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Description

[0001] The present invention relates to a proximity-
probe based detection assay ("proximity assay") for an
analyte in a sample and in particular to an improvement
in the method to reduce non-specific "background" sig-
nals which arise in complex biological samples. The im-
provement comprises the provision of a new blocking
reagent for use in such assays. The blocking reagent is
designed closely to resemble ("mimic") the structure of
the proximity probes. The blocking reagent is added to
asamplein excess to occupy all or nearly all of the binding
sites in the sample capable of non-specifically binding
the proximity probe. Thus, in the present invention the
observable effect of the blocking reagent is to achieve
the equivalent of a reduction in the complexity of the sam-
ple without significantly reducing the concentration or
amountof analyte presentinthe sample, therebyincreas-
ing both the specificity and sensitivity of the assay. The
present invention also provides a blocking reagent, a kit
comprising said blocking reagent and a method for pro-
ducing said blocking reagent.

[0002] A proximity assay relies on the principle of
"proximity probing", wherein an analyte is detected by
the binding of multiple (i.e. two or more, generally two or
three) probes, which when brought into proximity by bind-
ing to the analyte (hence "proximity probes") allow a sig-
nal to be generated. Typically, at least one of the prox-
imity probes comprises a nucleic acid domain (or moiety)
linked to the analyte-binding domain (or moiety) of the
probe, and generation of the signal involves an interac-
tion between the nucleic acid moieties and/or a further
functional moiety which is carried by the other probe(s).
Thus signal generation is dependent on an interaction
between the probes (more particularly by the nucleic acid
or other functional moieties/domains carried by them)
and hence only occurs when both the necessary (or
more) probes have bound to the analyte, thereby lending
improved specificity to the detection system. The concept
of proximity probing has been developed in recent years
and many assays based on this principle are now well
known in the art. For example, proximity ligation assays
(PLAs) rely on proximal binding of proximity probes to an
analyte to generate a signal from a ligation reaction in-
volving or mediated by (e.g. between and/or templated
by) the nucleic acid domains of the proximity assays.
[0003] Thus,inaproximity assay proximity probes may
be used, which bind to the analyte and have nucleic acid
domains, or moieties, which interact in a proximity-de-
pendent manner upon said analyte binding, generally via
ligation, to form a detectable, preferably amplifiable, nu-
cleic acid detection product by means of which said an-
alyte may be detected.

[0004] Proximity-probe based detection assays, and
particularly proximity ligation assays permit the sensitive,
rapid and convenient detection or quantification of one
or more analytes in a sample by converting the presence
of such an analyte into a readily detectable or quantifiable
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nucleic acid-based signal, and can be performed in ho-
mogeneous or heterogeneous formats.

[0005] Proximity probes of the art are generally used
in pairs, and individually consist of an analyte-binding
domain with specificity to the target analyte, and a func-
tionaldomain, e.g. anucleic acid domain coupled thereto.
The analyte-binding domain can be for example a nucleic
acid "aptamer" (Fredriksson et al (2002) Nat Biotech
20:473-477) or can be proteinaceous, such as a mono-
clonal or polyclonal antibody (Gullberg et al (2004) Proc
Natl Acad Sci USA 101:8420-8424). The respective an-
alyte-binding domains of each proximity probe pair may
have specificity for different binding sites on the analyte,
which analyte may consist of a single molecule or a com-
plex of interacting molecules, or may have identical spe-
cificities, for example in the event that the target analyte
exists as a multimer. When a proximity probe pair come
into close proximity with each other, which will primarily
occur when both are bound to their respective sites on
the same analyte molecule, the functional domains (e.g.
nucleic acid domains) are able to interact, for example,
nucleic acid domains may be joined to form a new nucleic
acid sequence generally by means of a ligation reaction,
which may be templated by a splint oligonucleotide add-
ed to the reaction, said splint oligonucleotide containing
regions of complementarity for the ends of the respective
nucleic acid domains of the proximity probe pair. The
new nucleic acid sequence thereby generated serves to
report the presence or amount of analyte in a sample,
and can be qualitatively or quantitatively detected, for
example by realtime, quantitative PCR (g-PCR).

[0006] Alternatively, rather than being ligated to each
other, the nucleic acid domains of the proximity probes
when in proximity may template the ligation of one or
more added oligonucleotides to each other, including an
intramolecular ligation to circularise an added linear oli-
gonucleotide, for example based on the so-called pad-
lock probe principle, wherein analogously to a padlock
probe, the ends of the added linear oligonucleotide are
brought into juxtaposition for ligation by hybridising to a
template, here a nucleic acid domain of the proximity
probe (in the case of a padlock probe the target nucleic
acid for the probe). Various such assay formats are de-
scribed in WO 01/61037.

[0007] WO 97/00446 and US 6,511,809 disclose a het-
erogeneous format for proximity ligation assays, i.e. the
analyte is first immobilised to a solid substrate by means
of a specific analyte-binding reagent.

[0008] Homogeneous proximity ligation assays (i.e., in
solution) are disclosed in WO 01/61037, WO 03/044231,
WO 2005/123963, Fredriksson et al (2002) Nat Biotech
20:473-477 and Gullberg et al (2004) Proc Natl Acad Sci
USA 101:8420-8424.

[0009] Although pairs of proximity probes are generally
used, modifications of the proximity-probe detection as-
say have been described, in e.g. WO 01/61037 and WO
2005/123963, where three proximity probes are used to
detect a single analyte molecule, the nucleic acid domain
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of the third probe possessing two free ends which can
be joined (ligated) to the respective free ends of the nu-
cleic acid domains of the first and second probes, such
that it becomes sandwiched between them. In this em-
bodiment, two species of splint oligonucleotide are re-
quired to template ligation of each of the first and second
probes’ nucleic acid domains to that of the third.

[0010] In a further modification described in WO
2007/107743 the splint oligonucleotide to template liga-
tion of the nucleic acid domains of two proximity probes
is carried on a third proximity probe.

[0011] Not all proximity assays are based on ligation.
WO 2007/044903 discloses proximity probe-based as-
says for detecting analytes which rely on the formation
and detection of a released nucleic acid cleavage prod-
uct. Some of the described embodiments involve a probe
comprised of an analyte-binding moiety and an attached
enzyme, which enzyme acts on a nucleic acid moiety
attached to the analyte-binding moiety of a second probe,
resulting in the release of a detectable nucleic acid cleav-
age product.

[0012] Analyte detection assays, including in some
embodiments proximity probe-like reagents, wherein a
polymerase enzyme attached to an analyte-binding moi-
ety of one probe acts on a nucleic acid moiety attached
to the analyte-binding moiety of a second probe, are de-
scribed in WO 2009/012220. In these assays, the action
of the "tethered" polymerase which is part of one of the
probes of a probe pair results in the generation of a tem-
plate, free in solution, which is susceptible to amplifica-
tion by an added polymerase. Unlike the tethered
polymerase, the added polymerase is only able to act on
the template generated by the tethered polymerase, and
notdirectly on the nucleic acid moiety of the non-polymer-
ase-containing probe of the probe pair. The action of the
added polymerase results in amplification of the gener-
ated template, the amplified copies being detectable and
indicative of the presence of analyte in the sample, ac-
cording to the proximity probing principle.

[0013] In addition to modification of the proximity-
probe detection assay, modifications of the structure of
the proximity probes themselves have been described,
in eg. WO 03/044231, where multivalent proximity
probes are used. Such multivalent proximity probes com-
prise at least two, but as many as 100, analyte-binding
domains conjugated to at least one, and preferably more
than one, nucleic acid(s).

[0014] Proximity-probe based detection assays and
particularly proximity ligation assays, have proved very
useful in the specific and sensitive detection of proteins
in a number of different applications, e.g. the detection
of weakly expressed or low abundance proteins. How-
ever, such assays are not without their problems and
room for improvement exists, with respect to both the
sensitivity and specificity of the assay.

[0015] The sensitivity of the conventional proximity as-
says, e.g. proximity ligation assays, as described above,
is limited by two main factors: (i) the affinity of the analyte-
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binding domains for the target analyte and (ii) the non-
specific background signal arising from the random prox-
imity of non-bound probes, particularly probe pairs. Using
probes having binding domains with high affinity for the
analyte, sensitivity is limited to the detection of approxi-
mately 6000 molecules. Traditionally, in order to achieve
a low level of background, very low concentrations of
proximity probes must be used. This precludes any at-
tempt to compensate for probes comprising low affinity
analyte-binding domains by using higher concentrations
of probe. It has therefore been found that this may limit
the sensitivity of the assay, and the range over which
quantitative results may be obtained.

[0016] Other methods for reducing non-specific back-
ground signal have been proposed, such as coupling the
splint oligonucleotide to a third proximity probe and/or
using blocking oligonucleotides, which bind to the free
ends of the nucleic acid domains on the proximity probes
until displaced by a splint oligonucleotide. Displacement
readily occurs only when the proximity probes are bound
to the target analyte (WO 2007/107743). Further meth-
ods for reducing background signal have centred on the
improving the detection of the ligated nucleic acid.
[0017] However, there is still room to improve the level
of background signal and in order to overcome the limi-
tations of the proximity assay, particularly proximity liga-
tion assays, known in the art, as described above, it has
now been found that the use of a blocking reagent that
resembles the structure of the proximity probes, signifi-
cantly improves the sensitivity and specificity of the as-
say. Preferably the blocking reagent of the invention is
contacted with the sample prior to the addition of the prox-
imity probes. By occupying some or all of the sites in a
sample that are capable of non-specifically binding to the
proximity probes, the analyte or other components used
inthe assay it is possible to reduce the non-specific back-
ground signal present in the assay.

[0018] Whilst the use of reagents to occupy non-spe-
cific binding sites is well known in methods used for de-
tecting an analyte in a sample, the nature of the blocking
reagent in the present invention provides a unique and
unexpected advantage over previously described block-
ing reagents.

[0019] In general, blocking reagents are selected on
the basis of being relatively inert and stable molecules
that will not interfere with the detection mechanism of the
assay in question, but that will bind non-specifically and
uniformly to sites within the assay sample that may oth-
erwise bind the analyte or probe. Standard blocking re-
agents, such as those used in immunoassays, range
from abundant and common proteins, e.g. BSA, milk
powder, casein, gelatin, and neutral detergents, e.g.
CHAPS, Triton X-100, Tween-20 to neutral polymers,
e.g. polyvinyl alcohol. In assays involving nucleic acids
it is common to block non-specific binding sites with frag-
mented nucleic acids, e.g. sonicated salmon sperm DNA,
poly-A RNA. Furthermore, in is known that combinations
of these molecules may be used to reduce the non-spe-
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cific background signal in an assay.

[0020] The blocking reagent of the present invention,
however, relies on the superior blocking effect seen when
the blocking protein is conjugated or coupled to a nucleic
acid. In particular the protein component of the blocking
reagentis a protein with very low or preferably no specific
binding affinity for the analyte, i.e. a non-analyte-specific
binding protein or a non-analyte-specific protein. In a pre-
ferred aspect of the invention the protein component of
the blocking reagent is selected to mimic or resemble a
proteinaceous analyte-binding domain of a proximity
probe. Alternatively or additionally, the blocking protein
may resemble another protein or proteinaceous moiety
which is present in the proximity probe, for example
streptavidin or a similar protein which is used in the prox-
imity probe to effect binding of the analyte-binding do-
main of the probe to the nucleic acid domain. Thus it can
be seen that the blocking reagent is a protein-nucleic
acid conjugate, and in this way it mimics, or resembles,
a proximity probe, which is itself a conjugate of a protein
(or proteinaceous molecule) (e.g. the analyte-binding do-
main) and a nucleic acid. It is the coupling of these two
reagents that results in an improved reduction in non-
specific background signal in a proximity-probe based
assay. As shown in more detail in the Examples, the
present invention represents a significant advance over
the use of other blocking reagents known in the art. In
particular, it is shown that the use of the non-analyte-
specific binding protein component of the blocking rea-
gent or the nucleic acid component of the blocking rea-
gent individually are ineffective in reducing the non-spe-
cific background signal in proximity-probe based detec-
tion assays. Surprisingly, only when the non-analyte-
specific binding protein component and nucleic acid com-
ponent are used in combination in a conjugated form is
a dramatic improvement in the blocking effect observed.
The use of the individual unconjugated components in
combination does not replicate the effect of the conjugat-
ed blocking reagent. Thus, it is the conjugation of these
two components to form a single blocking reagent that
results in a significant and completely unexpected reduc-
tion in the non-specific background signal. Furthermore
the blocking reagent of the present invention is superior
to previously used blocking reagents used in proximity
probe based detection assays. The consequence of such
a reduction in background signal is an increase in both
the specificity and sensitivity of the proximity-probe de-
tection assays. Moreover, the blocking reagent of the in-
vention may be used in combination with other steps to
further reduce non-specific background signals.

[0021] Accordingly, the invention can be seen to pro-
vide the use of a conjugate of a non-analyte-specific bind-
ing protein coupled to a nucleic acid as a blocking reagent
in a proximity probe-based detection assay which uses
a proximity probe comprising a proteinaceous analyte-
binding partner coupled to a nucleic acid domain to detect
an analyte in a sample, wherein said non-analyte-specific
binding protein has low or no specific binding affinity for
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said analyte.

[0022] Alternatively viewed, this aspect of the invention
provides a method of detecting an analyte in a sample,
which method comprises the use of a proximity probe
comprising a proteinaceous analyte-binding partner cou-
pled to a nucleic acid domain, wherein a conjugate of a
non-analyte-specific binding protein coupled to a nucleic
acid is used as a blocking reagent, wherein said non-
analyte-specific binding protein has low or no specific
binding affinity for said analyte.

[0023] Viewed from yet another aspect, the invention
provides a method of reducing non-specific binding of a
proximity probe comprising a proteinaceous analyte-
binding partner coupled to a nucleic acid domain in a
proximity probe-based detection assay for an analyte in
asample, said method comprising adding to said sample
a blocking reagent comprising a conjugate of a non-an-
alyte-specific binding protein coupled to a nucleic acid,
wherein said non-analyte-specific binding protein has
low or no specific binding affinity for said analyte.
[0024] However, the use of the blocking reagent of the
invention need not be limited only to methods using prox-
imity probes. In view of the favourable results obtained
in proximity probe assays (see the Examples) itis envis-
aged that the blocking reagent would work equally well
in any assay which uses a similar probe (i.e. comprising
a proteinaceous analyte-binding domain and a nucleic
acid domain) including as a single reagent, e.g. immu-
noassays such as immuno-PCR and immuno-RCA.
[0025] Accordingly, at its broadest, the invention can
be seen to provide the use of a conjugate of a non-ana-
lyte-specific binding protein coupled to a nucleic acid as
a blocking reagent in a probe-based detection assay
which uses a probe comprising a proteinaceous analyte-
binding partner coupled to a nucleic acid domain to detect
an analytein a sample, wherein said non-analyte-specific
binding protein has low or no specific binding affinity for
said analyte.

[0026] Alternatively viewed, this aspect of the invention
provides a method of detecting an analyte in a sample,
which method comprises the use of a probe comprising
a proteinaceous analyte-binding partner coupled to a nu-
cleic acid domain, wherein a conjugate of a non-analyte-
specific binding protein coupled to a nucleic acid is used
as a blocking reagent, wherein said non-analyte-specific
binding protein has low or no specific binding affinity for
said analyte.

[0027] Viewed from yet another aspect, the invention
provides a method of reducing non-specific binding of a
probe comprising a proteinaceous analyte-binding part-
ner coupled to a nucleic acid domain in a probe-based
detection assay for an analyte in a sample, said method
comprising adding to said sample a blocking reagent
comprising a conjugate of a non-analyte-specific binding
protein coupled to a nucleic acid, wherein said non-an-
alyte-specific binding protein has low or no specific bind-
ing affinity for said analyte.

[0028] In one aspect of the invention, the method of
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the invention is, and the blocking reagent is for use in,
an immunoassay, preferably wherein said immunoassay
is an immuno-PCR or immuno-RCA. The immunoassay
may be any of the assays known in the art that utilise a
probe comprising a proteinaceous analyte-binding part-
ner coupled to a nucleic acid domain for the detection of
an analyte. The blocking reagent of the invention may be
particularly useful in immuno-PCR assays, e.g. as de-
scribed in US Patent No. 5,665,539, which use a single
probe, as hereinbefore defined, to detect an analyte
which has been immobilised. The probe is captured onto
the solid phase via its interaction with the analyte and
the nucleic acid domain of the probe can be detected by
an amplification reaction.

[0029] In an alternative aspect of the invention the
method of the invention is, and the blocking reagent is
for use in, a proximity-probe based assay and the probe
is a proximity probe. The proximity probe-based detec-
tion assay (proximity assay) may be any of the assays
known in the art, for example as described above, which
use proximity probes to detect an analyte in a sample.
Advantageously, the invention may be used in the con-
text of assays in which at least two (or all) the proximity
probes in the assay are based on protein-nucleic acid
conjugates (i.e. comprise a proteinaceous analyte-bind-
ing domain coupled to a nucleic acid domain). Notably,
such an assay will be a proximity ligation assay, although
the invention is not limited to detecting interactions be-
tween the nucleic acid domains of proximity probes
based on ligation (for example the interaction between
the nucleic acid domains may be based on hybridisation
or hybridisation and extension, as disclosed for example
in WO 97/00446 or WO 01/61037).

[0030] Accordingly, in one preferred aspect the
present invention provides a method for detecting an an-
alyte in a sample, comprising:

(a) contacting said sample with a blocking reagent
comprising a non-analyte-specific binding protein
coupled to a nucleic acid, wherein said non-analyte-
specific binding protein has low or no specific binding
affinity for said analyte;

(b) contacting said sample with at least one set of at
leastfirstand second proximity probes, which probes
each comprise a proteinaceous analyte-binding do-
main and a nucleic acid domain and can simultane-
ously bind to the analyte;

(c) allowing the nucleic acid domains of the proximity
probes to interact with each other upon binding of
said proximity probes to said analyte, wherein said
interaction comprises a ligation reaction; and

(d) detecting said ligation.

[0031] In a preferred embodiment, the sample is con-
tacted with said blocking reagent before being contacted
with said proximity probes.

[0032] Whilst not wishing to be bound by theory, it is
believed that the method of the invention relies upon the
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blocking reagent occupying sites within the sample that
would otherwise bind to the probes or other components
of the assay, thereby interfering with the detection of the
analyte.

[0033] Thus the blocking reagent of, and for use in the
method of, the invention is typically used in an excess,
preferably a molar excess, over the respective probes,
e.g. an excess of 2-100000 fold, e.g. 20-50000,
50-30000, 100-50000, 100-30000, 1000-20000,
5000-10000 fold e.g., 5, 10, 100, 200, 500, 1500, 3000,
6000 or 12500 fold.

[0034] Thedetectionitself depends uponthe presence
of an analyte in a sample and detecting the interaction
between two (or more) proximity probes, when such
probes are bound to the analyte. The interaction between
the probes (or more specifically, between their respective
nucleic acid (or other functional) domains (e.g. an inter-
action between a nucleic acid domain and an enzyme
domain) is thus proximity-dependent; the binding of the
proximity probes, together, on the analyte brings them
into proximity, such that they (or more particularly, their
nucleic acid domains) may interact. Accordingly, by de-
tecting the interaction, for example a ligation reaction
(e.g. by detecting a product of the interaction, e.g. the
product of the ligation reaction), the analyte may be de-
tected. Thus, in general terms the interaction between
the nucleic acid/functional domains of the proximity
probes (e.g. between the nucleic acid domains of prox-
imity probes or between a nucleic acid domain and an-
other functional domain on a proximity probe) may lead
to the generation of a product, typically a nucleic acid
product, which may be detected in order to detect the
analyte. Accordingly in step (d) of the method set out
above, by detecting said ligation (e.g. by detecting the
product of said ligation reaction), the analyte may be de-
tected.

[0035] As noted above, proximity-dependent assays
based on ligation represent a preferred embodiment of
the invention (i.e. wherein at least first and second prox-
imity probes used in the detection method comprise nu-
cleic acid domains and the interaction between them in-
volves a ligation reaction). Viewed generally, the nucleic
acid domains of the probes may mediate (e.g. take part
in, directly or indirectly, a ligation reaction). Such a liga-
tion reaction may involve ligation of the nucleic acid do-
mains of the proximity probes, and/or the nucleic acid
domains may template a ligation reaction.

[0036] By way of more specific example, in one em-
bodiment of a method of the invention, the proximity
probes may interact by being joined to one another, for
example by ligation. The interaction may be detected by
detecting the joined product (interaction product; ligation
product). In one format of the method the interaction of
said nucleic acid domains requires one or more splint
oligonucleotides to bind to the domains, and mediate
their interaction (specifically in the case of ligation, the
splint oligonucleotide which hybridises to the domains
and acts as a template for the ligation reaction) and the
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splint assists in or mediates this interaction. As will be
appreciated from the description of various proximity as-
says above, in other formats/embodiments, the splint
may be provided as the nucleic acid domain of a third
proximity probe, and/or the ligation of the nucleic acid
domains may be direct (i.e. the nucleic acid domains may
be ligated directly to one another), or indirect, i.e. they
may be ligated indirectly, for example via the intermedi-
acy of a gap oligonucleotide; in one such embodiment
the nucleic acid domains may hybridise to the splint oli-
gonucleotide leaving a gap between their respective
ends - this gap may be filled by a gap oligonucleotide or
by extending the end (a free 3’ end) of one of the nucleic
acid domains using a polymerase enzyme. Such "gap-
fill" embodiments of proximity ligation assays are well-
described in the literature, for example in WO 01/61037
or in WO 2007/107743.

