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that a wide range of emission frequencies can be achieved

by altering the ratio of sulphide to selenide.
In the surface plasmon Yrescnance approach, as
described in Storhoff, J.J., Elghanian, R., Mucic, R.C.,
Mirkin, C.A., ILetsinger, R.L., J. Am. Chem. Soc 1998,
120, 1959-1964 two gold nanoparticles modified on the
‘surface with specific oligonucleotides are used. Both
particles recognise and hybridise a specific strand of
' DNA which is the analyte. This brings the gold particles
into close proximity and the change in frequency of the
surface plasmon resonance is detected. However, such
techniques do not offer the combined multiplexing,
robustness and simplicity which would be desired.
SERRS can uniquely provide the selective labelling
chemistry to develop the new types of assays required.
It has a sensitivity equivalent: 4o or better than
- fluorescence but the key advantage is that each SERRS dye
used as a label gives a unique fingerprint, which can be
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Thus, in a first aspect the present invention
provides a SERRS active bead for use in identification of
a target molecule, wherein the SERRS active bead
comprises aggregated metal colloid and at least one SERRS
active dye, encapsulated within a polymer shell.

A second aspect provides a SERRS active bead as
defined above further comprising a magnetic particle or
particles encapsulated within the polymer bead, for
rendering the SERRS active bead magnetic.

SERRS refers to surface enhanced resonance Raman
scattering. SERRS has been previously described, see for
example Rodger, C.H., Smith, W.E., Dent, G., Edmonson,
M., J. Chem. Soc. Dalton Trans., 1996, 5, 791 and
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Rodger, C.H, Smith, WE.,“Dent, G, Edmonson, M, J.
Chem Soc. Dalton Trans., 1996, 5, 791 and 9 January
2007 2a references therein to which the reader is
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. is to be appreciated that the term SERRS as used
herein should not be construed as limting and the
present invention nmay al so be applied to surface
enhanced Raman scuttering (SERS), but SERRS is
preferred. Surprisingly, it has been found that
encapsul ating the SERRS active, netal nanoparticle
and SERRS active dye wthin a polyner coating, does
not prevent the SERRS signal frombeing easily
det ect ed. Moreover, the SERRS signal can be detected
at a distance, in certain circunstances, of up to 10
nmetres fromthe beads. The pol yner shell may be forned
froma w de variety
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bead(s). The polymer shell may comprise more than one
layer. For example beads may be formed which comprise
some aggregated colloid on the surface. It is possible

to then pass such beads back through the bead making
process, with adding any metal colloid. 1In this manner
an additional polymer cover or layer is created which
contains no metal colloid particles on the surface of the
bead. Nevertheless, in certain instances it may be
desirable to have metal on the surface of the bead and
this may be achieved using the metal colloid or by metal
coating or lithographically depositing metal on the bead
surface. An advantage of beads also including metal on
their surface is that SERRS sensing can also be carried
out on the surface of the bead which is additionally
internally labelled.
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acid, 3-chloro-i-phenyl-l-propene) (meth)acrylic acid
anhydride and derivatives (e.g., methacrylic anhydride),

silicon-containing monomers (e.g., (3-methacryloxypropyl)

trimethoxy silane, tetramethyldisiloxane), polyenes
(e.g., isoprene, 3-hydroxy-3,7, 1 l-trimethyl-1, 6,10~
‘dodecatriene), azides (e.qg., 4~azido-2,3,5,6-

- tetrafluorobenzoic acid), thiols (e.g., allyl mercaptan).

Acrylate terminated or otherwise unsaturated urethanes,
carbonates and epoxies can also be used in this present
invention, as can silicon-based monomers. Crosslinking
agents that lend rigidity to the subject polymeric
-compounds are known to those skilled in the art, and
include, but are not limited to, di~, tri-, tetra- and
penta—fqnctional acrylates, methacrylates, acrylamides,
vinyls, allyls, and styrenes.
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such as c1”, I~, Na* or Mg2t. To increase control over
the process, all equipment used should be scrupulously
clean, and reagents should be of a high grade.

The colloid particles can be of any size so long as
they give rise to a SERRS effect ~ generally they will be
aboﬁt 4 ~ 50 nm in cross-section, .preferably 25 - 36 nm,
though this will depend on the type of metal. ‘

The beads of the present invention can be extremely
small, typically less than 1um in diameter. Preferably

" the beads are about 10nm to 1mm in cross-section, more
preferably about 10nm to 1lum in cross section, but
cbviously not smaller than the dye coated colloid

particles which they encapsulate.
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polymer protects the silver nanoparticles from the
environment.

The polymer used in these beads may further comprise
functional groups (e.g. carboxylic acids, active esters
of carboxylic acids, alcohols, amines, epoxides,
chloromethyl styryl groups, vinyl groups, thiol groups,
maleimide and succinimide) or may be further'derivitised
by a linking group or groups, such that target molecules -
may react and become bonded to the surface of the
particles. The advantage of these groups is that they
can act as points to covalently or non-covalently attach
a molecule to provide a specific capture or analysis.
The term 1linking group refers to any group which
facilitates adherence between one or more target
molecules and one or more SERRS active particles. The
adherence may comprise any sort of bond, including but
not limited to covalent, ionic, hydrogen bonding, van der
Waals forces, or mechanical bonding.




met hod of preparing SERRS active beads conprising the
steps of: 1) forming an aggregated metal col | oi Yfanuary 2007
conprising a SERRS active dye absorbed thereto; 2)
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the aggregated netal colloid. A fourth aspect
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speci ¥l ¢ neddERe aBTERTaTed Jafiple, CTMRIG sthga t Relution
‘sbtesi siafg the polymer beads; and

d) heating the solution so as to cause the

aggregated metal colloid to be taken up and become
encapsulated by the polymer beads.

