SERRS ACTIVE PARTICLES The present invention relates to the

provision of SERRS active polymer beads and a method of their

production for use in detecting target molecules, as well as methods of

detecting target molecules. Receft developments in modern molecular
biology have highlighted tg%RI:l ed};%r s]i:r‘pultous in-situ recognition of a

large number of bioanalytes-Arhofigthe-frettsferwhiciFthere is a
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ICEtSIAGEL /L., J. Am. Chem. Soc 1998, 120, 1959-1964 two gold
nanopariclescmadiiediondhe gudacesnitk spesiicotgongelestidesstie and use
arficl Ise_and hybridi ific strand of DNA
T e e e e and=e of
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Hawswem suchstechnigaessda ot offat the capibinedadulbglexisgociation of

whygtness ard sinaplicity whighwauld,be gosired.c o n SERRS 680 nanoscale
unlcéluely £rOV|de the selective labe%ﬂr&? develop the new
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BRES bF 456y s Fequirdf AL a SBASARALGREHTS or bBtter{Rdd  known
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EFRTILE nTRAHGHSIOR h&rREssitfthiB pbtiftiaPdre kKRGwPafEicles is such
téveetopmenitdslimited by tio probiesriont-ikstly dueradsi the posaibitity afahieved
WCH%QWEMH@ dyg coatedssiluernpariigles @hdlihe analytical

reagents they [abel or other reagents and, secondly, to obtain stable

intense’ SERRS t is praterabiR to RsiiAR and 8pIodaBE 8 spédifF 0ach,  as
deyres bhaggrégatrearhedd theBilver pakildbaina proceBure Whichican R.C.

easHy e, upsetduring thesanalsis, Rr.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 1is 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 +to or better than
fluorescence but the key advantage is that each SERRS dye

used as a label gives a unique fingerprint, which can be



It is amongst the objectives of the present invention to obviate and/or

mitigate at least one of the aforementioned disadvantages.' Generally.
speaking, the present invention is based on observations by the present
inventors that a SERRS active dy& can be encapsulated within a polymer
reathy) toaferring stabifitysto thidyerprotettinptie SEARS attiverdye There

drem theenyipnrmentandallowingporgdhan, Qpe dye 4ebe-ghcapsdiated . oy
sgchv}pb%tcmore than one SERRSLIS|gnaI cacr]cbe detecteq. Thus, in a )
First A4hectthd hréntinvERiSHIS oS A SERRS adtivEhR8d or G frtive

Nderufidatiorfofra thajen etcoule, Witetsin the SERRS hctiverbealinown, the

gevwrisgnagaregated; metal golinid andhatdeas NE-SERBS ACHVE, d¥G ore 1
telr11caps%late Wlthlg a porlgmer shell. . SERRS refers to surface
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the yse pF wsaexéensivel apd sirapler derivatigatioa chapusty thanising  the
a{’ﬁ’ﬁi Ig fluorescence.Further the specific enhancement of the dye
provi ed y SERRS active particles is more than 3 sufficient to allow the
identifi€&tion ¥ theadifé“ﬁ@rg thetR kgrothiesighiRshorRdily obbervedresent
frove hiologicat and industrial samples cantaibingtibe sargetanatytesddisof the

Lhgunates the-need for complex-timge gonsuming separation procedures

required with ma}rg techniques before the analyte can pe successfully
identifi6™ T 21t 1 to YeRPptEGated tht tRE FFREERREZR TR hdrdinbased
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appliedtospsfaga enbanced Raman seutering (BERSH bYLIGRBS i0ating,
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Thus, 1in a first aspect the present invention
provides a SERRS active bead for use in identification of
a target molecule, wherein the SERRS active bead
cémprises aggregated metal colloid and at least one SERRS
active dye, encapsulated within a polymer shell.

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
references therein to which the reader is directed for
background information. Surprisingly, there 1is a

widespread fluorescence gquenching mechanism on the silver

surface. This means that almost all dyes give SERRS
enabling the use of more extensive and simpler
derivatisation chemistry than is possible by
fluorescence. Further the specific enhancement of the

dye provided by SERRS active particles is more than



The polymer shell may be formed from a wide variety of monomers and

cross linkers including monomers that polymerise via chain-growth

mechanisms and step-growth mechanisms capable of forming a bead

which encapsulates the aggrega;,?d colloid and SERBS active dye. Itis

understood that a portion of the aggregated colloid may also be attached
saidierdMBEdded of HEOYurfald of i bRAb{gatHePolypfer Sh&I Xy from
teampsiselemihan shglayes Fosexanple beads maydefeomredwbichgical
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<Jodiumasall strengs (&g (2 3 gnd d)-amingstyrene, Styiene . sulfonic
acﬁ, §l-n|tros(f‘yrehe), vinyts (e.g., vmﬂc foroformate , 4-vinylbenzoic acid,
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e.g., methacrylic anhydride), silicon-containing monomers %e.g.,
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mercaptan). Acrylate terminated_or otherwise unsaturated urethanes )
toardonatks BRG 2paitdarr§idShe 8K in L LRt RentiBRads @aking
paiticmssasedibnondets nQrossiinking Bgéntsehdtdent rigidity tocthbs manner
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controlled manner so as to be of a uniform and desired size and shape
OYfd d¥stablttas PRELiBRSag&ihst E8IRaghREGhtioN Procedses pfditionally
iptepariag sych ahagdregated colloids are already known. They involve,

for instance, the reduction of a metal salt (eg. silver nitrate) with a

reducing agent such as citrate, to form a stable microcrystalline

suspension (see P.C. Lee & D. Meisel, J. Phys, Chem. (1982), 86,

p.3.391). This "stock" suspension is then aggregated immediately prior to

use. Suitable aggregating agents include acids (eg. HNO3 or ascorbic
aridll nolvvaminece (ea nolvvivieine ecnermine cnaermidine



The beads of the present invention are extremely small, typically less than
1pm in diameter. Preferably the beads are about IOnm to Imm in
cross-section, more preferably about IOnm to lum in cross section, but
obviously not smaller than the dye, coated colloid particles which they
encapsulate. 6 The beads of the present invention may contain a

numbes,of SERBS agtjve nanoparticles (emaprising,of agaregated metal
colloid and adsorbed SEI%BS active dye or dyes) ea%é 0 ?gc Pter%lgty peroners
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osition so that ihe state of aggregation chosen is preserved. Further, the
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polymer protect
alyaerudes intthesd beads by fulthel tompriss-femetionahgmoups (e(@:-g. ,
eaipaxylic ah@idjso@@'wslﬁﬁgeﬁésﬁ Carb%%ﬁ?@%é{r%@rﬂ& ami%%%zld_, o A
- 0[0) es, chloromet styr .groups, vin, roups, thio groups, maleimjae

Va?nn @%&?rﬁ?n%ég)wa?%dy beyfhgrl%gr .de:%fx\}ﬁ/é%a%;i%'linkfh@v H%%l?en‘:’l' 4=
VgrBUp 3Tt d tha B §eahblcules Hmail rsaef shidnsscome tonded (@, the and

wiamﬂgbepaﬂic&s. The-asiraatage ofithesegreups is thﬂ:tz.ﬂ&%aea_n acids
@13 POIRIS 2, LOYRISRI, QLNoR Coyglenty, giqch g molgeulg Lo prgvide -, _
a,%%euflc ca%ire or analysis. The term linking Srgroup refers to any rogg

VARREA TR AR adhBRehE betWBehbhe of ARTE ERgSt mdiBcHes angtyrene
igrenefire SERBS@tdVe pantivtas! dhedesiherance ndardompliseany(e.g. ,
rsaiibehigand, deckydinghuleof limited i eevalentiigais, hydiageryRending; ves
van der Whals E@r%?_sdggnglﬁﬁhalnlcal bonglnlgr\.él?amidln a furtherf%spect, 3
(tﬁe; résent inverition provi ega_ method on paring 8ERRS active (
PELYPESRYiAG Hersteys 8mig 9drming HRaR@Fegated thetal dofleightenoic
agamprising-&chloro-1-phenyl-1l-propene) (meth)acrylic acid
anhydride and derivatives (e.g., methacrylic anhydride),
silicon-containing monomers (e.g., (3-methacryloxypropyl)
trimethoxy silane, tetramethyldisiloxane), polyenes
(e.g., 1isoprene, 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-functional acrylates, methacrylates, acrylamides,

vinyls, allyls, and styrenes.