[0037] In a further specific example, one of more of the
nucleic acid domains of the proximity probes may act to
template the ligation of one of more added oligonucle-
otides. In one such embodiment, a first added oligonu-
cleotide may hybridise to both nucleic acid domains, and
one or more further oligonucleotides may be added which
hybridise to only one of the domains, for example one to
each of the nucleic acid domains, each adjacent to each
end of the first oligonucleotide, which may be ligated to
the first oligonucleotide in a reaction templated by the
nucleic acid domains.

[0038] In alternative embodiments, the added oligonu-
cleotide(s) may be circularised by the ligation reaction
(i.e. akin to a padlock probe as described above). Thus,
by way of example the nucleic acid domains of a pair of
proximity probes, which are attached to the analyte-spe-
cific binding moieties of the respective probes, may have
complementarity, respectively, to (i) the 5’ and 3’ ends,
and (ii) region between said ends, of an added linear
oligonucleotide (akin to a "padlock probe"). When both
probes of the proximity probe pair are brought into prox-
imity due to binding to the same analyte, the nucleic acid
domains of the respective probes are able to hybridise
to the respective parts of the added oligonucleotide. The
nucleic acid domain with complementarity to the 5’ and
3’ ends of the added oligonucleotide templates the jux-
taposed hybridisation, and ligation (on addition of an ap-
propriate ligase), of said ends, resulting in circularisation
of the added oligonucleotide. This circularised oligonu-
cleotide is then detected by rolling circle amplification
(RCA) using the other nucleic acid domain as a primer;
the nucleic acid domain of the other probe of the pair,
which is hybridised to a region of the added oligonucle-
otide between the ligated ends, has a free 3’ end. Upon
the addition of an appropriate polymerase, the presence
of analyte in the sample may be detected by an rolling
circle amplification (RCA) of the circularised oligonucle-
otide. The concatemeric RCA product, which can only
be formed when the proximity probes bind in proximity,
provides a "surrogate" markerfor detection of the analyte.
[0039] It will be appreciated that the single added oli-
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gonucleotide can be replaced by two oligonucleotides
which may be ligated together to form a circle (such a
ligation may be templated by one or both nucleic acid
domains, but one of the domains will have a free 3’ end
to act as a primer).

[0040] Proximity probing reactions can also be per-
formed by utilizing two free 3’ ends, one on each proximity
probe with weak complementarity, and when in proximity,
a DNA polymerase can extend these ends by adding
dNTPs thus forming a detectable DNA template, for ex-
ample as described in U.S. Patent Nos. 7,306,904 and
6,511,809. Other hybridisation and extension formats are
also possible, for example wherein one nucleic acid do-
main has a free 3’ end and the otherafree 5’ end, wherein
the nucleic acid domains (or more particularly portions
of the nucleic acid domains) may hybridise to one another
or to a common hybridisation template, or two nucleic
acid domains with free 3’ ends (or more particularly por-
tions thereof) hybridise to a common hybridisation tem-
plate, in each case there being at least one free 3’ end
available following hybridisation, which may be extended
to form a detectable extension product. Various exam-
ples of proximity extension assays are described in
GB1101621.9.

[0041] The blocking reagentof, and for use inthe meth-
od of, the invention comprises in its broadest embodi-
ment a non-analyte-specific binding protein component
coupled to a nucleic acid domain, wherein the non-ana-
lyte-specific binding protein component of the blocking
reagent can be defined broadly as a protein that has very
low or low, i.e. negligible, undetectable or insignificant,
or no specific binding affinity for the target analyte of the
proximity probe based assay. In other words, it can be
seen as the opposite of an analyte-specific binding pro-
tein, which can be defined as a protein that is capable of
binding specifically, although not necessarily exclusively,
to the analyte and will bind preferentially to the analyte
in an environment also comprising non-analyte compo-
nents. Thus a non-analyte-specific binding protein is not
capable of binding specifically to the analyte and will not
bind preferentially to the analyte in an environment com-
prising other components. However, the non-analyte-
specific binding protein may be capable of binding spe-
cifically to other molecules, e.g. non-analytes (which may
be molecules that are not present in the proximity probe
assay), although it is preferred that the non-analyte-spe-
cific binding protein component of the blocking reagent
will not have binding affinity specific to any one or more
of the components in the proximity probe based assay,
i.e. it will be capable of binding only non-specifically, or
uniformly, to sites within the assay sample that may oth-
erwise bind the analyte or probe.

[0042] Thus the blocking reagent, particularly the pro-
tein component of the blocking reagent, must not be ca-
pable of specifically binding to the target analyte. Hence,
the protein component of the blocking reagent must not
bind to the target (e.g. analyte) with greater affinity and/or
specificity than to other components in the sample, i.e.
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any binding to the target analyte may not be distinguished
from binding to non-target analytes; the protein compo-
nent of the blocking reagent either does not bind to target
analytes or does so negligibly or non-detectably that any
such non-specific binding, if it occurs, may not be distin-
guished from binding to other non-target analytes. The
binding between the blocking reagent and any target or
non-target analyte in the sample is typically non-covalent.
[0043] In particular, if the protein component of the
blocking reagent is able to bind to the target analyte, such
binding must be transient and the binding affinity must
be less than the binding affinity of the proximity probe for
the target analyte. Thus, the binding affinity of protein
component of the blocking reagent for the target analyte
should be at least an order of magnitude less than the
analyte target-binding site of the proximity probe. Pref-
erably, the binding affinity of the protein component of
the blocking reagent should be at least 2, 3, 4, 5, or 6
orders of magnitude less than the analyte target-binding
site of the proximity probe.

[0044] Thus, very low, low or no specific binding affinity
for the analyte is where the dissociation constant of the
protein component of the blocking reagent for the analyte
is at least 10-2M . By "at least" is meant that the concen-
tration of the protein component of the blocking reagent
must be higher to result in 50% of the "binding sites" of
the protein component being occupied by the analyte. In
the context of the assays of the present invention a Ky
in the aforementioned range would result in only a small
proportion of the analyte being bound to the blocking re-
agent. For example, if the blocking reagent was present
at a concentration of 10-4M and the analyte was present
at a concentration of 10°M and the K, of the blocking
reagent for the analyte was 10-2M , at any one time the
concentration of the blocking reagent:analyte complex
could be expected to be 10-11M, i.e. just 1% of the total
analyte would be bound to the blocking reagent. In a pre-
ferred embodiment the dissociation constant of the pro-
tein component of the blocking reagent for the analyte is
at least 10-2M, 10-'M, 0.1M, 1M, 2M, 5M or 10M. Thus,
no specific binding affinity means that the dissociation
constant of the protein component of the blocking reagent
is such that at the concentrations used in the proximity
probe reactions only non-specific transient interactions
would occur between the analyte and the non-analyte-
specific binding protein.

[0045] Alternatively put, when used in the methods of
the invention less than 10% of the analyte will be bound
to the protein component of the blocking reagent. More
preferably, less than 5%, 4%, 3%, 2% or 1% of the analyte
will be bound. Most preferably, less than 0.5%, 0.1 %,
0.01% or 0.001 % of the analyte will be bound to be pro-
tein component of the blocking reagent.

[0046] The non-analyte-specific binding protein may
be a single species or type of protein, or it may be a
mixture of different proteins e.g. different protein types
or different species of the same type (the term "species"
as used in this context does not have a taxonomical
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meaning, but rather is intended to denote a protein of a
particular specific type). For example where the protein
does have a binding specificity to a particular (non-ana-
lyte) target, a mixture of proteins of different specificities
may be used. ltis preferredin such a case that the mixture
of proteins does not include a protein having specificity
for the target analyte, or alternatively put, that any protein
in the mixture does not have specific binding activity for
the target analyte or that any binding activity for the target
analyte is very low, e.g. negligible or insignificant or un-
detectable, as defined above.

[0047] The non-analyte-specific binding protein com-
ponent of the blocking reagent is preferably a serum pro-
tein or astreptavidin or streptavidin-like protein, ora mod-
ification, derivative or variant thereof, or a combination
thereof. Where the non-analyte-specific binding protein
component of the blocking reagent comprises one or
more of the preferred proteins, as defined further below,
it will be understood that these proteins are unlikely to
have any specific binding affinity for the target analyte.
[0048] The serum protein component may be a single
specific type of serum protein or may comprise a plurality
of proteins of different types and structures. In particular,
the serum protein component may be a globulin and/or
an albumin protein.

[0049] The streptavidin or streptavidin-like protein
component may be a single specific type of streptavidin
or streptavidin-like protein or a modification, derivative
or variant thereof or may comprise a plurality of said pro-
teins. Streptavidin-like proteins can be defined as pro-
teins with similar structural and/or functional properties
to streptavidin or modifications, derivatives or variants
thereof. For example, avidin, which is found in the whites
of eggs from birds, reptiles and amphibians, shows only
30% sequence identity to streptavidin but has an almost
identical secondary, tertiary and quaternary structure to
steptavidinand is considered to be a streptavidin-like pro-
tein. Avidin also shares functional properties with strepta-
vidin in that it is capable of binding biotin with a high
degree of affinity or specificity.

[0050] Thus, modifications, derivatives or variants of
streptavidin or streptavidin-like proteins are also contem-
plated by the present invention, for example, fragments
or truncated proteins, chemically-modified proteins or
polypeptides, or variants obtained by genetic engineer-
ing, for example polypeptides based on the amino acid
sequence of a naturally-occurring streptavidin or avidin
proteins, but comprising one or more amino acid substi-
tutions, additions and/or deletions etc. Also included are
equivalent or corresponding proteins, which may not nec-
essarily occur naturally but which are structurally or func-
tionally equivalent. Preferably, such modifications in-
clude deglycosylated and/or neutral forms of avidin. The
streptavidin or streptavidin-like proteins of the invention
may be from a single source or multiple sources, i.e. from
asingle type of organism, e.g. bacterial or animal, or from
multiple types of organism, e.g. different strains of bac-
terium or different species of animal. Synthetically de-
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rived or obtained, e.g. recombinant, forms of streptavidin
and streptavidin-like proteins are also contemplated.
Preferably the streptavidin or streptavidin-like proteins of
the invention are selected from the list comprising
streptavidin, NeutrAvidin®, Extravidin®, and Neutral-
ite®. In a particularly preferred embodiment of the inven-
tion the protein component of the blocking reagent com-
prises streptavidin.

[0051] Serum protein comprises both globulin and al-
bumin proteins and is derived from blood plasma, and
may be defined as the fraction of blood thatremains when
the cells and platelets have been removed. More specif-
ically, blood serum may be defined as the fraction of blood
plasmathat does notcontain cells, fibrinogen or any other
blood clotting factors. Thus, the serum protein may be
any protein which may be obtained (or obtainable) from,
serum or which may occur in serum. It may be a single
protein which may occur in or be obtained from serum,
or a mixture of such proteins, or it may be a protein frac-
tion or protein component from serum. The protein com-
ponent of the blocking reagent of the invention may com-
prise serum protein in general, that is it may be repre-
sented by the serum protein component of serum gen-
erally, without separation of a particular protein compo-
nent. In other words, it may be a mixture of the proteins
which occur in serum, and which may be separated there-
from. Thus, the serum protein in the blocking reagent of
the invention may comprise both globulin and albumin,
and preferably y-globulin (immunoglobulin) and/or serum
albumin. Said serum protein may be from a single blood
source or multiple blood sources, i.e. from different ani-
mal individuals and/or from different types of animal.
Thus serum proteins of or from different species may be
used, e.g. from any mammalian species. Although nat-
ural sources of serum protein are convenient, a serum
protein may be synthetically derived or obtained, for ex-
ample by recombinant expression, or by derivatisation
of a naturally occurring protein. Thus, included within the
term "serum protein" are not only any protein which may
occur in the serum naturally, but also variants and deriv-
atives thereof, for example, fragments or truncated pro-
teins, chemically-modified proteins or polypeptides, or
variants obtained by genetic engineering, for example
polypeptides based on the amino acid sequence of a
naturally-occurring serum protein, but comprising one of
more amino acid substitutions, additions and/or deletions
etc. Also included are equivalent or corresponding pro-
teins, which may notnecessarily occurin serum but which
are structurally or functionally equivalent.

[0052] Globulin proteins, pseudoglobulins and euglob-
ulins, are found widely throughout the animal and plant
kingdoms and are characterised by their physical prop-
erties such as solubility and electrophoretic migration,
e.g. pseudoglobulins are soluble in both water and dilute
salt solutions, whilst euglobulins are insoluble in water
and soluble in dilute salt solutions. Both sub-classes of
globulin are coaguable by heat. Any such globulin protein
may be used in the present invention. Thus, generally
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speaking, the blocking reagent of the present invention
may comprise any globulin protein. As will be described
in more detail below, albumin proteins may also be used,
and accordingly the blocking reagent of the invention may
comprise any albumin protein.

[0053] Prominent sources of globulin proteins are
blood plasma and serum, milk, muscle and plant seeds.
In particular, the term "globulin" encompasses a hetero-
geneous group of proteins found in blood serum, which
are classified as having a high molecular weight, and
both solubility and electrophoretic migration rates lower
than for albumin, another class of protein that makes up
a major component of blood serum.

[0054] Thus, apreferred serum protein for the blocking
reagent of the present invention is blood serum globulin,
which may comprise four main classes of protein namely:
a-1 globulins, a-2 globulins, B-globulins and y-globulins.
However, it will be understood by a person of skill in the
art that where serum has been treated to remove fibrin-
ogen and other clotting factors, serum protein comprises
only a subset of globulins, predominantly the y-globulins.
The preferred serum protein of the blocking reagent is
where the globulin fraction of the serum protein compris-
es at least 70% y-globulins, preferably 80% and most
preferably at least 90% y-globulins.

[0055] The a-globulins are characterised by their abil-
ity to be highly mobile in alkaline or electrically charged
solutions and include a-1 antitrypsin and serum amyloid
A (a-1 globulins) and haptoglobin and ceruloplasmin (-
2 globulins). B-globulins are characterised by being less
mobile in alkaline or electrically charged solutions than
a-globulins, but more so than y-globulins and include
plasminogen and transferrin. Thus, y-globulins are less
mobile in alkaline or electrically charged solutions than
both the a- and B-globulins and include as the predomi-
nant type of protein, the immunoglobulins (antibodies).
Antibodies are well described in the art and may be clas-
sified in various groups, commonly IgG, IgE, IgD (allmon-
omers), IgA (dimers) and IgM (pentamers).

[0056] In a preferred embodiment of invention the pro-
tein component of the blocking reagent comprises y-glob-
ulin and particularly immunoglobulin. The preferred class
of immunoglobulin of the blocking reagent is IgG. In a
particularly preferred embodiment the protein compo-
nent of the blocking reagent is bulk IgG, i.e. immunoglob-
ulin purified from blood serum comprising a plurality of
immunoglobulin (IgG) proteins having a range of binding
specificities and affinities. Bulk IgG thus comprises dif-
ferent IgG proteins having different specificities, i.e. a
mixture of IgG proteins with different specificities. Pref-
erably the different specificities are non-target analyte-
specific binding specificities. Whilst it is contemplated
that the protein component of the blocking reagent may
comprise an immunoglobulin protein (or albumin protein,
as described below) with a specific structure, i.e. binding
characteristics, this feature is only practical if the binding
properties of that immunoglobulin do not interfere with
the detection of the analyte, i.e. the protein component
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of the blocking reagent must not be capable of binding
with specificity and affinity to the analyte, as mentioned
above and described in detail below. Preferably therefore
the IgG component of the blocking agent, and in particular
the bulk 1gG, does not have specific binding activity for
the target analyte, or any binding to the target analyte
which does occur is low, e.g. is insignificant, negligible
or undetectable, as defined above. The important point
is that any binding of the blocking reagent to the target
analyte is not such as to interfere with the performance
of the assay. Thus the immunoglobulin component e.g.
the IgG or bulk 1gG, does not have or has low (or very
low) binding activity towards the target analyte.

[0057] Of particular interest as the serum protein com-
ponent of the blocking reagent are antibodies, preferably
IgG antibodies, as well as binding fragments and deriv-
atives or mimetics thereof. As such, the protein compo-
nent of the blocking reagent may be either a monoclonal
or polyclonal antibody. In yet other embodiments, the pro-
tein component of the blocking reagent is an antibody
binding fragment or derivative or mimetic thereof, where
these fragments, derivatives and mimetics do not pos-
sess the binding affinity for the target analyte. For exam-
ple, antibody fragments, such as Fv, F(ab), and Fab may
be prepared by cleavage of the intact protein, e.g. by
protease or chemical cleavage. Also of interest are re-
combinantly or synthetically produced antibody frag-
ments or derivatives, such as single chain antibodies or
scFvs, or other antibody derivatives such as chimeric an-
tibodies or CDR-grafted antibodies, where such recom-
binantly or synthetically produced antibody fragments re-
tain the binding characteristics of the above antibodies,
i.e. that they are not capable of binding specifically to the
target analyte. Such antibody fragments or derivatives
generally include at least the V|, and V|_domains of the
subject antibodies, so as to retain the binding character-
istics of the subject antibodies. In the case of the protein
component of the blocking reagent, the binding charac-
teristics are such that they do not bind to the target an-
alyte. Such antibody fragments, derivatives or mimetics
of the subject invention may be readily prepared using
any convenient methodology, such as the methodology
disclosed in U.S. Patent Nos. 5,851,829 and 5,965,371;
the disclosures of which are herein incorporated by ref-
erence.

[0058] The above described antibodies, fragments,
derivatives and mimetics thereof may be obtained from
commercial sources and/or prepared using any conven-
ient technology, where methods of producing polyclonal
antibodies, monoclonal antibodies, fragments, deriva-
tives and mimetics thereof, including recombinant deriv-
atives thereof, are known to those of the skill in the art.
[0059] Albumin, asindicated above, forms another ma-
jor component of blood plasma and serum and proteins
in this class are notable for their solubility in water and
tendency to coagulate on heat treatment. Thus, in an
alternative embodiment the protein component of the
blocking reagent may comprise serum albumin protein.
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It is notable that serum albumin shows significant struc-
tural similarity to the immunoglobulins (y-globulins). Se-
rum albumin for the blocking reagent of the invention may
be derived from a single source, e.g. bovine serum albu-
min (BSA), human serum albumin (HSA) etc. or may be
a combination of different serum albumin proteins.
[0060] In a preferred embodiment, where the protein
component of the blocking reagent is derived from serum
protein as defined above, the serum protein is from the
same species as the proteinaceous target analyte bind-
ing domain of the proximity probe. Thus, for example,
where the analyte binding domain of the proximity probes
comprises or is based on an immunoglobulin, e.g. 1gG,
the protein component of the blocking reagent consists
of IgG, preferably bulk IgG, from the same species.
[0061] The nucleic acid domain of the blocking reagent
may comprise a homogeneous domain, i.e. a single se-
quence coupled to the protein component of the blocking
reagent, or a heterogeneous domain, i.e. a plurality of
different sequences with a different sequence being
present on the proteins of the protein component of the
blocking reagent.

[0062] The nucleic acid domain of the blocking reagent
is selected on the basis that it will not interfere with the
detection of the analyte in the method of the invention.
In other words, the nucleic acid domain of the blocking
reagent must not have significant sequence identity to
the nucleic acid domain of the proximity probes used in
the assay. Furthermore, where any other nucleic acid
molecules (e.g oligonucleotides) are added to or used in
the assay method, for example where one or more splint
oligonucleotides and/or gap/cassette oligonucleotides
(e.g. as described below) and/or added oligonucleotides
for ligation ("ligatable oligonucleotide" or "ligation sub-
strate") and/or blocking oligonucleotides (described be-
low) are used to mediate (or assist) the interaction be-
tween the nucleic acid domains of the proximity probes,
the nucleic acid domain of the blocking reagent must not
have significant sequence identity to those oligonucle-
otide(s). Furthermore, the nucleic acid domain of the
blocking reagent must not hybridise to the analyte or in-
terfere with the method of detecting the interaction of the
nucleic acids of the first and second proximity probes,
i.e. must not have sequence identity to the primers used
in amplification e.g. PCR etc.

[0063] Thus, the sequence of the nucleic acid domain
of the blocking reagent is not critical as long as it does
not hybridise with a nucleic acid domain of a proximity
probe used in the assay, or any other oligonucleotide(s)
(e.g. splint oligonucleotide and/or ligation substrate (i.e.
aligatable oligonucleotide) added to the reaction mixture,
i.e. not present in the original sample) or the analyte,
particularly where the target analyte is a nucleic acid. In
general, the sequences of the nucleic acid of the blocking
reagent should be chosen to avoid the occurrence of hy-
bridization events other than between the nucleic acids
that are present in the sample and are not the target
analyte of the method. Once the sequence is selected or
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identified, the nucleic acid domains may be synthesized
using any convenient method.