‘A fifth aspect provides a method of detecting a
target molecule in a sample, the method comprising the
steps of:

a) providing a SERRS active bead(s} as defined
above wherein the bead has been generated so as to have a
specifically identifiable SERRS signal and the surface of
which has been modified so as to have attached thereto a
moiety capable of binding said target molecule;

" b) - contacting sald bead(s) with the sample so as
to allow ahy of said target molecule in the sample to
bind to said bead(s); and

c) detecting said target molecule by way of
detecting the specifically identifiable SERRS signal
obtained from a bead or beads being bound to said target
molecule.

A sixth aspect provides a method of detecting a
specific nucleic acid in - a Sample, comprising the_steps
of: '
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as defined above wherein the bead has been gerfelaguary 2007
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as to have attached theret® a nviety capable of

bi nding said target nolecule wherein the noiety is an
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nol eElul e; detecting said target molecule by way of
detecting the specifically identifiable SERRS signal
obtained from said beads which have been effectively
bound to said substrate.

A seventh aspect provides the method according to
the sixth aspect further comprising one or more washing .
steps to remove unbound reagents from step(s) b, ¢ and/or
e to be removed. :

'An eighth aspect provides a method of detecting a
target molecule in a sample, the method comprising the
steps of:

a) providing a SERRS active bead(s) as defined
above wherein the bead has been generated so as te have a
- specifically identifiable SERRS signal and a surface of
which has been modified so as to have attached thereto a
moiety capable of binding said target molecule;

b) providing a magnetic bead having attached
thereto a moiety capable of binding said target molecule;

c) contacting said SERRS active bead(s) and
magnetic bead(s) with the sample so as to allow any of




b) providing a magnetic bead having attached thereto

a noi ety capabl e of binding said target nolecul%January 2007
contacting said SERRS active bead(s) and magnetic

bead(s) with the sanple sojas to all ow any of 9

January 2007 7b said targeb( nol ecule in the sanple to
bind to said beads; and d) detecting said target
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The polymer beads may be further reacted so as to
add functional or linking groups to an outer surface of
the bead thereby allowing a molecule to be attached to
the bead.

Exanples of suitable target molecules include,
nucleic acids, proteins such as antibodies, aldehydes,
thiols, amines, explosives, drugs of abuse, therapeutic
agents, metabolites and environmental pollutants.
However, the beads, due to their extremely small size may
also find application alone, e.g. as a security mnarker.
The beads may therefore be applied to a surface by being
contained within for example an aerosol spray, paint, ink
or the like. The beads would generally be invisible to
the naked eye, but would be loaded with a particular
SERRS active dye or dye combination such that a specific
'SERRS signal could be detected. This may be particularly
applicable to prevent/minimise counterfeiting.




The beads may therefore be applied to a surface by
being contained within for exanpl e an aerosol %lenggry 2007
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|b| e to the naked eye, but would be | gaded wit
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that a specific SERRS signal could be detected. This
may be particularly applicable to prevent/m nimse
counterfeiting. 9 January 2007 WD 2004/007767

PCT/ GB2003/ 003009 8 Attaching suitable species such
as DNA sequences to _the pal ynmer surface carries out
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ercu e which recognlses a target and contalns a b:LotJ.n
group, and could be brought down on a streptavidin
surface. Alternatively/additionally, the beads could for
example be magnetised by the incorporation of magnetic
species within and/or on the surface of the beads
weighted by the addition of materials which would allow
the particles to be separated on the basis of their
~ weight. The magnetic beads could then be brought down by
using a small magnet to, for example, concentrate the
particles in the beam of the spectrometer.

Suitable madgnetic species may be in the form of
magnetic nanoparticles which are incorporated intc the
bead. Such magnetic nanoparticles may include any
ferromagnetic material in nanoparticle form including
‘iron, magnetite, ferrites and compounds of other metals
such as nickel and cobalt.

Incorporation of the magnetic nanoparticles may be
achieved by combining a solution comprising said magnetic
nanoparticles ‘with a colloid/dye mixture and thereafter




wei ght. The magnetic beads could then be brought down
by using a small nagnet to, for exanple, concehignagy 2007
the particles in the beam of the spectroneter.
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In vet another embodiment of +the invention,
‘molecular imprinting methods can be applied te impart
specific molecular recognition properties to the polymer
shell wvia templating: approaches (see for example WO
00/41723). This generic approach can in principle be
applied to impart affinity to the polymer shell for a
range of analytes, including analytes of clinical,
dietary, forensic and environmental relevance.

.The method for obtaining the SERRS spectrum, may be
conventional., However, the following n{ight apply to the
spectroscopic measurements:
| Typically, the methods of the invention will be
carried out using incident light from a laser, having a

. frequency in the visible spectrum ie. 7380mm - 780mm,
particularly between 400nm - 650nm (the exact frequency-
chosen will generally depend on the dye used in each case
- frequencies in the red area of the visible spectrum
tend, on the whole, to give rise td better surface
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pol ymer shell via tenplating approaches (see for
WO 00/41723). This generic appr h.can in
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pol ynmer shell for a range of analytes, including
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holographlc optical elements for scattered light
detection and fibre-optic waveguides. The intensity of a
SERRS signal can be measured for example using a charge
coupled device (cepy, a silicon photodicde, or
photomultiplier tubes arranged either singly or in series
for cascade amplification of the signal. Photon counting
electronics can be used for sensitive detection. The
choice of detector will largely depend on the sensitivity
of detection required to carry out a particular assay.

