| SERRS REACTI VE PARTI CLES The present invention
relates to the provision of SERRS active pol yner
beads and a nethod of their production for use in
detecting target nnlecubes, as well as nethods of
detecting target nol ecules. Recent devel opnents in
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range of emission frequenc:Les can be achieved
by altering the ratio of sulphlde to selenide.
In the surface plasmon resohance approach, as
described in Storhoff, J. J., Elghanian, R., Mucic, R.cC.
) h F
erkln, C.A., Letsinger, R.L. J. Am. Chem. Soc 1998

120, 1959~1964 two gold nanopartlcles modified on the:

- surface with specific oligonucleotides are used. Both
- particles recognise and hybrldlse a specific strand of

. DNA which is the. analyte. This brings the gold part:a_cles
into close proximity and the change in frequency of the -
surface plasmon resonance is detected, - However, such
_technlques do not offer the combined multiplexing,
robustness and sa.mpllc:lty which would be desired,

SERRS can uniquely prov1de the selective labelllng-
chemistry to develop the new types of assays required.
- It has a sensitivity equivalent to or better +than
‘fluorescence but the key advantage is that each SERRS dye
used as a label gives a unigue flngerprlnt which can be




SERRS can uni quely provide the selective |abelling

chem stry to devel op the new types of assays

required.' it has a sensitivity equivalent to or

better than fluorescence but the key advantage is

that each SERRS dye used as a |label gives a unique

fingerprint, which can Pe 2 recognized in a dye

m xture w thout separatTon. There are now about 50

speci al |y designed dyes for SERRS, each of which

gi ves a uni que spectrum Al though effective met hods
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~.one dye to be encapsulated such that more than - one SERRS -
,31gnal -can be detected.

Thus, ~ in a first aspect the present invention
Aprova.des a SERRS. actlve bead for use in identification of
.a target - molecule, . wherem the SERRS active bead
_ comprises aggregated metal colloid and at least one SERRS
- active dye, en_capsulated within a ,polymer shell-.

A second aspect. provides a SERRS active bead as
" defined above further ‘comprising a magnetic particle or
partlcles encapsulated within the poelymer bead, for
renderlng the SERRS actlve bead magnetlc

’ SERRS refers to surface enhanced ‘resonance Raman
. -scatterlng. SERRS has been prevz.ously descr:r.bed see for
- .example Rodger, C.H., . Smith, W.E., Dent, &¢., Edinonsoh,
‘M., J. Chem. Soc. - Dalton Trans., 1996, 8§, _7Si and



particles encapsul ated- within the pol yner bead, for
rendering the SERRS active bead magnetic. SERRS refers
to surface enhanced resonance Ranan . scattering.
SERRS has been previously described, see for exanple
Rodger, C.H, Smth, WE., Dent, G, Ednonson, M, J.
Chem Soc. Dalton Trans., £896, 5, 791 and 2a
references therein to which the reader is directed for
background information. Surprisingly, there is a

wi despread fl uorescence quenchi ng mechani smon the
silver surface._ This neans that alnost all dyes give
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the term SERRS as used herein should not be construed
as limting and the present invention may al so be
applied to surface enhanced Raman scuttering (SERS),
but SERRS is preferred. Surprisingly, it has been
found that encapsulating the SERRS active, netal
nanoparticle and SERRS active dye wthin a polymer ,
" coating, does not prevent the SERRS signal from being
easi |y detected. Mreover, the SERBS signal can be
detected at a distance, in certain circunstances, of
up to 10 netres fromthe beads. The pol yner shell may
be formed froma w de variety of nonomers and cross
i nkers including nononers that - polynerise via
. chai n-growt h nechani sns and . step-growth



mechani snms capabl e of form ng a bead which

encapsul ates the aggregated colloid and SERRS active
dye. It is understood that a portion of the

aggregated colloid. may also be attached and/ or
enbedded on the surface of the bead(s). The. pol yner
shell may conprise nore. than one |ayer. For exanple
beads may be forned which conprise sone aggregated
collgid on the surface. It is possible to then pass
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understood that a portion of the aggregated colloid may
also be attached and/or embedded on the surface of the
bead(s). The: polymer shell may comprise more. than 6ne
layer. For example beads may be formed which com;‘:rise'

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
-thJ.s may be achieved using the metal colloid or by metal
coating or lithographically depositing metal on the bead
surface. An advantage of beads ai_so including metal on
“their surface is t1_1at SERRS sensing can also be carried
out on -the surface of the bead which is additionally
internally labelled. '




4) -vinyl pyridine, 3-butene 1,2-diol), boronic acids
(e.g., 4-vinyl borohic acid), sulfonic acids (e.g., 4-
vinyl sul fonic. acid), netal chelators (e.g., styrene

i m nodi acetic acid), acrylam des and derivatives
(e.g., Nnethyl acrylamde), nethacrylam des and.
derivatives (e.g., N Ndi.nethyl acrylamde, N (3-
ami nopropyl ) met hacryl ami de), al kenes (e.g.,
4-pentenoic acid, 3-chloro-I-phenyl-I-propene) (neth)
acrylic acid anhydride and derivatives (e.g.,
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N-methyl acrylamide), methacrylamides and. derivatives
{e.q., N,N-dimethyl acrylamide, N— (3-
aminopropyl)methacrylamide) . alkenes (e.q., 4-pentencic
acid, 3-chloro-1-phenyl~1l-propene) (meth)acrylic aciad
- anhydride and derivatives {e.g., méthacryllc anhydride),
sxllcon-contalnlng moncmers (e.dg., ( 3-methacryloxypropy1)
trimethoxy silane, tetramethyldisiloxane), polyenes '
(e.g., isoprene, 3~-hydroxy-3,7, 1 l-trimethyl-1, 6,10-
‘dodecatriene), azides {e.g., 4-azido-2,3,5, 6~
- tetrafluorobenzoic acid), thlols (e.g., allyl mercaptan).
Acrylate terminated or otherw’:.se 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 mnot limited  to, di~, tri-, tetra- and

- - penta-functional acrylates, methacrylates, .acrylamides,
vinyls, allyls, and styrenes. o |



aggregation. Processes for preparing such unaggregated
coll oids are already known. They involve, for
i nstance, the reduction of a netal salt (eg. silver
nitrate) with a reducing agent such as citrate, to
forma stable mcrocrystalline suspension (see P.C
Lee & D. Nbisel, J. Phgs, Chem (1982)., 86,
p.3.391). This "stock” “suspension is then aggregated
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~aminoethyl) -1,3-propanediamine, triethylenetetramine and

‘tetraethylenepentamine) and inorganic activating ions

such ag €1”; ‘I7, Na' or Mg2*. To increase control over
~the process, all equipment used should be scrupuiouély
¢lean, aﬁd'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
about 4-'- 50 nm in érOSSwsection, -preferably‘ 25 ~ 36 mm,
though this will depend on the type of metal.

Thé beads of the present 1nvent10n can be extremely
‘small, typically less than ipm in diameter. Preferably
the beads are about 10nm to Imin in cross-section, more
preferably about 10nm to 1pm in cross section, but
.obviously not smaller - than the dye coated colloid

particles which they encapsulate.



obtained fromthe various dyes used and by varying the
dyes. and/or relative |levels of dyes within a bead, a
“l'ibrary" of beads may be forned, with discernable
SERRS signals. The action of the silver nanoparticles
with the polynmer in the formation of the beads is to
reduce the size of the beads. This, provides
addi ti onal control over® the bead chem stry and neans
that a |l arge range of sizes can be fornmed. Thus,
ronce the polymer is forned the :SERBS bead
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can be formed. - ’I'hus, once the polymer f_J.s formed the

‘SERRS bead arrangement is locked in position 'so that the
state of aggregation chosen is preserved. Further, the
polymer protects the . silver nanoparticles: from the
environment. | | ' |

The pol}_(_mer used- iri;thes_e beads may further comprise
functional_ groups - (e.q. -carboxylic acids, active esters
of carboxylic .acids,- alcohols, aminesg, epoxigdes,
g chloromethyl styryl groups, wvinyl groups, th101 groups,.
" maleimide and succinimide) or may be further der:urlt:l.sed
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 po:l,nts to..covalently or non-wcovalently attach

a’ molecule to prov1de a specific’ capture. or analys:Ls.
The term  linking group refers to any group which
.facllltates adherence: - between . one or more. target:
,:.molecules a.nd ‘one or more SERRS actlve partlcles. The
adherence may compr:u.se ‘any - sort. of bond,. including but.

-not limited to covalent 1on:l.c, ‘hydrogen bondlng, van der

"Waals forces, - or mechanmal bondlng.