[0064] By specifying an absence of significant se-
quence identity it is meant that the nucleic acid domain
of the blocking reagent must have less than 80% se-
quence identity to the nucleic acid domains of the prox-
imity probes, splints or other oligonucleotides used in the
assay, (e.g. oligonucleotides that mediate or assist the
interaction between the nucleic acids of the proximity
probes) or nucleic acids used in detecting the interaction
between the proximity probes. Preferably, the nucleic ac-
id domain of the blocking reagent must have less than
70%, 60%, 50% or less than 40% sequence identity
across a substantial part of the nucleic acids in question.
In a particularly preferred embodiment of the invention,
the nucleic acid domain of the blocking reagent compris-
es one or more randomly generated nucleic acid se-
quences. Sequence identity may be determined by any
appropriate method known in the art, e.g. the using
BLAST alignment algorithm.

[0065] Thus, the nucleic acid of the blocking reagent
may be a single stranded nucleic acid molecule (e.g. an
oligonucleotide), a partially double stranded and partially
single stranded molecule, or a double stranded molecule
thatincludes aregion thatis double stranded and aregion
where the two nucleic acid strands are not complemen-
tary and therefore single stranded. As such, in certain
embodiments, the nucleic acid domain is made up of a
single stranded nucleic acid. In other embodiments, the
nucleic acid domain may be made up of two partially com-
plementary nucleic acid strands, where the two strands
include a hybridized region and non-hybridized region.
[0066] The nucleic acid domains of the blocking rea-
gent are usually in the range of between about 8 up to
about 1000 nucleotides in length, where in certain em-
bodiments they may range from about 8 to about 500
nucleotides in length including from about 8 to about 250
nucleotides in length, e.g., from about 8 to about 160
nucleotides in length, such as from about 12 to about 150
nucleotides in length, from about 14 to about 130 nucle-
otides in length, from about 16 to about 110 nucleotides
in length, from about 8 to about 90 nucleotides in length,
from about 12 to about 80 nucleotides in length, from
about 14 to about 75 nucleotides in length, from about
16 to about 70 nucleotides in length, from about 16 to
about 60 nucleotides in length, and so on. In certain rep-
resentative embodiments, the nucleic acid domain may
range in length from about 10 to about 80 nucleotides in
length, from about 12 to about 75 nucleotides in length,
from about 14 to about 70 nucleotides in length, from
about 34 to about 60 nucleotides in length, and any length
between the stated ranges. In some embodiments, the
nucleic acid domains are usually not more than about
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
44, 46, 50, 55, 60, 65, or 70 nucleotides in length.
[0067] The nucleic acid domain of the blocking reagent
may be made up of ribonucleotides and/or deoxyribonu-
cleotides as well as synthetic nucleotide residues that
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are capable of participating in Watson-Crick type or anal-
ogous base pair interactions. Thus, the nucleic acid do-
main may be DNA or RNA or any modification thereof
e.g. PNA or other derivatives containing non-nucleotide
backbones.

[0068] Thus, at the extremes the blocking reagent of
the invention may comprise a plurality of proteins coupled
to a plurality of nucleic acids or a single type of protein,
as previously defined, coupled to nucleic acids all con-
sisting of the same sequence, or any combination there-
of.

[0069] In a particularly preferred embodiment of the
invention the blocking reagent comprises bulk IgG cou-
pled to a random oligonucleotide, wherein said oligonu-
cleotide is single stranded DNA. Further preferably, the
oligonucleotide is at least 40 nucleotides in length.
[0070] The nucleic acid domain is coupled to the pro-
tein component of the blocking reagent and this "cou-
pling" or connection may be by any means known in the
art, and which may be desired or convenient and may be
direct or indirect e.g. via a linking group. For example,
the domains may be associated with one another by cov-
alent linkage (e.g. chemical cross-linking) or by non-cov-
alent association e.g., via streptavidin-biotin based cou-
pling (biotin being provided on one domain and strepta-
vidin on the other). In the case where the protein com-
ponent of the blocking reagent is a streptavidin or strepta-
vidin-like protein or a modification, derivative or variant
thereof, the biotin molecule is provided on the oligonu-
cleotide molecule. However, it is contemplated that the
streptavidin or streptavidin-like protein or modification,
derivative or variant thereof may be coupled to the oligo-
nucleotide of the blocking reagent directly, i.e. by a cov-
alent linkage and in the absence of biotin. As discussed
above, it is this aspect of coupling the two components
of the blocking reagent that results in the superior effect
of blocking reagent in comparison to either component
used alone or in combination, where the components are
not coupled.

[0071] The two components of the blocking reagent
are joined together either directly through a bond or in-
directly through a linking group. Where linking groups are
employed, such groups may be chosen to provide for
covalent attachment of the nucleic acid domain and pro-
tein component through the linking group. Linking groups
of interest may vary widely depending on the nature of
the protein component. The linking group, when present,
is in many embodiments biologically inert. A variety of
linking groups are known to those of skill in the art and
find use in the subject blocking reagent. In representative
embodiments, the linking group is generally atleast about
50 daltons, usually at least about 100 daltons and may
be as large as 1000 daltons or larger, for example up to
1000000 daltons if the linking group contains a spacer,
but generally will not exceed about 500 daltons and usu-
ally will not exceed about 300 daltons. Generally, such
linkers will comprise a spacer group terminated at either
end with a reactive functionality capable of covalently
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bonding to the nucleic acid domain or protein component.
Spacer groups of interest may include aliphatic and un-
saturated hydrocarbon chains, spacers containing het-
eroatoms such as oxygen (ethers such as polyethylene
glycol) or nitrogen (polyamines), peptides, carbohy-
drates, cyclic or acyclic systems that may possibly con-
tain heteroatoms. Spacer groups may also be comprised
of ligands that bind to metals such that the presence of
a metal ion coordinates two or more ligands to form a
complex. Specific spacer elements include: 1,4-diamino-
hexane, xylylenediamine, terephthalic acid, 3,6-dioxaoc-
tanedioic acid, ethylenediamine-N, N-diacetic acid, 1,1’-
ethylenebis(5-oxo-3-pyrrolidinecarboxylic acid), 4,4'-
ethylenedipiperidine. Potential reactive functionalities in-
clude nucleophilic functional groups (amines, alcohols,
thiols, hydrazides), electrophilic functional groups (alde-
hydes, esters, vinyl ketones, epoxides, isocyanates,
maleimides), functional groups capable of cycloaddition
reactions, forming disulfide bonds, or binding to metals.
Specific examples include primary and secondary
amines, hydroxamic acids, N-hydroxysuccinimidyl es-
ters, N-hydroxysuccinimidyl carbonates, oxycarbonylim-
idazoles, nitrophenylesters, trifluoroethyl esters, glycidyl
ethers, vinylsulfones, and maleimides. Specific linker
groups that may find use in the subject blocking reagent
include heterofunctional compounds, such as azidoben-
zoyl hydrazide, N-[4-(p-azidosalicylamino)butyl]-3’-[2’-
pyridyldithio]propionamid), bis-sulfosuccinimidyl suber-
ate, dimethyladipimidate, disuccinimidyltartrate, N-male-
imidobutyryloxysuccinimide ester, N-hydroxy sulfosuc-
cinimidyl-4-azidobenzoate, N-succinimidyl [4-azidophe-
nyl]-1,3-dithiopropionate, N-succinimidyl [4-io-
doacetyl]Jaminobenzoate, glutaraldehyde, and succinim-
idyl-4-[N-maleimidomethyl]cyclohexane-1-carboxy-
late,3-(2-pyridyldithio)propionic acid N-hydroxysuccin-
imide ester (SPDP), 4-(N-maleimidomethyl)-cyclohex-
ane-1-carboxylic acid N-hydroxysuccinimide ester
(SMCC), and the like.

[0072] In a preferred embodiment of the invention the
linker used to couple the non-analyte-specific binding
protein component and nucleic acid domain of the block-
ing reagent is the same as the linker that couples the
nucleic acid domain of the proximity probe(s) to the pro-
teinaceous analyte binding domain.

[0073] The blocking reagent employed in the subject
methods may be prepared using any convenient method.
However, in one aspect the present invention also pro-
vides a method for producing a blocking reagent com-
prising:

(a) extracting serum protein from blood;

(b) preparing a nucleic acid; and

(c) coupling the protein of (a) with the nucleic acid
of (b).

[0074] The serum protein, nucleic acid and coupling
may be as defined above. In a preferred aspect of the
invention, the serum protein is bulk IgG.
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[0075] Thus, in a preferred aspect, the present inven-
tion provides a blocking reagent comprising bulk IgG cou-
pled to a nucleic acid domain. More generally viewed,
this aspect of the present invention can be seen to pro-
vide a conjugate comprising bulk IgG coupled to anucleic
acid molecule (or alternatively put, to a nucleic acid do-
main).

[0076] Ina further preferred aspect, the presentinven-
tion provides a blocking reagent comprising an albumin
protein coupled to a nucleic acid domain. More generally
viewed, this aspect of the present invention can be seen
to provide a conjugate comprising an albumin protein
coupled to a nucleic acid molecule (or alternatively put,
to a nucleic acid domain). Preferably, the albumin protein
is a serum albumin protein (e.g. BSA or HSA etc).
[0077] In these aspects of the invention, the nucleic
acid domain/molecule may be as defined above.

[0078] In preferred embodiments (including particular-
ly of the aspects of the invention set out above), the nu-
cleic acid comprises one or more oligonucleotides of ran-
dom sequence, i.e. a single randomly generated oligo-
nucleotide or a plurality of oligonucleotides each with a
different random sequence.

[0079] Thus, the invention also provides a blocking re-
agent comprising bulk IgG, obtained or obtainable by the
above method and a kit for detecting an analyte in a sam-
ple comprising the blocking reagent of the invention. Said
kit may further comprise one or more proximity probes,
one or more additional oligonucleotides for use in the
method (e.g. a splint oligonucleotide, gap oligonucle-
otide, and/or ligatable oligonucleotide) and means for ef-
fecting and/or detecting the interaction of the proximity
probes and is defined in detail below.

[0080] The term "detecting" is used broadly herein to
include any means of determining the presence of the
analyte (i.e. if it is present or not) or any form of meas-
urement of the analyte. Thus "detecting" may include de-
termining, measuring, assessing or assaying the pres-
ence or absence or amount or location of analyte in any
way. Quantitative and qualitative determinations, meas-
urements or assessments are included, including semi-
quantitative. Such determinations, measurements or as-
sessments may be relative, for example when two or
more different analytes in a sample are being detected,
or absolute. As such, the term "quantifying" when used
in the context of quantifying a target analyte(s) in a sam-
ple can refer to absolute or to relative quantification. Ab-
solute quantification may be accomplished by inclusion
of known concentration(s) of one or more control analytes
and/or referencing the detected level of the target analyte
with known control analytes (e.g., through generation of
a standard curve). Alternatively, relative quantification
can be accomplished by comparison of detected levels
or amounts between two or more different target analytes
to provide a relative quantification of each of the two or
more different analytes, i.e., relative to each other.
[0081] The "analyte" may be any substance (e.g. mol-
ecule) or entity it is desired to detect by the method of
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the invention. The analyte is the "target" of the assay
method of the invention. The analyte may accordingly be
any biomolecule or chemical compound it may be desired
to detect, forexample a peptide or protein, or nucleic acid
molecule or a small molecule, including organic and in-
organic molecules. The analyte may be a cell or a micro-
organism, including a virus, or a fragment or product
thereof. It will be seen therefore that the analyte can be
any substance or entity for which a specific binding part-
ner (e.g. an affinity binding partner) can be developed.
In the case of proximity probe-based assays all that is
required is that the analyte is capable of simultaneously
binding at least two binding partners (more particularly,
the analyte-binding domains of at least two proximity
probes). In the case of other probe-based detection as-
says, e.g. immuno-PCR, immuno-RCA etc, it is sufficient
that the analyte is capable of binding at least one binding
partner. Probe-based detection assays, e.g. proximity
probe-based assays, such as that of the present inven-
tion, have found particular utility in the detection of pro-
teins or polypeptides. Analytes of particular interest may
thus include proteinaceous molecules such as peptides,
polypeptides, proteins or prions or any molecule which
includes a protein or polypeptide component, etc., or
fragments thereof. The analyte may be a single molecule
or a complex that contains two or more molecular subu-
nits, which may or may not be covalently bound to one
another, and which may be the same or different. Thus
in addition to cells or microrganisms, such a complex
analyte may also be a protein complex or protein inter-
action. Such a complex or interaction may thus be a ho-
mo- or hetero-multimer. Aggregates of molecules, e.g.
proteins may also be target analytes, for example aggre-
gates of the same protein or different proteins. The an-
alyte may also be a complex between proteins or pep-
tides and nucleic acid molecules such as DNA or RNA.
Of particular interest may be the interactions between
proteins and nucleic acids, e.g. regulatory factors, such
as transcription factors, and DNA or RNA.

[0082] All biological and clinical samples are included,
e.g. any cell or tissue sample of an organism, or any body
fluid or preparation derived therefrom, as well as samples
such as cell cultures, cell preparations, cell lysates etc.
Environmental samples, e.g. soil and water samples or
food samples are also included. The samples may be
freshly prepared or they may be prior-treated in any con-
venient way e.g. for storage.

[0083] Representative samples thus include any ma-
terial which may contain a biomolecule, or any other de-
sired or target analyte, including for example foods and
allied products, clinical and environmental samples. The
sample may be a biological sample, which may contain
any viral or cellular material, including all prokaryotic or
eukaryotic cells, viruses, bacteriophages, mycoplasmas,
protoplasts and organelles. Such biological material may
thus comprise all types of mammalian and non-mamma-
lian animal cells, plant cells, algae including blue-green
algae, fungi, bacteria, protozoa etc. Representative sam-
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ples thus include whole blood and blood-derived prod-
ucts such as plasma, serum and buffy coat, blood cells,
urine, faeces, cerebrospinal fluid or any other body fluids
(e.g. respiratory secretions, saliva, milk, etc), tissues, bi-
opsies, cell cultures, cell suspensions, conditioned me-
dia or other samples of cell culture constituents, etc. The
sample may be pre-treated in any convenient or desired
way to prepare for use in the method of the invention, for
example by cell lysis or purification, isolation of the ana-
lyte, etc.

[0084] The probes, e.g. proximity probes, for use in the
detection method of the invention comprise a proteina-
ceous analyte-binding domain and functional domain
which is preferably a nucleic acid domain, but as noted
above, one or more of the proximity probes used in a
proximity assay may comprise a different functional
group such as an enzyme. Proximity probes are in effect
detection probes which bind to the analyte (via the ana-
lyte-binding domain), the binding of which may be de-
tected (to detect the analyte) by means of detecting the
interaction which occurs between the functional (e.g. nu-
cleic acid) domains thereof upon such binding. Other
probes e.g. immuno-PCR or immuno-RCA probes may
function as detection probes, the binding of which to the
analyte is detected to detect the presence of analyte.
Accordingly, where the functional domain is a nucleic ac-
id molecule, the probes may be viewed as nucleic acid-
tagged affinity ligands or binding partners for the analyte,
the analyte-binding domain being the affinity binding part-
ner, and the nucleic acid domain the nucleic acid tag.
The nucleic acid domain is coupled to the analyte-binding
domainand as noted above, this "coupling" or connection
may be by any means known in the art, and which may
be desired or convenient and may be direct or indirect,
e.g. via a linking group. Examples of the way in which a
protein may be coupled to a nucleic acid are described
in detail above. Preferably, the linker, or the means, used
to couple the analyte-binding domain and the nucleic acid
domain of the probe (e.g. proximity probe) is same as
the linker or means of the blocking reagent.

[0085] The analyte-binding domain may be any bind-
ing partner for the target analyte, and it may be a direct
or indirect binding partner therefor. Thus it may bind to
the target analyte directly, or indirectly via an intermedi-
ary molecule or binding partner which binds to the target
analyte, the analyte-binding domain binding to said in-
termediary molecule (binding partner). Particularly, the
analyte-binding domain or the intermediary binding part-
ner is a specific binding partner for the analyte. A binding
partner is any molecule or entity capable of binding to its
target, e.g. target analyte, and a specific binding partner
is one which is capable of binding specifically to its target
(e.g. the target analyte), namely that the binding partner
binds to the target (e.g. analyte) with greater affinity
and/or specificity than to other components in the sam-
ple. Thus binding to the target analyte may be distin-
guished from non-target analytes; the specific binding
partner either does not bind to non-target analytes or
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does so negligibly or non-detectably or any such non-
specific binding, if it occurs, may be distinguished. The
binding between the target analyte and its binding partner
is typically non-covalent.

[0086] The analyte binding domain may be selected to
have a high binding affinity for a target analyte. By high
binding affinity is meant a binding affinity of at least about
104 M, usually at least about 10-6 M or higher, e.g., 10
M or higher. The analyte binding domain may be any of
a variety of different types of molecules, so long as it
exhibits the requisite binding affinity for the target protein
when present as part of the proximity probe. In other em-
bodiments, the analyte binding domain may be a ligand
that has medium or even low affinity for its target analyte,
e.g. less than about 104 M.

[0087] Inthe detection method of the present invention
the analyte-binding domain of at least one probe, e.g.
proximity probe (but preferably of at least two, or more
preferably of all the proximity probes) is a proteinaceous
molecule. Thus, the analyte-binding domain may be a
small peptide molecule or a larger polypeptide or protein.
A peptide may, for example range in size from about 5
to about 100 amino acid residues, usually from about 5
to about 50 residues and more usually from about 10 to
about 30 residues. By large polypeptide or protein is
meant a molecule ranging in size from about 100 amino
acid residues or greater. Of particular interest as analyte-
binding domains are antibodies, as well as binding frag-
ments and derivatives or mimetics thereof. Where anti-
bodies are the analyte-binding domain, they may be de-
rived from polyclonal compositions, such that a hetero-
geneous population of antibodies differing by specificity
are each "tagged" with the same tag nucleic acid (nucleic
acid domain) or monoclonal compositions, in which a ho-
mogeneous population of identical antibodies that have
the same specificity for the target analyte are each tagged
with the same nucleic acid. As such, the analyte-binding
domain may be either a monoclonal or polyclonal anti-
body. In yet other embodiments, the affinity-binding do-
main is an antibody fragment or derivative or mimetic
thereof, where these fragments, derivatives and mimet-
ics have the requisite binding affinity for the target ana-
lyte. Examples of antibodies, antibody fragments, mimet-
ics and derivatives thereof are described above and the
present invention contemplates that the affinity-binding
domain may be any type of these molecules, provided
they have the requisite binding affinity for the target an-
alyte.

[0088] Importantly, the analyte-binding domain will be
onethatincludes a moiety thatcan be covalently attached
to the nucleic acid domain without substantially abolish-
ing the binding affinity of the analyte-binding domain to
its target analyte.

[0089] Inone embodimentof the method of the present
invention the probes (e.g. proximity probes)may be mul-
tivalent (proximity) probes. Such multivalent (proximity)
probes comprise atleast two, butas many as 100, analyte
binding domains conjugated to at least one, and prefer-
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ably more than one, nucleic acid(s).

[0090] The binding sites on the analyte for the respec-
tive analyte-binding domains of the proximity probes in
a set may be the same or different. Thus, for example in
the case of a homomeric protein complex or aggregate
comprising two or more identical subunits or protein con-
stituents, the analyte-binding domains of two or more
probes may be the same. Where the analyte is a single
molecule or comprises different sub-units or constituents
(e.g. a heteromeric complex or an aggregate of different
proteins), the analyte-binding domains will be different.

[0091] Since the length of the nucleic acid domain of
the proximity probes can be constructed to span varying
molecular distances, binding sites on the analyte for the
analyte-binding domain need not be on the same mole-
cule. They may be on separate, but closely positioned,
molecules. For example, the multiple binding domains of
an organism, such as a bacteria or cell, or a virus, or of
a protein complex or interaction can be targeted by the
methods of the present invention.

[0092] As noted above, the analyte-binding domain
may bind to the analyte directly or indirectly. In the case
of indirect binding, the target analyte may first be bound
by a specific binding partner (or affinity ligand), and the
analyte-binding domain of the probe, e.g. proximity
probe, may bind to the specific binding partner. This en-
ables the design of probes (e.g. proximity probes) as uni-
versal reagents. For example the analyte-specific bind-
ing partner may be an antibody, and a universal probe,
e.g. proximity probe, set may be used to detect different
analytes by binding to the Fc regions of the various dif-
ferent analyte-specific antibodies.