Note that the methods of the invention' may involve
either obtaining a full SERRS spectrum across a range of
wavelengths, or selecting a peak and scanning only at the

- wavelength of that peak (ie. Raman "imaging"). It is
also possible to detect all Raman scattering using only a
filter to remove reflected light, Raleigh scattering etc
and a detector such as photodiode.

Apparatus for obtaining and/or analysing a SERRS
spectrum will almost certainly iﬁclude some form of data

~ processor such as a computer.




appropriate excitation frequency. Several devices are
suitable for collecting SERRS signals, includihfpnuary2007
wavel ength sel ective mrrors, holographic optical

s for scattered Iight detection
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re-optic wavegui des. yThe intensity of a
S|gnal can be neasured for exanple using a charge
coupl ed device (CCD), a silicon photodi ode, or
photonul tiplier tubes arranged either singly or in
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he SERRS effect 1s switched on permanently and the
analytlcal event 1is separately carried out by, for

‘example, covalently linking a molecule to be detected to

the polymer surface. The particles disclosed give very
intense, stable SERRS. For simple, sensitive
identification of a specific particle, there is a huge
multiplex labeling capability in suspension which is
unrivalled by any other technique and the SERRS active
nanocaggregates are protected from the environment. In
turn, this enables identification and quantitation of
specific target analytes such as DNA sequences or
peptides in-situ at ultra-low concentrations in a complex
‘mixture.

Disclosed further herein is a method of detecfing a
target molecule in a sample, the method comprising the
steps of:

a) providing a SERRS active bead{s) as defined
above wherein the bead has been generated so as to have
a specifically identifiable SERRS signal




reference spectra for identification of the detected
Raman active conpound or the signal intensity atJanpay 2007
neasured frequencies will be used to cal cul ate the
of Raman active conpound detected. |ln sunmary,
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tbg g&rlﬁﬁtg@qﬁ @obynqqayleoﬁ second antibody which is also

specific for said protein. If the protein is present in

a sanple it effectively becomes sandwiched between the
two antibodies and this can be detected by SERRS being
carried out on the bead attached to the second antibody.
Other molecules which associate naturally may alsoc be
detected such as a receptor/ligand complex, with one of
said complex immobilised on the bead surface.

In a preferred embodiment the method is used to
detect a particular nucleic acid sequence in a sample.
In this case, the bead may be modified so as to have a
molecule capable of specifically hybridising to a nucleic
acid molecule which comprises the particular nucleic acid
sequence, attached to the surface of the bead. The
molecule capable of specifically hybridising may be of a
sufficient length to enable a simple hybridisation and
subsequent detection to occur. Alternatively the
molecule capable of specifically hybridising  to the
target nucleic acid molecule may bhe a relatively short
molecule, say less than 50 nucleotides, e.g. less than 25
nucleotides in length,' designed to act as a primer to
allow hybridisation teo said nucleic acid molecule and




detecting the specifically identifiable SERRS si gnal
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detected. . ‘

Due to the ability of bheing able to generate SERRS
active beads with specific different SERRS signals it is
possible to conduct what is known in the art as a
multiplex reaction using a number of differently labelled
beads each with different immobilised bkinding moieties
e.g. oligonucleotides, 1In the case of oligonucleotides,
each one may be designed to identify, for example, a
particular polymorphism in a nucleic acid molecule, by
incorporating specific sequences at the 3' end which will
only allow chain extension to occur when complementary
binding at the 3' end occurs. That is, when the
nucleotide at the 3' end does not hybridise to the

" target, chain extension cannot occur therefrom. By
carrying out an amplification reaction using another
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during formation of the bead. Thus, it is preset and
protected from the environment by the polywer making the
signal 1long-lived, c¢onstant and unaffected by any
biological event. 1In addition, the sensing species used
to find a specific analyte is covalently attached to the
polymer surface,

3) Multiple detection: The beads may be manufactured so
ag to contain many codes “written" by using different dye
mixtures in each of a number of colloidal suspensions and
by adding aggregated colloid and dye from more than one
suspension to a specific bead. The sharp nature of the
SERRS peaks then enables recognition of each bead type in
a mixture of beads without any separation. Since all
chromophores that adhere strongly to the SERRS active
surfaces can be used, much simpler and more extensive dye
chemistry is possible than with fluorescence. . TFor
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Figure 1 shows a schematic representation of a SERRS

active bead according to the present invention;
Figure 2 shows in schematic a potential use of a
SERRS active bead according to the present invention;
Figure 3 shows the Raman spectra of control beads
and the SERRS of blank beads in Example 2;
Figure 4 shows the SERRS of a dye in a dye coated
~ bead sample; ) '
Figure 5 is a SEM image of dye coated beads, the

measurement bar is 10 pm in length and the average

diameter of the beads shown in ~ 0.8 um;

Figure 6 shows the SERRS spectra of ABT DMOPA, SHQPK
and a 1:10 ratio mixture of both dyes;

Figure 7 shows the SERRS spectra 8HQPK,
benzotriazole rhodamine B and a 3:1 mixture of both dyes;
and
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Bunsen burner to a temperature of 98%c. At this point 10

ml of a 1% solution of tri-sodium citrate was added. The
temperature was then carefully controlled, keeping the
temperature constant at 98%c for 90 minutes. After this
period of constant temperature the colloidal suspension
was cooled and its UV absorbance spectrum measured.
Colloid with a maximum UV absorbance within the range 403
- 410 nm was used in the experiments detailed below.