2) mxing the aggregated netal colloid with a nononer
in a suitable solvent; and 3.) effecting
pol ynmeri sation of the nonomer so as to form pol yner
beads encapsul ating the aggregated netal «colloid. A
fourth aspect provides a nethod of preparing SERRS
active beads conpri si ng_lthe steps of: a),  providing a
nononer in a suitable solvent; b) effecting
pol yneri sation of the nmononer so as to form pol yner
beads; c) addi ng aggregated netal colloid to a
sol utg ﬁrrprl sing the gol ymer beads; and d) heating
the sdPufti 6A*88 a8Pe6tcatide Pﬁ@sela’ggm*g%n@dmmraﬂmdes a
pothed d afo bheepakiong UPERRE headgrik Msgbﬁﬁggsmgt h@e
pelygess beads. A fifth aspect provides a met hod of
detectlnga target nolecule in a sa the met hod _
LthnprfSrmigg har [ggFredgteds) nekal dod oad mssmg a
mwa&mﬂ(ayeaabdﬁbé&&hm vvherel n t he bead-' has

entn%fl a éﬁ@%{ﬁglg‘g J:Efa]h 4&/ nfrEpomer:

hlélsa ratitakiei spivenk; a%ﬂ‘io have attached thereto a

Ipi eteecatghbe c}ﬂ:flﬁié%‘ib&ﬁléﬁ' bt akA8t wioaey! eso bas to
gont acti.n sal ead% the s le so as

W t
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doibitd sai d bead(s) and c) detecting said target
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ﬁ@g&i'f'a‘b'esﬁ obtained froma . bead
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g n fin
ag jg:)m_pn\lupdoll a eads, Ive bead(s) as defi ned

c} - “adding aggregated metal colloid to. a solution

comprising the polymer beads; and

- d) heating: the so_luti-on so as to cause the
aggregated' metal- colloid to be -taken up and become
' -encapsulated by the polymer beads.

'a fifth asdpect provides a method-‘o‘f_ detecting a
target molecule in a sample, the methdd comprising the
steps of: '_ o

B a) ° -providing a. SERRS active bead(s) as défined
. .above wherein the bead has been generated so as to have a

specifically 1dent1f1able SERRS signal and. the surface of

which has been modified so as to have attached thereto a
'm01ety capable -of binding said target molecule;

' b) - contactlng said bead(s) with the sample so as
to allow any of said: ‘target molecule in the sample to
--blnd to said bead(s), and
. ) c) ' . detecting " said target molecule by way of
detect:mg the spec1f1cally 1dent1f1able SERRS s:Lgnal
| obtalned from a bead -or beads belng bound to said target
"_molecule. - , | '
_ JA 51xth aspect prov:l,des a method of detectlng a
'-"‘.spec:sz.rc. nuclelc.l acid in-a sample, comprlslng the steps
- of: ' g '



above wherein the bead has been generated so as to
have a specifically identifiable SERRS signal and the
surface of which has been nodified so as to have
attached thereto a npiety capable of binding said
target nolecule wherein the noiety is an

ol i gonucl eoti de capabl e of,; specifically hybridising
with a target nucleic acid; b) contacting said bead(s)
with the sanple so as to aIIow any of said target.
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£) 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 uf;boundsreagents from step'(é) b, ¢ and/or-
e to be removed. A - ) '

- 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 to 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 meolecule; . |

b) providing a. magnetic' bead having attached
‘thg-:re'to a moiety capable -of binding said _térget mblecule:

¢} . contacting said SERRS active . bead(s) and
_magnetlc bead(s) with the 'sample_ so as to allow any of



thereto a noiety capable of binding said target

nol ecul e; c¢) contacting said SERBS active bead(s) and
magneti ¢ bead(s) with the sanple so as to allow any of
7b said target nolecule in the sanple to bind to said
beads; and d) detecting said target nolecule by way
of detecti ng the specific@ ly identifiable SERRS
signal obtained froma SERRS active bead or beads
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. within the bead. Dye/collold can be removed by raising

the temperature and steeping the beads in a suitable
* .buffer. _
The polymer beads may be further reacted so as to
add functional or.linking groups to an outer surface of
- the bead thereby allow:mg a molecule to be attached to
the bead. : ‘

Examples . of suitable target molecules include,
-nucleic acids, proteins such as antibodies, aldehydes,
thiols, amines, explosives, drugs of abuse,. therapeﬁtic
agents, metabolites and environmental pollutants.
'However;, the beads, due to their rextremely small size may
.also - f:md appllcatlon alone, e.g. as a securlty marker.
"The beads may therefore be appl:.ed to a surface by being
.- contained within for example an aerosol spray, pamt , 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 partlcularly
appllcahle to prevent/mmmse counterfeltmg. '



' The beads may therefore be applied to a surface by
being contained within for exanple an aerosol spray,
paint, ink or the like. The beads woul d generally be
invisible to the naked eye, but would be | oaded with
a particular SERRS acgive dye or dye comnbi nati on such
that a specific SERRS signal. could be detected.'

This may be particularly -applicable to
prevent/ mnimse counterfeiting. s Attaching suitable
speci es such as DNA seguences to t he pol yner surface
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gddi®,l 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 partidles to be separated on thé- basis .of ,. their
weight. The magnetie beads could then be brought down by
using a small magnet to, for example, concentrate +the
particles in the beam of the spectrometer.
- Suitable magnetic species may be in the form of
- magnetic nanoparticles which are incorporated into the
bead. Such magnetic nanoparticles méy include any
ferromagnetic material in nanoparticle form including
~iron, magnetite, ferrites and compounds of other metals
‘such as nickel and cobalt.
Incorporatlon of the wmagnetic nancoparticles may he
-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 wusing a small nagnet to, for exanple, concentrate
the particles in the beam of the spectroneter.
Sui t abl e magneti c species may be in the form of
magneti ¢ nanoparticl es %which are incorporated into the.
bead. Such magnetic nanoparticles, may include any
ferromagnetic material in nanoparticle formincluding
iron, magnetite, ferrites and conpounds of other.
metal s such as nickel and cobalt. Incorporation of
fiomeimmgrbti GERRAOparittivel eiseahy berheachbenedl B¥ads may
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In yet another embodiment of the invention,

' molecular imprinting wmethods can be applied to dmpart
specific molecular recognition properties to the polymer
shell wvia templating approaches (see for exanple WO
- 00/41723). This generic approach can in princiﬁle 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 m'ight apply to the
spectroscopic measurements: o ' : S
Typically, the methods of the . invention will be
~carried out using incident light from a laser, having a
frequency in the visible spectrum ie. ~380mm - 780nm, -
- particularly between 400nm - 650mm (the exact frequé.ncy
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 to better surface



nol ecul ar inprinting nmethods can be applied to inpart
specific nol ecular recognition properties to the

pol ymer shell via tenplating approaches (see for
exanpl e WO 00/41723). Thisl%eneric approach can in
principle be applied to inpart affinity to the

pol ynmer shell for a range of analytes, including
anal ytes of clinical, dietary, forensic and

envi ronnental rel evance. The nethod for obtaining the
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‘detection and fibre-optic waveguides. The intensity of a
' SERRS signal can be ‘measured for example using a charge
"coupled device (CcD), .a - silicon photodiode, or
photomultiplier tubes arraligéd 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 réquir_ed to carry out a particular assay.

.~ Note thét the methods of the invention- may involve
‘either obtaining a full SERRS spectrunm across ‘a range - of
wavelengths, or selectlng a peak and scann}.nq only at the
Wave]_ength of that peak _(1e Raman "“imaging®). | It is

- -ja.]_:,__c',q p.qssj_blé to .detéct all Raman scattering using only a

filter to remove reflected . '3.ight Raleigh scattering etc.
- -'a:nd a detector such as photodlode. .

| Apparatus - for ohta.uunq and/or ana1y51ng a SERRS
.gpectrum will almost certalnly include some form of data
processor such as a computer. '

ey



appropriate excitation frequency. Several devices are
suitable for collecting SEERS signals, including
wavel ength selective mrrors, hol ographic optica

el enents for scattered light detection and
fibre-optic wavegui des.. The intensity of a SERRS
signal can be neasured for' exanple using a charge
coupl ed device (CCD), asilicon photodiode, or is
photonmul ti plier tubes arranged either singly or in
series for cascade anplification of the signal. Photon
counting electronics can- be used for sensitive
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. labe;led + Pre-aggregated and ‘Locked into the polymer 80
" that the SERRS effect is switched on permanent]_y an_d theé
analytical event_ is eeparatel-y‘ carried out by, for
example, covalently linking a molecule to be detected to
the pql‘ymei_‘ surface. The- parrticles disclosed give verjr
intense, stable - SERRS. For simple, . sensitive
identification of:.a specific particle, there is a hige
multiplex labeling capability 'in- suspension which is
unrivalled by any other - technique and the SERRS active
nanoaggreégates are protected from the environment. In
“tirn;. this enables identification and quantitation of
- ‘specific target analytes ‘such as DNA sequences or
‘peptides. in-situy at ultra-low concentrations iﬂ a complex
‘mixture. R |
) Disclosed further herein is a method -of detect:l.ng a
'target molecule in a sample, -‘the method compr1s1ng ‘the
steps of: ‘
. a) provz.dlng a SERRS actlve bead(s) as. defined

SR above whereln the bead ‘has been generated se as to have .

a spec1f :.,cally identifiable SERRS signal



Ei ther the fingerprint Raman spectrumw || be conpared
to reference spectra for identification of the
detected Ranman active conpound, or the signha
intensity at the neasured ¥¥equencies will be used to
cal cul ate the anmount of Ranman active conpound
detected. In summary, the devel opnent of pol yner
particles containing SERRS active particles for
multiple labelling of analytes is described. The
colloid particles are dye | abelled, pre-aggregated
and | ocked into the .polyner so that the SERRS effect
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a sample 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’ also be
detected such as a receptor/ligand complex, with one of
said complex immollnilised on the bead surface.