[0093] The nucleic acid domains of the probes, e.g.
proximity probes, may be regarded as the nucleic acid
"tags" which may be detected, or which in the case of
proximity probes interact to form a detectable product,
which may be detected to report the detection of the an-
alyte. The nucleic acid domains may thus be regarded
as reactive nucleic acid functionalities which may provide
directly or indirectly or which may interact to provide the
signal by means of which the analyte is detected (for
example to form a signal-giving product (e.g. they may
be ligated together to form aligation product, or may allow
the formation of an extension product, e.g. as detailed
above) or to mediate the formation or assist in the for-
mation of a signal-giving product, e.g. as a ligation or
extension template and/or primer, forexample asan RCA
primer). Put another way, the nucleic acid domains may
be regarded as "detection tags", which may be detected
or which may interact to form a "detectable" tag or prod-
uct. When two or more analytes are present in the same
sample they may be detected simultaneously using two
or more probes or sets of proximity probes, each set of
proximity probes being designed to form on interaction
a unique nucleic acid sequence "detectable tag". These
unique "detectable tags" may be detected and quantified
(optionally after amplification) separately using methods
well known in the literature including liquid chromatogra-
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phy, electrophoresis, mass spectrometry, DNA array
technology and multi-colour real-time PCR.

[0094] As described above, proximity probe based de-
tection assays are well described in the prior art, e.g. WO
97/00446, WO 01/61037, WO 03/044231, WO
2005/123963 and WO 2007/107743, which are hereby
incorporated by reference. Other proximity assays are
also known and described in the art, for example in WO
2007/044903 and WO 2009/012220, also incorporated
herein by reference. Thus, it is clear that the skilled per-
son would be capable of modifying the detection methods
as described herein using methods disclosed in the art,
insofar as those methods extend to proximity probe
based detection assays that utilise proteinaceous prox-
imity probes. However, particularly preferred aspects of
the detections methods of the invention are explained in
detail below.

[0095] In one preferred method of detection of the
present invention, the nucleic acid domains of first and
second proximity probes may be joined together, for ex-
ample by ligation. This "joining" (or "conjugation") may
be direct, i.e. the respective nucleic acid domains may
be directly joined to one another, or it may be indirect,
i.e. the respective nucleic acid domains may be joined
indirectly e.g. by joining each to one of the two ends of
a further intermediary nucleic acid molecule (e.g. a "gap"
oligonucleotide, also known in the art as a "a cassette"
oligonucleotide). This "conjugation” or "interaction" (typ-
ically ligation) may be mediated by one or more splint
oligonucleotides. As such, the splint or gap/cassette ol-
igonucleotide may be added to the sample in the form of
an independent nucleic acid, or it may be provided as
the nucleic acid domain of a third proximity probe, as
explained further below. The interaction (by ligation) re-
sults in the formation of a new nucleic acid molecule or
sequence, which may be detected.

[0096] As mentioned above, and discussed further be-
low, the splint oligonucleotide may hybridise to the nu-
cleic acid domains of the first and second proximity
probes, enabling their ligation.

[0097] The nucleic acid domains of the proximity
probes may be a single stranded nucleic acid molecule
(e.g. an oligonucleotide), a partially double stranded and
partially single stranded molecule, or a double stranded
molecule thatincludes of a region that is double stranded
and a region where the two nucleic acid strands are not
complementary and therefore single stranded. As such,
in certain embodiments, the nucleic acid domain is made
up of a single stranded nucleic acid. In other embodi-
ments, the nucleic acid domain may be made up of two
partially complementary nucleic acid strands, where the
two strands include a hybridized region and non-hybrid-
ized region.

[0098] The nucleic acid domains of the proximity
probes are generally of a length sufficient to allow splint-
mediated interaction with the nucleic acid domain of an-
other proximity probe when bound to a target analyte.
Nucleic acid domains are usually in the range of between
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about 8 up to about 1000 nucleotides in length, where in
certain embodiments they may range from about 8 to
about 500 nucleotides in length including from about 8
to about 250 nucleotides in length, e.g., from about 8 to
about 160 nucleotides in length, such as from about 12
to about 150 nucleotides in length, from about 14 to about
130 nucleotides in length, from about 16 to about 110
nucleotides in length, from about 8 to about 90 nucle-
otides in length, from about 12 to about 80 nucleotides
in length, from about 14 to about 75 nucleotides in length,
from about 16 to about 70 nucleotides in length, from
about 16 to about 60 nucleotides in length, and so on. In
certain representative embodiments, the nucleic acid do-
main may range in length from about 10 to about 80 nu-
cleotides in length, from about 12 to about 75 nucleotides
in length, from about 14 to about 70 nucleotides in length,
from about 34 to about 60 nucleotides in length, and any
length between the stated ranges. In some embodi-
ments, the nucleic acid domains are usually not more
than about 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 44, 46, 50, 55, 60, 65, or 70 nucleotides in
length.

[0099] The nucleic acid domain of the proximity probes
may be made up of ribonucleotides and/or deoxyribonu-
cleotides as well as synthetic nucleotide residues that
are capable of participating in Watson-Crick type or anal-
ogous base pair interactions. Thus, the nucleic acid do-
main may be DNA or RNA or any modification thereof
e.g. PNA or other derivatives containing non-nucleotide
backbones.

[0100] The sequence of the nucleic acid domain of the
first and second proximity probes (i.e. the "detection" nu-
cleic acid domains) may be chosen or selected with re-
spect to the splint, which may be provided on a third prox-
imity probe. Thus, the sequence is not critical as long as
the first and second domains may hybridise to the third
domain (splint). However, the sequences should be cho-
sen to avoid the occurrence of hybridization events other
than between the nucleic acid domains of the first and
second proximity probes with that of splint(s). For exam-
ple, the nucleic acids of the proximity probes should not
be capable of hybridising to the nucleic acid domain of
the blocking reagent or, if present, the gap/cassette oli-
gonucleotide. Once the sequence of the nucleic acid do-
mains is selected or identified, the nucleic acid domains
may be synthesized using any convenient method.
[0101] Thetwocomponentsofthe probe, e.g. proximity
probe, are joined together either directly through a bond
or indirectly through a linking group. The nucleic acid
domains may be coupled to the probe, e.g. proximity
probe using methods and linkers as described for cou-
pling the nucleic acid domain and protein component of
the blocking reagent, as described above. In a preferred
embodiment of the invention, the nucleic acid domains
of the probes, e.g. proximity probes, are coupled to the
analyte binding domain using the same linker as the
blocking reagent.

[0102] The probes, e.g. proximity probes and blocking
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reagent employed in the subject methods may be pre-
pared using any convenient method. In representative
embodiments, nucleic acid domains may be conjugated
to the analyte-binding domain, either directly or through
alinking group. The components can be covalently bond-
ed to one another through functional groups, as is known
in the art, where such functional groups may be present
on the components or introduced onto the components
using one or more steps, e.g. oxidation reactions, reduc-
tionreactions, cleavage reactions and the like. Functional
groups that may be used in covalently bonding the com-
ponents together to produce the probe, e.g. proximity
probe include: hydroxy, sulfhydryl, amino, and the like.
The particular portion of the different components that
are modified to provide for covalent linkage may be cho-
sen so as not to substantially adversely interfere with that
component’s binding affinity for the target analyte. In oth-
er words, the covalent linkage should not inhibit the
probe, e.g. proximity probe, from binding the target an-
alyte and should not encourage the blocking reagent to
bind to the target analyte. Where necessary and/or de-
sired, certain moieties on the components may be pro-
tected using blocking groups, as is known in the art, see
e.g. Green & Wuts, Protective Groups in Organic Syn-
thesis (John Wiley & Sons) (1991). Methods for produc-
ing nucleic acid/antibody conjugates are well known to
those of skill in the art. See e.g. U.S. Patent No.
5,733,523, the disclosure of which is herein incorporated
by reference.

[0103] In other embodiments, probes, e.g. proximity
probes, and the blocking reagent may be produced using
in vitro protocols that yield nucleic acid-protein conju-
gates, i.e. molecules having nucleic acids, e.g. coding
sequences, covalently bonded to a protein, i.e. where
the analyte-binding domain or protein component is pro-
duced in vitro from vectors which encode the probe, e.g.
proximity probe. Examples of such in vitro protocols of
interestinclude: RepA based protocols (see e.g., Fitzger-
ald, Drug Discov. Today (2000) 5:253-258 and WO
98/37186), ribosome display based protocols (see e.g.,
Hanes et al.,, Proc. Natl Acad. Sci. USA (1997)
94:4937-42; Roberts, Curr Opin Chem Biol (1999) Jun;
3: 268-73; Schaffitzel et al., J Immunol Methods (1999)
Dec 10; 231: 119-35; and WO 98/54312), etc.

[0104] The splint may be viewed as a "connector" oli-
gonucleotide which acts to connect or "hold together" the
nucleic acid domains of first and second proximity
probes, such they may interact, e.g. may be ligated to-
gether.

[0105] Inparticularthe splint hybridises with the nucleic
acid domains of the first and second proximity probes.
More particularly, the splint hybridises (anneals) simul-
taneously with the nucleic acid domains of at least the
first and second proximity probes. Where the splint is in
the form of a nucleic acid domain of a third proximity
probe the hybridisation of the nucleic acid domains of all
of the set of proximity probes to each other increases the
avidity of the probe-target complex upon binding to the
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target analyte. This avidity effect contributes to the sen-
sitivity of the assay by supporting the formation of signal-
giving proximity probe-target analyte complexes.
[0106] The term "hybridisation" or "hybridises" as used
herein refers to the formation of a duplex between nucle-
otide sequences which are sufficiently complementary
to form duplexes via Watson-Crick base pairing. Two nu-
cleotide sequences are "complementary" to one another
when those molecules share base pair organization ho-
mology. "Complementary" nucleotide sequences will
combine with specificity to form a stable duplex under
appropriate hybridization conditions. For instance, two
sequences are complementary when a section of a first
sequence can bind to a section of a second sequence in
an anti-parallel sense wherein the 3’-end of each se-
quence binds to the 5’-end of the other sequence and
each A, T(U), G and C of one sequence is then aligned
with a T(U), A, C and G, respectively, of the other se-
quence. RNA sequences can also include complemen-
tary G=U or U=G base pairs. Thus, two sequences need
not have perfect homology to be "complementary" under
the invention. Usually two sequences are sufficiently
complementary when at least about 85% (preferably at
least about 90%, and most preferably atleast about 95%)
of the nucleotides share base pair organization over a
defined length of the molecule. The nucleic acid domains
of the first and second proximity probes thus contain a
region of complementarity for the splint oligonucleotide,
and conversely the nucleic acid domain of the splint oli-
gonucleotide contains regions of complementarity for
each of the nucleic acid domains of the first and second
proximity probes.

[0107] The regions of complementarity (i.e. hybridisa-
tion regions) may have a length in the range of 4-30 bp
e.g. 6-20, 6-18, 7-15 or 8-12 bp.

[0108] The splint nucleic acid domain is generally of a
length sufficient to provide for the above described si-
multaneous binding of nucleic acid domains of the first
and second probes. In representative embodiments, the
splint oligonucleotides range in length from about 6 to
about 500 nucleotides, including from about 20 to about
40 nucleotides, e.g. from about 25 to about 30 nucle-
otides.

[0109] As noted above, in the preferred representative
embodiment described above, the interaction between
the nucleic acid domains of the first and second proximity
probes is a joining of the respective domains. This joining
may preferably be a ligation, particularly a template-di-
rected ligation. Insuch a case, it will clearly be understood
that the ligation template will be provided by the splint.
Such aligation may be carried out using a ligase enzyme.
[0110] Thus, in a preferred embodiment of the method
of the invention, the nucleic acid domains of the first and
second probes are ligatable by means of a reaction tem-
plated by the hybridised splint, said nucleic acid domains
are ligated and the ligation product is detected. In such
an embodiment, the splint may therefore be viewed as a
"splint template" or "ligation template" or "template oligo-
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nucleotide".

[0111] Forthe interaction, or more particularly ligation,
to take place, one of the nucleic acid domains of the first
and second proximity probes will typically be coupled to
the proteinaceous analyte-binding domain by its 5’ end
(leaving a free 3’ hydroxyl end), while the other domain
will be coupled via its 3’ end (leaving a free 5’ phosphate
end). One of the first and second proximity probes will
thus be a 5’ probe having a free 3’ hydroxyl group capable
of interacting with the 5’ phosphate of the other 3’ probe.
[0112] To be ligatable, the respective first and second
nucleic acid domains hybridise to the splint with the 3’
end of one lined up to the 5’ phosphate of the other. How-
ever, as mentioned above and described in more detail
below, the ligation of the respective domains need not
be direct and they may be ligated together by means of
an intermediary oligonucleotide, or whichever of the first
or second proximity probe carries a free 3’ nucleic acid
domain end may be extended using a polymerase to fill
the gap until the first and second nucleic acid domains
can be joined by a ligation reaction. Thus, the respective
3’ and 5’ ends need not be hybridised immediately adja-
cent to one another on the splint (template) but may hy-
bridise to the splint leaving a space (or a stretch of nu-
cleotides) between them.

[0113] The hybridisation of the splint simultaneously
to both nucleic acid domains of the first and second prox-
imity produces a stable duplexed structure that contains
all three nucleic acid domains. Such a duplexed structure
brings together the 3’ hydroxyl free end of the nucleic
acid domain of the first proximity probe and the 5’ phos-
phoryl free end of the nucleic acid domain of the second
proximity probe (although as mentioned above, these
need not be immediately adjacently juxtaposed).
[0114] Thus, the splint may include a first 3’ region of
complementarity for the nucleic acid domain of the 5’ free
proximity probe and a second 5’ region of complemen-
tarity for the nucleic acid domain of the 3’ free proximity
probe. The first and second regions of the splint may be
3t020,6t017,6to 15 or 6 to 12 or 8 to 12 nucleotides
in length, e.g. about 13 to 17, 120 16, 11 to 15, 0r 12 to
14 nucleotides in length or about 6 to 12, 7 to 11 or 8 to
10 nucleotides in length.

[0115] As will be described in more detail below, am-
plification of the interaction (e.g. ligation) product may be
used as part of the detection process. Accordingly, it may
in some embodiments be desirable to design the splint
so as to minimise any false amplification which may take
place in such a step, for example any possibility of the
splint acting as a template for the polymerase used in
the amplification. Thus for example the splint may be
provided as an RNA oligonucleotide or a DNA/RNA hy-
brid; Taq polymerase typically used in amplification re-
actions cannotuse an RNA template. Alternatively, a sim-
ilar effect may be achieved using a DNA splint with two
short hybridisation regions; since the hybridisation is
weak, such a splint will not template DNA polymerisation
at the high temperatures used in PCR.
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[0116] As mentioned above, in one embodiment, the
nucleic acid domains of the first and second probes may
hybridise to the splint not immediately adjacent to each
other, but to leave a gap between them. To enable their
conjugation (e.g. ligation) a further oligonucleotide, re-
ferred to herein as a "gap" or "cassette" oligonucleotide",
may hybridise to the splint in this gap, more particularly
to span this gap. Such a gap/cassette oligonucleotide
may be hybridised with each of its ends directly adjacent
to the end of each of the respective domains, such that
each suchdomain end may be ligated to the gap/cassette
oligonucleotide to form a single new nucleic acid product.
This requires two ligation events, both of which are tem-
plated by the splint. Both the 5’ and the 3’ end of the
gap/cassette oligonucleotide are joined (ligated) to the
free end of the nucleic acid domain of the firstand second
probe, as appropriate. The first and second domains are
thus connected, or joined, via the gap/cassette oligonu-
cleotide. Such an arrangement may add flexibility to the
nucleic acid domains of the probes. The length of the
gap/cassette oligonucleotide (and hence the gap be-
tween the ends of the first and second domains when
hybridised to the splint) may vary, for example between
4 to 50, e.g. 6-30, 6-25, 6- 22, 8-22, 10-22, 6-20, 8-20,
10-20 nucleotides.

[0117] The gap/cassette oligonucleotide, which func-
tions as an intermediary oligonucleotide in the ligation of
the first and second nucleic acid domains, may be added
after the probes have been contacted with the sample.
Alternatively, it may be added at the same time or it could
be pre-hybridized to the splint oligonucleotide.

[0118] The gap may also be filled by extending the nu-
cleic acid domain of whichever of the first or second prox-
imity probe carries a free 3’ end, using a polymerase.
Once the gap has been filled, the ends are joined by a
ligation step.

[0119] To carry out the method of the invention, the
sample is preferably contacted with the blocking reagent
prior to contact with at least one set of probes.

[0120] In certain embodiments a sample may be as-
sayed for two or more different target analytes. In such
embodiments, the sample is contacted with a set of
probes, one for each target analyte, or more preferably
a set of proximity probes for each target analyte, such
that the number of probes or probe sets contacted with
the sample may be two or more, e.g., three or more, four
or more etc. Such methods find particular use in multiplex
and high-throughput applications.

[0121] The amount of proximity probes that is added
to a sample may be selected to provide a sufficiently low
concentration of proximity probe in the reaction mixture
to ensure that the proximity probes will not randomly
come into close proximity with one anotherinthe absence
of binding to a target analyte, at least not to any great or
substantial degree. As such, itis intended that only when
the proximity probes bind the analyte through the binding
interaction between the analyte-binding domains of the
proximity probes and the binding sites of the analyte, do
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the proximity probes come into close proximity to one
another. In representative embodiments, the concentra-
tion of the proximity probes in the reaction mixture fol-
lowing combination with the sample ranges from about
1 fM to 1M, such as from about 1 pM to about 1nM,
including from about 1 pM to about 100 nM.

[0122] Following combination of the sample, blocking
reagent and set(s) of probes, e.g. proximity probes, the
reaction mixture may be incubated for a period of time
sufficient for the probes, e.g. proximity probes, to bind
target analyte, if present, in the sample. Preferably the
sample is contacted with the blocking reagent before ad-
dition of the probes, e.g. proximity probes. In represent-
ative embodiments, the blocking reagent and sample
may be pre-incubated for a period of time ranging from
5 minutes to about 24 hours prior to the addition of the
probes, e.g. proximity probes. Preferably said pre-incu-
bation is from about 20 minutes to 12 hours at a temper-
ature ranging from 4 to about 50°C, preferably at room
temperature, e.g. 18-30°C. Following pre-incubation, if
such a step is included, the product mixture may be in-
cubated for a period of time ranging from about 5 minutes
to about 48 hours, including from about 30 minutes to
about 12 hours, at a temperature ranging from about 4
to about 50°C, including from about 20 to about 37°C.
Conditions under which the reaction mixture is main-
tained should be optimized to promote specific binding
of the probe, e.g. proximity probe to the analyte, while
suppressing unspecific interaction. Conditions should al-
so allow for efficient and specific hybridization between
the nucleic acid domains as described above.

[0123] In certain embodiments, the effective volume of
the incubation mixture is reduced, at least during the por-
tion of the incubation step in which the probes. e.g. prox-
imity probes are binding to target analyte, if present in
the sample. In these embodiments, the effective volume
of the incubation mixture may be reduced for a number
of different reasons. In certain embodiments, the effec-
tive volume of the incubation mixture is reduced in order
to allow for the use of medium and low affinity analyte-
binding domains and/or increase the sensitivity of the
assay. For example, in certain embodiments where the
effective volume of the incubation mixture is reduced, the
analyte-binding domains may be medium or low affinity
binders, by which is meant that the analyte-binding do-
mains may have a binding affinity for their target analyte
that is less than about 10-4 M, such as about 1 mM Ky
In certain embodiments, the sensitivity of the assay may
be increased such that the assay can detect as few as
about 100 or fewer target analytes in a 1 pl sample, in-
cluding as few as about 75 or fewer target analytes in a
1 pl sample, including as few as about 50 or fewer target
analytes in a 1 pl sample.

[0124] In certain embodiments, a "crowding agent" or
"volume excluder" is included in the mixture during the
incubation step reviewed above, e.g., to reduce the ef-
fective volume of the incubation mixture during binding
of the proximity probes to their target analyte. Typically,
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the "crowding agent" is a water soluble macromolecular
material. Suitable macromolecular materials broadly
comprise biocompatible natural or synthetic polymers
having an average molecular weight of from about 1500
to several million, which do not specifically interact with
the other reagents in the mixture, or the product. Such
polymers are known in the art as "volume-excluders", as
their primary function is to occupy volume in the in vitro
reaction medium and provide a highly concentrated en-
vironment for biochemical reactions, e.g., approximating
in vivo conditions. The volume-excluding polymers must
of course be sufficiently soluble to provide the required
concentration. Suitable exemplary polymers include, but
are not limited to: commercially available polyethylene
glycol (PEG) polymers, e.g., having an average molec-
ular weight greater than about 2000, FICOLL polymers
such as those having an average molecular weight of
about 70,000, bovine plasma albumin, glycogen, polyvi-
nylpyrrolidone, dextran, etc. PEG polymers of higher mo-
lecular weights, especially, PEG 1450, PEG 3350, PEG
6000 (also sold as PEG 8000), and PEG 20,000, having
average molecular weights of about 1450, 3000-3700,
6000-7500, and 15,000-20,000, respectively, are em-
ployed in representative embodiments. PEG 6000 and
PEG 8000 are employed in representative embodiments.
The concentration of the volume-excluding polymers in
the incubation reaction in representative embodiments
falls within a range of about 5% w/v to about 45% w/v,
depending upon the type of polymer and its molecular
weight. In general, it is expected that a given type of pol-
ymer of higher molecular weight need be present in lower
concentration than the same type of polymer of lower
molecular weight to achieve the same effect on enzyme
activity.