The silver pellets used in the polymerisations were
prepared by centrifuging 12 tubes containing 12 ml of
citrate-reduced colloid (Apax ©Ff 406mm) at 3000 r.p.m.
"for 20 minhtes. The supernatant from each tube was
removed and the remaining silver was concentrated into
one tube. The concentrated pellet was then re-suspended
in acetonitrile using ultrasonication, which was then
‘centrifuged at 3000 r.p.m. for 40 minutes. The
supernatant was removed once again, the resultant pellet
re-suspendéd in acetonitrile using ultrasonication (5 ml)
and the suspension incorporated into the polymerisation.
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m xture of both dyes; and 9 January 2007 WO
2004/ 007767 PCT/ GB2003/ 003009 16 Figure 8 shows a
schematic representation of how a SERRS active bead
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qmymgrconm%uqhamgegzwnthoﬁcetonltrlle (20 ml), the dye-
free suspension of colloid in acetonitrile (5 ml),
divinylbenzene 80 (0.5 g) and AIBN (0.005 g), and the
reaction vessel for the Dye-Loaded polymer was charged
‘with acetonitrile (20 ml), the dye-loaded suspension of
colloid in acetonitrile (5m1), divinylbenzene 80 (0.5 o)
and AIBN (0.005 g). The reaction vessels were shaken to
dissolve the monomer and the AIBN, cooled on an ice-water
bath for ~10 minutes and then sparged with oxygen-free
nitrogen gas to remove dissolved oxygen. The tubes were
then sealed and polymerisation effected by heating at
60% on a low-profile roller for a period of 24 hours.
Following polymerisation the polymer beads were isolated
by filtration on membrane filter (0.2 um), washed with
several volumes of fresh acetonitrile and then dried in

vacuo at 40°C.

Bead Modification e
1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC)

(500 mg) in 25 ml of 0.1 M MES buffer (pH 4.5) was added

to the polymer beads and incubated at 25% for two hours
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whi ch was then centrifuged at 3000 r.p.m for 40
m nutes. The supernatant was renoved once again, the
resultant pellet re-suspended in acetonitrile using
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system brought out on a streptavidin plate or bead (20).
This assay specifically recognises the target sequence
(14), which hybridised both the particle (10), and the
biotinylated sequeﬂce (16) . Alternatively, if magnetic
particles are added to the bead, it and the hybridised
target could be brought down on a suitable surface
without the biotin step. In both methods wvarious
approaches can be used to remove the unincorporated
probe. In the first method, no label is brought down if
extra biotin is added to the streptavidin plate and
consequently it is an interferent that does not need to
be rigorously removed. However, the size of the complex
created with the label makes separation easy and in
either method removal of an unincorporated probe can be
achieved using a flow «cell system or a short
chromatography step. Alternatively magnetic separation
can be achieved by using magnetically coated streptavidin
 beads to pull the complex from solution.
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size filter paper, washed with acetonitrile and dried in
a vacuum oven. ‘

A small amount of the beads (i.e. control, blank and
dye containing beads)iwere then suspended in "1 ml of
acetonitrile, ultrasonicated, dropped onto a microscope
glide and allowed to dry. The spectra shown in Figures 3
and 4 were then recorded on the systen 100 Renishaw
microprobe Raman spectrometer, x20 objective, 100% power
“gmW) 1s, la.

Figure 3 shows the Raman of control beads which are
identified as (a) and the SERRS of blank beads which are
identified as (b)

Figure 4 shows the SERRS of the dye in the dye

containing bead sample.
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the spectrum of the nixture (c)}. Peaks labelled (i-v),
(vii) and (viii} all originate from the 8HQPK dye (i.e.
1-[4~({8-hydroxy-quinolin-5ylazo)-phenyl]-ethanone) while
the peak labelled (ix} is from the ABT DMOPA dye. The
peak at ~1360cm™1 in the mixture spectra (¢} is a
combination of the peaks at that position from both dyes.
The intensity of this peak has increased relative to the
other peaks in the spectrum.
Figure 7 shows the SERRS spectra of (a) S8HQPK, (b)
- Benzotriazole rhodamine B and (¢) a 3:1 ratio mixture of
both dyes. Collected on the Renishaw microscope system,
514nm, 5s,3a, 100% power (approx. 3mW), x5 objectiVe. In
Figure 7, the main peaks of each of the two dyes (a)
8HOPK and (b) BTRB can be clearly identified in the
spectrum of the mixture {(c). Peaks labelled (i-viii) all
originate. from the 8HQPK dye (i.e. Benzotriazole
Rhodamine B =~ {9-[4~(Benzotriazol-5-yl sulfamoyl)-2-
methyl-phenyl] —6-diethy1amino-xanthen-3yl idene}diethyl-~
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are |dent|f|ed as (b) Figure 4 shows the SERRS of the
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(a) ABT DMOPA (GW19), (b) SHQPK, and (C) a 1:10 ratio
MetHad dadf both dyes. The spectra were collected on
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power (appr ox. X5, ob tive. In Figure 6,
Gping akgaﬂe%ﬁrepeﬁbe%vsbf dypesparbiciBT DMOPA and
(b) SHORK aamahplel efr kyei dert pirbadcet nintdeiapeddyr uhe

égséJ“%ﬂné§%%£fe(5)Whgggkg L%QEkkegtﬁiﬁ\gnd a bead have;
been hybridised to the target DNA, a small flat tip from
an electro magnet was introduced into a micro titre plate .

well containing PCR product. The magnet was -switched on

and all magnetic beads collected. The magnet was then.
removed from the solution, dipped into a second well to

wash it and then into a third well with a streptavidin
coated area as in exanple 2. The electro magnet was

switched off in the third well and the beads released.