In a .preferred embod:l.ment the method is used to
detect a. partlcular nucleic acid sequence in a sanple.
iIn this case, the bead wmay be. modified so as to have a-
molecule capable of specifically hybridising to a nucleic
a01d moltecule which compr:x.ses the particular nuclelc acid
sequence ‘attached to the surface of the bead. The
‘ _niolecu]_.e capable of specifically hybridising may be of a
sufficient 1eanh to enable a .Simplé hybridisation ‘and
suhse.quent .detection to occur. . Alternatlvely the
molecule capable of speclflcally hybridising to the
"target nucleic acid molecule may be a relat:l_vely short
_'-molecule, say less . than 50 nucleotldes, e.d. less than 25
nucleotides in length, d¢=_~.51gned to act ‘as a primer to
allow hybridisatien to said nucleic acid molecule and. -



c) detecting, said target nol ecule by way. of
detecting the specifically identifiable SERRS signal
obtai ned froma. bead or beads being bound to said
target nolecule. Typically'®he target nolecule may be
an anti body or antigen, in which case the SERRS
active bead is nodified so as to have a correspondi ng
antigen or antibody respectively, attached to the
surface of the bead. A conventional sandw ch. assay
coul d be enpl oyed where a first antibody is attached
cqla surface, for binding to a specific protein which
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‘product can be generated which can be bound to a surface
via one end of thé amplified product, whilst the free end
incorporates a SERRS actlve bead which can easlly be
) detected. ' : : |

~ Due to ‘the akility of be:l.ng able to génerate SERRS
active beads with specific different SERRS signals it }_s
.possible to conduct .what is known in the art as a |
-multlplex reactlon us.mg a number of differently labelled
beads - each with . dlfferent immobilised binding noieties '
e.q. ollgonucleota.des In 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

_blndlng at the 3' end _oceurs. “That 15,' when. the
.nucleotlde at the 3' ema does not hybridise to the
target:, chain extension cannot eccur thérefro‘m. - By

carrying out an amplification reaction using another



attached to the surf ace of the bead wll generally be
attached via its 5 end so that the 3' end is capable
of binding and initiating chain extension. Typically
a further priner designed to bind to the target
nucleic acid nolecule, at a distance, e.g. 100
nucl eoti des to 2000 nucl eoti des, fromthe bead bound
prinmer, may also be. utilised. This can allow
generation of a double stranded nolecule, which
i ncorporates the target nucleic acid sequence, using
an appropriate DNA pol ynerase and necessary dNTPs
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-‘«'-obt-ain the maximum signal from SERRS, is carried out
during formation -of the bead. Thus, it is preset and
protected from the envirdnment by the polymer making the
signal -long-lived, constant and unaffected by any
biological event. 1In additio‘n,- 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

as to contain wany 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 miwxture of beads Withogtt any separation. 8ince all -

. .chromophdres that adhere strongly to thie' SERRS active
. surfaces can. be used, much simpler and more extensive dye

chem.stry is possible than with fluorescence. For .



nucl eotide at the 3'. end does not hybridise to the
target, chain extension cannot occur therefrom By
carrying out an. anplification reaction using another

14 priner- designed to generate an anplified product,

it is possible to easily detect which pol ynorphismis
present in a target nucleic acid nolecule. If an
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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
'_ancl 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 épéctra of ABT DMOPA, SHOPK
" and a 1:10 ratio mixture of both dyes;
Figure 7 shows the SERRS spectra SHQPK
benzotrlazole rhodamine B and a 3:1 mlxture of both dyes ;
.and '



by addi ng aggregated colloid and dye from nore than
one suspension to a specific bead. The sharp nature
of the SERBS peaks then enables recognition of each
bead type in a mxture of beads w thout any
separation. Since all gphronophores that adhere
strongly to the- SERBS active surfaces can. be used,
much sinpler and nore extensive dye chemistry is
possi ble than with fluorescence. For 1-5 exanple, the
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‘Cefldoddr Pueparatienstreptavi din coated plate of a
quar R3¢ PhesOPERREEE cBahaRee 989 RS IRS C?g&&ﬁgﬁiéng to

etected.. The heav ature of the bead woul d,
thRi §“erf§’§§ c?énﬁ%?s¥‘ﬂgl et BP9 hcr Easi Fithe W-E.,
Dephisi t¢vi t Edwbnshs, qUart z dbal ghes. campyr edalton Trans.,
1688YSNYi gnal MhhaRpi ng: @f, the &q*&fﬂr' JAft gl

getec i ng_t he me%gh% chang;,st e %pe@FFlb pgéfP%Fé_ M-,
CLAtEPRY. i V- cB80Fd "BE Bet Ecled BAnI™dirghtt%@Randd, Pd2) -
Aplesglsswment wois - vihtowgiwlpe ¢ledrest dedngi mgha bregia
Ry, OfH@(:Qmag? 2R Wi e£868B6EnIP WIREhIW £5h WRL¢R

show Figure ™l shows a schematic representation of a
folhpmed abyi désbabtedcedteirng tSdlvhe pissehe i(A0emy) omas
df".sQQR]éﬁe@ _ﬁ:hoaxﬁs&ﬂQOa;éxe -&cﬂpﬁﬁﬂt A dReerBture of

acghive .according,to the, presepnt jnvention;

4€E§Dre g(&’s?hosv\gfﬁ%émhar?gﬁ _s%@lgt“r aTHFCRBh F‘%F‘kﬁéadésmg a
‘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, Kkeeping the

; _temperatux_'e constant at 989C for 90 minutes. After this .
period of :constant temperature the colloidal suspension
was cooled and its UV i':\bsorbance : speétrum 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
'prej_:)ared by centrifuging 12 tubes containing 12 ml of
citraﬁe—re_duced_ colloid (Apax ©Ff 406mm) at 3000 r.p.m.

. for 20 minutes. The supernatant from each tube was

‘removed and the remaining silver was concentrated into
one tube. The concentrated ‘pellet was then re-suspended
- in ..acetqnitri-'le“‘ using ultrasonication, which was then
_'.‘centrifl._lge@. at .'3000 r.p.m. for. 40  minutes. The
- supernatant was removed ‘once again, the r.esultant'pellet
're—.suspended in acetonitrile using‘-ul.tra—sonidation- (5 ml)

 and the suspension. incorporated into the polymerisation.



and the SERRS of bl ank beads in Exanmple 2; Figure 4
shows the SERRS of a dye in a dye coated bead sanple;
Figure 5 is a SEMinmage of dye coated beads, the
measurenent bar is 10 umin |l ength and the average

di ameter of the beads showm in 0.8 pm Figure 6 shows

t he SERRS spectra of ABT DMOPA, 8HQPK and a 1:10,

ratio m xture of both dyes; Figure 7 shows the SERRS
spectra 8HQPK, benzotriazole rhodanmine B and a 3:1
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Ghelakton Trans. 1396, 5, 716; Munro, C H.,

Sm t hs%)l .e,. Gar ner, M, d arkson, if. and V\hlte
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g?lﬁ%l dérFésuspenglpg‘;h vk ¥ e yronitrile
&B B’Fban(;‘é' W@l um Beasureaktion vessel for the Blank
‘polymer was charged with acetonitrile (20 ml), the dye-

free suspension of .col-loid 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
c01101d in acetonitrile (Sml), divinylbenzene 80 (0.5 )
and AIBN (0.005 g). The reaction vessels were shaken to
dissolve the monomer and the ATBN, cooled on an ice-water
" bath for <10 minutes and then sparged with oxygem—free
nitrogen gas to remove dissolved oxygen. The tubes were
_then sealed and polymerisation effected by heating at
_60 c on a low-profile roller for a period of 24 hours.
Following polymerisation the polymer beads were isolated
by filtration on wmembrane filter (0.2 pm), washed with
several volumes of fresh acetonitrile and then dried in
vacuo at 40°C._