SERRS active dye absorbed thereto; 2) mixing the aggregated metal

colloid with a monomer in a suitable solvent; and 3) effecting

polymerisation of the monomer so as to form polymer beads

encapsulating the aggregated meta colloid. Alternatively beads may

first be made without aggregated colloid comprising a SERRS active dye
absorBéd thereto gTHalbexdsanap then ecHdadd (Syn6808) in erteetsally

stengler-thegy-porgus-and gapable of faking-efssidragoragated cokgld present
,comBrisingba SERRS active dy%agsors)gd thser%to. Cogling Lhe tl)leadg

1pYE8 e Eoid FAHRIES withiR the bBad Bye/SAIbid & b8 FemMBYed by
raising tiee tsmpéatge nad steeping tikisshds @t a buitgblanbifffepomprise a

mkRe pPolymesbeadsymay be fuither reactes serag-to addifunetippaliofc1ude an
linkin %rougg t% an outer SLgface of thﬁ beadttlhereby aIIowigg a gnolecul
t

Ofbgr%% actied 16 the be3d° ﬁ(arﬁ)p es %%sui?a{%ere ta(ijrﬁet moleculegul%able

PPt nuckRtdtids Spraveihy krieh 28 afibodied varleeibs, thigls, increase

jaminescexyasives, daigsof epuse, therapeudticragents: nuetaboldgsand which
en\grogg%eftal Polrlll]l{tagtgtgo%ver él}rglggf%ds, due to their extremely

CSMar Size n¥ay also find appllpa%o alone, e.g. as a security marker. The .
beadsigy Gretdiorcdoaslitais s SFfacB®s brifPdontaiHed fgmkeer in a

corinple pacernsahsprays paiak inkor the lise. The heddswouldnd desired

<ggnerally be M;%e tothe naked.eyg, hut would belogded witha o+ ge1¢-

particular SEARS active dye or dye combination such that a specific

agERBE GG couldBEPFREERY. THRE mBY BRpartidlafy SPplidapid 9y egated
careVerdidminmrise edurderfaitiigndin. AtfBlcking suvablle spedies suchsdsance,
+RNAseqyeRaeso the Rolymer sudace-cardes owtithe apalysis/lakeling;ith a

Procedure. In this way, the analysis process atnd the SERI%%IQI%ocegs are

&P AR%BNd B Can B Gpimiggd, crTrates o stable

microcrystalline suspension (see P.C. Lee & D. Meisel, J.
Phys, Chem. (19882), 386, p.3.391). This “"stock"
suspension 1is then aggregated immediately prior to use.
Suitable aggregating agents include acids (eg. HNO3 or
ascorbic acid), polyamines (eg. polylysine, spermine,
spermidine, 1,4-diaminopiperazine, diethylenetriamine,
aminoethyl) =-1,3-propanediamine, triethylenetetramine and

tetraethylenepentamine) and inorganic activating ions

sﬁch as Cc1l°-, I, Nat or Mgz*. 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
about 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 are extremely
small, typically less than 1lum in diameter. Preferably
the beads are about 10nm to 1mm in cross—-section, more
preferably about 10mnm to 1pm 1in cross section, but
obviously not smaller than the dye coated colloid
particles which they encapsulate.



The beads of the present invention could have broader applicability as a

labelling technology. They could be used for example both for protein and

antibody detection. In the case of proteins, the simplest example woUld be

to attach one of a pair of proteins tg the SERRS active surface and attach

a fluorescent label to the other protein. When the pair complex, the bead

would show both fluorescence and Raman scattering and when the pair

separaté e REALH sPéctrzWoulPBE SRtdcted BfRI6A ¢k bead, Acontain a

spem%gzmetemExis@%&ﬁiﬂib&a&hﬁe@@mﬁﬂﬂp@th fdd@Q{gggei@ld bgng of
an sgatiering simpHtapaqysly, 4 reover, t s could be

further g}lapted to for example, assistrtlhei?l segﬁjgrﬂagﬁgn‘\%%gg%n &S(%JFH% dye or

5E53E ImayBE Bttalhed {4 Sirfad@dpedivtally B9 Hetivaiding theahefated or

cfilie bea;:lﬁ:W'yth, fpﬁ_ehampl;b;ga Dhﬁ%qu;;)&zwdﬁewgichggcognﬁﬁpe@ggpt the

%ng]%@@(gnt&otlg al¥led ou ught_down on a streptavidin

' surface.,Alternatlvely%dditionalI)},F the beadsgboul% for gxar%ﬁlré ‘iee bead may

FGReSEE b thE R ofordiinr AERREt@STees Wifkis and/&fomare than

mmcdgbthe’@eadmmemhted:bydthaﬁdﬂiﬁﬁn af matediplstyyichayald signal

dlovathg particlgs 19 hes separated ppthe basis of fheiryeight, The., signals

mggnetlc kgéeads could then be brought down by using a small magnet to,”

AP EZAMSR, onRBNtHlE thETaHRsS ifHRSbeafeer tRedpeliforvatey.ing the

%%Iemﬁc sr@mé&my besimeiie formf of dyagneticimanopartciesead, a

which asg-ipeorppraigd dyo igLead. FhDRINelicHangpatlicles MaAY. sprrs

include any ferromagnetic material in nanoparticle form including iron,

S1dT S, . . '

maane Ite, ferrites and. compounds of other metals such as nickel and

cobalt. Thancafiotation of thetiagneaticlivaoparticlep adyibelachiewsicch  the

pytombining @ sehiion sprwesiog Sai¢ MagaetisRANPPALICIeSWiIthaduce +he
lloid/ {xtur. thereafter. 9 forming the S S active bead, The

%r?gd%fagﬁagﬁgséhﬂer § ungtgfgn%hgg& a%gbgr{levi%)ars’@/]deg%tébcfl over

e RE&TorRIBLEREY avBR) MApRSstRREoRd bekEvelspawhieR sizes

gliminadtes sémeneithe unthuaintieenith campetifiva grd disglacemsphed the

assays indbah apantigge-kabalied with g flugrophgre caudd bg added igan .\

%r,\m:tét;ggy |n}|ﬂ%blll%e§ %rém)enSERRS active bead. When the beads are

rernoved from Sofution by cehtriflGHioN of ThaBREREANES thosE BEARET , the

RRA YB6Bphdtes kartse infehegated AMgthe Ramenaotécdato from the

deteimivamdneh labels had been displaced. Alternatively, the beads could

be use spegifi elsin a sandwj ssay in,which the antjgen is ,

tra pec?: (?r% aE) %%%%% cl)%’ %cgurﬁgc;g g%feas%;éaffiﬁe 8??41a%ﬁ§3:3‘oeeradc omprise

KRS | HeRBISNtHRIY costed PRrETill AgRErR to e blMacesters
by attachingtotheitrappedtdrtigen. The antigersmay algol mdially beepoxides,

BapRed-E nti th ﬁgﬁg d particle, Protein recognition ma
be Prabed imilarl gt?%ﬁt?a?chiﬁg a be%él tg\l/r égglof %1%% (;% bro%%%é%? bé%oups !
Aftaching" %egd‘ﬁvn Groteif anig hndtheMakel Rach 48 BiRBropRbie i 1 sed
e cthek inkinyetaesthercembypdomenst of thecimvehticn, motegsiar molecules
inaprinting geethods ganiheanplied 1-iepait spegificmolecular recognition the
égo grti to the pf}l:}/merﬁ?hell ia templ tingaﬁgroaches (see for

4

xample WO'00/41723)> TKRYERER: apbroatfi 28n fFileltse dpptied they

it paft affitity ke i polfrnerashiet It dange of analytesymtladingy attach
anahasseficlinical odigiapk iQransig a%e&\ﬂmee%t%iﬁ\éan@r andfsis.
method,fg %bta:?'ir}g{tlhéa SERE{% S ect@ér%,engay b% conventional. .

However, the following rﬁightgapplllﬁto the 'spe&roscSpic MBasurdhidmgs: 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, wvan der

Waals forces, or mechanical bonding.