Following a period of two minutes in which the beads were

allowed to attach to the streptavidin area, the magnet

was switched on again. This removed all unattached
beads.

In this way, all wunincorporated biotin primer
remained in the first well and all beads not attached to
the target strip were removed in the first step and
biotin labelled DNA not attached to the target strip was
removed in the second step. The beads remaining in the
foot of the well after the second step were interrogated
as in Example 2 and the SERRS code used to identify the
bead and hence the target DNA.
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interrogation volume. This increases sensitivity. It is
reliable and selective because it inveolves a double

hybridisation event.

Method (c)
" This method illustrates the combined use of Raman

and fluorescence with magnetic beads.

Using the PCR mix from example 4 where Sybr green
has been added to the DNA, the electromagnet was dipped
into the PCR mix. It was switched on and the magnetic
beads removed. The mix was then directly interrogated
under the Raman microscope. A frequency was chosen so
that the fluorescence and the Raman signhals were detected
on separate arts of the CCD detector. The method is .
effective Dbecause of the sensitivity created by
collecting the beads in a small area for immediate
~detection, The fluorescence from Sybr green detects a
hybridisation even within a conventional PCR machine so
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bead so that the group on the 5' end adheres to the

surface of the bead.

Figure 8a shows a schematic representation of such a
beéad 50, which has a specific SERRS signature by virtue
of the dye labelled colloid particles 52 found within the
bead 50, with a number of identical oligonucleotides 54
adhered to the surface of the bead 50.

PCR Amplification of the Target
PCR is used to amplify a specific piece of double

stranded DNA from the sample. This makes use of the
existing specificity of PCR by using allele specific
oligonucleotides for genotyping. Initially, priner

sequences can be chosen to detect the mutational status
of the most common mutation found in a particular
disease. To analyse the genotype of the sample DNA, two
forward primers may be used along with one reverse primer
in a multiplexed - amplification refractory mutation
system, ARMS. The forward primers are immobilised via a
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-Initial Screening of the PCR {optional]

The success of the PCR can be measured by the
increase in fluorescence of, for example, Sybr Green (64,
see Figure 8c) as the amount of double stranded DNA
increases. Use of a dissociation curve at the end of the
PCR' will confirm the presence of PCR product and not
primer dimer. Thus if there is any amplification then
the fluorescence will show this. It is possible to use a
QPCR instrument to measure the increase in fluorescence
during the PCR however a conventional plate reader could

" also be used after the PCR to rapidly analyse the tubes.
Control tubes of no template controls and Beads with
nonsense DNA can be used a deemed appropriate.

Immobilisation of the SERRS Beads on a Surface

' Once the tubes that have an increase in fluorescence
had been optionally identified as having PCR product, the
contents can be gpotted onto a streptavidin coated slide
(66, see Figure 8d). This immobilises the biotinylated




1 in which an outer surface of the bead has been
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Beads. In thé case exanpl e_a pent apl ex
reacFVBﬁc?]r% the whole setup should take 1little more.

than the time for a standard QPCR experiment i.e. about
150 mins if a dissociation curve is used or about 60 mins
if less cycles are used in a standard PCR cycler. The
PCR setup can be arranged in such a way that the
effective concentration of the primers on the beads and
the final volume will be entered inte a spread sheet and
all other values automatically displaved. This makes
setting up the PCR very simple and reduced systematic
error in the calculations. After the PCR has finished
there may be a need to pipette the contents of the strip
tubes into microtitre plates for either plate reading or
to be compatible with robotic handling. Alternatively
direct pipetting onto the streptavidin slide is an
option.

It may be possible to use linear extension as
opposed to amplification to incorporate the SERRS Bead
into a long double stranded piece of DNA. Fluorescence
detection is unlikely to pick this up but the SERRS Beads
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Neftdtedd away in a series of washes. (This will include
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_ el S35l %F¥|Wﬁg%,le1nyl enzene 80 and methacryllc
acid. The surface of the beads is covered with a number
of carboxylic acid groups. These active acid groups are
used for attaching oligonucleotides and other molecules

to the surface of the bead.

DNA sequences
Two sequences were synthesised using the Expedite
DNA Synthesiser
Sequence A containing an amine linker, X.
A -X~GTATCTATATTCATCATAGGAAACACCATT
Sequence B containing biotin, B
B -B-GACTTCACTTCTAATGATGATTATGEGAGA

Sequence
Sequence

(X = aminohexamethylene and is added to the 5'-
terminus to produce an oligonucleotide with a primary
amine group at the end of a carbon chain after solid

phase synthesis and purification).
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t he SERRS beads binding assay is presented heﬁ%MHW%Y2007
this exanple the 110 base | ong sequence of a nutant

wo 26Meb7e7 Fi brosis gene i s anal ysed. The actiwesmudidosne
of a SERRS bead, l|abell®d with an azo dye, was
derivatised wth a short oligonucleotide probe,
coamHsenentary to a sequence of DNA found on a nutant
pyst 'lﬁ §ﬂ:}3§{sosdc?t1%n %rea-drh eoui,ant jGF 1ﬁghﬁﬂgh¥@§10ﬂ i ke

to a biotin rou he opposite end sequence
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Expedite DNA Synthesiser Sequence A" containing a
R | rﬂfer fc;(mlnge gendead which encapsulates the
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contai ning biotin, B Sequence B