Bead Modification - . ,

1f-Ethy;L'—3-4 _(é—dimethylaminopropyl) carbodiimide. (EDC)
(500 mg) in 25 ml of 0.1 M MES buffer (pH 4.5) was added
to the pol;mier beads and incubated at 25% for two hours




colloid with a maxi rum W absor bance within the range
403 = 410 nmwas used in the experinents detail ed

bel ow. The silver pellets used . in the polynerisations
were prepared by centrifuging 12 tubes containing 12
m of citrate-reduced coI£0|d (Amax of 406nm at 3000
r.p.m for 20 m nutes. A supernatant from each tube
was renoved and the remai ning silver was concentrated
into one tube. The concentrated pellet was then
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Rarged EPUS( 8 (PTPETTEd AP, | thcdea
s@&Pknsi ord ofsecond ollgonucleotlde (i6) containing for
. example a biotin group (18) is alsoc hybridised and the
system brought out on a streptavidin plate or bead (20).
This assay specifically recognises the target segquence
(14), which hyhrldlsed both the partlcle (10}, and the -
biotinylated sequence (16). Alternatively, if wmagnetic
particies 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
‘fi:reat,ed with the label makes separation easy and in

o "'éithei:' method removal of  an runi"nco'r'pofated probe can be

- achieved using a flow cell 'sysi:em or a short

' chromatography step. Alternatiiré_ly magnetic separation

can be achieved by using magnetically 'coatéd streptavidin
- beads to pull the complex from srolu'tion, - |




colloid in acetonitrile (5m), divinyl benzene 80 (0.5

g) and AIBN (0.005 g). The reaction vessels were
shaken to dissolve the nononmer and the- AIBN, cool ed

on an ice-water bath for -10 m nutes and then sparged
wi th oxygen-free nitrogep gas to renove di ssol ved
oxygen. The tubes were then sealed and pol ynerisation
effected by heating at 600C on a |lowprofile roller
for a period of 24 hours. Follow ng polynerisation
t Bxapplgner beads were isolated by filtration on
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p unctional i se so.as
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beeekdri it 1l QhasOdh Bra PERSEREALE L en (H'IhaZtga), Wl fore
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over hi ght . Foridie PLA¥TGE r £2 2 SR P FF IS0l ut i on by ,
cent r iF-fgat i Givignd bemzensperdad i QUISgS plAAEN bufefrer then
(cl)ﬂzsoﬁ.v?éd reafly o orotsd. . kiansl n'Bke gxanpl € £S€&mitrile
g ) of the usg of th%&%z ((f'gg s]oared as -

scrl 8| i ot i T‘%ﬁ i eTfe Jeftasped

t‘fbl‘iffed%gnf@é 30 stpmqtfqm SBiepesep bis DiWxe Wiem tdiemced on

barpel-sequensoc Lkokse RLoEMc! 0ng DA Aornldia

w T hybridise to t ol i gonucl éo

PP At Be¥Fshy t he bead (10). A second

ol i gorihe! eatipdes( #6yeConéAl filfef@d through a 0.2 mm pore
size filter paper, washed with acetonitrile and dried in
a vacuum oven.

A small amount of the beads (i.e. control, biank and
dye containing beads) were then suspended in ~1 ml of
acetonitrile, ultrasonicated, dropped onto a mlcroscc)pe
slide and allowed to dry. The spectra shown in Flgures 3
and 4 were then recorded on the systen 100 Renishaw

_microprobe Raman spectrometer, x20 objective, 100% power

“8mW) 1ls, 1la.
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



exanple a biotin group (18) is also hybridised and the
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 " biotinylgfed sequence (16).
Alternatively, if magnetic particles are added to the
bead, it and the hybridised target could be brought

down on a. suitable surface wthout the biotin step.

| sEROtRageEhods various . approaches can be used to
rermvethe HEInCO or%\% prohe. Int |rst mséh%gi

no | ab8l S84 81 G PR XU ot n sugpgBdefoin a
t Bolutdept af oﬂPVﬁ phiatmy anmtras@nsequml y iThd sheads were
| pheh! eheflia t Bato daessRof) n%QQsEO dP&: ri EQEQ&Sléﬁd stored

rempved. However, the size of the co created
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ag;%@xsgafgggﬁ &siﬁgpws CRy! e%&tcﬁghorbe%mshm he large head

omat ogr Al ternative netic separ I on
caf bé- 50@@% W @@ﬁﬁé kagAet ’flﬁﬁl I y0 cDatied
streptavidin beads to. pull the conplex from

lution, 19 Ex le 2 A further set of silver .
pgﬁrFe’P% V\E’F%St’rfb%%g’r epared using 12 centrifuge.tubes.
Bl ank Béguases ohtaidn dd a@e6 Ramanc gplegitadtaand Bwéd mkamples of

Pelol HbBrulVE ﬁpa:mdpbﬁagéabw%@w@ga@eé n" dye

(1x10-6 . t ubes were
| ef t o@%‘@hﬁ sheur A4 ngEfiﬁ?‘ﬁa ﬂ%ct%dOEerﬁar)u AR (DMOPA -
f 6EMAD) i ) eSHOPR) | @dd () e ar &-1 iU spenide deixkubnl of both

a@?&@”' tri ‘![‘ﬁean%é&x%enwehfeu@’%lfl%téd fUpt h%eA'ORenlshaw
nutes (no ul trasonicati_on) I[lets were th

‘81%%5% Y1 &Féheﬁ% Pna o005 BOURF {PPEESNd 31 .
“uKbrekpedttived for 2 minutes before addition to the :

pol Y MBfn eAGLIOR mast:.-%smopéakglaf YA AEVE Ao ayes
%S%ﬁﬁ alngh?g) g g&?rq }Iaeg gletzag.zl%l id\fe?lt%ré%.edf in
- the spectrum of the mixture (¢). Peaks labelled (i-v),.
(vii) ana (viii) all originate from the S8HQPK 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™) in the mixture spectra (c) is a
combination of the peaks at that position from both dyes.
The 1ntens:.ty of this peak has increased relatlve to the
other peaks in the spectrum.
Figure 7 shows the SERRS spectra of. (a) SHQPK, (b)
* Benzotriazole rhodamine B and (¢) a 3:1 ratio-mixture of
- both dyes. Collected on the Renishaw microscope system,
514nm, S5s,3a, 100% power (approx. 3mW), X5 objeéctive. ' In
" Figure 7, the main peaks of each of the two dyes {(a)
- 8HQPK and (b) BTRB can be clearly identified in the

"s_p_ectrum of the mixture (c). Peaks labelled {i~viii) all - |

,orig_inate from the 8HQPK dye = (i.e. ‘Benzotriazole +

| ‘Rhodamine B - {9-[4~ (Benzotriazol-5-y1 sulfamoyl) -2- .
ﬂm'ethyl-phenyl]-6-diethylamino—xanthén—Bylit_iene}d_iethyl—‘ N c R




(including the 5 mM of colloid). Sanples were degassed
wth N2 for 10 m nutes. The sanples were then pl aced
on rollers at 370C, heated to 600C and left to
pol ymeri se for 24 hours. The sanples were then
filtered through a 0.2 mmipore size filter paper,
washed with acetonitrile and dried in a vacuum oven.
A smal | armount of the beads (i.e. control, blank and
dye contai ni ng beads) were then suspended in -1 m of
agmowinnt) i Weilel thaspeakcdtas; lidcoppied onsofaom the BTRB
na§goscope slide and allowed to dry. The spectra
shown in Figures 3 and 4 were then recorded on the.
system 100 Reni shaw microprobe Raman spectroneter, no
obgaepiees 10O peWRaqneBi¥bdsds| a. Figure 3 shows
tQ a ég control beads which are identified as

S of bl ank beads which are identified
as (b)S0RLgure 4 sholwstide SHRRBaghetie dmupartlieldge was

ning 0
FH RO MR 9B Ridver, oSRbiaNeeRabat Thicl TRHE, ave
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avadrethery| @@stﬁlfs@edd fared tansl 15éad qd:odﬁaﬁerca\ﬂq@anout as
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P@%o%geﬁgfé é&%gcgggilg%gklec??o%uhﬁg%gﬁﬁgbseg as in
P@%?%%thy§@¢hu§1h@°%p%%ﬁ%#%%%$on beam The |arge bead
is ""1.5 pmand the smal|l beads are "0.5 pm Dye
iWn PVA Figures 6 and 7 are Raman spectra of
'ﬁé@ﬁ&f s of two mxtures in the PVA stable
substﬂ@P@S nefhed e TWHORE  (SHRPASERRSNS pred r PWHifigation

A&'ﬁtﬂm m(a%ﬁic Iﬁlbip%‘ﬁﬂ% cﬁ?d:t(ecba&tlclllg r?t :jO
m n
X urU% Qllt'?aw 2 q)ées &%esggﬁ rp%fﬁgcgs oteﬁﬁfgo(,;?:r the

t he Renj roscope Sys

. &Y (ngrﬁ}@pplw where a biot;Ln Strlp and a bead have .

been hybridised to the target DNA, a small flat tip from
an electro magnet was. in.troduced into a micre titre plate
well containing PCR product. The magnet was -switched .on
and all magnetic beads dollected. 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 example 2. The electro magnet was
switched off in the third well and the beads released.
- Following a perlod of two mlnutes in which the beads were
allowed to attach to the streptavidin area, the magnet
) was switched on agaln. This removed all unattached
 beads. '

. In this way, all unincorporated 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"'af'ter the second step were interrogated

. as in Example 2 and the SERRS code used to 1dent1fy the _

'bead and hence the target DNA.



X5 objective. In Figure 6, the main peaks of each of
the two dyes (a) ABT DMOPA and (b) 8HQPK can be
clearly identified in the spectrumof the mxture
(c). Peaks labelled (i-v), (vii) and (viii) all
originate fromthe 8I—|Q°Kg e (i.e.

1-[4- (8- hydroxy-quinolin- %I azo) - phenyl ] - et hanone)
while the peak labelled (ix) is fromthe ABT DMOPA
dye. The peak at -1360cm1 in the m xture spectra (c)
i%&hd&o@i!nati on of the peakq at that position from

bo The intensity of this peak has increased
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Earatlg 4}% a solutio

n2noPAPEFLERst sgq4ed°eo SORFIIRedi | V& cEEregRise a
tﬂeﬁfexjem:thetym dy® tine x$ame B3rgeat BMAP| eFdlidiing PCR,
| ntnéueeeetraﬁm tig! gaaedesal RgR GRAL 'Jﬁ&egwgg%,dédﬁ on.

rocess carysied out [ le 1. The
By P RRpi el o | meangtie  Peaginiies 1akkrACted to its

otigonucll‘é@t i dias. wasMethed . (it cHriogatetthothdanbithes Raman’

- SIRPEF Gt ANd ghiry T Gk %n&ﬂﬂﬁg‘ heaBeINEl | beads were -

[ rti f ren .
polgggrxtrec? 50 t'ﬁxe at &a is effective because it

concentrates all th_e beads in the microscope .

interrogation volume. Thisg increases sensitivity. It is
reliable and selective because it involves a double
hybridisation event.