Typically, the methods of the invention will be carried out using incident

light from a laser, having a frequency in the visible spectrum ie. -380nm -
780nm, 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 to better

surface 10 enhancement effects).However, it is possible to envisage

situatiohd! inawHish BirRY fragiksitles, forensparresintheluivavitlépfie provides

200Rst n40NeR) Op tgpaedrigirarekranges { 10N A4QONBYHIoNt PRy the
§%ed.s'l'hu§,,SERRS detection may be conducted between about 200nm -

onm. = The selection and, if necessary, tuning of an appropriate light
$ource LA aRApprdpriate Jregtisfefantpower, witldeowd withimthésing  a
sapatslities of paenf ordiparyskilin ﬁlﬂ@ggtgqrticularly on referring to the

ailable. RS literature. To achieye highly sensitive detectign, usin

% ERéL,? %%Eo% re%l?ﬁgh?%gﬁr%gitﬁg/e e v?‘?éh a ﬁg&ﬁelnct?:y gtl%:kcloase%bommer
e dbsoidtfehhaximiy $attihe ¥PE. If lower sensitivities are required, the
ight soaiesrecichaot bo toherentertafdighdrtensiiy angoseJaBwes B8y as  to
bg used.in m@' atj ith a chromator grating or prism to select
an ﬁp{é r%%e eﬂitgﬁ)ﬁ%qtﬂ%%gu%e%é?g dé:\?%es §t%gsﬂ$t38%ef§)r metal
thitecting SEARS signals, including wavelength selective mirrors,
holographicaptical elehientsieadeattered; light detactionand fileptiGri thout

&@%?@gg@%JTEHQ¥%§EYBE%§¥§%§%§@Qa%§§H§3g@%'Ugd%%e absorbed

example using a charge coupled device (CCD), a silicon photodiode, o
Ph&ERTURiplieriiBeLaRdRgePIthER SRR r e 3ERES foPesbcati® 80°C) in
ampiification ot e sighal-Rhplonceunting elesyanics car be 4584 dolor saia
é&@%ﬁﬁ%@%@c%§lfgﬁfh8§%é¥QS§¥¥MQME%ﬂ@?wé¥¥§9g°3§he bsorbed
sensitivity of detection requiredto carry out a particular assay. Nofe

TR MethofS 8H-tHRInVERGorRas Ty ERBRAh&6hi&Fkg afitl particles
GEERS spattruirescioss abprgeoflwavelengths, Iox seleatingeaipask angdising
eRaNingMpbr-aline wavslenothof Siatpeakide. REMARSIMAQING). ILig; tap e
g{iffoor55|ble to detect all Raman scattering using only a filter to remove

re ec?ed'light, Raleigh scattering etc and a detector such as photodiode.
ApparatiiefoPBERfiTy ARAGtanaig¥inda SERBS sFecramclikdin®mst as to

gadaithuindudemsomeform Ofdategprecesses such asm wirtersdidface of
the bead thereby allowing 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, 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 marker.
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.



Raman signals consist of a series of discrete spectral lines of varying
intensity. The frequencies and the relative intensities of the lines are

specific to the SERRS active dye being detected and the Raman signal is .
therefore a "fingerprint” of the dye. |f a SERRS analyser is being used
selectively to detect a mixture of d@es then it will be necessary to detect

the "fingerprint” spectrum for identification purposes. Once the

SERRS signal has been captured by an appropriate detector, its

frequendyF 2R htBHsi A MR tyPREFV e FRisRd3s aldmpitsrepces to
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is eep%(r:a le?ﬁl carrigd ou %y?fac)%eexgmplf’éfocp%éf‘e%tly mﬁin?;lén frioleculE 16 P+
b&gelettde td therpsRfter BDAaE. Phemdin advantaled Bre fitat'fie SERRS
partielesegiveuiery detensed statiie SHRRS. Fansimgie;sensitivebel to the
idgpfification of asspecificpatiicledberg s a huge multivlexdabelinga  woula
capablity i suspension which s ungvalled by any.elhet teehnique and. .

thg ' SERRS active nanoaggregates are pro?ecte from thie environment, In e
tUPR ifhis RBTES RlentifiatiBR a0 (BRAGEBN BPYpecikaadRtarbfiesonly

sueh asiNAsegiiencesor papticesdnsitenat uitdadow coricentrationsinl  be

a £aAPIeY MUER-oviald abkther asBeckiberyesendnveition eyidesring
a _rcﬂ%tgggaog de&ecltin.g a target molecule in a sample, the method

comprising the steps of: a)providing a SERRS active bead(s) according to

the presBAFRCERton Wherdit Bt b&ERPASs BEerf YEhBREPEGREST hhfe for
a spevifitally idealilablEISERR S aifict tiPan@iwn sufacesst whidthhadeads
 beerymedifietka@asdo bave ataelred - thesetocd piniatyicapapledeftindings ing

said darggtmoleeule, s ) confacting said brad(9uith he-sample sqaspya

molecule which recogniseé a target and contains a biotin
group, and could be Dbrought down on a streptavidin
surface. BAlternatively/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 magnetic species may be in the form of
magnetic nanoparticles which are incorporated into 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 mnixture and thereafter



to allow any 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. Typically the target molecule may
be an antibody or antigen, in which case the SEARS active bead is

medified-sp asie haveasonespending anjigen Oﬁrﬁ@tib99¥r£%§°e8té‘é%¥,i nay

at;:%ched t{)tthe %Jrfage %ftthe bef\d. Adconventlonal sandwich assay. could
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protein is i it yel e iched be n

e e e S e Wing chrca o "
i the Bedd a3 Sﬁe& o the Sodnd BRTESR BiheF Ml URSs RARRD to an

asdtcidedatdmany ridyi 6RO benddibeted BBBE as atrécepiostigand When the

camptex, witreone aisadticompiex inRmbbiised onihe bead sUfagation or

Ina preferred embogliment the Method is usgddq deteqt g parficular an be

nuclgic acid sgggencedin asa le. In this case, the bead may be mo .

50 2S 16 have & mofetlle capabia 6F sp&eigally 7 Bridi8ing 35 &tidigic which
acidifidrcuie dhidteesmptiseR the pRrticulaPAticsiaddiy st uentbe  beads
attachet] to¢he: sarfacesofthedieaiic The realeculs capabimatispecificalidy in
hyhridising mav.he ofa-sufficientienalh te gnable asimplebyhiidisation ¢, .
a@,%é bsesquent dggeccetalon to ocg:ur.ee&ltlernqyggl tr;le gmlecule ca a\l:;)LIek())fl

specifica hfbrialsm to The f&r&& nug:?eic 56T mdlEturd nt g tabelled
ret&iheny ﬁorF%TﬁEgleE%ﬁﬁééseth%% naclestieste.gtiess Hantase by
nadleatidésin |&pgthhdesigrat aiact as enmer toladowmybgdisatiay taalso
saifl iticaic pciganolessispand 13 chaiextansignthgreiam 4 dhis) ape11ed

ol c the b will generally be
f.ctﬁ% . %%Qﬂtﬁ I}%%r{j%}hletiag@ Ci%ag; b?é% fsbgggeé S1 iﬁll%’:ﬁl r?é by

attached yia its ' egd SO th@tt e 3' end Is capable of binding anc

- chainexterson3TyRR&Ty & Rurtf&PHmEF deSfyRed B bind B tRéMSrgdts by
nddEREE#InAebsirdatts diften®s et oot eatitféssio 26021 such as
naclédtidesydram ¢hé betddamrideprimer, may also be utilised. This can

allow geﬂﬁ]rgti%@f a dauhigstrandgd,meleris Whg:gpi\ncglggoratgﬁ‘;ggai on,
t aGi nce, using an.appropria ymerase an
naégc%e%;%%qr% IENTIng %?é%%g%%%legt‘laré%h.t?iéghoscgﬁ)atesi waeﬁ%%g‘ﬁv% t?’)C odgrart
SKREF irf tHfe dIP LeCildded &t afiplificibnREaRfsta%f PER Eaeheolymer
carietloutvi ardéetpdffaciively emranuecthe smduateof target nucieiple WO
aaid ta becdgtectedribe fusthesprimerpsyalse becmedified byrswitaliee pe
mER0e 0,Asd0 CqpLiae 2 ARIch s capRbIcORINAINI 8211 eor
particular surface. For example the primer may comprise a biotin mo ecule

at theTs_endlof (REPANET S0 as'Betibiddny AMpHiEEProdict todd nical,
caalat birfdingne dsrfateccoatas witrstrebtavidizv dmtiis manner an
amplifiegdipsodustican becgenspatedrivhieh ear be borpd 4o asurace idy be

0 {1 plifi ct, whilst incorporates o o
SERR kv beact it oah bacil pe et Hogae P THiiror™

b&RGABI8 75 GRhEr I8 BERRER4Re beads with specific different SEARS
signals iT1EPp6EssiBe to ddrluctsiizpdsknewn ifhite afnasatmakiplexll be
reactionasbsingua nuebey of differently labejied beads each with djffergiti ng a
immobilised pinding maleties £.g. aliganpcleqnides. Jn thecase of _ o505
oli or]cu,cleotldes, eachtone mag be designed to identify, for example, a
particulsr bolymarphient iP8 niRihcid rMaI8BRe, By csrfdratingt sauency
spécifie Beguddceseartha B endamsiol wilhorihalldwechade éxtensigirto case
icleqice 5 e 3 engiogs ok hybridies o the (et cham cenan "
nyclegtide e 3. end,does no ridise_to the target, chain extension
cannot occur th%re?rom. By%farrylng odt ?51%’ arrﬁi‘]ﬁi%ati%ﬁ regé%dﬁ fising T tace
another



14 primer designed to generate an amplified product, it is possible to
easily detect which polymorphism is present in a target nucleic acid
molecule. If an amplification reaction is carried out, a dye, such as
Sybr Green can be used as an initi@ indicator that an amplified product

has been obtained. Tgis ﬁPro(;)jpuct can thereafter be idgntified by carryin
SOPSRPRBBYetectiBh® ThisBptional st €& BE empidyedstich Bt ﬁ@/le to
ssuctisagywhich Bteidemified as generhtisran afmplified frodycteareies, for

thereafter analysedity SEBES deteetian. (140 summaly the k¥bnm) or the
advantages of the present invergion are, 1) Se %itiyrsli% Each head is a
I

8&8p4ra RingFunit “dhzBle labaR™ Bosely mb&[EWith, fol sERBSPe  used.