- B- GACTTCACTTCTAATGATGATTATGGGAGA (X = .
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beads & ng% usi ng 1-ethyl 3- dineth Ian1n2§rog¥'§
y éﬁngN alkyl acrylate 1

acrylates hydroxyypropyl acrylate), methacrylic acid and

derivatives (e.g., itaconic acid, 2~(trif1uoromethy1)
propenoic acid), ‘methacrylates (e.q., methyl
methacrylate, hydroxyethyl methacrylate, 3-sulfopropyl
methacrylate sodium salt), styrenes {e.qg., (2,3 and 4)‘-
aminostyrene, styrene-4-sulfonic acid, 3-nitrostyrene),
vinyls (e.g., vinyl chloroformate, 4-vinylbenzoic acid,
4-vinylbenzaldehyde, vinly imidazole, 4-vinylphenol, 4~
vinylamine, acrolein), vinylpyridines (e.g., (2,3 and 4)-
vinylpyridine, 3-butene 1,2-diol}, boronic acids {e.q.,
4-vinylboronic acid}, sulfonic acids (e.g., 4~
vinylsulfonic acid), wmetal chelators (e.g., styrene
iminodiacetic acid), acrylamides and derivatives (e.g.,
N-methyl acrylamide), methacrylamides and derivatives
- (e.qg., N,N-dimethyl acrylamide, N~(3—'
aminopropyl)methacrylamide), alkenes (e.g., 4=-pentenoic
acid, 3~chloro-l-phenyl-l-propene) (meth)acrylic acid
anhydride and derivates (e.g., methacrylic anhydride),
silicon-containing monomers (e.g., (3-
methacryloxypropyl) trimethoxy ' silane,




hydr oxysucci ni mi de (24ng) in 0.1M PBS (7501) buffer
and acetonitrile (100111). Sequence B.(0.5pM 3Wgguary 2007
used in the PCR anplification reaction with its CF

wo 0mapl/enent and a reverse prinmer. The predpcB2008®3009
purified and added to tite oligo derivatised beads
w th additional Sequence B and heated to 950 for
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DS soluti on water .and acetonitrile. The beads were
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ANG depefd %%%R$eas&aae Seadi iy tSary of claims 1 or

|dent|f| cation of a_ target mpl ecule, wherein the
AERERERYN v S3da dPRARY s@e%éﬂ egaP EF SrettarTEd| | Srem
acty bitd easimiia<8ERRS atliemel sedyensanoaped| atredhanes,

o I .
SR AP T Bt or 1 fePhbadl WokEndEEl, |
formed froma w de variety of m)nomars and cross

61 nkef ssERRG ta@itmge W&drmhgpebyaﬁﬁl ﬁﬁad@cﬁng claim
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sal d polynmer shell or shells is/are fornged from anX
6?r){1}?é2%| | BRFRCIladess ARG HAIeS v e ¥ 1R e o1 1Y 1S,
and yWiyremesd and derivatives (e.g., 2-brompacrylic
acid, acryloyl chloride, N-acryl oyI tyrosine,
N-acryoyl pyrrolidinone), acrylates (e.g., alkyl

Ger yITtERRSaRCFLVE Jegdd ACCOT IR BRYIRY OWC%WI Sﬂ-é}m
' mﬂéﬂ‘&!ﬁf ytn@ AGgytegitea dRetyat Idtﬂ.&oﬁ.@ g:ompu:ﬁae@nlsqlver,

trifluoronet
B8l din ot (REGT Alpk, pBLERRT Suf Rkl
hydroxyet hyl nethacrylate, 3- suI fopropyl
7. A SERRS active bead according to any preceding clainm

wherein the aggregated metal colloid comprises a naked
metal or a metal oxide layer on a metal surface.

8. A SERRS active bead according to any preceding claim
wherein the aggregated metal colloid comprises an organic
coating df citrate or of a polylysine or polyphenol
polymer, to increase its sorptive capacity.

9, A SERRS active bead according to any preceding claim
wherein the aggregated metal colloid is in the form of
aggregated metal colloid particle or particles.

10. A SERRS active bead according to claim 9 wherein the
aggregated- metal colloid particles have a cross section
of about 4 - 50 nm, or about 25 - 36 nmn.




met hacryl ate sodiumsalt), styrenes (e.g., (2,3
" 4)- anminostyrene, styrene-4-sulfonic acid, 9kmumy2007
3-nitrostyrene), vinyls (e.g., vinyl chloroformte,

wo 26baéyl benzoi c acid, 4-vi nyl benzal dehydg;T/aBabayoosoos
i m dazol e, 4-viny|phend0, 4- vinyl am ne, acrol ein),
vi nyl pyridines (e.g. (2 3 and 4) - vinyl pyridi ne,

ilbu:‘g% agtéxzz uarrfcol%: g é 1?% %receillng claim

vhﬁyesrulﬁrmmS@Rasl dgctl‘rﬁatmadc ﬂp@EaﬁoPSO%%-sgectlgny péndéess
gLpod Hﬁﬁftlc acid), acrylam des and derivatives

%e nmet hyl acryl am de), nethacryl am des and
derivatives (e.g., N Ndinethyl acrylamde, N(3-

agi, no?rsmaﬁs) E%Em@éryéﬁnﬁordﬂhlgeﬁssallﬁf Kreceding claim
nr en - Pr
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, id f
lrds (o it "8 plePoBoL PALE w i QRERRiRGTBLEY o ave
@ﬁ’éﬁ%@@ﬂ& nee t @Sany%fq%m%\lra‘# 1daptipgyirhabile sGERRS
fo4wamy. shell (s) is/are forned from acrylate
term nated or otherw se unsaturated urethanes,
carbonates and epoxies or silicon-based nononers. 5. A