Methcd {c)

" Yhis method 111ustrates the combined use of Ramanr

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 mnicroscope. A frequency was chosen so

- that the fluorescence and the Raman signals were detected - - . '
g on separate arts of the CCD detector. The method is ° PR
) EffE‘Cthe because ‘of the sensitivity created by _'T _
" collecting the beads in a small area for 1mmed1..ate':i“‘:""Ij""
detection. The fluorescence from Sybr green detects - a;"‘ﬂ: S .'
hybridisation even within a conventional PCR mach_lne_ _so_'s‘ RETI

PRI
Male



Usi ng a sanple of the PCR product intended for the

assay in exanple 2 where a biotin strip and a bead

have been hybridised to the target DNA, a snall flat

tip from an electro magnet was introduced into a

mcro titre plate well cmgntaining PCR product. The
magnet was-swi tched on and all magnetic beads

coll ected. The magnet was then- renoved fromthe

sol ution, dipped into a second well to wash it and
tHeat | At &imallei meldeldaribd aeierbpd afidinn anceatrey for a

afr &8t adnd Ns@PANMPIR L3 £itheiBheghi Pyspgnet was swtched
off in the thlrd wel | and the beads rel eased.

FoIIovm ng a peI‘IOd of tvvo mnutes in which the beads
22 = ' Debfiz Sox cpNm\Dalidttalo@a, t he

rmgnetIn V\@ﬁ‘l@"bﬁ °§Eﬁ9§“ ﬁaJQ' aheyRved 3l lat s, label

atniched beads. In th uni ncor por a

b‘rp FHIN Glerfhi ?\%%c’rfnlq Hé‘“? | FeIUSHIg - anthel format is
Beraeksi noircaiﬁdached RCR tdesdyBr geb SldénndEF£rd engyed nhigh
| b8 i ﬁ% eFEh@:ndSEIQﬁQt 'BQa!ineelrlde d, pNa rl:?}eh increased

attache e target Stri I 6DV e
SEEGHH tepfOIT hé‘uﬂé?éaée?‘éﬁﬁrm ngAPn tlﬁétlﬁbot £ Jox ¢mcence

\miﬁeeaj‘ tcain tihRlisatendhat epbver eri fLELE Oﬂﬁéﬁdhaﬁ@ pFbauced

be’ad and%heﬂge&ﬁﬁeéfﬁﬁ&@o%%#g %t(l\)/éidgma(“k}%‘ %SY SERRS

mehodbel | agttfla%esD%e SRR 1OF ageanengesof thahe have

hydbrdidided datesfind@ads contai ning only nmagnetic

parti it a I d silver rtic

Corrmerﬁlcri)lasz\i/Ie ePfQ\Q/lg |§§h cads ¢oul ccorﬁ%‘rﬁs&? Eample
ti&h Wi che 28s SWEPE pHEBAFe doﬁstk’!‘és’eﬂi@ dlaa§ nbedix amplig ied

L?obuis vitd halil ol hemaddilioat 0bnt Be Salrl V&ligonucleotide the

AanQRy qf'&mpd SeRLNBLL 88 alRk o REE diftar, sursace .

ol i gonucl-eot’i de sequences O rec ni se a spec B
P£r3 A'Sd s reey solen hen a5 ey RCRRsi SomenEmple

othechbagds giddp the thbver | ehel sti Rar p@Iﬂé&delfgchde
'HﬁﬁlhgaQ@dsg}ﬂtth:ngtaﬂ na pﬁé&if}ﬁ% pley sur aac.!en gf the
ISD ?ln so that the group on the 5' end adheres to the
surface of the bead.

Figure 8a shows a schematic representation of such a
béad 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 te the surface of the bead 5.

* "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. Ihitially, primer |
© . sequences can be chosen to detect the mutational status
. of the most  common nutation found in a particular

 disease. To analyse the genotype of the sample DNA, two
':‘fdrward primers may bhe used along W]..th one reverse primer

in a multiplexed -amplification refractory mutation

- -system, ARMS. The forward primers are immobilised via a



ol i gonucl eoti de sequence designed to recogni se a
different region of the sane target DNA. Fol | ow ng

PCR, the electronagnet is added to the well and

switched on. only sanples. with magnetic beads are
attracted to its' tip. The tip was then. interrogated-
under the Raman n1cropro%% only tips containing

| abel | ed beads were, observed. This nethod is

effective because it concentrates all the beads in

t hgs NosTetolo]S rrooafl ncrea
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I cence eads ing the PCR
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t Havtrogecsionnss die tﬁ@%nﬁﬁaésgmea wirezredetecard issue

ORvis@PpeaFeraih§ HEr Idif tHDIgiRCHALasThe method is
ef fectiLye gecause o£ %%g sen3|t|V|ééacreated by

coIIecglng Ph&BBal LEIpIe R WQﬁP¥Qﬁn§ﬁa&Féon five
déﬁé@?tent'ﬁmamaneonestehee1mmmmr$¢bedgkﬁenfﬁeéeahsfarent

hysBRRGI SEdd RN S}iﬁn ﬁMet hP@Ra J{D 1@%@3 beads
S%i%%d %hat a sin can be selecte fro
array f ngth?5§¥ 5 ?Bmpaﬁntlflcatlon anaIyS|s

Exanpl 8igure Uk eho®ERRSh&eatiicably DNAl%éBl:ecﬂoprdadluct 60
thhscnxanalse %EBRS %ea,%n&&n eglma\wn@s g | ghgl msctmn

t S uence.  The format
basgg g%%ﬁg E€$9%3§5§ Pﬁl gnﬁgF@&PQ di e lﬂgﬁWRRS bead
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incorporates a SERRS reactive head.

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¢c) as the amount of double strended DNA
increases. Use of a dlssoca.atlon curve at the end of the
PCR will confirm the presenCe of PCR product and not
,pr:l.mer dimer. Thus if there is any amplification then

the fluorescence will show this. It is possible to use a
_.QPCR 1nstrument 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. '

Inmmobilisation of the SERRS Beads on_ a Surface

Once the tubes that have an increase in fluorescence

:hac'l been optionally identified as having PCR product, the
~contents can be spotted onto a streptavidin coated slide
(66, see Figure 8d). This immobilises the biotinylated



screen can indicate the tubes or wells that have

produced a,response. These "hot" wells can be

exam ned by SERRS and the actual DNA sequence or
sequences that have hybridised determ ned. Modified
beads can be prepared accesding to Exanple 1 in which

an outer surface of the bead has been nodified so as

to allow imobilisation of an oligonucleotide the 3

end of which is directed away fromthe outer surface
OfP(rEh peAtttsThHiithC dhee aSERYS bBeaghi eMednbY sli®face of the

l.e [ oup._to the 5..en
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a scﬁemﬂtl c representatjon qof such ad
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bg@ﬂR§0 51%59555‘ nu‘fﬁ&é Ofg g@?‘ﬁ_'e%alofo ng.gguéﬁaay #4831 now

adhered to the surface o
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spotefiregptboe Inf SkRAs.e stranded DNA fromthe

sanple Thi s. makes use of the existing specificity of

P .p u3|no aIIeIe speC|f|c ollgonucleotldes for

geite 335 =18€4qH8RARBS can be chosen )
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or f rt S To_anal
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rewebse pgysidde ilsyt aggedabithduigh Sstheitiws Wwahh also be

bifdd Nea ASohPErn PER BT %&‘ejﬁﬁs gﬁ Y |4

UI II n the SERRS Bea {‘1 %Q&%&ﬁcs\gr p‘%lrta et view
. ’%rﬂf H& gﬁgrpeoﬁf multiplexing.
Typlcally the whole setup should take little more
than the time for a standard QPCR experiment i.e. about
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150 mins if a dissociation curve is used or about 60 mins
Af 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
. th.e final volume will be entered into a spread sheet and
';11 other values dutomatically displayed. 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 inte microtitre plates for. either plate reading or
- “to be compatible with robotic handling. ~Alternatively
direct pipetting onto the ' streptavidin I_:slide is an
option. . ‘- . |
" It may be POSSlble to use 11near _ exten51on as
:.opposed to ampllflcatlon to incorporate the SERRS Bead
: ;nto a long double stranded piece of 'DNA.  Fluorescence
 detection is unlikely to pick this up but the SERRS Beads




away fromthe SERBS Bead. Alternatively, it is

possible to carry out a conventional PCR of the

target followed by introduction of the SERRS Beads

when there is an issue wth perform ng PCR on the

SERRS Beads. In the case gf for exanple a pentapl ex

reaction five different priners can be immopbilised on

five different SERRS Beads and the PCR perforned with

all the beads m xed together with the sanple. Figure
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usgtthedeserd ameo WRrAIseDNRMBHIYG Sadd ORy B ideedBERRSthe

Beads,;0p;a S#% 5 NRa thgmgagﬁilggét QVE, Al reptavidin

~increase In orescence een optlonmﬂ

i #3AEPFi ed as having PCR product, the contents can be
spotted onto a 'streptavidin coated slide (66, see

- Fiy@@f6g8d). This imobilises the biotinylated 25 PCR
'products with the SERBS Beads on the surface of the

sli de; Tfe RESi RAadedvpFe nerdtiesisglsdigiary the method

| pbbihededarlier with divinyl benzene 80 and methacrylic
acid. The surface of the beads is covered with a number

of carboxylic acid groups. These active acid groups are
used for attaching ollgonucleotldes and other molecules
to the surface of the bead.

