecule is a

rhodamine dye.

Suitable conditions under which the amplification reaction can
be carried out are well known in the art. The optimum
conditions may be variable in each case depending upon the
particular amplicon involved, the nature of the primers used
and the enzymes employed. The optimum conditions may be

determined in each case by the skilled person. Typical

denaturation temperatures are of the order of 95°, typical
annealing temperatures are of the order of 55°C and extension

temperatures are of the order of 72°C.

The method of the invention may be adapted for use in the
quality control of enzymes where the enzyme 1s a restriction
endonuclease. At present enzyme quality control uses unit
activity that determines concentration with specific levels of
active enzyme. However, if the enzyme were to be used as the

restriction enzyme in the method of the invention where the
presence or amount of target polynucleotide in the sample 1is
known, the quality of the enzyme can be judged by its ability
to generate a fluorescent signal, indicative of separation of
the signal from the fluorescent probes, providing a more

precise measure of activity.

The use of oligonucleotide probes in the methods described
aboveform a further aspect of the invention. In particular,
these probes will comprise a donor molecule and an acceptor

molecule and a site for a restriction enzyme which cuts at a
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specific double stranded DNA seqguence located intermedlate

sald donor and acceptor molecule.

The probes may 1nclude other features outlined above. For

example, the probe may be 1n the form of a molecular beacon so
that 1t has complementary sequences 1n the 5’ region and the

3’ region which bind together.

Suitable donor molecules 1nclude fluorescein dye such as
fluroescein and the acceptor molecule may be a rhodamine dye
or another dye such as Cy5> but any other dye combination which

1s capable of undergoing FRET 1nteractions can be used.

A further aspect of the i1nvention comprises a kit for carrying

out a method as described above, said kit comprising a probe

as described above and a restriction enzyme which is able to

cut said probe intermediate the acceptor and donor molecules.
The kit may optionally further comprises one or more reagents
used in amplification reaction, such as one or more modified
nucleotides which is/are able to generate a nucleotide chain

which 1s resistant to restriction enzymes, for instance

methylated nucleotides.

The invention will now be particularly described by way of
example with reference to the accompanyilng diagrammatic

drawlngs 1n which:

Figures 1A to 1F show diagrammatically stages in reaction which

forms a preferred embodiment of the invention;

Figures 2A to 2E illustrates an alternative embodiment of the

invention;

Figures 3A to 3F illustrates yet a further embodiment of the

invention;

Figure 4 is a graph showing fluorescence from a donar molecule

vs time in a PCR reaction 1n accordance with the invention;
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Figure 5 1s a graph of the ratio of fluorescence of
donar/fluorescence of acceptor in an end point PCR assay of
the invention, where (A) and (B) are positive reactions and

5 (c) represents a negative control;

Figure 6 is a graph of the ratio of fluorescence of
acceptor/fluorescence of donar in an end point PCR assay of
the invention, where (A) and (B) are positive reactions and

10 (c) represents a negative control;

Figure 7 is a graph showing donor fluorescence with time an
end point PCR assay of the invention, where (A) and (B) are

positive reactions and (c) represents a negative control;

Figure 8 is a graph illustrating changes in fluorescence of

donor (A) and acceptor (B) against time 1n the presence of a

restriction enzyme which cuts between these; and

20) Figure 9 is a graph illustrating that cumulatively, the

fluorescence increase in the course of the reaction giving

rise to Figure 8.

In the illustrated amplification reaction, a DNA molecule (1)
25 is first rendered single stranded (1B). A palr of
amplification primers (2), (3) bind as forward and reverse
primers in an amplification reaction as is well known. The
result is an amplicon product (4) containing only the target
sequence. When this product is melted during the subsequent
30 phase of the amplification, probe (5) comprising a donor
molécule (6) and an acceptor molecule (7) binds at the 3’ end
of the target sequence (1D). In the presence of a DNA
polymerase, the target sequence will extend along the
overhanging region of the probe, creating a double stranded

35 site for a restriction enzyme indicated by the arrow.
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The restriction enzyme 1s then able to cut the extended chain,

.liberating the acceptor molecule (7) from the donor molecule

(6), thereby generating a signal (1F).