BERBS. {FiRRSe abbive desrst diawpridngnyo pamy gpifenpddhgi plainm
wherSin eakd RitleyiBEL Slilvindr CORPTI S?ﬁrﬁﬁ&sSlc'oﬁb!r@Qes

ts that lend rigidiity "tg the subject y.
Bt sormes Sioouah | Prom; aRY i the Following:
parb@sfliect achdd , actﬁbatesstenﬂIwaﬁrybathnxyllc acids,
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active HBead accdrdi'ng to any prece
YHRLi gougsy o ABt ATQBIN ot LesRIAS S8 FUaRIninige} dor

:C@pﬂﬁftﬁél‘r ﬂeta{aaiééw 150lal wldkian@ﬁ@sp ok dirobBBBSsuch
@l%etﬂ!'. Vtearg %d a (e:glg es %atno r%%)étp 8eg eC lb%u@ded to the
surface of the bead(s), or such that a moiety may react
and become bounded to the surface of the bead(s) which

moiety is capable of binding said target molecule.

14. A SERRS active bead according to any preceding claim
wherein the beads are used as a labelling technology for
protein and antibody detection.

15. A SERRS active bead according to any preceding claim
wherein molecular imprinting mnethods are applied to
impart specific molecular recognition properties to the _
polyner shell via templating approaches. )




wherein the aggregated netal colloid conprises a naked
metal or a metal oxide |layer on a netal surfac@JasuaTﬁZOO'/
SERBS active bead according to any preceding claim

wo 2agé@én the aggregated netal colloid conpri/gemosimzice
organic coating of citmate or of a polylysine or
pol yphenol polyner, to increase its sorptive

t d di
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eﬁc% k&S WJ.J:Q:LnAtﬁgREgl%EiCVﬁe@&adféﬁCQEH&é‘ﬂlﬁé) the

[ai'm 9 V\,her el n ggr egated. netal colloid

%%?“%91 @I%"ﬂa@%adaw ection of about 4 - 50 nm or
about 25 - 36 nm 9 January 2007 WD 2004/007767
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accordlng 0 Fany” precedi n er el SERBS
mqaﬂenue&éiaﬁlaswlaemlésﬁa%ctbeeﬁ gPmpEises ﬁwé‘ﬁsﬁeﬁ?ﬁ‘ble
élli'r'RRSA\ s&\'éhﬁﬁa‘@ aghé V@MSER Sa@a@os@m% & Dyradly HYfingedbtgined
clai m er actjve
By YA e KRS ATHAVE RS dTEy OF cES LR e ChRERLS
@t tihee dyramepthiin dagh beﬁﬁrl si ng aggregated netal-
colloid and a SERBS active dye or dyes absorbed
t heret o, wherein each ,of said na}_&qpar i cles genera

¥ suBsmathrdl P PHERRYLYY SERRRICiIgRaPeags SPEPTisSing
thotedpd wEth differing dyes or dye conbinations so

as tq,gen [ g%‘a&l w23BS | I

SERB )act ?égﬁﬁ.“gdg% ‘%#JIL tde(; any@plrcé:'f:iéjL ?ﬁg%gpgngﬁlg
wher @ SERRE afikisfarsye BBF?H’B?ds%r]e Pért her conpri ses
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carboxylic_acids, e of _carboxylic acids,

al coRSTE™hnthed Su@‘p@&#ﬁeggi&%'?tdr grlf‘ét hyl styryl

gr oups, efﬁé%mmmqﬂmﬂgpbuﬁ thel apgricieraRp as
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group or such that target nol ecul es can
reactmegﬁﬁd %’rﬂe‘ bounded to the surface of the

~bead(s), or such that a noiety may react and becone
pounged,dipohinesSUrbpsriRf sPtrPeAN e WUa@R comprising
the steps of: -

a) providing a monomer in a suitable solvent;

b) effecting polymerisation of the monomer so as
to form polymer beads; ‘

c) adding aggregated metal colloid to a solution
comprising the polymer beads; and

ad) heating the solution so as to cause the
aggregated metal colloid to be taken up and become
encapsulated by the polymer beads.

20. A method according to claims 18 or 12 wherein the
polymer beads are further reacted so as to add functional
or linking groups to an outer surface of the bead thereby
allowing a molecule to be attached to the bead.




noi ety is capable of binding said target nolecule. 14.
A SERBS active bead according to any precedi ng Sclaapary 2007
wherein the beads are used as a | abelling technol ogy

WO 200310077 ot ei n and anti body detection. 15. rér/SEi8RH03009
active bead according t& any preceding claim wherein
nmol ecul ar inprinting nethods are applied to inpart
speci fic nol ecul ar recognition properties to the

%‘8'0 gt ho T el eoddifootne ge” et Hess

e meshpdagompristidion §he ocS'BF Riéceding claim further
CONPE)Si nﬁr@vi@ﬁ{getacwmsl abenaé aaaaw)l e§ccording to

encapsul at ed fhin_the head,, fo n r|
e "RERES aﬁr'%”tf% bdad rrggné'f FFeify the EB?‘; Hek qgeen
ﬁRBstadt soeabebodshaite & dipegifdcably m@ﬁedlngl%l SERRS
gfifeﬁ{a@ ranﬁaceﬁeb%@fseg%fwﬁleh dh§§ epbaak! foa SERRS so as
q\r;g{ he di scernabl e SERRS nal belqg Qbtain d
Fy?ﬁﬁth%d SES¥StRc P T 8’*6’5’7%3 WP AePAnfiRg s
'H.aﬁ:\g@tSmomécﬁm dyes within each bead. 18. A nethod of
prepaki ng [ bgads; i3 t e
1) %l)m nagggi?aggﬁe aatqdd net a(I%(?::TR‘fJ] ol con%)hﬁpglgn% s
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oERRRACELYR ReBERa COHMPEd S Bheilde KRS tof safd target
provi ding a nononer in a suitable solvent; b)
WFEEYAPNg pol yneri sation of the nononer so as to form
pol ymer beads; c) adding aggregat ed netal colloid to a
) Uirh@N e ERBR! hOLALIA ROI01ARN BIAGRer@lfl Hhe NEALIA
ie SO |on So as to _cause the )
molecule is= an antibody, antigen, receptor, ligand or

nucleic acid molecule, such as a DNA molecule.