Thusfor SERRS detection may be conducted between about
200nm - 1l00nm.

The selection and, if necessary, tuning of an
appropriate light source, with an appropriate frequency
and power, will be well within the capabilities of one of
ordinary skill in the art, particularly on referring to
the available SERRS literature. To achieve .highly
sensitive detection, using SERRS, a coherent light source
is needed with a frequency at or close to the absorption
maximum for the dye.: If 1lower sensitivities are
required, the light source need not be coherent or of
high intensity and so lamps may be used in combination
with a monochromator grating or prism to select an
appropriate excitation frequency.

Several devices are suitable for collecting SERRS
signals, including wavelength selective mirrors,
holographic 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 (cep) , a silicon photodiode, 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 ihclude some form of data

processor such as a computer.



active dye surface can be The intra molecular close proximity of two

example, fluorescence, do not apply in one bead, the signal is very strong

and easily and quickly detected at low concentration. 2) Robustness: The
process of aggregation, essential ¥ obtain the maximum signal from

SERB ais carried.o%tadysring(fzornéaiigg of g%e b%ad.'léré%s gsis preset ?ﬂdscr
protectsdiom the anaronment by the polymer faking the sngn%fs ete
soeghived; constant Afd ameERd by dmnevdiit - In abldiohrthewensihgs and
tgpecies used specifie analyteiiscovalentheatiaphed tathe pYWBREFic to the
é%ﬁ@geactive dye being detected and the Raman signal is
therefore a "fingerprint" of the dye. If a SERRS
analyser is being used selectively to detect a mixture of
dyes then it will be necessary to detect the
"fingerprint" spectrum for identification purposes.

Once the SERRS signal has been captured by an
appropriate detector, its frequency and intensity data
will +typically be passed to a computer for analysis.
Either the fingerprint Raman spectrum will be compared to
reference spectra for identification of the detected
Raman active compound or the signal intensity at the
measured frequencies will be used to calculate the amount
of Raman active compound detected.

In summary, the development of polymer particles
containing SERRS active particles for multiple labelling
of analytes is described. The colloid particles are dye
labelled, pre-aggregated and locked into the polymer so
that the SERRS effect is switched on permanently and the
analytical event 1s separately carried out by, for
example, covalently linking a molecule to be detected to
the polymer surface. The main advantages are that the
particles give very intense, stable SERRS. For simple,
sensitive ildentification of a specific particle, there is
a huge multiplex labelling capability in suspension which
is unrivalled by any othﬁf technique and the SERRS active
nancaggregates 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.

In a further aspect the present invention provides a
method of detecting a target molecule in a sample, the
method comprising the steps of:

a) providing a SERRS active bead(s) according to
the present invention wherein the bead has been generated

so as to have a specifically identifiable SERRS signal



3) Multiple detection: The beads may be manufactured so as 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 spfzfific bead. The sharp nature of the
SERBS peaks then enables recognition of each bead type in a mixture of

bgads without,any-sepasatiam Sinceral chrmapheresthatadhere strergliave
to the SERBS active, surfaces ca gbe used, much il\ggler and more
Rt s g el etoo it mia e AR
eRQRPRIHTS pattern of SERRS signals from a dye such as an azo is very

sensitiveso substitittiortioundshe &¢hrorrmphele making thmucheeasier teo  as
createpyitiple laRels,thag ds thecasg with flyerescence; Thigeallynp e o
increases the co wlgeg?tgsn)tlal \éwtg relatively simple dyes. Moreover,

be&élusett%esnaejads Include’d merfal, a significant mass is provided to the

bead. THi$ weiGtfttAaY S0 b&#sEd intddtgefon Ad/BFYeFaratith way of
teDbtigtesremployieng thpdrebtisckbrgxanpglena BNALsStED restRRisedsdsmal
inJEiguie.2 §owidRe tapRred op thesifacef anstreptavidinecoated plate rget

o%%ﬂggrtiénicrobalance balance and the mass change detected. The
heavy fature of the bead would make this mass change simple to detect

increasify thecsensitivilcof thE gBartZPaIafte LoRbardPtodniBhtdRdyY or
trappihgeat theiDNvhsteip. AfteedéfectingftRRaveigliticlrarngeatheispectitified
padiclecausing it gayld be detesiedyavpight changeyen TBe PrestMtbody
'”VSQ“%%%’;‘L" nqu be furthes described by way, of exampleandwith, .y - 5
reference 1o the %fgures which show: Figure 1 shows a schematic

répRBYSTAtGT Bt a SERRS 5BVE DRAY actoldifly BRhePRESKERVEmBRe 2
Figllre 2 shopshindchématicta pbeshtificuse eivar SERRS Betivédbeddng to a
aggdingie the-ptesentimeiiionay deigte 3 skawpibe Ramad bead may

Specta.efconirpl beads anddhg SERRI oL Hlapkbradi i EXAMRE 25 a1s0

Figure 4 shows 1he SERBS o a.dye n & dve,oaicd bead samp

leﬁresent in
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 wmay 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 seguence in a sample.
In this case, the bead may be modified so as to have a
molecule capable of specj’fically 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 1length to enable a simple hybridisation and
subsequent detection to occur. Alternatively the
molecule capable of specifically hybridising to the
target nucleic acid molecule may be 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 to said nucleic acid molecule and



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 nm;
Figure 6 shows the SERFS spectra of ABT DMOPA, SHUR and a 1:10
ratio mixture of both dyes; Figure7showstheSERBSspectraSHUR,
benzotriazole rhodamine B and a 3 mixture of both dyes; 16 Figure

8 shows a sehematic repjesentation of hew a SERRS agtive hgad 101ecu1e

according to the present invention ma% be used to identify a specific

nuclCREd sEQuehie, ERG &5 ampiific&tich rdakton” ExdmA& SedionY  »°
Exehtaad Collsidipatationd S0 that the 3' end is capable of

binding and initiating chain extension. Typically a
further primer designed to bind to the target nucleic
acid molecule, at a distance, e.g. 100 nuclectides to
2000 nucleotides, from the bead bound primer, may also be
utilised. This can allow generation of a double stranded
molecule, which incorporates the target nucleic acid
sequence, using an appropriate DNA polymerase and
necessary dNTPs (deokynucleotide tri-phosphates), well
known to those skilled in the art. |

Indeed an amplification reaction e.g. PCR can be
carried out in order to effectively enhance the amount of
target nucleic acid to be detected. The further primer
may also be modified by suitable means so as to comprise
a moiety whiéh is capable of binding to a particular
surface. For example the primer may comprise a biotin
molecule at the 5'-end of the primer so as to enable any
amplified product to be capable of binding to a surface
coated with streptavidin. In this manner an amplified
product can be generated which can be bound to a surface
via one end of the amplified product, whilst the free end
incorporates a SERRS active bead which can easily be
detected.