In the alternative embodiment of Figure 2, the probe (8) takes
the form of a molecular beacon which 1s fused at the 5’ end of
an amplification primer (9). The probe-primer complex binds
at one end of the target sequence when present and when melted
into single-stranded form. Extension of the primer in the
first cycle yields an amplicon strand (10) with the molecular
beacon structure attached at the 5’ end thereof. During the
subsequent amplification cycle, the opposite’amplification
primer will bind at the 3’ end of the amplicon strand (10),
Extension of this strand will open the molecular beacon
structure and also render it double stranded along 1ts length.
The thus formed double stranded site for the restriction
enzyme may then be cut by that enzyme (2D), thereby still
futher separating the donor molecule from the acceptor

molecule (2E), and so producing an enhanced fluorescent

signal.

In the alternative embodiment illustrated in Figure 3, the
amplification reaction is effected using modified nucleotides
(11) such as methylated nucleotides. As a result, the
amplicon strands (l1l2)are resistant to restriction enzyme
although the enzyme will recognise its restriction site
(indicated by shaded arrow - 3D) when in double stranded form.
When the amplicon strand (12) is hybridised to the probe which
does not contain modified nucleotides, the result will be a
“nick” (13) in the probe whilst the amplicon strand will
remain intact. On subsequent melting (3F), the donor and
acceptor molecules will separate allowing the donor molecule

to generate an enhanced signal which may be detected.

Cutting with a restriction enzyme provides a rapid and
effective means of separating the acceptor from donor molecule
thus improving the speed of detection. Furthermore, by

ensuring rapid and complete separation of acceptor from donor
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molecule, the signal to noise ratio is increased as compared

to that obtainable using conventional molecular beacon

technology.

The following Example is given by way of illustration.

Demonstration 1

Test Amplification Reactions

A 104 base pair amplicon of the anticoagulase gene of Yersinia

pestis was cloned into pBluescript SK vector (Stratagene) to

form pYP100ML phagemid construct. pYP10OML was amplified

using forward primer YPPA155 of sequence:
dATGACGCAGAAACAGGAAGAAAGATCAGCC (SEQ ID NO 1) and

reverse primer YPP229R of sequence:
dGGTCAGAAATGAGTATGGATCCCAGGATAT (SEQ ID NO 2).

PCR reaction conditions were as follows:

Primers 1uM (final) each

dNTPs 200uM (final) each
TAQ 0.025U/ul final concentration

Buffer: 250ng/pl Bovine serum albumin, 500mM Tris, pH 8.3,

20mM magnesium

The mixture was then subjected to 30 cycles of the following

conditions:
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Temperature Time

oC secs

-26

PCT/GB98/03563

Temperature | Fluoresence

Transition | Monitoring

°C/sec

95
Secondary 85

(1°C step per cycle)

|IIIIIIIIIiIIIIIIIIIII

Amplification took under 6 minutes.

Single

(once per

cycle)

v

end with fluorescein as

¥ [

Demonstration 2
A probe (YPPAMP), labelled at the 5’
the donor and 10Bp downstream of that is the acceptor Cyd

label was prepared. The sequence of the probe 1s

10

5¢T/CGAT/CCAGGXCAGAAATGAGTATGGATCCCAGGATAT 3, (SEQ ID NO 3)

where X represents the position of Cy5.

This probe should be able to act as the reverse primer in the

PCR reaction detailed above. In between these two fluorescent

site (TCGA), marked with a

has not been phosphorylated

molecules is a Tag 1 restriction
W /ll The 3’

and so it can be extended 1n the

in the seqguence. end

PCR reaction.

(Sigma), a type II enzyme, cleaves the

20 Tag 1 endonuclease

double stranded DNA at this specific region. In doing so, 1t

would separate the fluorescein donor from the Cy5 acceptor and

this forms the basis of detection. The probe was designed so

end, and

The

that the extra nucleotides were included at the 5'

25 the resulting pYP1O0OML product would be unchanged.

amplicon in this case contains no Tag 1 sites.
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The donor and acceptor molecules are positioned in
sufficiently close proximity on the probe for FRET to occur.

However, once the Tag 1 enzyme cleaves the amplicon, the donar

is released and FRET no longer occurs.

The YPPAMP probe was then utilised in a PCR reaction which had

been Optimised. The YPPAMP probe at 2 uM was included in a
pYP10OML amplification using a Perkin Elmer 9700. The program

was 30 cycles of:

Temp Time |
oc Seconds/minute

(30secs)

The products were analysed by agarose gel electrophoresis. The
product band was shown to be larger than the 104Bp pYP10OML

native fragment using agarose gel electrophoresis suggesting

that the probe had successfully amplified the target.