[0125] Inthose embodiments where avolume excluder
is employed, prior to the next step of the method, the
incubation mixture may be diluted to accountforthe pres-
ence of the volume excluder, e.g., by at least about 2-
fold or more, such as at least about 5-fold or more, in-
cluding at least about 10-fold or more, depending on the
amount of volume excluder that is present, the nature of
the dilution fluid, etc., where in representative embodi-
ments the dilution fluid is water or some other suitable
aqueous fluid of water and one or more solutes, e.g.,
salts, buffering agents, etc.

[0126] Instead of, orin addition to, the use of a volume
excluder, the incubation mixture may be reduced in vol-
ume during incubation by removing a portion of the water
from the incubation mixture, e.g., via evaporation. In
these embodiments, the volume of the fluid may be re-
duced by at least about 2-fold or more, such as at least
about 5-fold or more, including at least about 10-fold or
more, as desired. Importantly, not all of the water is re-
moved from the incubation mixture in these embodi-
ments. Any convenient protocol may be employed for
reducing the volume of the incubation mixture by remov-
ing a select portion of the water therefrom. An instrument
for controlling evaporation rate by monitoring and adjust-
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ing humidity and temperature may be employed, where
in certain embodiments the volume of the incubation mix-
ture is monitored, e.g., by continuously measuring the
volume of the incubation mixture, where when appropri-
ately evaporated, the ligation and PCR-mixes may be
added, as described above. As desired, a heating block
could be used to enhance the evaporation. Alternatively,
the volume of the incubation mixture may be reduced by
filtrating out water. In representative embodiments, a size
exclusion filter is used to selectively contain molecules
of sizes larger than a cut off limit while smaller molecules
and water is removed by passage through the filter. The
force placed on the solution to move it through the filter
may be by either centrifugation or vacuum suction.
[0127] Upon binding of the binding domains of the
proximity probes to the analyte, the nucleic acid domains
of the proximity probes come into close proximity to one
another. As a result, the splint oligonucleotide, if used,
is able to bind (hybridise) to the nucleic acid domain of
the first and second probes.

[0128] Following the combination of the sample with
the blocking reagent and the proximity probes, the
gap/cassette oligonucleotide may be added, if used, and
allowed to hybridise. The nucleic acid domains of the first
and second probes, which may be hybridised to the splint,
are then joined together by nucleic acid ligation of the
free 3’ hydroxyl and 5’ phosphate ends of the nucleic acid
domains of the first and second proximity probes. The
reaction mixture is then assayed for the presence of the
interaction. Thus, ligation of the first and second nucleic
acid domains is detected, generally by detecting the li-
gation product thereof.

[0129] In general, any convenient protocol that is ca-
pable of detecting the presence of proximity dependent
interactions may be employed. The detection protocol
may or may not require a separation step.

[0130] In these representative embodiments, ligation
of the splint stabilised nucleic acid domains of the first
and second proximity probes is achieved by contacting
the reaction mixture with a nucleic acid ligating activity,
e.g. provided by a suitable nucleic acid ligase, and main-
taining the mixture under conditions sufficient for ligation
of the nucleic acid domains to occur.

[0131] As is known in the art, ligases catalyze the for-
mation of a phosphodiester bond between juxtaposed 3'-
hydroxyl and 5’-phosphate termini of two immediately ad-
jacent nucleic acids when they are annealed or hybrid-
ized to a third nucleic acid sequence to which they are
complementary (i.e. a template). Any convenient ligase
may be employed, where representative ligases of inter-
est include, but are not limited to: Temperature sensitive
and thermostable ligases. Temperature sensitive ligases
include, but are not limited to, bacteriophage T4 DNA
ligase, bacteriophage T7 ligase, and E. coliligase. Ther-
mostable ligases include, but are not limited to, Taq
ligase, Tth ligase, and Pfu ligase. Thermostable ligase
may be obtained from thermophilic or hyperthermophilic
organisms, including but not limited to, prokaryotic, eu-
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karyotic, or archael organisms. Certain RNA ligases may
also be employed in the methods of the invention.
[0132] In this ligation step, a suitable ligase and any
reagents that are necessary and/or desirable are com-
bined with the reaction mixture and maintained under
conditions sufficient for ligation of the hybridized ligation
oligonucleotides to occur. Ligation reaction conditions
are well known to those of skill in the art. During ligation,
the reaction mixture in certain embodiments may be
maintained at a temperature ranging from about 4°C to
about 50°C, such as from about 20°C to about 37°C for
a period of time ranging from about 5 seconds to about
16 hours, such as from about 1 minute to about 1 hour.
In yet other embodiments, the reaction mixture may be
maintained at a temperature ranging from about 35°C to
about45°C, such as from about 37°C to about42°C, e.g.,
at or about 38°C, 39°C, 40°C or 41 °C, for a period of
time ranging from about 5 seconds to about 16 hours,
such as from about 1 minute to about 1 hour, including
from about 2 minutes to about 8 hours. In arepresentative
embodiment, the ligation reaction mixture includes 50
mM Tris pH7.5, 10 mM MgCl,, 10 mM DTT, 1 mM ATP,
25 mg/ml BSA, 0.25 units/ml RNase inhibitor, and T4
DNA ligase at 0.125 units/ml. In yet another representa-
tive embodiment, 2.125 mM magnesium ion, 0.2 units/ml
RNase inhibitor; and 0.125 units/ml DNA ligase are em-
ployed.

[0133] Following ligation, the ligation products (ligated
nucleic acid domains of the first and second probes) are
detected as an indication of the presence, or as a meas-
ure of the amount and optionally the location, of analyte
in the sample. In these embodiments, the ligated product
comprises a single stranded nucleic acid molecule (which
is the product of the ligation of the two proximal nucleic
acid domains of the first and second probes, and any
intermediary gap/cassette oligonucleotide, if used) ter-
minating at each end in an analyte binding domain.
[0134] The next step of the method following ligation
step is to determine the presence of the ligated product
in the reaction mixture in order to detect the target analyte
in the sample. In other words, the reaction mixture is
screened efc. (i.e., assayed, assessed, evaluated, test-
ed, etc.) for the presence of any resultant ligation prod-
ucts in order to detect the presence of the target analyte
in the sample being assayed.

[0135] As noted above, in alternative embodiments of
proximity assays the product of interaction of the nucleic
acid domains of the proximity probes may be an exten-
sion product, e.g. wherein the nucleic acid domain of at
least one proximity probe is extended (for example using
the other nucleic acid domain as extension template), or
wherein the nucleic acid domains of the probes hybridise
to a common added oligonucleotide (e.g. an added hy-
bridisation template, which may be pre-hybridised to one
ofthe nucleic acid domains) and atleast one of the nucleic
acid domains and/or the added oligonucleotide may be
extended, using the added oligonucleotide or nucleic acid
domain respectively as extension template. Such exten-
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sion products may be detected analogously to the detec-
tion of ligation products, as described herein.

[0136] The interaction product e.g. ligated product or
extension product produced by the above-described
methods may, in the broadest sense, be detected using
any convenient protocol. The particular detection proto-
col may vary depending on the sensitivity desired and
the application in which the method is being practiced.
In certain embodiments, the nucleic acid ligation or ex-
tension product may be directly detected without any am-
plification, while in other embodiments the detection pro-
tocol may include an amplification component, in which
the copy number of the ligated or extended product nu-
cleic acid is increased, e.g., to enhance sensitivity of the
particular assay. Where detection without amplification
is practicable, the nucleic acid ligation or extension prod-
uct may be detected in a number of different ways. For
example, one or more of the nucleic acid domains of the
proximity probes may be directly labelled, e.g., fluores-
cently, or otherwise spectrophotometrically, or radioiso-
topically labelled or with any signal-giving label, such that
the ligation product is directly labelled. In these embod-
iments, the directly labelled ligation product may be size
separated from the remainder of the reaction mixture,
including unligated directly labelled ligation oligonucle-
otides (i.e. nucleic acid domain oligonucleotides or cas-
sette oligonucleotides), in order to detect the ligated nu-
cleic acid. Alternatively, conformationally selective
probes, e.g., molecular beacons (as described in greater
detail below) may be employed to detect to the presence
of the ligation product, where these probes are directed
to a sequence that spans the ligated nucleic acids and
therefore only exists in its entirety in the ligation product.
Extension products may be detected similarly, for exam-
ple using probes designed to bind to the extended prod-
uct or by incorporation of labelled nucleotides etc.
[0137] As indicated above, in certain embodiments of
the subject methods, the detection step includes an am-
plification step, where the copy number of ligated or or
extended nucleic acids is increased, e.g., in order to en-
hance sensitivity of the assay. The amplification may be
linear or exponential, as desired, where representative
amplification protocols of interest include, but are notlim-
ited to: polymerase chain reaction (PCR); isothermal am-
plification, etc.

[0138] Where the detection step includes an amplifi-
cation step (more specifically a step of in vitro amplifica-
tion of the conjugated product), the amplified product (or
amplification product) may be detected, to detect the an-
alyte.

[0139] The polymerase chain reaction (PCR) is well
known in the art, being described in U.S. Pat. Nos.:
4,683,202; 4,683,195; 4,800,159; 4,965,188 and
5,512,462, the disclosures of which are herein incorpo-
rated by reference. In representative PCR amplification
reactions, the reaction mixture that includes the above
ligated nucleic acids or ligation product, or extension
product (which may also be viewed as a template nucleic
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acid in an amplification reaction) is combined with one
or more primers that are employed in the primer exten-
sion reaction, e.g., the PCR primers (such as forward
and reverse primers employed in geometric (or exponen-
tial) amplification or a single primer employed in a linear
amplification). The oligonucleotide primers with which
the template nucleic acid (hereinafter referred to as tem-
plate DNA for convenience) is contacted will be of suffi-
cientlength to provide for hybridization to complementary
template DNA under annealing conditions (described in
greater detail below). The primers will generally be at
least 10 bp in length, usually at least 15 bp in length and
more usually at least 16 bp in length and may be as long
as 30 bp in length or longer, where the length of the prim-
ers will generally range from 18 to 50 bp in length, usually
from about 20 to 35 bp in length. The template DNA may
be contacted with a single primer or a set of two primers
(forward and reverse primers), depending on whether
primer extension, linear or exponential amplification of
the template DNA is desired.

[0140] In addition to the above components, the reac-
tion mixture produced in the subject methods typically
includes a polymerase and deoxyribonucleoside triphos-
phates (dNTPs). The desired polymerase activity may
be provided by one or more distinct polymerase en-
zymes. In many embodiments, the reaction mixture in-
cludes at least a Family A polymerase, where represent-
ative Family A polymerases of interest include, but are
notlimited to: Thermus aquaticus polymerases, including
the naturally occurring polymerase (Taq) and derivatives
and homologues thereof, such as Klentaq (as described
in Barnes et al, Proc. Natl. Acad. Sci USA (1994)
91:2216-2220); Thermus thermophilus polymerases, in-
cluding the naturally occurring polymerase (Tth) and de-
rivatives and homologues thereof, and the like. In certain
embodiments where the amplification reaction that is car-
ried out is a high fidelity reaction, the reaction mixture
may further include a polymerase enzyme having 3’-5’
exonuclease activity, e.g., as may be provided by a Fam-
ily B polymerase, where Family B polymerases of interest
include, but are not limited to: Thermococcus litoralis
DNA polymerase (Vent) as described in Perler et al.,
Proc. Natl. Acad. Sci. USA (1992) 89:5577-5581; Pyro-
coccus species GB-D (Deep Vent); Pyrococcus furiosus
DNA polymerase (Pfu) as described in Lundberg et al.,
Gene (1991) 108:1-6, Pyrococcus woesei (Pwo) and the
like. Where the reaction mixture includes both a Family
A and Family B polymerase, the Family A polymerase
may be present in the reaction mixture in an amount
greater than the Family B polymerase, where the differ-
ence in activity will usually be at least 10-fold, and more
usually at least about 100-fold. Usually the reaction mix-
ture will include four different types of ANTPs correspond-
ing to the four naturally occurring bases present, i.e.
dATP, dTTP, dCTP and dGTP. In the subject methods,
each dNTP will typically be presentin an amount ranging
from about 10 to 5000 p.M, usually from about 20 to 1000
M.
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[0141] The reaction mixture prepared in this detection
step of the subject methods may further include an aque-
ous buffer medium that includes a source of monovalent
ions, a source of divalent cations and a buffering agent.
Any convenient source of monovalent ions, such as KCl,
K-acetate, NH -acetate, K-glutamate, NH,CI, ammoni-
um sulphate, and the like may be employed. The divalent
cation may be magnesium, manganese, zinc and the like,
where the cation will typically be magnesium. Any con-
venient source of magnesium cation may be employed,
including MgCl,, Mg-acetate, and the like. The amount
of Mg2* present in the buffer may range from 0.5 to 10
mM, but will preferably range from about 3 to 6 mM, and
will ideally be at about 5 mM. Representative buffering
agents or salts that may be present in the buffer include
Tris, Tricine, HEPES, MOPS and the like, where the
amount of buffering agent will typically range from about
5t0 150 mM, usually from about 10 to 100 mM, and more
usually from about 20 to 50 mM, where in certain pre-
ferred embodiments the buffering agent will be present
in an amount sufficient to provide a pH ranging from about
6.0t0 9.5, where most preferred is pH 7.3 at 72 °C. Other
agents which may be present in the buffer medium in-
clude chelating agents, such as EDTA, EGTA and the
like.

[0142] In preparing the reaction mixture of this step of
the subject methods, the various constituentcomponents
may be combined in any convenient order. For example,
the buffer may be combined with primer, polymerase and
then template DNA, or all of the various constituent com-
ponents may be combined at the same time to produce
the reaction mixture.

[0143] The amplified products of the amplification re-
action may be detected using any convenient protocol,
where the particular protocol employed may detect the
amplification products non-specifically or specifically, as
described in greater detail below. Representative non-
specific detection protocols of interest include protocols
that employ signal producing systems that selectively de-
tect double stranded DNA products, e.g., via intercala-
tion. Representative detectable molecules that find use
in such embodiments include fluorescent nucleic acid
stains, such as phenanthridinium dyes, including mono-
mers or homo- or heterodimers thereof, that give an en-
hanced fluorescence when complexed with nucleic ac-
ids. Examples of phenanthridinium dyes include ethidium
homodimer, ethidium bromide, propidium iodide, and
other alkyl-substituted phenanthridinium dyes. Inanother
embodiment of the invention, the nucleic acid stain is or
incorporates an acridine dye, or a homo-or heterodimer
thereof, such as acridine orange, acridine homodimer,
ethidium-acridine heterodimer, or 9-amino-6-chloro-2-
methoxyacridine. In yet another embodiment of the in-
vention, the nucleic acid stain is an indole or imidazole
dye, such as Hoechst 33258, Hoechst 33342, Hoechst
34580 (BIOPROBES 34, Molecular Probes, Inc. Eugene,
Oreg., (May 2000)) DAPI (4’,6-diamidino-2-phenylin-
dole) or DIPI (4’,6-(diimidazolin-2-yl)-2-phenylindole).
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Other permitted nucleic acid stains include, but are not
limited to, 7-aminoactinomycin D, hydroxystilbamidine,
LDS 751, selected psoralens (furocoumarins), styryl
dyes, metal complexes such as ruthenium complexes,
and transition metal complexes (incorporating Tb3* and
Eu3*, for example). In certain embodiments of the inven-
tion, the nucleic acid stain is a cyanine dye or a homo-
or heterodimer of a cyanine dye that gives an enhanced
fluorescence when associated with nucleic acids. Any of
the dyes described in U.S. Pat. No. 4,883,867 to Lee
(1989), U.S. Pat. No. 5,582,977 to Yue et al. (1996), U.S.
Pat. No. 5,321,130 to Yue et al. (1994), and U.S. Pat.
No. 5,410,030 to Yue et al. (1995) (all four patents incor-
porated by reference) may be used, including nucleic ac-
id stains commercially available under the trademarks
TOTO, BOBO, POPO, YOYO, TO-PRO, BO-PRO, PO-
PRO and YO-PRO from Molecular Probes, Inc., Eugene,
Oreg. Any of the dyes described in U.S. Pat. No.
5,436,134 to Haugland et al. (1995), U.S. Pat. No.
5,658,751 to Yue et al. (1997), and U.S. Pat. No.
5,863,753 to Haugland et al. (1999) (all three patents
incorporated by reference) may be used, including nu-
cleic acid stains commercially available under the trade-
marks SYBR, SYTO, SYTOX, PICOGREEN, OLI-
GREEN, and RIBOGREEN from Molecular Probes, Inc.,
Eugene, Oreg. In yet other embodiments of the invention,
the nucleic acid stain is a monomeric, homodimeric or
heterodimeric cyanine dye that incorporates an aza- or
polyazabenzazolium heterocycle, such as an azaben-
zoxazole, azabenzimidazole, or azabenzothiazole, that
gives an enhanced fluorescence when associated with
nucleic acids, including nucleic acid stains commercially
available under the trademarks SYTO, SYTOX, JOJO,
JO-PRO, LOLO, LO-PRO from Molecular Probes, Inc.,
Eugene, Oreg.

[0144] In yet other embodiments, a signal producing
system that is specific for the amplification product, as
opposed to double stranded molecules in general, may
be employed to detect the amplification. In these embod-
iments, the signal producing system may include a probe
nucleic acid that specifically binds to a sequence found
in the amplification product, where the probe nucleic acid
may be labelled with a directly or indirectly detectable
label. A directly detectable label is one that can be directly
detected without the use of additional reagents, while an
indirectly detectable label is one that is detectable by
employing one or more additional reagents, e.g., where
the label is a member of a signal producing system made
up of two or more components. In many embodiments,
the label is a directly detectable label, where directly de-
tectable labels of interest include, but are not limited to:
fluorescent labels, radioisotopic labels, chemilumines-
centlabels, and the like. In many embodiments, the label
is a fluorescent label, where the labelling reagent em-
ployed in such embodiments is a fluorescently tagged
nucleotide(s), e.g. fluorescently tagged CTP (such as
Cy3-CTP, Cy5-CTP) etc. Fluorescent moieties which
may be used to tag nucleotides for producing labelled
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probe nucleic acids include, but are not limited to: fluo-
rescein, the cyanine dyes, such as Cy3, Cy5, Alexa 555,
Bodipy 630/650, and the like. Other labels, such as those
described above, may also be employed as are known
in the art.

[0145] In certain embodiments, the specifically la-
belled probe nucleic acids are labelled with "energy trans-
fer"labels. As used herein, "energy transfer" refers to the
process by which the fluorescence emission of a fluores-
cent group is altered by a fluorescence-modifying group.
If the fluorescence-modifying group is a quenching
group, then the fluorescence emission from the fluores-
centgroup is attenuated (quenched). Energy transfer can
occur through fluorescence resonance energy transfer,
orthrough direct energy transfer. The exact energy trans-
fer mechanisms in these two cases are different. It is to
be understood that any reference to energy transfer in
the instant application encompasses all of these mech-
anistically-distinct phenomena. As used herein, "energy
transfer pair" refers to any two molecules that participate
in energy transfer. Typically, one of the molecules acts
as a fluorescent group, and the other acts as a fluores-
cence-modifying group. "Energy transfer pair" is used to
refer to a group of molecules that form a single complex
within which energy transfer occurs. Such complexes
may comprise, for example, two fluorescent groups
which may be different from one another and one quench-
ing group, two quenching groups and one fluorescent
group, or multiple fluorescent groups and multiple
quenching groups. In cases where there are multiple flu-
orescent groups and/or multiple quenching groups, the
individual groups may be different from one another. As
used herein, "fluorescence resonance energy transfer"
or "FRET" refers to an energy transfer phenomenon in
which the light emitted by the excited fluorescent group
is absorbed at least partially by a fluorescence-modifying
group. If the fluorescence-modifying group is a quench-
ing group, then that group can either radiate the absorbed
light as light of a different wavelength, or it can dissipate
it as heat. FRET depends on an overlap between the
emission spectrum of the fluorescent group and the ab-
sorption spectrum of the quenching group. FRET also
depends on the distance between the quenching group
and the fluorescent group. Above a certain critical dis-
tance, the quenching group is unable to absorb the light
emitted by the fluorescent group, or can do so only poorly.
As used herein "direct energy transfer" refers to an en-
ergy transfer mechanism in which passage of a photon
between the fluorescent group and the fluorescence-
modifying group does not occur. Without being bound by
a single mechanism, it is believed that in direct energy
transfer, the fluorescent group and the fluorescence-
modifying group interfere with each others’ electronic
structure. If the fluorescence-modifying group is a
quenching group, this will result in the quenching group
preventing the fluorescent group from even emitting light.
[0146] The energy transferlabelled probe nucleic acid,
e.g., oligonucleotide, may be structured in a variety of
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different ways, so long as it includes a donor, acceptor
and target nucleic acid binding domains. As such, the
energy transfer labelled oligonucleotides employed in
these embodiments of the method are nucleic acid de-
tectors that include a fluorophore domain where the flu-
orescent energy donor, i.e., donor, is positioned and an
acceptor domain where the fluorescent energy acceptor,
i.e., acceptor, is positioned. As mentioned above, the do-
nor domain includes the donor fluorophore. The donor
fluorophore may be positioned anywhere in the nucleic
acid detector, but is typically present at the 5’ terminus
of the detector. The acceptor domain includes the fluo-
rescence energy acceptor. The acceptor may be posi-
tioned anywhere in the acceptor domain, but is typically
present at the 3’ terminus of the nucleic acid detector or
probe.