DNA sequences
] Two sequences were synthesised 'u51ng 'the Expedite
. DNA synthegiser '
. SBequence A containing an amine linker, X.
A -X-GTATCTATATTCATCATAGGAAACACCATT
Sequence B containing biotin, B
B -B-GACTTCACTTCTAATGATGATTATGGGAGA

Sequence
. Sequence

o (X = amlnohexamethylene and is added to the G-
*_‘termlnus to produce an ollgonucleotlde w1th. a prlmary
- amine group at the end of a carbon chaln after solld
- phase synthesis and purlflcatlon). '



(but will not have a specifically detectabl e SERRS
signal) but everything else can be washed away in a
series of washes. (This will include the intercal ated
Sybr Green which could fluoresce and interfere with

the SERBS signals). Thusx7 as series of SERBS Beads

will now be imobilised on the surface of the slide
ready Séaqrendent & r ofdidn byo SERESw )SERBS: AnphySf:secmf and

e TR ok ) S8R SeRRe v B A0 il P PR ERy R -o- -

pPipethslagtiammas Py Rat RaveodpiwidasedPe, gedenal e ahd N-
P@aﬁ&%{fé&lmmaeamzhmby af oSBRFSR4 o Y86 f¥afPS ana
conponents of a mxture w thout separation can %
udeetenitinidt | (POuhd- SERBS Beads from particul ar

t ubes JNy tegpl apl.exyl.i y

pOSSi b%lg&l{)]a eye a(lot ﬁgﬁéhwgtsatﬁlgg?l ggl )(:Egﬁ %%h ag%glﬁc%tmn
t BereHEgTY rrthhhs iftgr ¢hecroplspentaland i tlrﬁ‘aameemprmer-

| TRé eapid@udéte dagr epupifivht | ahaXI R@dedy Pitl |M1é heo1igo

ole etu hou] d take |i than th

]flva ar (#%]Q?’%F? Aexpe?‘fh)rrenfl ll: c.ma te FUEBG i rﬁ éeated
dt%sﬁﬁzlfatﬁ@h Wwins-i s used or about 60 rains |f | ess
cycl eqlg Uggdsi Ny dﬂ anglar Q:IP&R&)é‘iJegsedIhgolB%on was

setup can be arranged 1 n_such a wa

Ao v%“’%‘bnéeﬁttFéPFéﬁldiﬁ‘ E’H@t&nWsl‘éﬁtt fe Fdwgl for -

ks tihe ai | ahid/ Gihttiba .l | Tite eDNRTr @drivabifed Pheads were

a & r v es I,C S e

T%hgéihl o 8 Jgié?ggctnie % pg%gg% %Ag&reda SRi8KC%s sps
"sys‘faé?ﬁ%t |‘B’d e?‘i’?ﬁo'ﬁ‘:l‘fﬂﬂf'é?cal Efbleat]qet%’és yerdried

tr:hei ReRnliaedf by Riean pietespeytibescogieed to pipette

the contents of the strip tubes into mcrotitre

plates for either plate reading or to be conpatible

with robotic handling. Alternatively direct pipetting

onto the streptavidin slide is an option. It may be

possi ble to use |linear extension as opposed to

anplification to incorporate the SERBS Bead into a

| ong doubl e stranded pi ece of DNA. Fl uorescence




detection is unlikely to pick this up but the SERBS
Beads 26 w |l report on the enzynmatic extension

whet her there is one piece of DNA or mllions.
Exanpl e 5 - SERRS bead DNA bi ndi ng assay, exploiting
the biotin - streptavidiggbinding affinity An exanple
of the SERRS beads binding assay is presented here.

| erfalihfs exanpl e the 110 base | ong sequence of a

myt ant Cystlc Fi brosis gene is anal ysed. The active

sdrf ac® CTERRSSERRS Yedifad aber | B8ewilph idgntifacayéon of a
V\la‘Slr@ltl vatliesed e tcdheaeihomheommmﬁtﬁﬁtvled%ea@ Q‘Qﬁﬂprlses

r a e on_a
g’t[‘g'{r %E‘fa%%raoé‘f%t%len‘g eirac ant CF{ ran(an‘?ivagEE%FnI?é?”e
8Y§ bFBFﬁHSEﬂéﬁﬁdaYlﬁhkﬁ(ﬂﬂﬂﬂ%ﬂﬂ?EEﬁ@eéﬂ the sequence
to where the conplenentary pr obe was syntheS|sed The

SERBS- b di se bi ot
SZa0on e SERRS RekiRe MRl AESErdfd Ko ilnin dpiherein the
: NEPF}ﬁBerTﬁéeSERBS tfefa-’d@d/\mlsns yat heées sdrietpgofthenonomers

mahhodroaet Hiingdreanhicen h o
ng%hacf lLic, 1é0|g %he sﬁ%?gcgggﬁhgﬁg Qﬁﬁgsgﬁg§%ggg§e via

AE-AEREER ?Eﬂqﬁﬁ?fllcaggld GFeRpEroWHe s e Mecapd sms
aefgagleuporfar £omusiod f Gr abéadhi mpiohi genvebealhtdes the

ABggPLYSEADLELIL £5 arld sER&sS Wchate Bfet he bead. DNA

sequences Two sequences were synt hesi ed usi ng the
Expedite DNA Synt hesi ser Sequence A containing an
aft ne Ai BRBRS XctiGegoemteadcording to any of claims 1 or

- X- @_&gﬁTﬂ TW%@%%C%TEI'I&%@ @L%C/%rg formed from

contal %#) Sequence
T Aﬁﬁ‘;&?@ﬁ%ﬁ%@“{dx derivatives thereof:
am¢mwhewaﬁetﬂybadedandvatluddedeLg the-breombacsyDie teid,

@ﬂtﬂ‘ﬁrﬁn O BN €0t hil Witiiy A prl géénnam NeNALAHD oy
d of .a carbon chai n af ter
pyrro none) y acrylates (e.g., alky]. acrylates, allyl
~ acrylates, hydroxyypropyl acrylate), methacrylic ‘acid and
derivatives (e.g., itaconic acid, 2-( trifluércmethyl)
propenoic adid) . methacrylates (e.g., me.thyi
methadr_ylate, hydroxyethyl methacrylate, 3~sulfopropyl
- methacrylate sodium salt), styrenes (e.qg., (2,3 and 4) -
aminostyrene, styrene-4i-sulfonic acid, 3-nitrostyrene),
vinyls (e.g., vinyl chloroformate, 4-vinylbenzoic aciag,
4-vinylbenzaldehyde, vihly imidazole, 4-vinylphenol, 4-
vinylamine, acrolein), vinylpyridines {(e.g., (2,31 and 4)-
‘vinylpyridine, 3-butene 1,2-diol), ' boronic acids (e.q.,
“4-vinylboronic acid), sulfonic acids (e.qg., 4-
" vinylsulfonic acid), metal chelators (e.g., styrene
iminodiacetic acid), acrylamides and derivatives (e.9.,
:N—methyl acrylamide), methacrylamides and derivatives

(e.g., N, N-dimethyl - acrylamide, N-(3~

.éminqpropyl)methaci:ylémide) « alkenes (e.g., 4-pentenocic
aeid, ' -—chloro-l-—phenyl 1—propene) {(meth)acrylic acid

";_,'_anhydrlde and derivates . {(e.g., methacrylic anhydride.) ,

B §1llcon—conta;n1ng S ... . monomers . (e.g., (3~
_methacryloxypropyl) trimethoxy : :  silane,

i



L -,j1.0'. - A SERRS active head accordlng to clalm 9 whereln the_.