Example 1

Thereafter, an amplification reaction as described 1n
Demonstration 1 above was repeated with the YPPAMP probe

replacing the YPP229R reverse primer.

After amplification, restriction enzyme Tag 1 was added to PCR
product along with dNTP’s and palette buffer black (Sigma).
Palette buffer black contains NaCl, that is required for Taq 1

endonuclease activity. The reaction was run on 1 cycle of:

Time

Seconds/minute

This program activates the cleaving activities of the

endonuclease cutting the end of the fragment away. A negative
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control was run without enzyme and the fragments were analysed
using gel electrophoresis. The banding pattern obtained
indicated that the fragment had been cut by the restriction

enzyme.

Both the enzyme cut and control samples were analysed using

the fluorimeter. The PCR product was diluted so that the

probe concentration in the reaction was 0.1uM. At higher

concentration the fluorescence signal was too intense for the
10 LightCycler™ detectors. The fluorescein fluorescence signal

was higher than Cy5 in the test samples suggesting that the

fluorescein was released and Cy5 was not close enough to

quench 1its fluorescent energy.

15 The control samples had a high CY5 fluorescent reading
suggesting that FRET was still occurring. The results
indicated that the probe amplified and the endonuclease was

effective in removing the end of the fragment.

20 Example 2

The YPPAMP probe described above and Tag 1 endonuclease were
included in an amplification reaction using the LightCycler™.

Program below, 40 cycles of:

25
Temperature Time Temperature | Monitoring
o Secs Transition
°C/second
N C R
K EE R
The time for extension is increased from the usual pYP1O0OML
amplification so the enzyme has time to cut the fragment.
30 A fluorescence reading was taken once in every cycle and the

results are shown in Figure 4. As the product amplifies the
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fluorescelin fluorescence 1increased suggesting that the

fluorescent molecules are beilng separated.

Example 3

In order to improve the signal, the YPPAMP probe at 0.5uM was
used in two similar amplification reactions to that described
in Example 2 without Tag 1. Agaln a negative control was run
in the absence of DNA. The program was the usual amplification
program for pYP1lOOML, 30 cycles of:

Temperature Fluorescence

Temperature

Transition Monitoring

°C

95
Secondary 85

1, dNTP’s and palette buffer black. The digest program was

one cycle of:

Fluorescence

Temperature | Time Temperature

Monitoring

Secs Transition

°C

°C/second
=

Figure 5 shows the results, expressed as a ratio of
fluorescent signal of Fluorescein/Cy5 (F1/F2) vs time. As
time increases the fluorescence increases in the two higher
lines (A) and (B) which are positive samples. The results are
shown again in Figure 6 in the form of a ratio of F1/1 vs
time. A continuous rise in fluorescein fluorescence 1s
clearly seen as Tag 1 is digesting the end of the fragment,
releasing the fluorescein. Possibly due to contamination the

fluorescence of the negative sample (line C) increased
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slightly but the fluorescence was clearly much lower than the
positive samples. pYP1OOML amplicon is present 1n the

surrounding air and as little as one amplicon from the air 1is

needed in a reaction to amplify.

When expressed in the form of a graph of F2/1 vs time, (Figure

7), the decrease in fluorescence as FRET stops between

fluorescein and Cy5 1s apparent.

Example 4

Probe Digestion experiments
A sample of the YPPAMP probe was digested by Taq 1 over a

period of 60 minutes, under the conditions outlined 1n Example

3.

Figure 8 shows the fluorescence at the donor and acceptor

wavelengths as the probe 1s cut by the restriction'enzyme over

time.

Initially, the probe is intact with a high Cy>S signal (B) and

a low fluorescein signal. As the probe is cut, the

fluorescein signal (A) rises as it is released from the probe
and a fall in the Cy5 signal occurs as the molecules are no
longer in close proximity for FRET to occur. Figure 9
illustrates the relative fluorescence over time F1/F2