Due to the ability of being able to generate SERRS
active beads with specific different SERRS signals it is
possible to conduct what 1s known in the art as a
multiplex reaction using a number of differently labelled
beads each with different immobilised binding mnoieties
e.g. oligonucleotides. 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
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 wusing another



Citrate-reduced colloid was prepared according to the method of Lee and
Meisel (Rodger, C., Smith, W.E., Dent, G., Edmonson, M., J. Chem. Soaq,
Dalton Trans., 1996,5,716; Munro, C.H., Smith, W.E., Garner, M.,
Clarkson, J. and White, P.C., Langmuir, 1995, 11, 3712). All glassware
was throughly cleaned using Aqua Regia (3:1, HC1:HNO3) and then

thorewehly Hasadmith waterdaliawed by Q@tlul@fdpwﬁe@'\g%c%%t@ 90+ 5

|ssolved |n distille er (50 at a temperatyre of 400C.
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tdﬁp&aﬁﬁ%ﬁ@%@%ﬁ%ﬁlsaﬁbﬁﬁt Wﬁrﬁ%‘ﬂ%@}% solution of tri-sodium
citrate was asidedmphle femperaturenwas:themcarefully eontralles keepingye,

thatemperatyercongtant at 986 fqg@O@ngte§sAfg§{ thig period Ogndlcator
c%%st%nt temperattire fthe &ollmda e sion V\%i_s cooled and its U
absorbance Spec fram measufed och0|d With a%uﬁpwmmancghls
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beERRS ddhecdtilVenpellets Lsedit thenpalymesisatiams wereprenared byuch

cenuifuging J2-tdhes coniainipg dr mlof citrateeredycgd &9”@91(%42&9
406n|ﬂ§t 3 Oon%PﬁrH for 20 mlnutes The sygernatant from éach tube
e

was remove remalnlng S|Iver Wasddrtentr 3y HES dne ﬁ}be SERRS
THe @MEéRtated pellet was then re-suspended in acetonitrile using
ultrasonibatiosuwvhighywastiien ceatrifugetivah3@@@ & p.natfor 4Baingessent
Thewupeiratagt-was removed once again, the resultant pellet

S pupERdRL AR e g oncalon DN e e

suspension Incor fed into the a}ymerlsatlon

SERIE Ger8préfAred Y exiRtly e Bdrhti985 a9 AhovERBEt iRffdYe dye
tiFddehtainingleitraterretuneed xoHditatblul efid st 0-6Mrstiution ofn  be

ARTMOPARKbrazobenzoiriadeyl)-3d-diraethoxyphenyiaming] Wasecular
a&@@ﬁcﬁ@ﬁ% S}\{Qm?g'fﬁsms '%WQ@‘ fB'.@%W;%H%e Gepugl Qﬁlggg ! C%ntalnte dtwo

ng (i:(;) Jo_ld Whecreas e Blank 1{:30 mer contained colloid but no

e-Coaded polymér-GontaiAsE t8Moid aRa oy ThrEe p&?m@ﬁgatlﬁﬂgly in
( BRESI: Bla %ﬁ]dfﬁye one bead, the signal is very strong and
easily and quickly detected at low concentration.

2) Robustness: The process of aggregation, essential to
obtain the maximum signal from SERRS, is carried out
during formation of the bead. Thus, it is preset and
protected from the environment by the polymer making the
signal 1long-1lived, constant and wunaffected by any
bioclogical event. In 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
as 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. For



Loaded) were carried out walled glass tubes. The polymer was charged
divinylbenzene 80 (0.5 (AIBN) (0.005 g), the in three separate 50 ml
thick-reaction vessel for the Control with acetonitrile (25 ml), g) and
azobisisobutyronitrile reaction vessgl for the Blank polymer was charged
with acetonitrile (20 ml), the dye-free suspension qf colloid in aceéc%nitrile

BEHD tvinythénzBAE 887D.5°) and AIBNTOD0S G, aricthe Fedthion = C* as
aresseldfor thesDyerkaadedpolgiiei ias chargethiT Atatbaitile (ZowWl the

Ahe dugileaded syspengion ofcoligidin acetanitele (Spal), divinvthenzenetiple
80 (0.5 g) and AIBN (0,005 g). The reaction vessels were shaken to eatl
R thEMbndmer BRd FERIBR: tBolbd 8 <irGe ater batf 67 £ =21
minutesss thehespargeti nith axygentree hitrogéilgas ®d rpioiely simple
issolved oxygen. The tubes were then sealed and polymerisation
effected by heating at 60C on a low- rofil%rollgr for.a
eads .1
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toniyrile,gnd thgn drigchin vagnp at 46QQ BepshModificalier  separation
1- thyl;3-§3-dimettr laminopropyl) carbqdiimide, (EDC %0 mgq) in I fri
il § b%lﬂ‘gi@f-f E?%) ~t\%v%gs adaed o thegpé)]fyrﬁé)(r mégg%j% ‘an ol s TP
MNecHbArEtERP 500 fonwblsours 28 BT thetarhiiRPRcOAciee surface
Speciesg Fignpe 4-shaws assheratipafzakeadlprepared as desertiedl ance
above. The be dé(l is formed of polymer.shell (3) gncapsylating

ad . tu

%%g?er@%?eda& oi :%%d %ﬁsgggﬁl dye%eads (5). The SL_Jrfacet?ﬁ(é;1y?(1ena e
pblyiiee shep®) Has bdeAaliRtishdiRedas 3s FARREafiBRbfate detect
Betivespaaies [@hahichraretchpable of feacting withBNA 3 pg ofeligoompared
PE 9?5@1%9%%%5 mipf sodiug phgsphate, buffendpH =2)were  after
added to the activated beads and réacted at 25%5% overnight. The beadgr ticle
dRre FEhBded MR solifdABY cefthftlydfon an fe-suspended in P ’
phosphate buffecipHi7 2% rébelysforgse. by a weight change.

The present invention will now be further described
by way of example and with reference to the Figures which
show:

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 1is a SEM image of dye coated beads, the
measurement bar 1is 10 um  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,
penzotriazole rhodamine B and a 3:1 mixture of both dyes;

and



In a simple example (see Figure 2) of the use of the beads (1) prepared
as described above, the oligonucleotide (12) is designed to recognise a
specific sequence of DNA. When the target sequence (14) is present in a
DNA extract, it will hybridise to thelcgligonucleotide (12) and thus be
captured by the bead (10). A second oligonucleotide (16) containing for

example a biotin group (18) is also hybridised and the system hrought put
on a strepidin %Iatatbé? ead (Zc@:}.pﬁwr?s? Jz%sls%\y g%@&ﬁgé@%r%%grﬂseéghehow N
BIGESequerice=(1bg avhictehybrbistd bbmh the paliERSEONL 4Ry Bt 10D may
bigtinylated seguenge {16)r Altefnatiyply: iffmagnetiepariiclesareiaddediuence,,
to the bead, it and the, h\éﬁ:ridised target cg%ld be brought down on a
Uitbe SGHATRRYitHoUT e Bldtih &tep- h b6th methods various
approaches can be used to remove the unincorporated probe. In the first
pethgsh Bodahel ishrought down if extra biotin is added to the streptavidin
plate and consequently it is an interferent that does not need to be
+émoved. However, the size of the complex created with the

labéllmake Pamraatdiieasy and in either method removal of an
unincorpqrated Bropefiasdde acbieved usingasflowrepsysiemacashditng to
chromatography step. Alternativel tic ration can be ieyed
@“ﬁsiﬁ%ﬁ%%é?eti%gIy%%%te%%‘%reég\?gi%%ea@?sg'%%% 'th?:':ém §I](e%g?r}ér'n HeBes
duttton. ©9 Exafsgrenson, A firther et of SHESt 'pelf%?§wer85cﬁ§r?n Trans.,
prepared using; 12 cantifuge tubes. Blankseads contdingd 9.6 macolwin, M.,

2.4 ml water per tub co ead ' 2. e 3712) .
( xf(f?éﬁﬁ%hd%ta r%]’it‘%oﬁg}%%r’ u?lttfé(.j(p’ ’Aﬁ’ﬁ%gg{\?vggé éﬂgg\%r@ﬁt’ )
drtet addtRPREaRR aﬁ%f‘@en#)ﬁﬁéﬁﬂgﬁl%’o L SSkItS iWife AUUa Regla
résuspendaclinH0oy]) acetuhitritdand résemafigetor BifiARSr 461th water
minutes (nQ ujtrasqnicati Pellets were,t re- di
fﬁﬁ#éroé"(ﬁﬁ o# ce%olngf%i%(a1 rgﬁg uffr%%sgr%lséated% fséhrfgﬁnﬁlséggbge%%re g%itilgr? ) was
td ifs pAYRRr iencloR FiikirE Wat®sy dHRYiIbBhlerfFaf BYMBEE2TUre ©F
AlBRiavere thenedisselted ira totad zoluiiecof 251wl abdtwnititatiscludinging a

the 5 ml of colloid), sapples- ware degassed with d2%er, 10 minwtessThbint 10

samples were then placed on rollers at 370G heateqito 00D and left.to Th
pBlyrdrisd fdre2 ARt -on ﬂ%%&rﬁp@é’%ﬁé}‘éﬁth‘éﬁ Ta%e To! %%té%%' =

tered throu .
naee sizeiter yager twashedavitadedbnitr ROBAE Bfié8h a ??%fc%ﬂ w9 the

OVBRperature constant at 08%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 (Amyax ©f 406mnm) at 3000 r.p.m.
for 20 mnminutes. 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-suspended in acetonitrile using ultrasonication (5 ml)

and the suspension incorporated into the polymerisation.