[0147] In addition to the fluorophore and acceptor do-
mains, the energy transfer labelled probe oligonucle-
otides also include a target nucleic acid binding domain,
which binds to a target nucleic acid sequence found in
the amplification product of interest (as described above),
e.g., under stringent hybridization conditions (as defined
above). This target binding domain typically ranges in
length from about 10 to about 60 nucleotides, usually
from about 15 to about 30 nt. Depending on the nature
ofthe oligonucleotide and the assay itself, the target bind-
ing domain may hybridize to a region of the template
nucleic acid or a region of the primer extension product.
For example, where the assay is a 5’ nuclease assay,
e.g., in which a TagMan® type oligonucleotide probe is
employed, the target binding domain hybridizes under
stringent conditions to a target binding site of the template
nucleic acid, which is downstream or 3’ of the primer bind-
ing site. In alternative embodiments, e.g., in molecular
beacon type assays, the target binding domain hybridiz-
es to a domain of a primer extension product. The overall
length of the energy transfer labelled oligonucleotides
employed in these embodiments, which includes all three
domains mentioned above, typically ranges from about
10 to about 60 nucleotides, usually from about 15 to about
30 nucleotides.

[0148] In certain embodiments, the energy transfer la-
belled oligonucleotide is structured such that energy
transfer occurs between the fluorophore and acceptor of
the energy transfer labelled oligonucleotide probe upon
fluorophore excitation when the energy transfer labelled
oligonucleotide is not hybridized to target nucleic acid.
[0149] In certain embodiments, the oligonucleotide is
a single stranded molecule that does not form intramo-
lecular structures and in which energy transfer occurs
because the spacing of the donor and acceptor provides
for energy transfer in the single stranded linear format.
In these embodiments, energy transfer also occurs be-
tween the fluorophore and acceptor of labelled oligonu-
cleotide probe upon fluorophore excitation when the la-
belled oligonucleotide probe is hybridized to a target nu-
cleic acid. Specific examples of such labelled oligonucle-
otide probes include the TagMan® type probes, as de-
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scribed in U.S. Patent No. 6,248,526, the disclosure of
whichis hereinincorporated by reference (as wellas Held
et al., Genome Res. (1996) 6:986-994; Holland et al.,
Proc. Natl Acad. Sci. USA (1991) 88:7276-7280; and Lee
et al., Nuc. Acids Res. (1993) 21:3761-3766). In many
of these embodiments, the target nucleic acid binding
domain is one that hybridizes to, i.e. is complementary
to, a sequence of the template nucleic acid, i.e. the target
nucleic acid of the target nucleic acid binding domain is
a sequence present in the template nucleic acid (i.e., the
pseudotarget or surrogate nucleic acid).

[0150] In other embodiments, the probe oligonucle-
otides are structured such that energy transfer does not
occur between the fluorophore and acceptor of the en-
ergy transfer labelled oligonucleotide probe upon fluor-
ophore excitation when the energy transfer labelled oli-
gonucleotide probe is hybridized to a target nucleic acid.
Examples of these types of probe structures include:
Scorpion probes (as described in Whitcombe et al., Na-
ture Biotechnology (1999) 17:804-807; U.S. Patent No.
6,326,145, the disclosure of which is herein incorporated
by reference), Sunrise probes (as described in Naza-
renko et al., Nuc. Acids Res. (1997) 25:2516-2521; U.S.
Patent No. 6,117,635, the disclosure of which is herein
incorporated by reference), Molecular Beacons (Tyagi et
al., Nature Biotechnology (1996) 14:303-308; U.S. Pat-
entNo. 5,989,823, the disclosure of which isincorporated
herein by reference), and conformationally assisted
probes (as described in WO 2000/75378, the disclosure
of which is herein incorporated by reference). In many of
these embodiments, the target binding sequence or do-
main comprises a hybridization domain complementary
to a sequence of the primer extension product of the am-
plification reaction, and not to a sequence found in the
pseudotarget nucleic acid.

[0151] The next step in the subject methods is signal
detection from the labelled amplification products of in-
terest, where signal detection may vary depending on
the particular signal producing system employed. In cer-
tain embodiments, merely the presence or absence of
detectable signal, e.g., fluorescence, is determined and
used in the subject assays, e.g., to determine or identify
the presence or absence of the target nucleic acid via
detection of the pseudotarget nucleic acid and/or ampli-
fication products thereof. Depending on the particular la-
bel employed, detection of a signal may indicate the pres-
ence or absence of the target nucleic acid.

[0152] Inthose embodiments where the signal produc-
ing system is a fluorescent signal producing system, sig-
nal detection typically includes detecting a change in a
fluorescent signal from the reaction mixture to obtain an
assay result. In other words, any modulation in the fluo-
rescent signal generated by the reaction mixture is as-
sessed. The change may be an increase or decrease in
fluorescence, depending on the nature of the label em-
ployed, but in certain embodiments is an increase in flu-
orescence. The sample may be screened for an increase
in fluorescence using any convenient means, e.g., a suit-
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able fluorimeter, such as a thermostable-cuvette or plate-
reader fluorimeter. Fluorescence is suitably monitored
using a known fluorimeter. The signals from these devic-
es, for instance in the form of photomultiplier voltages,
are sent to a data processor board and converted into a
spectrum associated with each sample tube. Multiple
tubes, for example 96 tubes, can be assessed at the
same time.

[0153] Where the detection protocol is a real time pro-
tocol, e.g., as employed in real time PCR reaction proto-
cols, data may be collected in this way at frequent inter-
vals, for example once every 3 minutes, throughout the
reaction. By monitoring the fluorescence of the reactive
molecule from the sample during each cycle, the
progress of the amplification reaction can be monitored
in various ways. For example, the data provided by melt-
ing peaks can be analyzed, for example by calculating
the area under the melting peaks and these data plotted
against the number of cycles.

[0154] The spectra generated in this way can be re-
solved, for example, using "fits" of pre-selected fluores-
cent moieties such as dyes, to form peaks representative
of each signalling moiety (i.e. fluorophore). The areas
under the peaks can be determined which represents the
intensity value for each signal, and if required, expressed
as quotients of each other. The differential of signal in-
tensities and/or ratios will allow changes in labelled
probes to be recorded through the reaction or at different
reaction conditions, such as temperatures. The changes
are related to the binding phenomenon between the oli-
gonucleotide probe and the target sequence or degra-
dation of the oligonucleotide probe bound to the target
sequence. The integral of the area under the differential
peaks will allow intensity values for the label effects to
be calculated.

[0155] Screening the mixture for a change in fluores-
cence provides one or more assay results, depending on
whether the sample is screened once at the end of the
primer extension reaction, or multiple times, e.g., after
each cycle, of an amplification reaction (e.g., as is done
in real time PCR monitoring).

[0156] The data generated as described above can be
interpreted in various ways. In its simplest form, an in-
crease or decrease in fluorescence from the sample in
the course of or at the end of the amplification reaction
is indicative of an increase in the amount of the target
analyte present in the sample, e.g., as correlated to the
amount of amplification product detected in the reaction
mixture, suggestive of the fact that the amplification re-
action has proceeded and therefore the target analyte
was in fact present in the initial sample. Quantification is
also possible by monitoring the amplification reaction
throughout the amplification process. Quantification may
also include assaying for one or more nucleic acid con-
trols in the reaction mixture, as described above.
[0157] In this manner, a reaction mixture may readily
be screened (or assessed or assayed etc.) for the pres-
ence of target analyte(s). The methods are suitable for
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detection of a single target analyte as well as multiplex
analyses, in which two or more different target analytes
are assayed in the sample. In these latter multiplex situ-
ations, the number of different sets of probes that may
be employed typically ranges from about 2 to about 20
or higher, e.g., as up to 100 or higher, 1000 or higher, etc.
[0158] The analysis of many analytes simultaneously
and in a single reaction using several different proximity
probe sets (multiplexing) is enhanced by the increased
specificity and sensitivity obtained when using the block-
ing reagent of the invention and may be further enhanced
with the binding splint method. Each probe set can be
designed to produce a unique interaction (e.g. ligation)
product that can be used to determine the presence or
absence, quantity and/or location of the analytes being
interrogated by the probe set. The interaction product
may be detected directly or after amplification using any
of the well established methods for analysis of nucleic
acid molecules known from the literature including liquid
chromatography, electrophoresis, mass spectrometry,
microscopy, real-time PCR, fluorescent probes etc. Of
particular interest is the combination of the binding splint
method with a "DNA array" read-out format. Several
unique interaction products from a multiplexed proximity
assay may be hybridized to a standardized DNA array
carrying a number of oligonucleotide sequences (tags)
complementary to the ligation product sequences. Each
interaction product hybridized to the array may be iden-
tified by its location on the DNA array and the detected
intensity in a given hybridization spot will be indicative of
the quantity of that specific interaction product and hence
also of the analyte giving rise to that interaction product.
Detection of the interaction products may be accom-
plished by spectrometry, fluorescence, radioisotopes
etc. Fluorescent moieties may conveniently be intro-
duced into the interaction products using fluorescently
labelled primers or fluorescently labelled nucleotides in
the amplification reaction (PCR). The DNA array may be
a simple dot-blot array on a membrane containing a small
number of spots or a high density array carrying hundreds
of thousands of spots.

[0159] The detection step of the method of the inven-
tion may be modified in order to further reduce the back-
ground associated with non-specific nucleic acid hybrid-
ization events. Such modifications include adjustments
to the method that will reduce any non-specific nucleic
acid hybridization events. In some embodiments, a pro-
tein may be added to the mixture containing the sample
and the proximity probes in order to reduce weak and
non-specific DNA hybridization events. For example, E.
coli single strand DNA binding protein has been used to
increase the yield and specificity of primer extension re-
actions and PCR reactions. (U.S. Pat. Nos. 5,449,603
and 5,534,407.) The gene 32 protein (single strand DNA
binding protein) of phage T4 apparently improves the
ability to amplify larger DNA fragments (Schwartz, et al.,
Nucl. Acids Res. 18: 1079 (1990)) and enhances DNA
polymerase fidelity (Huang, DNA Cell. Biol. 15: 589-594
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(1996)). When employed, such a protein will be used to
achieve a concentration in the reaction mixture that rang-
es from about 0.01 ng/pL to about 1 png/plL; such as from
about 0.1ng/pL to about 100 ng/pL; including from about
1 ng/pL to about 10 ng/p.L.

[0160] Inother embodiments, double stranded nucleic
acid may be used as the nucleic acid domain of the first
and second proximity probes in order to reduce weak
and non-specific DNA hybridization events.

[0161] Asexplained above, the method of theinvention
is designed such thatinteraction between the nucleic acid
domains of the first and second probes (e.g ligation)
should occur only if the proximity probes are bound to
the analyte. However, as is the case with all assays of
this type, this cannot always be guaranteed and there
may be some background interaction, e.g. ligation of the
nucleic acid domains, if the probes come into proximity
randomly in solution (the possibility of this is reduced by
requiring the nucleic acid domains of all the probes to
hybridise to one another by means of the splint, in order
for such interaction to occur). Thus, to further reduce or
minimise the possibility of background due to unreacted
(i.e. unbound) probes, blocking oligonucleotides may be
used in addition to the blocking reagent as described
above.

[0162] The blocking oligonucleotides bind (i.e. hybrid-
ise oranneal) to the free ends of the nucleic acid domains
of the first and second proximity probes. Thus a blocking
oligonucleotide may bind to the free 3' OH end of the
nucleic acid domain of a 5’ proximity probe and to the
free 5’ phosphate end of the nucleic acid domain of a 3’
proximity probe. The binding of the blocking oligonucle-
otide may be out-competed in the presence of a high
local concentration of the splint, such as occurs when all
the probes are bound together on the analyte. In this way
the blocking oligonucleotide may prevent the first and
second domains from hybridising to the splint in the ab-
sence of analyte binding. Thus the free ends of the 5’
and 3’ probes may be prevented from interaction in the
absence of binding to the analyte. When all the probes
are bound to the analyte, the local concentration of the
splint, especially when the splint forms the nucleic acid
domain of a third proximity probe, is sufficient to out-com-
pete the blocking oligonucleotides; the first and second
domains hybridise to the splint and the blocking oligonu-
cleotides are replaced.

[0163] The blocking oligonucleotides thus allow a com-
petition-based strategy to be used to reduce background
and thus further increase sensitivity of the assay.
[0164] The blocking oligonucleotides may range in
length from about 4-100 nucleotides, e.g. 6-75 or 10-50.
They may hybridise to a region at or near the free end of
the nucleic acid domain of the first or second probe
("near" meaning within 1-20 or 1-10, e.g. 1-6 nucleotides
of the free 3’ or 5’ end). The region of hybridisation may
be 3-15 nucleotides long e.g. 3-12, 3-10, 3-8, 4-8, 3-6,
4-6.

[0165] The blocking oligonucleotides may convenient-
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ly be designed to have a hairpin structure such that the
blocking oligonucleotide may be ligated to the end of
proximity probes which have failed to hybridise to the
splint.

[0166] Theblockingoligonucleotides are typically used
in an excess over the respective probes, e.g. an excess
of 2-1000 fold, e.g. 20-500, 50-300, 100-500, or 100-300
fold e.g., 20, 200 or 300 fold.

[0167] Inthe case of detecting an analyte with proxim-
ity-probes of low affinity and slow binding kinetics, the
proximity-probes may be contacted with the sample and
incubated at a sufficiently high concentration to promote
binding of the proximity probes to the analyte. This incu-
bation step may be quickly diluted in a large volume of
cold buffer (e.g., buffer that does not include the analyte
or the proximity probes), and a portion of this dilution
subsequently added to a ligation reaction mixture. This
ligation reaction mixture may contain the cassette oligo-
nucleotide (if used), ATP and ligase enzyme. The low
temperature, e.g., ranging from about 0°C to about 20°C,
including from about 4°C to about 10°C, minimizes the
dissociation of existing proximity-probe-analyte com-
plexes while the vast dilution results in a decrease of the
concentration of the unbound proximity-probes, thereby
lowering their reactivity and minimizing the background
signal.

[0168] In such embodiments, the assay is performed
by using a small incubation volume of from about 1 ulto
about 20 pl, such as about 1 pl, or about 2 pl, or about
3 pl, or about 4 pl, orabout 5 ul or about 6 pl, of sample,
blocking reagent and proximity probes and then adding
the cassette in a larger incubation volume of from about
8 pl to about 1.5 ml or more, such as from about 20 pl
to about 1.3 ml, such as from about 50 .l to about 1 ml,
such as from about 75 pl to about 800 pl, such as from
about 100 pl to about 500 pl, such as from about 200 pl
to about 300 pl. The effective concentration of the prox-
imity probes in the final incubation volume is thus diluted,
reducing the background while maintaining the signal
since the binding between the probes and analyte does
not have time to dissociate before the firstand the second
nucleic acid domains are ligated, or hybridised and ex-
tended. This approach enables extremely high sensitivity
as long as the ligation or extension products can be con-
centrated from the larger volumes, such as over 100 pl
or more, and then detecting the proximity dependent in-
teraction. In such embodiments, the probe-probe inter-
actions can be reduced by using single strand binding
proteins.

[0169] Problems associated with complex samples
may be further addressed by diluting the complex sample
prior to the analysis. However, one advantage of the de-
tection method of the present invention is that the block-
ing reagent effectively reduces the complexity of the sam-
ple by occupying potential non-target specific binding
sites. Nevertheless, dilution of complex samples may in
combination with the blocking reagent of the present in-
vention further reduce the background signal. In es-
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sence, the step of diluting the sample will greatly de-
crease the amount of proteins the probes may bind un-
specifically to thereby lowering concentration of probes
required. While the analyte will also be diluted, the high
sensitivity of the proximity probing will provide good de-
tection and quantification.

[0170] The method of the present invention may be
employed homogeneously (i.e. in solution) as described
above, or alternatively heterogeneously, using a solid
phase, for example, in which analyte becomes immobi-
lised on a solid phase, permitting the use of washing
steps. The use of solid phase assays offers advantages,
particularly for the detection of difficult samples: washing
steps can assist in the removal of inhibiting components,
and analytes can be enriched from an undesirably large
sample volume. Higher concentrations and greater
amounts of proximity probes can be used, as unbound
analytes and probes can be removed by washing. The
ability to remove unbound probes, or probes which have
not interacted, by washing also means that the solid
phase assay tolerates lower purity proximity probes by
comparison with the homogeneous assay.

[0171] Immobilisation of the analyte on a solid phase
may be achieved in various ways. Accordingly, several
embodiments of the solid phase assay, e.g. a solid phase
binding splint assay, are contemplated. In one such em-
bodiment, one (or more) of the first or second (or third,
if used) proximity probes may be (or may be capable of
being) immobilised on a solid phase (or solid support).
The analyte can firstly be captured by the one (or more)
immobilised (or immobilisable) probes and secondly be
bound by subsequently added probe(s). In such a
scheme, the previously-mentioned avidity effect may not
be present during the binding step but is relevant for the
washing steps. Preferably, the sample containing the an-
alyte, is contacted with the blocking reagent prior to con-
tact with the solid phase-bound (i.e. immobilised, or im-
mobilisable) probe(s), preferably at the same time as the
non-immobilised/non-immobilisable probe(s) are added
to the reaction mixture, such that the avidity effect con-
tributes also to the detection (binding) step.

[0172] The immobilised proximity probe may be immo-
bilised, i.e. bound to the support, in any convenient way.
Thus the manner or means of immobilisation and the
solid support may be selected, according to choice, from
any number of immobilisation means and solid supports
as are widely known in the art and described in the liter-
ature. Thus, the probe may be directly bound to the sup-
port, for example via the analyte-binding domain (e.g.
chemically crosslinked), it may be bound indirectly by
means of a linker group, or by an intermediary binding
group(s) (e.g. by means of a biotin-streptavidin interac-
tion). Thus, a proximity probe may be provided with
means forimmobilisation (e.g. an affinity binding partner,
e.g. biotin or a hapten, capable of binding to its binding
partner, i.e. a cognate binding partner, e.g. streptavidin
or an antibody) provided on the support. The probe may
be immobilised before or after binding to the analyte. Fur-
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ther, such an "immobilisable" probe may be contacted
with the sample together with the support.

[0173] The solid support may be any of the well known
supports or matrices which are currently widely used or
proposed for immobilisation, separation etc. These may
take the form of particles (e.g. beads which may be mag-
netic or nonmagnetic), sheets, gels, filters, membranes,
fibres, capillaries, or microtitre strips, tubes, plates or
wells etc.

[0174] The support may be made of glass, silica, latex
or a polymeric material. Suitable are materials presenting
a high surface area for binding of the analyte. Such sup-
ports may have an irregular surface and may be for ex-
ample porous or particulate e.g. particles, fibres, webs,
sinters or sieves. Particulate materials e.g. beads are
useful due to their greater binding capacity, particularly
polymeric beads.

[0175] Conveniently, a particulate solid support used
according to the invention will comprise spherical beads.
The size of the beads is not critical, but they may for
example be of the order of diameter of at least 1 and
preferably at least 2 wm, and have a maximum diameter
of preferably not more than 10, and e.g. not more than 6
pm.

[0176] Monodisperse particles, that is those which are
substantially uniform in size (e.g. size having a diameter
standard deviation of less than 5%) have the advantage
that they provide very uniform reproducibility of reaction.
Representative monodisperse polymer particles may be
produced by the technique described in US-A-4336173.
[0177] However, to aid manipulation and separation,
magnetic beads are advantageous. The term "magnetic”
as used herein means that the support is capable of hav-
ing a magnetic moment imparted to it when placed in a
magnetic field, and thus is displaceable under the action
of that field. In other words, a support comprising mag-
netic particles may readily be removed by magnetic ag-
gregation, which provides a quick, simple and efficient
way of separating the particles following the analyte bind-
ing steps.

[0178] In another embodiment, an immobilised (or im-
mobilisable) analyte-specific probe comprising only a
binding domain (i.e. an analyte capture probe) can be
used in addition to the non-immobilised proximity probes
of the homogeneous binding splint assay. Thus in such
an embodiment the analyte is first captured by the im-
mobilised or immobilisable capture probe which serves
only to immobilise the analyte on the solid phase, and
subsequently the immobilised analyte is incubated with
the blocking reagent and the proximity probes. In such
an embodiment, the capture probe may be any binding
partner capable of binding the analyte, directly or indi-
rectly (e.g. as discussed above in relation to the analyte-
binding domain of the proximity probe). More particularly,
such a capture probe binds specifically to the analyte.
Since this embodiment of the method requires the simul-
taneous binding of at least three probes (binding do-
mains) to the analyte or analyte complex, potentially at
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least three different epitopes can be interrogated, con-
ferring high specificity on the assay.