phase synthesis and purification). 27 Sequence A
(400p1, O0.6ng/ mM) was purified and coupl ed to SERBS
active beads (70ng) using 1-ethyl-3-(3-

di met hyl am nopropyl) carbodiimde (EDC, 37nmg) . and N
hydr oxysucci ni m de (24nmgypein 0. 1M PBS (750pl) buffer
and acetonitrile (10041). Sequence B.(0.5pM was used

ficatjon action with its CF
cg'%% tg’tge’laﬁﬁl ¥Vt se BPiK@F‘eS TRE-Br odudEoRagne,  3-
peydifdant3add 1addedtt ond ey o1l g0 10depivattBbehdeads azides
d hy addigt i eql ]_aa{]p&
W{) h':"ns g\ftg?a!t)h?s ?L%’rkls;ecoéf%t %s%gggg%gs c.?(gt({)o'n thmls
R 1Ed Gld¥lanereaPtaRbidin plate and left to stand for
3hrs ina humd chanber The DNA derlvatlsed beads

e s._a ot l.at e th 1%
V%S sol%%?lle ac\}\:/g?{er bg, ag 3 angf)%ﬁl‘lf’ﬁ a‘ﬂﬁe 5?@1%@ or
& i sthersia e%ahﬂneEObW%naﬁhﬁhbf%)spem/ﬁIQ:o@prm@a from
Goiatk thraiRBEecactdy eobRadwlige lth%%a'tﬁrated urethanes,

tification of a ta et. bl ec wherein t
é%%%g alg't% gve €3 }f:loerfc'prc? sesslllcé)é"r g’éﬁ?gdm?@?lgﬁ’r%ol | oi d
and at | east one SERBS active dye, encapsul ated

w.thinp @ERE‘SY&EﬁlﬁQ%éad 2acé\o§ﬁ3§§ @:Ptain‘ﬁe fedain rclalm
g, cording to.claim1 wherei ol yngr “shel | - g
0

Sred™ r 5 WPa i e?]?efﬂ‘ ‘T"r)ono BE1S85 6'1’-'6’§§11m‘1n9
ligekdss that udiend nontoet sty hato potharerswgedita polymeric
‘Baﬁbﬁuﬁfig\’\&ﬂcﬁeﬁgaﬁhsm +8qd  SHhQALQIowWy TREAA Emtlonal

2 of fo”ﬂﬁcﬂc %gead whi ch enca sul ates t

agé? §5P80 JWTY YAREErRRECE¥ HAULtItRe. ENVASSERALLY 1S,
adr ¢&ybemelsaccording to any of clains 1 or 2 wherein
'sai d pol.ymer shell or shells is/are formed from any

f th ses and .rlvtlvesthereof

gcr yl1 cgg%l%g ‘ﬁeeﬁﬁféfl%%o?il °2 Wo%&EFQP'PE claim
Hbpgeingdhyl o?‘ifgmﬂ&i?&djemeﬂaécrwldwldt yeaspriges silver,
bodal Ye¥bper or metal alloy colloid surfaces. :

7. A SERRS active bead according to any preceding claim
wherein the aggregated metal colloid comprises a haked
‘metal or a metal oxide layer on a metal surface.

8. A SERRS active bead according to any preceding claim
ﬁherein the aggregated metal colloid comprises an organic
coating of citrate or of a polylysine or polyphehol _
pdlymer, to increase its sorptive capacity. |

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

- faggregated metal colloid partlcles have a cross: sectlon-

A,of about 4 - 50 nm, or about. 25 - 36 nm.




pyrrolidinone), acrylates (e.g., alkyl acrylates,

allyl acrylates, hydroxyypropyl acrylate),

met hacrylic acid and derivatives (e.g., itaconic

acid, 2-(trifluoronethyl) propenoic acid),

met hacryl ates (e.g., nmethy] nethacrylate,

hydr oxyet hyl nethacrylate 3-sul fopropyl nethacrylate
sodiunlsalﬁg renes (e.g., (2,3 and 4)-

anilnosty SERBS 8F Fﬁﬁebﬁﬂéuﬁ¢@ﬂ¥@lﬁﬁlﬁo any preceding claim

3 “whietried st YheNEERRS VaBY L Ge (Bedd  n¥s Ny | c£HL QL 0L OF 1L &5 less
nylben20|c acid, 4-vinyl benzal dehyde, viikly

&32&I5 *4- V|nylphenol 4- vinyl am ne, acrol ein),
V|nylpyr|d|nes (e.g., (2,3 and 4)- vinyl pyridine,

319Uteﬁe ﬁRﬁsdEQLiv?bﬁég §cé§i§§ éitélde pgﬁcedlng claim

4-vi nyl boronic acid sul foni C aci
VF"WF%N &hiec SRR  agbive brefatemprisey  aspjreadity of

| SERRLI acelded vaci d)narﬁﬁf&ﬂéﬁ.@l‘é%s ands&'fdl VakEWRE  active
| am

( t hyl acr e n1des and,
aifoperEL IRy CaREEE R RbRFBRRe0, Intide CREfoia and a
aﬁﬁﬁﬁ%réﬁ?ﬂYﬁeﬁﬁ&cﬁyIaﬁr@%)abaﬁkbﬂ@stbergtp, wherein each
4oﬁeaheaoh®no§§kﬁlcd:§eghb@hgrlatgh%n)’slu‘ﬂst%ﬂﬁ%ﬁq)y (R cad
anhydride_an

g?ﬁgcry ?na%hh9ﬁr?ﬁ%)pr°¥???§oﬂlg% g&&ﬁ?ﬁgnﬁoﬁﬁﬁﬁrgr dye
(Qoﬁblnﬁtﬁonﬁﬂ:ﬁacryﬁoxyprogyh?tataet¢ms@angdfﬁhablé9 SERRS
t eigaared hyl di si | oxane), pol yenes (e.g., isoprene, 3-
hydroxy-3,7,1 1-trinmethyl-1, 6, 10-dodecatriene), azides
(e.qg., 4-azido-2”3,5,6-tetrafluorobenzoic aci d),
thiol & {ERR actlilvd hﬁadxﬁnqyndln@ th SERRPracieidiag claim
bﬁl@&é}ﬁwﬂ:ﬁbngoﬁf@eﬁ@a of 13 1sRb172 ﬂ?‘ﬁ&? |
PR IES ggII£ % |s/5?e §geg frgn1 acr atégp %%hgrlses
) term na P OMREr i EthTsat TF SR e A1 ef an‘_‘e’é‘? following:
cErmatlds apgidgoxi astivesi¢stars basd ceonengndc Sachds,
SERRSI G, | V@mﬁﬁ’@éj agpekdhng, t%xﬁ%di{e%

1? %q{p 5‘\{1 rgshel | (S)m(aﬁ r.i_ses crossﬁﬁknh goups,
agent's Aend 11 gidi Tyt o tHEHEPe P ST PiRide, ox
(ﬁﬁﬂﬁﬂﬁﬁﬂ?rS@@WlagtdﬁEd byi a, 1u9knaq gmdup or groups, such
ﬂﬂﬂﬁafﬁﬁ@@klﬁﬁ@bcn@&%ybﬁhﬁ§eaﬁﬁtQﬁﬁrﬁhﬁbﬁé bounded to the
%ﬁﬂ%dﬁ@‘&F‘t ead(g;,yog such that a moiety may react
*and become bounded to the surface of the bead(s) which
mPiety is capable of binding said target molecule.

. : | - : :

"-14. A SERRS active bead according to any precedlng claim.
wherein the beads are used as a 1abe111ng technology for
. protein and antlbody detectlon.

15. A SERRS active bead according to any preceding claim
wherein molecular imprinting methods are applied +to
impart specific molecular recognition propertles to the
polymer shell v1a'temp1at1ng approaches o : 




and styrenes. 6. A SERRS active bead according to any

preceding claim wherein the aggregated netal colloid

conprises silver, gold, copper or netal alloy colloid

surfaces. 7. A SERRS active bead according to any

precedi ng claim wherein iithe aggregated netal colloid

conprises a naked netal or a netal oxide |layer on a
active be

su d accordin an
prece gﬁ%@ilﬂ?tﬁW1reﬁ tqﬁ§%ﬂﬂiqgg%Fe&“ﬁe?ﬁ?cg%¥?% fain
c@ﬁﬁth‘l@és canpTigaimic acoatalqn@tef: charstieler of aparticles
Peh¥hysi el @%Hﬂheﬂﬁé E WEBT bek@ | N6,Leas8, dé the
% éve capa %%;y . RRS active bead accor g 0
a @ﬁ% éggarﬁb g WPgRﬁEFErn the aggregated netal
colloid is in the formof- aggregated netal colloid
pasticl e tigle F&Q B v
a%*c}:or(fli nég%gg alc#] 3 el"j{r%tsj"'l‘_;g %\%%érée g?ggrg}req ro any
cﬁ?ﬁ%%ﬁ%ad%émﬁwénaeépas§e§écﬁpaarese%b@u@lsqernable
SSRRRY sﬂgnﬂmmﬂtHHS&léB&rﬁﬁble %@RR%lslﬁn§EFE§i@§téﬁﬁblned

d r [ wher
2%% ‘g%% etle  JTRRY BEICH Wl /gt Rl daves
qﬂeﬁERBShéetP@éhb%%@daccordlng to any preceding
cIa|n1 wherein the SERRS active bead conprlses a

diralyi t f ctlve rti cles
gict i vé Ié/na{(%lc?dar% Eﬁ &= P%}%g?ag% Jegeat%%a#%t%?mprlsmg
(ﬁﬂ?(ﬁQ$P§nta SERRS actlve dye or dyes absorbed

t her et1g, \Mifaiz'ﬁ&.hﬁge&&h adfr Rt anaRar té&iﬁsltﬁeé@;ap?ﬁfslng
a sub t%%hh? a)étl denal caI So]%?@dta}seq:n or are

pr ovi erl yes or C rfbl nati ons so ]
as toZ2deneraréngi sthegmmeetes‘ametaéu graldoid3.wixh a
SERBSmatbinée haad ﬁﬁ.ﬁﬁ&lﬁlélgséﬁrétw e&ﬁpedl ng claim

wher ei;p th S heII rt.her conprise
functlgna 85?%EE§H§ &% ?m%gﬁron%gﬁy(%f e ?%?q@%fnﬁp as
car bo¥§l i%Cti BelymeY | beadst engapsudaitbogythe adaiksgated

al cohaksalasbbesidaepoxi des, chloronethyl styryl
gr oups,

19. A method of preparing SERRS active beads comprising
the steps of: -

a) prbviding a monocmer in a suitable solvent;

b) effecting polymerisation of the‘monomer S50 as
to form polymer beads;

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

a) heating +the solution so as to cause the
_aggregated metal colloid to be taken up and become

encapsulated by the polymer beads.