(fluorescein/Cy5). This shows a continuous rise overall, as a

result of the cutting of the probe.
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CLAIMS:
1. A method for detecting nucleic acid amplification

in a sample comprising performing nucleic acid amplification
on a target polynucleotide 1in the presence of (a) a nucleic
acid polymerase, (b) a primer that hybridises to said target
polynucleotide, and (c¢) an oligonucleotide probe that
hybridises to said target polynucleotide sequence and which
comprises a fluorescence donor and a fluorescence acceptor
molecule, and a single stranded sequence recognised by a
restriction enzyme which cuts at said sequence when in
double stranded form, said sequence being located

intermediate said donor and acceptor molecule; applying to

the amplification product said restriction enzyme such that
double stranded amplification product i1s cleaved so as to
liberate acceptor molecule from donor molecule, and
detecting a fluorescent signal from the sample, wherein
either (a) the said oligonucleotide probe hybridises to said
target polynucleotide in the region of the 3’ end of said
polynucleotide such that the 3’ end of the polynucleotide

can extend durling amplification to form a complementary

region of the probe; or (b) the probe has complementary
sequences 1n the 5’ region and the 3’ region such that prior
to binding to the target polynucleotlide sequence, the 5’
region and 3’ region of the probe bind together; or (c) the
amplification reaction 1is carried out using modified
nucleotides so that amplicons produced are resistant to

cutting by restriction enzymes.

2 . The method according to claim 1 wherein the said
oligonucleotide probe hybridises to said target
polynucleotide in the region of the 3’ end of said
polynucleotide such that the 3’ end of the polynucleotide
can extend during amplification to form a complementary

region of the probe.
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3. The method according to claim 2 wherein said

restriction enzyme 1s present throughout the amplification
reaction and the progress of the amplification reaction 1is
monitored by measuring the increase 1n the signal from the

donor molecule.

4 , The method according to any one of claims 1 to 3

wherein sald restriction enzyme 1s Taqgl.

S. The method according to any one of claims 1 to 4

wherein the nucleic acid polymerase 1s a thermostable

polymerase.,

6. The method according to any one of claims 1 to 5
wherelin the probe has complementary sequences 1in the 57
region and the 3" region such that prior to binding to the
target polynucleotide sequence, the 5’ region and 3’ region

of the probe bind together.

7. The method according to claim 6 wherein the probe
1s attached to an amplification primer upstream of the 3’

end of the primer.

3 . The method according to any one of claims 1 to 7

whereln saild donor molecule comprises a fluorescelin dye.

9. The method according to any one of claims 1 to 8

wherein saild acceptor molecule i1s a rhodamine dye or Cyb5.

J——

10. The method according to any one of claims 1 to 9

whereln the donor molecule 1s attached to a nucleotide in
the region of the 3’ end of the probe and the acceptor
molecule 1is attached in the region of the 5’ end of the

probe.

-

11. The method according to any one of claims 1 to 9

wherein the donor molecule is attached to a nucleotide in
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the region of the 5’ end of the probe and the acceptor
molecule 1s attached to a nucleotide in the region of the 3’

end of the probe.

12. The method according to claim 1 or claim 2 wherein
the amplification reaction 1s effected using modified

nucleotides which are resistant to cutting by restriction

enzymes .

13. The method according to claim 12 wherein the

modified nucleotides are methylated nucleotides.

14 . The method according to claim 12 or claim 13
wherein the restriction enzyme 1s inhibited from acting
until the amplification reaction has proceeded so that at

least some amplicon product exists.

15. The method according to claim 14 where the

0

restriction enzyme 1s kept separate from the remainder of
the reaction mixture, until some amplicon product 1s

obtained.

16. The method according to claim 15 wherein the

restriction enzyme 1s restrained by a meltable barrier.

17. The method according to claim 16 wherein the
restriction enzyme 1s 1nhilbited by the presence of an

antibody.

18. The method according to claim 14 wherein the
restriction enzyme 1s an enzyme which becomes active only on

exposure to particular temperatures.

19. The method according to any one of claims 1 to 18
wherelin the amplification reaction 1s effected using the

polymerase chain reaction (PCR).
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20. The method according to any one of claims 1 to 19

wherein the probe 1s attached at the 5’ end of an

amplification primer.

21. A use of an oligonucleotide probe which compriées
a donor molecule and an acceptor molecule and a site for a
restriction enzyme which cuts at a specific double stranded
DNA sequence located 1ntermediate said donor and acceptor

molecule, 1n a method according to any one of claims 1

to 20.

22 . The use according to claim 21 wherein the probe
has complementary sequences i1in the 5’ region and the 3’
region such that prior to binding to the target

polyvnucleotide sequence, the 5’ region and 3’ region of the

probe bind together.

23. The use according to claim 21 or claim 22 wherein
sald donor molecule comprises a fluorescein dye and said

acceptor molecule 1s a rhodamine dye or Cy5.