[0179] In a further embodiment, the analyte itself may
be immobilised (or immobilisable) on the solid phase e.qg.
by non-specific absorption. In a particular such embodi-
ment, the analyte may be present within cells, being op-
tionally fixed and/or permeabilised, which are (capable
of being) attached to a solid support.

[0180] The above-described methods result in detec-
tion of proximity dependent interactions that are present
in the reaction mixture, which in turn provides a measure
of the amount of target analyte in the sample being as-
sayed. The measure may be qualitative or quantitative.
[0181] It will be apparent that the embodiments de-
scribed above relate to, but are not limited to, proximity
probe ligation assays. Hence, the above features may
be applied to other probe-based and proximity-probe
based assays, which utilise the blocking reagent de-
scribed herein.

[0182] Accordingly, the above described methods of
detecting the presence of one or more target analytes in
a complex sample finds use in a variety of different ap-
plications.

[0183] The subject methods may be used to screen a
sample for the presence or absence of one or more target
analytes in a sample. As indicated above, the invention
provides methods of detecting the presence or quantify-
ing the amount ofone or more target analytesin asample.
[0184] The subjectmethods can be employed to detect
the presence of one or more target analytes in a variety
of different types of samples, including complex samples
having large amounts of non-target entities, where the
blocking reagent of the subject methods allows for supe-
rior detection of the target analytes(s) over equivalent
methods that do not utilise the blocking reagent of the
invention. As such, the subject methods are highly sen-
sitive methods of detecting one or more target analytes
in a simple or complex sample. The sample that is as-
sayed in the subject methods is, in many embodiments,
from a physiological source, as discussed in more detail
above.

[0185] In addition to detecting a wide variety of ana-
lytes, the subject methods may also be used to screen
for compounds that modulate the interaction between the
analyte binding domain of the proximity probe with the
binding region of the analyte i.e. the binding of the ana-
lyte-binding domain to the analyte. The term modulating
includes both decreasing (e.g., inhibiting) and enhancing
the interaction between the two molecules. The screen-
ing method may be an in vitro or in vivo format, where
both formats are readily developed by those of skill in the
art.

[0186] A variety of different candidate agents may be
screened by the above methods. Candidate agents en-
compass numerous chemical classes, though typically
they are organic molecules, preferably small organic
compounds having a molecular weight of more than 50
and less than about 2,500 daltons. Candidate agents



49

comprise functional groups necessary for structural in-
teraction with proteins, particularly hydrogen bonding,
and typically include atleastan amine, carbonyl, hydroxyl
or carboxyl group, preferably at least two of the functional
chemical groups. The candidate agents often comprise
cyclical carbon or heterocyclic structures and/or aromatic
or polyaromatic structures substituted with one or more
of the above functional groups. Candidate agents are
also found among biomolecules including peptides, sac-
charides, fatty acids, steroids, purines, pyrimidines, de-
rivatives, structural analogs or combinations thereof.
[0187] Candidate agents are obtained from a wide va-
riety of sources including libraries of synthetic or natural
compounds. For example, numerous means are availa-
ble for random and directed synthesis of a wide variety
of organic compounds and biomolecules, including ex-
pression of randomized oligonucleotides and oligopep-
tides. Alternatively, libraries of natural compounds in the
form of bacterial, fungal, plant and animal extracts are
available or readily produced. Additionally, natural or syn-
thetically produced libraries and compounds are readily
modified through conventional chemical, physical and bi-
ochemical means, and may be used to produce combi-
natorial libraries. Known pharmacological agents may be
subjected to directed or random chemical modifications,
such as acylation, alkylation, esterification, amidification,
etc. to produce structural analogs.

[0188] Agentsidentified in the above screening assays
find use in the a variety of methods, including methods
of modulating the activity of the target analyte, and con-
ditions related to the presence and/or activity thereof.
[0189] Also provided are kits that find use in practicing
the subject methods, as mentioned above. For example,
in some embodiments, kits for practicing the subject
methods include the blocking reagent, comprising a non-
analyte-specific binding protein coupled to a nucleic acid
component wherein said non-analyte-specific binding
protein has low or no specific binding affinity for said an-
alyte as described above. Said kits may further comprise
at least one set of proximity probes, wherein at least one
proximity probe in a set, but preferably at least two, and
more preferably each proximity probe includes a protein-
aceous analyte-binding domain and a nucleic acid do-
main as described above. As indicated above, the certain
protocols will employ two or more different sets of such
probes for simultaneous detection of two or more target
analytes in a sample, e.g., in multiplex and/or high
throughput formats. As such, in certain embodiments the
kits will include two or more distinct sets of proximity
probes. Furthermore, additional reagents that are re-
quired or desired in the protocol to be practiced with the
kit components may be present, which additional rea-
gents include, but are not limited to one or more of the
following: a ligase, gap/cassette oligonucleotide, ligata-
ble oligonucleotides, a polymerase, a common hybridi-
sation template (or "extension template"), blocking oligo-
nucleotides, solid support for immobilisation of probe,
binding domain or analyte, means for immobilisation of
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probe, binding domain or analyte, detection means e.g.
fluorescently labelled nucleotides or oligonucleotides,
pairs of supplementary nucleic acids, single strand bind-
ing proteins, and PCR amplification reagents (e.g., nu-
cleotides, buffers, cations, etc.), and the like. In certain
embodiments, the kits may include elements employed
in reducing the effective volume of an incubation mixture,
as reviewed above, e.g., a volume excluder. The kit com-
ponents may be present in separate containers, or one
or more of the components may be present in the same
container, where the containers may be storage contain-
ers and/or containers that are employed during the assay
for which the kit is designed.

[0190] In addition to the above components, the sub-
ject kits may further include instructions for practicing the
subject methods. These instructions may be present in
the subject kits in a variety of forms, one or more of which
may be present in the kit. One form in which these in-
structions may be present is as printed information on a
suitable medium or substrate, e.g., a piece or pieces of
paper on which the information is printed, in the packag-
ing of the kit, in a package insert, etc. Yet another means
would be a computer readable medium, e.g., diskette,
CD, etc., on which the information has been recorded.
Yet another means that may be present is a website ad-
dress which may be used via the internet to access the
information at a removed site. Any convenient means
may be present in the kits.

[0191] Accordingly, in a further aspect, the present in-
vention provides a kit for use in a method for detecting
an analyte in a sample, said kit comprising:

(a) a blocking reagent comprising a non-analyte-
specific binding protein coupled to a nucleic acid,
wherein said non-analyte-specific binding protein
has low or no specific binding affinity for said analyte;
and

(b) either:

(i) atleast one set of probes, wherein each probe
in a set comprises a proteinaceous analyte-
binding domain and a nucleic acid domain; or
(ii) at least one set of at least first and second
proximity probes,

wherein at least one probe in each setcomprises a
proteinaceous analyte-binding domain and a nucleic
acid domain and wherein each probe in each probe
set can simultaneously bind to the analyte;

and wherein the nucleic acid domain of the blocking
reagent has less than 80% sequence identity to the
nucleic acid domains of the probes.

[0192] Alsodisclosed herein are kits as defined above,
optionally comprising means for mediating the interaction
between the nucleic acids of said first and second prox-
imity probes (e.g. a splint oligonucleotide and/or a ligase
enzyme, or a polymerase enzyme and/or a common hy-
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bridisation template);and

(d) optionally, comprising means for detecting said
interaction.

[0193] As indicated above, the means for mediating
the interaction between the nucleic acids may include
one or more splint oligonucleotides and/or a ligase en-
zyme, and such means may optionally further comprise
other reagents necessary for the ligase reaction. Alter-
natively, when the assay is a proximity extension assay,
the means for mediating the interaction may include a
polymerase enzyme and/ora common hybridisation tem-
plate, and optionally further reagents used in the exten-
sion reaction. The means for detecting the interaction,
may be any of the means discussed above in the context
of the assay methods, e.g. alabel provided on the nucleic
acid domains of the first and second probe or it may be
amplification means and means for detecting amplifica-
tion products thereof e.g. reagents for a PCR reaction
(e.g. amplification primers, and optionally polymerase
and/or nucleotides, etc.) and for detecting PCR ampli-
cons etc (e.g. Tagman® probes etc.).

[0194] Inanalternative embodiment, the invention pro-
vides a kit for use in a method for detecting an analyte
in a sample, said kit comprising:

(a) a blocking reagent comprising a non-analyte-
specific binding protein coupled to a nucleic acid;
(b) at least one set of probes, wherein each probe
in a set comprises a proteinaceous analyte-binding
domain and a nucleic acid domain;

(c) optionally, means for interacting with the nucleic
acid domain of said probe to produce a detectable
signal (e.g. a circular or circularisable nucleic acid
molecule capable of hybridising to the nucleic acid
domain of said probe and a

[0195] ligase and/or polymerase enzyme), preferably
wherein said detectable signal is a nucleic acid molecule;
and

(d) optionally, means for detecting said detectable
signal.

[0196] The means for interacting between the nucleic
acid of said probe to produce a detectable signal may
include any nucleic acid molecule capable of interacting
specifically with the nucleic acid domain to produce a
detectable nucleic acid molecule. For instance, the
means may be nucleic acid primers, e.g. a primer pair,
and a polymerase enzyme capable of amplifying at least
a portion of the nucleic acid domain of the probe in, e.g.
aPCR. Inaparticularly preferred embodiment the means
comprise a circular or circularisable nucleic acid mole-
cule (akin to a padlock probe) capable of hybridising to
the nucleic acid domain of the probe. The nucleic acid
domain may act as the template to ligate the circularis-
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able nucleic acid molecule and/or as the primer for rolling
circle amplification (RCA). Thus, the means may also
comprise a ligase and/or polymerase enzyme and such
means may optionally further comprise other reagents
necessary for the ligase and/or polymerase reaction, e.g.
a primer for RCA where the nucleic acid domain of the
probe does not act as a primer. The means for detecting
the interaction, may be any of the means discussed
above in the context of the assay methods, e.g. a label
provided on the nucleic acid domains of the probe or the
interacting nucleic acid(s) or it may be amplification
means and means for detecting amplification products
thereof e.g. reagents for a PCR reaction (e.g. amplifica-
tion primers, and optionally polymerase and/or nucle-
otides, etc.) and for detecting PCR amplicons etc (e.g.
Tagman® probes etc.).

[0197] The kit may further optionally comprise a
gap/cassette oligonucleotide and/or blocking oligonucle-
otides for the first and, if present, second probes.
[0198] The kit may further optionally comprise an im-
mobilised capture probe for the analyte, or a capture
probe provided with means for immobilisation. Alterna-
tively, the kit may comprise a solid phase for capture of,
orbinding to, the analyte, or one or more said first, second
or third proximity probes may be immobilised or provided
with means for immobilisation.

[0199] The invention will be further described with ref-
erence to the following non-limiting Examples with refer-
ence to the following drawings in which:

Figure 1 shows the reduction in non-specific back-
ground signal in a proximity ligation assay reaction
using a mismatched PLA-probe pair (NGF and IL-2)
on a human plasma sample and a pure buffer sam-
ple. Where "GP" is Goat blocking Probe and "P.D."
is Plasma Diluent.

Figure 2 shows the effect of individual components
on the non-specific background signal in a PLA re-
action using a mismatched PLA-probe pair (NGF and
IL-2) on a human plasma or serum sample, a diluted
human plasma or serum sample (50/50) and a pure
buffer sample. Where "N40" is a sample of ran-
domised oligonucleotides of 40 nucleotides in length
and "IgG" is bulk IgG from goat. The blocking reagent
is the N40 oligonucleotides conjugated to the bulk
IgG.

Figure 3 shows the evaluation of non-specific back-
ground signal in a PLA reaction in three human plas-
ma samples, 7P, 8P, 11P, and buffer with and without
blocking reagent made from goat (goat probe) and
mismatched target-specific antibodies from rabbit
and rabbit (A), mouse and rabbit (B) and sheep and

mouse (C).
[0200] Figure 4 shows the effect of the blocking rea-

gent (goat probe) in five human plasma samples (3P, 4P,
7P, 8P and 11P) and buffer when using a conjugation
chemistry for the target probes ("1-step innova") that is
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different to the blocking probe ("4-step innova"). The PLA
reactions use mismatched probe pairs 51_7 (A)and 7_51
(B) where sequence number 51 corresponds to ICAM
and sequence number 7 corresponds to TIMP-1.

EXAMPLE 1
Materials and methods:
Conjugation of antibodies

[0201] Covalent SMCC conjugation of antibodies: For
the target-specific probes, polyclonal or monoclonal an-
tibodies were sulfo-SMCC (Sulfosuccinimidyl-4-(N-
maleimidomethyl)cyclohexane-1-carboxylate) conjugat-
ed to the 3’ and 5’ oligonucleotides according to the man-
ufacturer’s protocol (Pierce Biotechnology, Rockford, IL,
USA). To create the blocking probe, a randomized N40
oligonucleotide was conjugated to a polyclonal IgG anti-
body made from goat using the same conjugation proto-
col.

[0202] Covalent Innova conjugation of antibodies: 10
g (1 mg/mL) of antibody was conjugated to the 3’ and
5’ oligonucleotides according to the manufacturer’s pro-
tocol (Innova Biosciences, Cambridge, United Kingdom).
To create the blocking probe, a randomized N40 oligo-
nucleotide was conjugated to a polyclonal IgG antibody
made from goat using the same procedure.

Samples

[0203] HumanEDTA plasma and serum samples were
kindly provided by 8 healthy volunteers from Olink Bio-
science. K3-EDTA anticoagulant tubes (Hettich Labin-
strument, Sollentuna, Sweden) were used for plasma
samples and tubes containing a clot activator (Hettich
Labinstrument, Sollentuna, Sweden) for serum samples.
All samples were incubated for 1-2 hours at RT and were
further centrifuged at 3000 rpm for 10 min prior to alig-
uoting and storage at -20 °C.

Sample preparation

[0204] Plasma and serum samples, as well as buffer,
were diluted 1:2 in Olink plasma diluent buffer, PBS pH
7.4,5 mM EDTA, 0.13 mg/mL salmon sperm DNA, 0.1
% BSA, 0.25 mg/mL IgG, 0.02% sodium azide, either
with or without 2.5 M of blocking reagent, and incubated
for 20 minutes at room temperature.

Probe incubation

[0205] The probe mixes were prepared by diluting the
3’ and 5’ probes in FBB (PBS pH 7.4, 25 mM Tris pH 8,
0.1% Fish Gelatin, 4 mM EDTA, 1 mM Biotin, 0.016
mg/mL salmon sperm DNA, 0.02% sodium azide), 0.1%
Triton X-100/1% BSA to a concentration between 50-200
pM. 2 uL of the probe mix was transferred to each poly-
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propylene cap (Sarstedt, Nimbrecht, Germany), fol-
lowed by 2 pL of properly diluted sample. The caps were
put on the polypropylene tubes, centrifuged shortly and
incubated at +4 °C over night.

Ligation and real-time PCR

[0206] 100 pL of the ligation mix, containing 25 mM
KCl, 2.5 mM MgCl,, 20 mM Tris-HCI (pH 8), 0.004 Weiss
units of T4 DNA ligase (Fermentas, St. Leon-Rot, Ger-
many), 100 nM connector oligonucleotide, 2 mM DTT
and 80 pM ATP, was added to each 4 pL incubation
sample, incubated at 37 °C for 10 minutes and heat-in-
activated at 65 °C for 10 minutes. The total reaction vol-
ume for real-time PCR was 20 pl, containing 11 .l of 200
nM TagMan probe, 500 nM universal primers, 1XTE pH
8.0, 2X Fast Tagman Universal Master Mix (Applied Bi-
osystems, Foster City, CA) and 9 pl of the ligated product.
Samples were run as quadruplicates, and the cycling
conditions were 2 min at 95 °C, followed by 45 cycles of
15 sat95 °C and 60 s at 60 °C. Amplification and detec-
tion were performed using an ABI PRISM 7900 HT (Ap-
plied Biosystems, Foster City, CA).

Data analysis

[0207] Excel was used for calculations and analysis of
the raw data (SDS files) from the g-PCR instrument.

Principle of the Experiments

[0208] The following experiments were performed us-
ing two PLA probes specific for two different protein an-
alytes that do not interact, such as NGF and IL-2. When
a serum or plasma sample is added to such a detection
reaction no signal above "buffer" background should be
detectable unless there are non-specific binding events
by the PLA probes, which bring the probes into proximity,
thereby generating false positive signals. The proximity
ligation assay converts protein analytes into DNA ampli-
cons which are in the following experiments read by real-
time PCR. The average Cts are reported along with the
standard deviations.

EXAMPLE 2

Specificity of PLA in the presence or absence of the
blocking reagent

[0209] Non-specific signals were monitored experi-
mentally by performing proximity ligation assays in hu-
man plasma samples using non-matched probe pairs.
Such non-matched or mismatched probe pairs should
not give rise to any signal (from plasma) over noise (from
pure buffer). The first probe targeted NGF and the other
probe targeted IL-2. Plasma signals derived from such a
mismatched detection where significantly reduced by the
use of the blocking-reagent and including it in the assay



55

procedure (Figure 1).

[0210] Assays were also performed in the presence of
non-conjugated bulk IgG and non-conjugated rand-
omized oligonucleotide separately and simultaneously.
These reactions did not significantly improve assay spe-
cificity, i.e. these to reagents must be conjugated to ob-
tain the reduction in non-specific background signal.

EXAM PLE 3

Assay to demonstrate that the specificity enhancing
effect (blocking effect) is derived from the specific
blocking reagent (antibody conjugated to rand-
omized oligonucleotide) and not from the individual
components of the reagent

[0211] To verify thatthe blocking effect is obtained only
when the randomized N40 oligonucleotide was linked to
the bulk IgG antibody, the effects of the individual com-
ponents were investigated separately and compared to
the effect of the blocking reagent. Addition of just the N40
oligonucleotide (7.5 wM during preincubation of plasma
or serum, plasma or serum diluent (50:50, plasma or se-
rum and buffer) or buffer alone for 20 min RT did not
make any difference on the non-specific signals com-
pared to no additive at all. Addition of the IgG antibody
(2.5 M) reduced the non-specific signals slightly but still
there was a significant cross-reactivity in the plasma and
serum sample. However, addition of the blocking probe
(2.5 pM of antibody with a 3-fold conjugation excess of
N40 oligonucleotide) completely eliminated the cross-re-
activity (Figure 2).

EXAMPLE 4

The blocking effect of the blocking reagent made
from IgG from species different to the species from
which the target-antibodies were obtained

[0212] To further evaluate the effect of the blocking
reagent we investigated whether the effect of using a
probe made of goat IgG could have the same blocking
effect on mismatched probes made from other species
than goat. We tested three different combinations of mis-
mateched probe pairs; rabbit+rabbit (Figure 3A),
mouse-+rabbit (Figure 3B) and sheep+mouse (Figure 3C)
and studied the cross-reactivity in three different human
plasma samples, 7P, 8P and 11P. The only sample to
display any cross-reactivity between the mismatched
probes was 11P when using the combination rabbit+rab-
bit (Figure 3A) and sheep+mouse (Figure 3C), where no
blocking reagent was present in the plasma diluent or
buffer. This cross-reactivity illustrates the need for a
blocking reagent in order to remove unspecific signals
which can appear in certain specific samples. Thus, when
the blocking reagent was incubated in the plasma dilu-
ents or buffer, the cross-reactivity of the non-specific sig-
nals was eliminated. This experiment demonstrates that
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the protein component of the blocking reagent does not
need to originate from the same species as the species
from which the target specific analyte binding domain
was derived.

EXAMPLE 5

The blocking effect of the blocking reagent usingone
conjugation chemistry for the blocking reagent and
different conjugation chemistry for the target-specif-
ic probes

[0213] Inthefollowing experimentone linkage type ("4-
step Innova") was used for the blocking reagent and an-
other linkage type ("1-step Innova") was used for the tar-
get-specific probes. Five different plasma samples were
included in the experiment (3P, 4P, 7P, 8P and 11P) and
two mismatched probe combinations were used (51_7
and 7_51; sequence number 51 corresponds to an anti-
ICAM antibody and sequence number 7 corresponds to
TIMP-1). The non-specific binding in the plasma samples
was significantly reduced when using the blocking rea-
gent (goat probe) for both combinations of the probes
(Figure 4A-B). Thus, the method and linker used to con-
jugate/couple the nucleic acid domain of the blocking re-
agent does not need to be the same as the linker used
to conjugate the nucleic acid domain and analyte-binding
domain of the proximity probe.

[0214] This experiment also demonstrates that whilst
only some of the plasma samples showed non-specific
signals, all could be removed using the blocking reagent.