A small amount of the beads (i.e. control, blank and dye containing beads)
were then suspended in -1 ml of acetonitrile, ultrasonicated, dropped onto
a microscope slide and allowed to dry. The spectra shown in Figures 3
and 4 were then recorded on the sysfem 100 Renishaw microprobe

Ramanrf ectrometer, ectlv 100% ower -8mwW i Fig U{e
3 shows the Rafia o‘?‘ ontro %eg SWhI&Jh hre |8]éﬁﬁ°fa€b)€ (é?an%lxﬁ(é ly the

SERRS Gfd:)fanlabea@éowm%h ar®Wlentifled agllly) 1Figtmekteshowsstheaining

,Of t e the contai bead sample ima
gis?n%% am(t)‘lunt o?efr:de be%g?/\%e{?e t %}r?susilpeng §|n azs%utlon of;Bq\%itlon of
AP YURBA6HiCatlors APleieris ivere tieh) difedbirdd askalbgiadsadiyd,anine ]
drige arthsigred under vaccum before analysis. The SEM image in Figure

5 was then recorded on the Cameca SX100 Electron Microprobe

Microanalyser using 5 kV electron beam. The large bead is -1.5 pm and
Peadnaiudderske -0.5 pm. Dye mixtures in PVA Figures 6 and 7

are Raman spesta @‘dwwx@mpie%of o mbgure e RVASENR ined no

Ei EER ectra of (a ASP DM
{%ﬁi@%@) %H%P%g 65%28) a '[I%O ure oF 8&%‘1 dlyesdThcmff\O:'“d but
SRty Rere c@’é@ted)b’ﬁ—rﬂé’R@ﬁ@haﬂ%@@éoﬁ@@ﬁéﬁheglﬁ%llé?ld and
8909 power (approx. 3mW), X5 objective.

Three polymerisations (Control, Blank and Dye-
Loaded) were carried out 1in three separate 50 ml thick-
walled glass tubes. The reaction vessel for the Control
polymer was charged with acetonitrile (25 ml),
divinylbenzene 80 (0.5 g) and azobisisobutyronitrile
(AIBN) (0.005 g), the reaction vessel for the Blank
polymer was charged with acetonitrile (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 (5ml), divinylbenzene 80 (0.5 g)
and AIBN (0.005 qg). The reaction vessels were shaken to
dissolve the monomer and the AIBN, cooled on an ice-water
bath for 710 minutes and then sparged with oxyden-free
nitrogen gas to remove dissolved oxygen. The tubes were
then sealed and polymerisation effected by heating at
60%Cc on a low-profile roller for a period of 24 hours.
Following polymerisation the polymer beads were isolated
by filtration on wembrane filter (0.2 um), washed with
several volumes of fresh acetonitrile and then dried in

vacuo at 4OOC.

Bead Modification
1-Bthyl-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%¢c for two hours



In Figure 6, the main peaks of each of the two dyes (a) ABT DMOPA and
(b) BHOPK can be clearly identified in the spectrum of the mixture (c).
Peaks labelled (i-v), (vii) and (viii) all originate from the SHQPK dye (i.e.
1-[4-(8-hydroxy-guipolin-5ylazo)-phenyl]-ethanone) while the peak labelled
(ix) is from the AST DMOPA dye. The peak at -1360cm-1 in the mixture
SPedira(@) B combitatisn bf teeaks alVthafpBSitiGF from Hbthilges: shows
d hesintensity pf thisrpeak basiibcreasedpelative-taithe stherpesksie theabove .
%ReeCt%Jg]dd élﬁ'gurse 7:68 %\/&%thgfﬁ FZ)L ﬁB%Ct.E%gfl(f) EE'? PeKm(:@psulating
enzotriazole thodamine B and (c) a'3:1 ratio mixture of both dyes.
THUEGEF BAGhEREARKAW MroSTTPR Sy StEM B34 S5z de00k5) - The
HAWER EPPEX. BV )px3 phieetivh H1LREIgYre) 7, Hae mpiscpeakuatedemall ised
- the two dyes 11QPK an T le i [fiedn the .
és%ec%:%m}ggf té%)‘%xté%@?&? %ﬁf?%l%%%ﬁ’i% aﬁ%%igﬁgtge frtcj)fri tr@wh are
gapgHie dye (e Behzogia¥dIE RN amine B 109[4qBerZottizop8Ly19ram of
%H@%inoi’ﬂ)'%ﬂ?]%mltfrl]@be'%kﬁk'l 'Qhﬁ%%ﬁﬁ&@?té%‘éﬂ%_%gg%nef%iethV'?) were
monium) while the peak labe ix) is from the ye. Example o
AR 1 Ao etE noAie Bah Flepdiaadt  “Boma GPESSmMan 3F  25°C
megjreighinopartiEles wheadged K30 L XABINVE Lol ats® Withion by
Hengyei mixdureiasin Example-dsdbBpaidure of napopseioiesyasihiefer (pH
%gtgifulggd (?anthg head process carried out as in Example 1. The bead

or. use. . . . .
Was then furttionaliséd as in Example 1 with oligonucleotides.
In a simple example (see Figure 2) of the use of the

beads (1) prepared as described above, the
oligonucleotide (12) is designed to recognise a specific
sequence of DNA. When the target sequence (14) 1is
present in a DNA extract, it will hybridise to the
oligonucleotide (12) and thus be captured by the bead
(10). A secdnd oligonucleotide (16) containing for
example 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 -
biotinylated sequence (16). Alternatively, 1if 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 i1s 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.



Method (a) This method combines separation and purification using

the magnetic properties of the particle. Using a sample of the PCR

product intended for the assay in example 2 where a biotin strip and a

bead have been hybridised to the target DNA, a small flat tip from an

electro magnet was introduced intold micro titre plate well containing PCR
moatptl d he magnet was switched on and all magnetic beads collected.

The magnet,wag then removed from the,soludion .dipped dMe argesanGrepared
well to wash it and then into a third well with a gtreFPtavé.din coaggd .are% 3§ ¢ m1
NEAThple 2 CRRE-EILENS PnabHERFas switchBE off TiTthe lfng ~-° ™

i the third weh an
the beats released. Followingveaperiod pewvo thihetes in Whikeh greaf&sts beads

were allowed tq attach to the streptavidin grea, net was switehed 4 -
57 g&ﬁiﬁ?ﬁ)’ isc%)e‘n%ov%ﬂé alpgﬁatté%}é]éqbezgz. %ﬁ{:?ﬁis way, all per
dmikeorporated biotin primer remained in the first well and all beads not
attacheg 19 thetaeget steip avere remoyed imtherfirst stepeandadiating  the dye
labelled DNA nat attached.to_the farge trljrqu_v removegLip;the second. _
38%. Tﬁeegg\g&sg}é%?éningf c|3nrthe£1‘?)50t c? %he wgﬁs' after the second step ® . re

WerEDiaRGRsYatbd ad iExaanRe 2hE e SERKS JoBe TREHS TRty for a
tha:begadranthenicedhe targatDNAL 22sMethedt(hpnn) This method

lustrargs i aeleqiuicadyanipop oL e e aLdeTyalisgd BepfRer 5 m1 of

containing only magnetic particles with nolabelled silver partic|es.