"20. A wethod according to claims 18 or 19 wherein the
polymer beads are further reacted so as to add functional
or linking groups to an outer surface of the bead thereby
allow1ng a molecule to be attached to the bead.



vinly groups, thiol.groups, naleinide and succinini de,

or is further derivitised by a |linking group or

groups, such that target nol ecul es can react and

become bounded to the surface of the bead(s), or such
that a. noiety may react s3nd beconme bounded to the
surface of the bead(s) mhlch noi ety is capable of

bi nding said target nolecule. p 14. A SERBS active

bead according to any preceding claim wherein the

bédds &rmetibed af detebelid iy tachmbol myledwte prot elample,

a%eaﬁbtﬁeéycgﬁbﬁi?&iﬁé‘ thed s thpaERES active bead

accordipg to anx grece [ cl ai m. wherein nol ecul ar
i nprinfi ng REPHOAL %r 8 %NF?EFV?nﬁ&??(§be@PFPEdlng to
maingc ube  gcoghatnen 1pr epekd | ehetreinhethpolbgser skl lbeen

Vigankegpbat gagaep%ol':}soés gyeciél gﬁ%ﬁeififa%lbeeas%m

according to any prece |n am rosin

w&@ﬁaﬂc B t*%ba SWtassr 19 |°&1§1<=1én*e%saﬁsaeawﬁlfhﬁﬂ so as
t ke pekygnmatthendd therstandermoethecaiiiEs ofthMRliRAGaid

”Egﬁsgkcmoﬂgeuféllbrary of SERRS active beads

according to any preceding claimwherein each bead
conpriBks acoMERerh| s2idERREASFYn At Heheli SeBPIRbEE as

- SERRG1SiognadnPe oy @hrdalﬁaﬁb?tbym}ﬁméyufm@ tﬁ‘h‘ed%@a‘“ le to
a e.dy 0 ve levels of the dyes wt

eggh&b%g65§Tgm%géﬁ§) (% prepari ng SERRS active

beads €bnpristertinhe %avebs troal fepheaglan by way of

aggte@ﬁilﬁ% Mﬁl gpéémibaqcmr lﬁiégﬁ:lﬁa‘iﬁ%qs ?zztnsve signal
r g e a ate net
ﬁ:ggg&i fﬁ I% grrgno?rerg} g‘e Q bfaagﬁe SO \g/‘en gﬁ'g %arget

e??%%??#ﬁy polynerlsatlon of the monomer so as to form
polyner beads encapsul ati ng.the aggregated netal

coLl Oidhe Jn?eyﬁo&ﬁ%.gegr&fn&r@@ariQQmSEFfRéh%%Ql%e 822 Bhrget
no ecule is an anta.body, 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 7separated 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) accord.l.ng to
. any one ‘of claims 1 - 16 wherein the bead has been
-."generate_d_ so as to have a specificaliy' identifiable SERRS

signal and the surface of which has been modified sc as

to have attached thereto a moiety capable of binding said
target molecule whereln the moiety - is an ollgonucleotlde : .



a) providing a nononmer in a suitable solvent; b)
effecting polynerisation of the nononer so as to form
pol ymer beads; c) adding aggregated netal colloid to a
solution conprising the polymer beads; and d) heatlng
the solution so as to causgg the aggregated net al
colloid to be taken up and becone encapsulated by the

PE-URE e REC ReeShbi el ISR SR Red, & Baleh afbrese

adcid;add functional or linking groups to an outer

surfacg) of the:haad, h&éﬁbybeahl(gw 'aﬂtﬁ Rl Cal 1,110 é)c? as

attac d to the bea %i of .detecting a
t ?ge 8| 8ey ef .%aladsm AL IHREEE domtessagple to
t hendtepssaid bea(gyrovi ding a SERBS active bead(s)

aCCOfd&ﬁg téhnéHH%1 f@ mﬂ@%g ¥h b%gnwheﬁgk ICaﬁfth a

bead has been enerate so as to have spec

i HeRther aBPé’eéEﬂBSnuﬁl&hﬁl agid tand sﬁ‘P%‘ac EuBthep| éﬁbelled
hascbebt @@ fie G idd catdyhhyPrattaeheietdes et 0 a

moi ety afapPa é%éﬂ?l 3nd;@%f?2&ﬂﬁe ;gﬁgetiﬂplegﬁkﬁifQLatlon'

contactlng le so a

aF e ofndai dugrdhgst m’féaﬂaéhfn tdptecdiple tif said
bat:iﬂliméﬁibxbaﬁiﬂcﬁ')xgrﬁhdscbedﬁa eﬁbbagsﬁal pll It ar get

nol ecu et tLIn eCI ad

i denti %ablewgﬁﬁﬁg' %ﬁ qf%?ﬁg' 1gea8dornu01310
bt berdg beedsd Wld:15a¢ dsunifgee crﬁnaévéel @f Jbinding said

nﬂlﬁwﬂléﬂ)%ﬂéﬁw adac! aim 21 wherein the target
mol ecule i s ntlbod¥nﬁant| rec tor l'i.gand or

nucl eléc) acl%e 4 Syl e,” such %é ETecu e. %3 e of
g RrEME ordhag ﬁnﬁcelrl%iqqﬂly V\ﬁé}eeimftlnelﬁm éE?RS signal
capedieof fMickdi 8gi 8aivkd®s gehidnl eaulve ied amfFkgeively

aC|d99Q¥j sa#ﬁ“&ﬁbsﬁ%%%%tor or conpl enentary nucleic

r éSpec

26. The method according to. claim 25 further comprising
- one or more washing steps to remove unbound reagents'from
step(s) b, ¢ and/or e to be removed.



24. The nethod according to any one of clainms 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 detecti¥g a specific nucleic acid
in a sanple, conprising the steps of: a) providing a
SERBS active bead(s) according to any one of clains 1
27.. 18 wedheid athdafenting bdarggemobtadleoinsat sample,
have ecifically identifiable SERBS signal and the
th?up'fegglé’%‘gf:%rc’ﬁlﬁés tg‘ger?tr%)&*l f%€d so as to have
at t aghed phhgriglia A AEeRksCaRA R obeBhpdl NG 3 Mhing to
target nol ecul e wherein the noiety. Is an
anyl i goauckotdlden@3 lcapablee ehespéni filtal Inead has been
hybridising with a target nuc|eic _ acid, b).cpntactin]%R
IeREFAtEEadCs Pttt HAHE Sanfer ol Rl LY olaghlhd taplef SERRS
siéﬁ'ag 'gﬁﬁg U QI AC lw‘ijli'c'i]l th%% %@&l odifi 'éf]%ot s to
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targetegled)l6pti onal |y carrying out an anplification
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- according. to. claim?25 furthér conprising one or :

" andore washing steps to renpve unbound reagents from

,stgg(s) b, ¢ and/or e _to be renoved._ G _
- ) detecting said. target wolecule by way -of

detecting the specifically identifiable SERRS signal
‘cbtained from a SERRS éeiaiVe bead or Beads beirg bound -to

‘said target molecule.

‘_28.. Th_e ‘method. according to claim 27, v\fherein step c)

further comprises the step of removing the beads from

. solution by centrifugation or magnetic field(s).

29. Use of a SERRS reactive beac'l_ 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

3 ' _tbéad.




34 27. A nethod of detecting a target nolecule in a
sanple, the nmethod conprising the steps of: a)
provi ding a SERRS active bead(s) according to any one
of clains 1 - 16 wherein the& bead has been generated
so as to have a specifically identifiable SERRS
signal and a surface of which has been nodified so as
310 MWeuset ashrarrding eto aladivet3o caphblreiafl thiendiugface
isaid target, mol ecul.e; b) providing a magneti c bead
fhatt iy Ht92ehtd PERSreto a noi ety capable of binding
said target nolecule; c¢) contacting said. SERRS
“active bead(s) and nmagnetic bead(s) .with the sanple
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bead.ecul e. 28. The nethod according to claim?27,
wherein step c¢) further conprises the step of
renmovi ng the beads from solution by centrifugation or
magnetic field(s). 29. Use of a SERRS reactive bead
according to any one of - clains 1 - 16 as a label in a
sandwi ch assay. 30. The use according to claim 29
wherein an antigen-to be detected is trapped by an
~anti body i mobolised on a -surface and an anti body.
coated on the SERRS reactive -bead. 35 31. The use
according to claim30, wherein the surface 'is on a
magneti c bead. 32. An antigen trapped by a SERBS
active bead conprising aggregated netal colloid and
at |l east one SERRS active dye encapsulated within a
pol ymer shell; and a magnetic. bead.