Claims

1. Use of a conjugate of a non-analyte-specific binding
protein coupled to a nucleic acid as a blocking rea-
gent in a probe-based detection assay which uses
a probe comprising a proteinaceous analyte-binding
partner coupled to a nucleic acid domain to detect
an analyte in a sample, wherein said non-analyte-
specific binding protein has low or no specific binding
affinity for said analyte.

2. A method of detecting an analyte in a sample, which
method comprises the use of a probe comprising a
proteinaceous analyte-binding partner coupled to a
nucleic acid domain, wherein a conjugate of a non-
analyte-specific binding protein coupled to a nucleic
acid is used as a blocking reagent, wherein said non-
analyte-specific binding protein has low or no spe-
cific binding affinity for said analyte.

3. The use of claim 1, being use of a conjugate of a
non-analyte-specific binding protein coupled to a nu-
cleic acid as a blocking reagent in a proximity probe-
based detection assay which uses a proximity probe
comprising a proteinaceous analyte-binding partner
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coupled to a nucleic acid domain to detect an analyte
in a sample, wherein said non-analyte-specific bind-
ing protein has low or no specific binding affinity for
said analyte.

The method of claim 2, being a method of detecting
an analyte in a sample, which method comprises the
use of a proximity probe comprising a proteinaceous
analyte-binding partner coupled to a nucleic acid do-
main, wherein a conjugate of a non-analyte-specific
binding protein coupled to a nucleic acid is used as
a blocking reagent, wherein said non-analyte-spe-
cific binding protein has low or no specific binding
affinity for said analyte, preferably wherein said
method comprises:

(a) contacting said sample with said blocking re-
agent;

(b) contacting said sample with at least one set
of at least first and second proximity probes,
which probes each comprise a proteinaceous
analyte-binding domain and a nucleic acid do-
main and can simultaneously bind to the analyte;
(c) allowing the nucleic acid domains of the prox-
imity probes to interact with each other upon
binding of said proximity probes to said analyte,
wherein said interaction comprises a ligation re-
action or an extension reaction; and

(d) detecting said ligation or extension.

The method of claim 4 wherein the sample is con-
tacted with said blocking reagent before being con-
tacted with said proximity probes.

The use or method of claim 1 or 2, wherein the de-
tection assay or the method of detection is immuno-
PCR or immuno-RCA.

The use or method of any one of claims 1to 6, where-
in the blocking reagent is used in an excess over the
probes.

The use or method of any one of claims 1to 7, where-
in the non-analyte-specific binding protein compo-
nent of the blocking reagent is a serum protein,
streptavidin, a streptavidin-derivative, or a streptavi-
din-like protein.

The use or method of claim 8, wherein the serum
protein component is a globulin and/or an albumin
protein.

The use or method of claim 9 wherein the globulin
comprises bulk IgG comprising a plurality of IgG pro-
teins having a range of binding specificities and af-
finities.

The use or method of any one of claims 8 to 10,
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wherein the serum protein is from the same species
as the proteinaceous target analyte binding domain
of the proximity probe.

The use or method of any one of claims 1 to 11,
wherein the nucleic acid domain of the blocking re-
agent:

(i) has less than 80% sequence identity to the
nucleic acid domains of the probes, splints or
other oligonucleotides used in the assay or to
any nucleic acid used in detecting the interaction
between the proximity probes; or

(ii) comprises one or more randomly generated
nucleic acid sequences; or

(iii) comprises at least 8 nucleotides; or

(iv) comprises single stranded DNA.

The use or method of any one of claims 1 to 12,
wherein the non-analyte-specific binding protein is
coupled to the nucleic acid by covalent linkage.

The use or method of any one of claims 1 to 12,
wherein the non-analyte-specific binding protein is
coupled to the nucleic acid by non-covalent associ-
ation.

The use or method of any one of claims 1 to 14,
wherein the linker used to couple the non-analyte-
specific binding protein component and nucleic acid
domain of the blocking reagent is the same as the
linker that couples the nucleic acid domain of the
probe(s) to the proteinaceous analyte binding do-
main.

A kit for use in a method for detecting an analyte in
a sample, said kit comprising:

(a) a blocking reagent comprising a non-analyte-
specific binding protein coupled to a nucleic acid
domain, wherein said non-analyte-specific bind-
ing protein has low or no specific binding affinity
for said analyte; and

(b) either:

(i) at least one set of probes, wherein each
probe in a set comprises a proteinaceous
analyte-binding domain and a nucleic acid
domain; or

(i) atleastone set of atleastfirstand second
proximity probes,

wherein at least one probe in each set comprises a
proteinaceous analyte-binding domain and a nucleic
acid domain and wherein each probe in each probe
set can simultaneously bind to the analyte;

and wherein the nucleic acid domain of the blocking
reagent has less than 80% sequence identity to the



17.

18.

59 EP 2 593 563 B1 60

nucleic acid domains of the probes

A method for producing a blocking reagent compris-
ing:

(a) extracting serum protein from blood;

(b) preparing a nucleic acid; and

(c) coupling the protein of (a) with the nucleic
acid of (b),

wherein said serum protein is bulk IgG comprising a
plurality of IgG proteins having a range of binding
specificities and affinities.

A blocking reagent obtained or obtainable by the
method of claim 17.

Patentanspriiche

1.

Verwendung eines Konjugats eines nicht analytspe-
zifischen bindenden Proteins, das an eine Nuklein-
saure gekoppelt ist, als blockierendes Reagenz in
einer Nachweisanalyse auf Sondenbasis, bei der ei-
ne Sonde verwendet wird, die einen eiweilhaltigen
analytbindenden Partner umfasst, der an eine Nuk-
leinsdure-Doméane gekoppelt ist, um ein Analyt in
einer Probe nachzuweisen, wobei das genannte
nicht analytspezifische bindende Protein eine nied-
rige oder unspezifische Bindungsaffinitdt zu dem ge-
nannten Analyt hat.

Ein Verfahren zum Nachweis eines Analyts in einer
Probe, wobei dieses Verfahren die Verwendung ei-
ner Sonde umfasst, die einen eiweiflhaltigen analyt-
bindenden Partner, der mit einer Nukleinsédure-Do-
mane gekoppelt ist, enthalt, worin ein Konjugat eines
nicht analytspezifischen bindenden Proteins, das an
eine Nukleinsaure gekoppelt ist, als blockierendes
Reagenz verwendet wird, wobei das genannte nicht
analytspezifische, bindende Protein eine niedrige
oder unspezifische Bindungsaffinitdt zu dem ge-
nannten Analyt hat.

DerZweck von Anspruch 1 istdie Verwendung eines
Konjugats eines nicht analytspezifischen bindenden
Proteins, das an eine Nukleinsédure gekoppeltist, als
blockierendes Reagenz in einer sondenbasierte An-
naherungsnachweisanalyse, bei der eine Anndhe-
rungssonde, die einen eiweilhaltigen analytbinden-
den Partner umfasst, der an eine Nukleinsédure-Do-
mane gekoppelt ist, zum Nachweis eines Analyts in
einer Probe verwendet wird, wobei das genannte
nicht analytspezifische bindende Protein eine nied-
rige oder unspezifische Bindungsaffinitdt zu dem ge-
nannten Analyt hat.

Das Verfahren gemaR Anspruch 2, das ein Verfah-
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ren zum Nachweis eines Analyts in einer Probe ist,
wobei dieses Verfahren die Verwendung einer An-
naherungssonde mit einem eiweillhaltigen analyt-
bindenden Partner umfasst, der an eine Nukleinsau-
re-Domane gekoppelt ist, worin ein Konjugat eines
nicht analytspezifischen bindenden Proteins, das an
eine Nukleinsaure gekoppelt ist, als blockierendes
Reagenz verwendet wird, wobei das genannte nicht
analytspezifische bindende Protein eine niedrige
oder unspezifische Bindungsaffinitdt zu dem ge-
nannten Analyt hat, vorzugsweise wenn dieses Ver-
fahren:

(a) das Kontaktieren der genannten Probe mit
dem genannten blockierenden Reagenz

(b) das Kontaktieren der genannten Probe mit
mindestens einem Satz mindestens einer ersten
und einer zweiten Anndherungssonde, wobei
diese Sonden jeweils eine eiweillhaltige analyt-
bindende Domane und eine Nukleinsdure-Do-
mane umfassen und sich simultan an den Ana-
lyten binden kénnen;

(c) das Erlaubnis der Interaktion der Nukleinsau-
re-Doméanen der Anndherungssonden bei der
Bindung dieser Anndherungssonden an den ge-
nannten Analyten, wobei diese Interaktion eine
Ligationsreaktion oder eine Extensionsreaktion
umfasst; und

(d) den Nachweis der genannten Ligation oder
Extension umfasst.

Das Verfahren gemaR Anspruch 4, wobei die Probe
mit dem genannten blockierenden Reagenz kontak-
tiert wird, bevor es mit diesen Anndherungssonden
kontaktiert wird.

Die Verwendung oder das Verfahren gemaR An-
spruch 1 oder 2, wobei die Nachweisanalyse oder
das Nachweisverfahren eine Immuno-PCR oder Im-
muno-RCA ist.

Die Verwendung oder das Verfahren gemaf einem
der Anspriiche 1 bis 6, wobei das blockierende Re-
agenz im Uberschuss iiber die Sonden verwendet
wird.

Die Verwendung oder das Verfahren gemaf einem
der Anspriiche 1 bis 7, wobei das genannte nicht
analytspezifische, bindende Protein des blockieren-
den Reagenzes ein Serumprotein, Streptavidin, ein
Streptavidin-Derivat oder ein Streptavidindhnliches
Protein ist.

Die Verwendung oder das Verfahren gemaR An-
spruch 8, wobei die Serumprotein-Komponente ein
Globulin und/oder ein Albuminprotein ist.

10. Die Verwendung oder das Verfahren gemafl} An-
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spruch 9, wobei das Globulin einen Grof3teil an IgG
umfasst, das verschiedene IgG- Proteine enthalt, die
eine gewisse Reihe von Bindungsbesonderheiten
und -affinitdten aufweisen.

Die Verwendung oder das Verfahren gemaf einem
der Anspriiche 8 bis 10, wobei das Serumprotein
von derselben Spezies ist, wie die eiweillhaltige Ziel-
analyt bindende Doméane der Annaherungssonde.

Die Verwendung oder das Verfahren gemaf einem
der Anspriiche 1 bis 11, wobei die Nukleinsdure-Do-
mane des blockierenden Reagenzes:

(i) eine Sequenzidentitat von unter 80 % zur Nu-
kleinsdure-Domane der Sonden, Splints oder
anderer Oligonukleotide, die in der Analyse ver-
wendet werden, oder zu irgendeiner Nuklein-
saure, die zum Nachweis der Interaktion zwi-
schen den Anndherungssonden verwendet
wird, aufweist; oder

(ii) eine oder mehrere per Zufall erzeugte Nuk-
leinsdure-Sequenzen umfasst; oder

(iii) mindestens 8 Nukleotide umfasst; oder

(iv) Einzelstrang-DNS umfasst.

Die Verwendung oder das Verfahren gemaf einem
der Anspriiche 1 bis 12, wobei das nicht analytspe-
zifische, bindende Protein mit der Nukleinsaure tiber
kovalente Verbindung gekoppelt ist.

Die Verwendung oder das Verfahren gemaf einem
der Anspriiche 1 bis 12, wobei das nicht analytspe-
zifische, bindende Protein mit der Nukleinsaure tiber
nicht- kovalente Verbindung gekoppelt ist.

Die Verwendung oder das Verfahren gemaf einem
der Anspriche 1 bis 14, wobei der VerknUpfer, der
verwendet wird, um die nicht analytspezifische, bin-
dende Protein-Komponente an die Nukleinsaure-
Domane des blockierenden Reagenzes zu koppeln,
der gleiche ist, wie der Verkniipfer, der die Nuklein-
saure-Domane der Sonden an die eiweil3haltige
Analyt-Bindungsdomane koppelt.

Ein Bausatz, zur Verwendung in einem Verfahren
zum Nachweis eines Analyts in einer Probe, wobei
dieser Bausatz aus:

(a) einem blockierenden Reagenz, das ein nicht
analytspezifisches bindendes Protein, umfasst,
das an eine Nukleinsdure-Doméane gekoppelt
ist, wobei das genannte nicht analytspezifische,
bindende Protein eine niedrige oder unspezifi-
sche Bindungsaffinitdt zu dem genannten Ana-
Iyt hat; und

(b) entweder:
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(i) mindestens einem Satz Sonden, wobei
jede Sonde in einem Satz eine eiweillhalti-
ge analytbindende Doméne und eine Nuk-
leinsdure-Domaéne enthalt; oder

(ii) mindestens einem Satz vom mindestens
einer ersten und einer zweiten Anndhe-
rungssonde, wobei mindestens eine Sonde
in einem Satz eine eiweillhaltige analytbin-
dende Doméane und eine Nukleinsaure-Do-
mane enthalt und worin sich jede Sonde in
jedem Sondensatz simultan an den Analy-
ten binden kann;

und wobei die Nukleinsdure-Doméane des blockie-
renden Reagenzes eine Sequenzidentitat von unter
80 % zu den Nukleinsdure-Domanen der Sonden
hat, besteht.

Ein Verfahren zur Erzeugung eines blockierenden
Reagenzes, das aus:

(a) der Extraktion von Serumprotein aus Blut,
(b) der Herstellung einer Nukleins&ure; und

(c) dem Verkoppeln des Proteins aus (a) mit der
Nukleinsaure aus (b) besteht,

wobei das genannte Globulin einen GroRteil an IgG
umfasst, das verschiedene IgG- Proteine enthalt, die
eine gewisse Reihe von Bindungsbesonderheiten
und -affinitadten aufweisen.

Ein blockierendes Reagenz, das durch das Verfah-
ren gemaf Anspruch 17 erhalten wird oder erhalten
werden kann.

Revendications

Utilisation d’'un conjugué d’une protéine de liaison
non spécifique a un analyte couplée a un acide nu-
cléique comme un réactif de blocage dans un dosa-
ge de détection a base de sonde qui utilise une sonde
comprenant un associé se liant a un analyte protéi-
que couplé a un domaine d’acide nucléique pour dé-
tecter un analyte dans un échantillon, dans laquelle
ladite protéine non spécifique a un analyte a une
faible ou aucune affinité de liaison spécifique pour
ledit analyte.

Procédé de détection d’un analyte dans un échan-
tillon, lequel procédé comprend I'utilisation d’une
sonde comprenant un associé se liant a un analyte
protéique couplé a un domaine d’acide nucléique,
dans lequel un conjugué d’une protéine de liaison
non spécifique a un analyte couplée a un acide nu-
cléique est utilisé comme un réactif de blocage, dans
lequel ladite protéine de liaison non spécifique a un
analyte a une faible ou aucune affinité de liaison spé-
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cifique pour ledit analyte.

Utilisation selon la revendication 1, étant I'utilisation
d’un conjugué d’une protéine de liaison non spécifi-
que a un analyte couplée a un acide nucléique com-
me un réactif de blocage dans un dosage de détec-
tion a base de sonde de proximité qui utilise une
sonde de proximité comprenant un associé se liant
a un analyte protéique couplé a un domaine d’acide
nucléique pour détecter un analyte dans un échan-
tillon, dans laquelle ladite protéine de liaison non
spécifique a un analyte a une faible ou aucune affi-
nité de liaison spécifique pour ledit analyte.

Procédé selon la revendication 2, étant un procédé
de détection d’un analyte dans un échantillon, lequel
procédé comprend I'utilisation d’'une sonde de proxi-
mité comprenant un associé se liant a un analyte
protéique couplé a un domaine d’acide nucléique,
dans lequel un conjugué d’une protéine de liaison
non spécifique a un analyte couplée a un acide nu-
cléique est utilisé comme un réactif de blocage, dans
lequel ladite protéine de liaison non spécifique a un
analyte a une faible ou aucune affinité de liaison spé-
cifique pour ledit analyte, de préférence dans lequel
ledit procédé comprend :

(a) lamise en contact dudit échantillon avec ledit
réactif de blocage ;

(b) la mise en contact dudit échantillon avec au
moins un ensemble d’au moins des premiére et
seconde sondes de proximité, lesquelles son-
des comprennent chacune un domaine de
liaison a un analyte protéique et un domaine
d’acide nucléique et qui peuvent se lier simulta-
nément a 'analyte ;

(c) la permission donnée aux domaines d’acide
nucléique des sondes de proximité d'interagir
'une avec l'autre lors de la liaison desdites son-
des de proximité audit analyte, dans lequel ladite
interaction comprend une réaction de ligature
ou une réaction d’extension ; et

(d) la détection de ladite ligature ou extension.

Procédé selon la revendication 4, dans lequel
I'échantillon est mis en contact avec ledit réactif de
blocage avant d’étre mis en contact avec lesdites
sondes de proximité.

Utilisation ou procédé selon la revendication 1 ou 2,
dans lequel le dosage de détection ou le procédé de
détection sont immuno-PCR ou immuno-RCA.

Utilisation ou procédé selon n’'importe laquelle des
revendications 1 a 6, dans lequel le réactif de bloca-

ge est utilisé en exceés par rapport aux sondes.

Utilisation ou procédé selon n’'importe laquelle des
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revendications 1 a 7, dans lequel le composant pro-
téique de liaison non spécifique a un analyte du réac-
tif de blocage est une protéine sérique, de la strep-
tavidine, un dérivé de streptavidine, ou une protéine
semblable a de la streptavidine.

Utilisation ou procédé selon la revendication 8, dans
lequel le composant de protéine sérique est une pro-
téine de globuline et/ou d’albumine.

Utilisation ou procédé selon la revendication 9, dans
lequel la globuline comprend de I'lgG en vrac com-
prenant une pluralité de protéines IgG ayant une pla-
ge de spécificités et d’affinités de liaison.

Utilisation ou procédé selon n’importe laquelle des
revendications 8 a 10, dans lequel la protéine séri-
que estde laméme espece que le domaine de liaison
d’analyte cible protéique de la sonde de proximité.

Utilisation ou procédé selon n’importe laquelle des
revendications 1 a 11, dans lequel le domaine d’aci-
de nucléique du réactif de blocage :

(i) a une identité de séquence de moins de 80
% par rapport aux domaines d’acide nucléique
des sondes, des attelles ou autres oligonucléo-
tides utilisés dans le dosage ou par rapport a
n'importe quel acide nucléique utilisé dans la
détection de linteraction entre les sondes de
proximité ; ou

(ii) comprend une ou plusieurs séquences d’aci-
des nucléiques produites de fagon aléatoire ; ou
(iii) comprend au moins 8 nucléotides ; ou

(iv) comprend de ’ADN a simple brin.

Utilisation ou procédé selon n’importe laquelle des
revendications 1 a 12, dans lequel la protéine de
liasison non spécifique a un analyte est couplée a
I’acide nucléique par une liaison covalente.

Utilisation ou procédé selon n’importe laquelle des
revendications 1 a 12, dans lequel la protéine de
liasison non spécifique a un analyte est couplée a
I’acide nucléique par une association non covalente.

Utilisation ou procédé selon n’importe laquelle des
revendications 1 a 14, dans lequel le lieur utilisé pour
coupler le composant protéique de liaison non spé-
cifique a un analyte et un domaine d’acide nucléique
du réactif de blocage est le méme que le lieur qui
couple le domaine d’acide nucléique de la ou des
sonde(s) au domaine de liaison d’analyte protéique.

Kit a utiliser dans un procédé pour détecter un ana-
lyte dans un échantillon, ledit kit comprenant :

(a) un réactif de blocage comprenant une pro-
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téine de liaison non spécifique a un analyte cou-
plée a un domaine d’acide nucléique, dans le-
quel ladite protéine de liaison non spécifique a
un analyte a une faible ou aucune affinité de
liaison spécifique pour ledit analyte ; et

(b) soit :

(i) au moins un ensemble de sondes, dans
lequel chaque sonde dans un ensemble
comprend un domaine de liaison d’analyte
protéique etun domaine d’'acide nucléique ;
ou

(i) au moins un ensemble d’au moins des
premiére et seconde sondes de proximité,
dans lequel au moins une sonde dans cha-
que ensemble comprend un domaine de
liaison d’analyte protéique et un domaine
d’acide nucléique et dans lequel chaque
sonde dans chaque jeu de sondes peut se
lier simultanément a I'analyte ;

et dans lequel le domaine d’acide nucléique du réac-
tif de blocage a une identité de séquence de moins
de 80 % par rapport aux domaines d’acide nucléique
des sondes

Procédé pour produire un réactif de blocage
comprenant :

(a) I'extraction de protéine sérique a partir de
sang ;

(b) préparation d’'un acide nucléique ; et

(c) couplage de la protéine de (a) avec I'acide
nucléique de (b),

dans lequel ladite protéine sérique est une IgG en
vrac comprenant une pluralit¢ de protéines 1gG
ayant une plage de spécificités et d’affinités de
liaison.

Réactif de blocage obtenu ou que I'on peut obtenir
par le procédé selon la revendication 17.
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