CoiRRRIIET ddifvatiBE belds EGAT REGDEsed: °F Abgtéh BHbEdds Perore
weEipreparechastiescribédireExample tiilout withotathe .addition of the

silver “%ﬂ%%afti%%%q%&%é%%i%aPeCHipddiggnucm&de were then
sequences fo recognise a s%eci ic taér’%

oL DA Alpo ingrporgted o e ¢y
PERIRKYFEre otfer Beads Rith the SiNeFbelSincorforated intd the
bebcdntinoeagheticharticles £THey tbatdn a secoRBBligSnUERGtideegassed
SPHHRNGE, designedotoracngnise.a differentuagioneef theesanetiasgetfiNA=d on
Following PCR, the glectromagnet is added tpcthe well afd sﬁwigghed OE. .
By L2hhldtwith magnefiEh ar®atfticted B tip.el‘?\e tip waktnén = - +=€
ifterrogatétbunder the Raman microprobe.Only tips containing labelled
beads We{8 samples were then filtered 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, blank and
dye containing beads) were then suspended in "1 ml of
acetonitrile, ultrasonicated, dropped onto a microscope
slide and allowed to dry. The spectra shown in Figures 3
and 4 were then recorded on the systemn 100 Renishaw
microprobe Raman spectrometer, x20 objective, 100% power
“8gmW) 1ls, 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.



observed.This method is effective because it concentrates all the beads in
the microscope interrogation volume. This increases sensitivity. It is
reliable and selective because it involves a double hybridisation event.
Method (c) This method iIIustraZtgs the combined use of Raman and
fluorescence with magnetic beads. Using the PCR mix from example
4 mbeigiSyRisgreen has been added to the DNA, the electromagnet was
dipped jnto the PCR mix.It was switched on and the magnetic beads

remove THEhix GASHER directi AtdrRRRfed TRt teRasaapended in a
fickascope. A fredqRiéhcyasdnghosért sa shat the fuerescenee,andyhgds were

Raaran signalg wererdetegted oo sepagate atts of the, CCD detector. The
meéhod is effective because of the senéaiitivity crg{altgg: by gﬁrle% i g?ﬁ stored

beads in SSHFarRs foFimndtiatd SktectioF The il rctegee fiomFigure 5
©ybr green deetsddgbridisation evenadthinsx zonventiepakRGRYi croprobe

miashinerso ¢3dhat asingle well ganbe.sglected from an array for.a fast
one step identification analysis, i e ArGe bead
1s -5 um and the small beads are ~0.5 um.

Dye mixtures in PVA

Figures 6 and 7 are Raman spectra of two examples of
two mixtures in the PVA stable substrates.

Figure 6 shows the SERRS spectra of (a) ABT DMOPA
(GM19) , (b) B8HQPK, and (C) a 1:10 ratio mixture of both
dyes. The spectra were collected on the Renishaw
microscope systen, 514, 5s, la, 100% power (approx. 3nmW),
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 spectrum of the mixture (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 71360cm™! 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) B8HQPK, (b)
Benzotriazole rhodamine B and (c) a 3:1 ratio mixture of
both dyes. Collected on the Renishaw microscope systen,
5l4mm, 5s,3a, 100% power (approx. 3mW), x5 objective. In
Figure 7, the main peaks of each of the two dyes (a)
S8HQPK 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-y1 sulfamoyl)-2-

methyl~phenyl]~6~diethylamino—xanthen~3ylidene}diethylw



Example 4 - Use of SERBS Beads for DNA Detection In this example
SEERS Beads can be used as a label for detection of a specific DNA
sequence. The format is based around a POE assay to demonstrate the
high sensitivity of the SEERS Beads and also the increased capacity for
multiplexing. An initial fluorescence screen can indicate the tubes or wells
that hayg,prodhcerla rasponse. Thesgphati wells ¢an be examingd bvhe BrrRE
SEERS and the actual DNA sequence Or sequences that have hybridised
get@rmined. Modified beads can be prepared according to Example 1
in which an outer surface of the bead has been modified so as to allow
mabilsation of anoligenpclentids the;R 2gd of which is directed away
from the outer surface of the bead. This can easily be achieved by for

roup to the 5' end of the oligonucleotide during its
synthesigand Bedifyingthetitage of the hegd soitbat thergipup-endies was
5' end adheres to the surface of the bead . Figure 8a shows a
g&%ﬁﬁiatiécf’eprggglﬂtat?ﬁ of %38{,85 bedd %6?&v§ic#ﬁ§§a§%%oecWﬁ:%’EEﬁ%e‘ dye
sigramrebyagrtuenof Bxatpd fabdlled collbiel paiteless? felindamp et 1icles
bead 3¢, dvtha-pwnbenghidentical aligenusieatidesddeadbetegtoibe out as
surface of the bead 50. POE Amplification of Ta . POE. ed ;
t%)nam%ﬁﬁ/mg gﬁ"ecﬁi'c piecgélgf d%%%fg s?rs_'agngdeé% A f%%c‘iﬁel ggr%%ﬁé%#ﬁis as in
HEREP hSe df hbtdxistnkPsIutditay 6RPOE by using allele specific
oligenucleotides for genotyping. Initially, primer sequences can be chosen

ggedceﬁ%g tgggutational status of the most common mutation found in a

ase. To analyse the genotype of the sample DNA, two

forwardPtirfersR&i B uLTHGMERith GRS TeErs8 Prinfith gPurification
s lipde xed eampficatide refrantery mivkationfsyshempARMS: e forward
primersiase gmgbilised via a5 24 rerminus ligkeroako difereAbSBERRSr the
Beads that act as t?ﬁila els f%r the specgfi]ggrimers];rll%revers pg eris

e

BF58Y atthe SXRIRMSUs WItH 556N, As the PER progre‘%seasntﬁe pro ﬁétd have
witldre Juilbup dheRd SERRED Be i@ Wie biolN Ancorpoiaedat theréndtofp from
the anpliserawaydiem thei SERRS-Bead-Adtednatively, ihispassibiertoe plate

gﬁég OUé&@Qyﬁggg%é’QRp@&Hs&get followed by iptroduction.gfithened on

S Beads w there is an issue_with performlng PCR on the

8PRRS Bhad¥ 9 the 2884 Bf fGPSMATIER pentPiix PAHSTfiyE2S then
difexenegrinfersrcanloe imoiobiiised on fveotitéreln SERRSHE@RGngell to
the CR; periopmed with all the,beads-mixed tagether witbrheasagipleptavidin
Figure 813 shows schematically a lapelled produygt 60 whic b

&o%gﬁ%glfoﬁgvﬁ%g S%Chnrea?c)féﬁlp r%pligdationuﬁns?n ?r?ée Cg#}rf%ér a%%%ﬁlg was
Bl SEARS bedd (see Fid\re BRLAIY atidihylanst %ﬁ’ﬁ‘er Beicsults mleased.
the geseralign f pdiatiylased praslugtivhiel alsorineorpotatea SEBRE were
ng?@%%%ﬁa%b attach to the streptavidin area, the magnet

was switched on again. 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 after the second step were interrogated
as in Exanmple 2 and the SERRS code used to identify the
bead and hence the target DNA.



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»f the PCR will confirm the presence of
PCR product and not primer dimer. Thus if there is any amplification then
Matd ddorbl¢ence will show this. It is possible to use a QPCR instrument to

meastie thepeiease in fluerescanse durieg helRGRRoWeyYeRavantage of
conventionalfpla e re,ade£coulg also bggsed arfltg the.PCR to rﬂfid%a?‘netic

;
tré%aly & thetubes™Contror tubes of Ro temp?act)e controls and’Bedds Wit
paohsedgsDNAKGane uselaldeinesidoprapriafs thmobilisatidrampecial
dERR S BaadsiunaSudaca a a@Bee the tubesithat have an increase in
fluorescenc d been optionally identifie ing PCP prad .
contg}lts g?%%@ spooﬁed%t%n?c? 2 st?‘é%falevidi %%gf%%gﬁidea(%G, geee% %l"g%?ee d n
Exgeljpiteis imimobilides thé Bistallatelings peRirbdgets with the BERRES- Lver
nBessisanitbe surface efribe slideazhe biptingated primass Wil also kpecific
o1Tiahlised foutyuil nothave a specificall detediale SERRS.R) bulrget
everything else can be \%as ed away in a seri€s of washes: ﬁ'ﬁls will
DNAeludeMthntthapstea Sybe e rdai-RhitR o BldHIUBeScE A iRtelfere Peads
with the SERRS signalsh dhas, iascseries 04 SERRS1Beadhwill inesdbeand no
ndgfapliged opisutiace of the sidefgady for IigHEGRNON DYSEARS cona

ERBS Analysis of the Immobilised Beads’, = SERRS spectra can be
ol digarar tRImiGhilis e PEERRE Bead oD iGaIRTy the Rcualifinenise  a
d sefeerces thatdiave betn thed wagenel=ie dwe-P ORAprodudtsl Thweiallity CR,

1ok SERRS:PJHentifytheicomponehts eha mbdurgithodtsepatationsan on.
be used to identify the SERRS B%ads from rticulaer tugg%with a