24 . The use according to any one of claims 21 to 23

wherein 1n the probe the said donor molecule is separated

from said acceptor molecule by at least 15 nucleotides.

25. The use according to any one of claims 21 to 24
wherein the donor molecule is attached to a nucleotide in
the region of the 3’ end of the probe and the acceptor
molecule 1s attached to a nucleotide in the region of the 5’

end of the probe.

26. The use according to any one of claims 21 to 24
wherein the donor molecule is attached to a nucleotide in
the region of the 5’ end of the probe and the acceptor
molecule 1s attached to a nucleotide in the region of the 3°

end of the probe.
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27 . The use according to any one of claims 21 to 26
wherein the probe 1s attached at the 5’ end of an

amplification primer.

28. A kit for carrying out a method according to any
one of claims 1 to 20, said kit comprising an
oligonucleotide probe that hybridises to a target
polynucleotide and which comprises a fluorescence donor
molecule, a fluorescence acceptor molecule and a single

stranded sequence recognised by a restriction enzyme which

cuts at said sequence when in double stranded form, said
sequence being located intermediate said donor and acceptor
molecule, and a restriction enzyme which cuts said probe

intermediate the acceptor and donor molecules.

29. The kit according to claim 28 which further
comprises one or more reagents used 1in the amplification

reaction.

30. The kit according to claim 29 wherein said reagent
comprilses a modified nucleotide which generates a nucleotide

chain which 1s resistant to restriction enzymes.

31. The kit according to claim 30 wherein the said

modified nucleotide comprises a methylated nucleotide.

32. A method for detecting nucleic acid amplification
1n a sample comprising performing nucleic acid amplification
on a target polynucleotide i1in the presence of (a) a nucleic
acid polymerase, (b) a primer that hybridises to said target
polynucleotide, and (c¢) an oligonucleotide probe that
hybridises to said target polynucleotide seqguence and which
comprises a fluorescence donor and a fluorescence acceptor
molecule, and a single stranded sequence recognised by a
restriction enzyme which cuts at said sequence when in

double stranded form, said sequence being located
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intermediate said donor and said acceptor molecule; applying
to the amplification product said restriction enzyme such
that double stranded amplification product 1s cleaved so as
to liberate said acceptor molecule from said donor molecule,

and detecting a fluorescent signal from the sample, wherein

the said oligonucleotide probe hybridises to said target
polynucleotide in the region of the 3’ end of said
polynucleotide such that the 3’ end of the polynucleotide
can extend during amplification to form a complementary

region of the probe.

33. A method for detecting nucleic acid amplification
in a sample comprising performing nucleic acid amplification
on a target polynucleotide in the presence of (a) a nucleic
acid polymerase, (b) a primer capable of hybridising to said
target polynucleotide, and (¢) an oligonucleotide probe
which 1s capable of hybridising to said target
polynucleotide sequence and which comprises a fluorescence
donor and a fluorescence acceptor molecule, and a single
stranded sequence recognised by a restriction enzyme which
cuts at said sequence when 1n double stranded form, said
sequence being located intermediate said donor and said
acceptor molecule; applyving to the amplification product
sald restriction enzyme such that double stranded
amplification product 1s cleaved so as to liberate said
acceptor molecule from said donor molecule, and detecting a
fluorescent signal from the sample, wherein the probe 1is
blocked at the 3’ end so that 1t does not extend during an
amplification cycle and has complementary sequences 1n the
5’ region and the 3’ region such that prior to binding to
the target polynucleotide sequence, the 5’ region and 3’

region of the probe bind together.

34 . A method for detecting nucleic acid amplification

in a sample comprising performing nucleic acid amplification
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on a target polynucleotide in the presence of (a) a nucleic
acid polymerase, (b) a primer capable of hybridising to said
target polynucleotide, and (c¢) an oligonucleotide probe
which 1s capable of hybridising to said target
polynucleotide sequence and which comprises a fluorescence
donor and a fluorescence acceptor molecule, and a single
stranded sequence recognised by a restriction enzyme which
cuts at said sequence when in double stranded form, said
sequence being located intermediate said donor and said
acceptor molecule; applying to the amplification product
sald restriction enzyme such that double stranded
amplification product 1s cleaved so as to liberate said
acceptor molecule from said donor molecule, and detecting a
fluorescent signal from the sample, wherein the
amplification reaction 1s a polymerase chain reaction
carried out using modified nucleotides so that amplicons

produced are resistant to cutting by restriction enzymes.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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