23. The method according to claim 22 wherein the moiety
capable of binding said target molecule is an antigen,
antibody, ligand, receptor or complementary nucleic acid
respectively.

24. The method according to any one of claims 21 - 23
wherein the bead(s) are magnetic such that the bead(s)
may easily be separated and/or concentrated after step
b) -

25. A method of detecting a -specific nucleic acid in a
sample, comprising the steps of: _

a) providing a SERRS active bead(s) according to
any one of claims 1 - 16 wherein the bead has been
generated so as to have a specifically identifiable SERRS
signal and the surface of which has been modified so as
to have attached thereto a moiety capable of binding said
target molecule wherein the moiety is an oligonucleotide




aggregated netal colloid to be taken up and becone
encapsul ated by the pol yner beads. 20. A met hod January 2007
according to clainms 18 or 19 wherein the polymer

wo 2adgeare further reacted so as to add fpogEBRIE309T
l'i nking groups to an ouser surface of the bead thereby
allowing a nolecule to be attached to the bead. 9
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easl % e separated and/ or concentrated after step b)
boupd A FRIARPRSCT@EBecting a specific nucleic acid in
a sanple, conprising the steps of: :

26. The method according to claim 25 further comprising
one or more washing steps to remove unbound reagents from

step(s) b, c and/or e to be removed.




a) providing a SERRS active bead(s) according to any
one of clainms 1 - 16 wherein the bead has been ?January 2007
generated so as to have a specifically identifiable '
SERBS signal and the surfgce of which has been

nodi fied so as to have attached thereto a noiety

caphabl @ osktbpddphgdstectingapgetrget amilerulkenei a sdeple,

ety i n_oligonucl eptide 9 January 2007 WO
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speci f agal | préybiid) sh NgEMkE hadr i Ak 98Ladlts) eh&corBind: to

b) contacting said bead(s) with the sanple so as to
alBw an§ 6F salafinar det- nbel eihergdpd the t head ampise hesn

bijadet-9r8ai 4o bead( sy C ! id targe ou%RR
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dekegbtngoidcpad.d anplification reaction has been
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nucl ei®) actuPWiskidgbeads maignktacsubtade bapahde aftached
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i dentid) ablenthkdRIngi gmatia oltreireed ddtarfesaikddgads and
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unbound reagents from step(s , C and/or e to be
rarmbved. 9 January 2007 34 27. A nethod of detecting

a target lecule in a sanple, the nmethad conprising
the ste psngfe:%eﬁflﬁgov‘?a’r g BSERRS SV hedl(s)AY T of
ageedc iy t @heaN¥pBREE 0Ea Ll Al MRy r16pY0Er 8ktkd N&ignal
bead has been generated so as to have a specifically
| RIS firemSERREBRRS active. bead or beads being bound to

- said target molecule.

28. The method according to claim 27, wherein step c)
further comprises the step of removing the beads from

solution by centrifugation or magnetic field(s).

29. TUse of a SERRS reactive bead according to any one of

claims 1 - 16 as a label in a sandwich assay.

30. The use according to claim 29 wherein an antigen to
be detected is trapped by an antibody immobolised on a
surface and an antibody coated on the SERRS reactive

bead.




signal and a surface of which has been nodified so as
to have attached thereto a noiety capable of bl {38yaiy 2007
said target nolecule; b) providing a magnetic bead
havi ng attached thereto noi ety capabl e of bi ndi ng
said target nolecule; c¢) Contacting said SERRS active
bedd( s)Ttendismgneatdmiibead(cs clalith 3tohe wirirelia Theasukbace
aIAOM/an of said target nolecule in the sanple to
bi 1 Tb & 4P§ 6L48sP%2And d) detecting said target
nol ecul e by way of detecting the specifically
identifiable SERRS signal obtained froma SERRS
act? ve Athéagigenbbsarrerking sbSERESt act v doeat gemprising
&ﬁgg 8. aod .accarding, to claim .
V\n/ﬁgér el gte ép Imce)-lg?’{élf ur?cglhllé’ rldc Si ng% riest THE sf’%% %fZ’P‘RS active
r edpov i evgeapre lbeads Withih a0lpulligerbyneent r khagat wa@gnétic
ng%%géic field(s). 29. Use of a SERRS reactive bead
a ing to any one of clains 1 - 16 as a |label in a
sandw ch assay. 30. The use according to claim?29
wherein an antigen to be detected is trapped by an
anti body i mmobolised on a surface and an anti body
coated on the SERRS reactive bead. 9 January 2007 35
31. The use according to claim30, wherein the surface
is on a magnetic bead. 32. An antigen trapped by a
SERRS active bead conprising aggregated netal colloid
and at | east one SERRS active dye encapsulated within
a polyner shell; and a magnetic bead.