OWtipFe?“@? .epsenf“élpF& Iiﬁ“e?;? B oe Sosg%fie‘ sy e% althougﬁas?éct%%cstc%\n its
thbso be Bed totcanfiricthis foReie ndMSpEEiaABRhak a VideH inthasiRgnan
nike-degiepof multgpaxingt i pgypieatlydienwhgle setbpshedld takeditlewere
oBIUE- YRy the imerfey 2 stopdaid QP CR gxperipente, pout fal s ¢
It a dissociation curve Is used or about 60 mins if less cycles are used in a
CRBFRIAFF PERECyclét 1the PERSetup@m IR arraliyed ifF8%ch a MagTracore
itheeeffectize Doncentiatioa of tHEhdmemonahe beadenad the/fitat. It is

r¥olume will be,antered iDta-3 spreagdshggtand alk othieivalugss a  double
haégtonéatical A disp(laa\)/edtThis makes setting up the PCR very simple and
Yéduce %?/stlé?ﬁ]atlc 61107 in the calculations. After the PCR has finished
there may be a need to pipette the contents of the strip tubes into
M8Usettrq plates for either plate reading or to be compatible with robotic
handijg, Alteraatively direstpielipg onta e SUERIAMAI SIGELS Ak raman
option. It may be possible to use linear extension as opposed to
apthphifSioRTe SACS YA tHRSERR SBLARAAR-a long double stranded
piecewnd DINA. Eluorescenceidetetiamis arkkabhito pick whisitk baythe green
h§§R}§§e%eag§ded to the DNA, the electromagnet was dipped

into the PCR nix. 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 signals were detected
on separate arts of the CCD detector. The method 1is
effective  because of the sensitivity created by
collecting the Dbeads in a small area for immediate
detection. The flucorescence from Sybr green detects a

hybridisation even within a conventional PCR machine so0



26 will report on the enzymatic extension whether there is one piece of
DNA or millions. Example 5 - SERBS bead DNA binding assay, exploiting
the biotin - streptavidin binding affinity An example of the SEARS
beads binding assay is presentedg

fre. In this example the 110 base long
sequence of a mutant Cystic Fibrosis gene is analysed. The active

%&g}f?a&e %_f 4. $ERBS bead, labelled with.an aze dye, mag,deryatisedwithe o, 5
a short oligonucleotide probe, complementary to a sequence of DNA

fEERE oREMEAR CytR fibfd$ié henE P MYt CF strand was linked

to a biotin group at the opposite end of the sequence to where the

Gamplemeniary. ppake wassypihesiseds Lhe SERRS-BNAJUeRe yas

hybridised to the CF-biotin sequence and immobilised on a streptavidin

plate. Method™+5 THEEERRS e%%% Wl?’e?ea‘r%)?ntﬁgsr}siboe usiiy the HetRod* ab?l
dilinedeszligriwith diving| Isereeheigo dHiPmetdenmieacid. The sifzamt is
of {he headsdisigayered witlra numbes of cagoxyliensitkgroups. Thase high
aclye aedaroyps.are ped fapatiaching lgonugleotdps and gher e oaseq
mol%culgas to the surface of the bead. NA sequences,  Two sequences
\Wereaphthesisearusift tel RXSediRDNA Syhithesidet Sejhiende Aor ©scence
contairing @raninéilinkes, X.Bequenes Aor wells that have produced
X-GIALGLAIATTGAI CATAGGAARCACCATT Sequence BiGiaiRing sErrs
eﬁﬂp’ELhe actual DNA sequence or sequences that have

hybridised determined.

Modified beads can be prepared according to Example
1 in which an outer surface of the bead has been modified
so as to allow immobilisation of an oligonucleotide the
3' end of which is directed away from the outer surface
of the bead. ‘This can easily be achieved by for example
attachinq a’group to the 5' end of the oligonucleotide
during its synthesis and modifying the surface of the
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
bead 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 sanmple. This makes use of the
existing specificity of PCR by using allele specific
oligonucleotides for genotyping. Initially, primer
sequences can be chosen to detect the mutational status
of The most commoen nutation 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



Sequence B -B-GACTTCACTTCTAATGATGATTATCGGAGA (xX-
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 pud%:atlon) 27 Sequence A

(40001,0.6mg/m1) was purified and coupled to SERBS active beads
(FOmE)IRing e setthAnde3- dirRdthglarfinb prpsT) cabBifPidBeeDE, that act
3Zmg)amnd Nbygroxysueeimimida 24mgrini®1t4 RBS (&30u1) buffiee andeverse

?‘L]?ﬂé@eﬁéooco r]:';]ed getqug:ﬁge '(O'é’gMY}ln%S u%«?gtlﬂ ﬂ?o % nrhe As the

with its comp lement and a reverse prlmer

fication reacti
p?ég%cpxﬁagb%ﬁﬁédsaﬁélﬁd&é@f%"tﬁé ohtjo-derRAESH Bkaddiitn the SERRS
aﬂdmdna&ﬁﬂquemee;Branﬂﬂteanﬂ:t@a%@foabram& enAftes thisA80Qkp1icon
gy%,dl e s t ont te left t
o?%erﬁﬁsl |?1Ca(%um| cgam%éfchhe %%E%Ee%%g% k?aoT'}ls‘n(\'!jlveieé u O&:’ sible

a5 DY, T DIBeSRAYRASHE  Rith T9RsBE dotfiohakdRFaf@lloved by
atetonipdiecThebeads wire diigRaIsd S@miseduheRanarere is an issue

PROIOSPBEHASHORY n g BMESUR GifMSERRS Beads.

In the case of for example a pentaplex reaction five
different primers can be immobilised on five different
SERRS Beads and the PCR performed with all the beads
mixed together with the sample.

Figure 8b shows schematically a labelled product 60
which has been obtained following a PCR reaction.
Amplification using the primer attached to a SERRS bead
(see Figure 8a) and a biotinylated primer 62 results in
the generation of a biotinylated product which also
incorporates a SERRS reactive bead.

+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 1s 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 spotted onto a streptavidin coated slide

(66, see Figure 3d). This immobilises the biotinylated



1. A SEERS active bead for use in identification of a target molecule,

wherein the SEARS active bead comprises aggregated metal colloid and

at least one SEERS active dye, encapsulated within a polymer shell. 2. A

SEERS active bead according to claim 1 wherein the polymer shell is

formed from a wide variety of morfomers and cross linkers including

RRGnhdprarduhaspohyinibrisevia chiBiRgroRein feclvanistheandistépagowth the

amachanisme,capakle ohfprmings beadwhichencapsulales the immobilised

@g%ega“t]e? folloid andEEVERS activg dé/gi f3 éA\a ERS active beail5 -
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s/areformeifroneasyr vitihé fallovwihg €lasses anedefivatived themedf: in a
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oylchloride,N-acryloyltyrosine,N-acryayl pyrrolidinone), acrylates ,
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HeRRand denddifves (e. gD EconfSacif 2L @fifludkorfERRY Beads will now

HEopeneicBLit) smethaskylateste. gsmethyd etbacrylate, hydiowethWady for

i@%@?g(y@dtgigﬁuggprggxlf{ggthacrylate sodium salt), styrenes (e.g., (2,3

and 4)- aminostyrene, styrene-4-sulfonic acid, 3-nitrostyrene), vinyls (e.g.,

vinyl chloroformate, 4-vinylbenzoic acid, 4-vinylbenzaldehyde, vinly

S\ ofey Alvinyiphefiolt hevidyimwine]l aseieiRk adylpyridines (e.g., (2,3

and 4)swigwtpydgine: 3putang LgsdieiROroys aeids (S-fmopilised SERRS

4-vinylbgronicacid),sulfonicacids(e.g.,4- vinylsulfonic acui?r,?metal
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to be possible by eye although statistics can also be

used to confirm this for the non-specialist with a view
to increasing the degree of multiplexing.

Typically 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 1in such a way that the
effective concentration of the primers on the beads and
the final volume will be entered into a spread sheet and
all other values automatically 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 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 gstranded piece of DNA. Fluorescence

detection is unlikely to pick this up but the SERRS Beads



29 tetramethyldisiloxane), polyenes (e.g.,isoprene, 3- hydroxy-3,7,1
1-trimethy1-1,6,10-dodecatriene), azides (e.g.,
4-azido-2,3,5,6-tetrafluorobenzoic acid), thiols (e.g., allyl mercaptan). 4. A
SERFS active bead according to any of claims 1 or 2 wherein said

polymer shell(s) is/are formed fron?r%crylate terminated or otherwise
whsaturateshurethanes; sarbenates antdcepexiesosdilicondiaseder there is
monomers. 5, % c}‘i\\ﬁijgg%q)gccording to any preceding claim

wheréin said p ymer she I(s) comprises crosslinking agents that lend

rigidity to the subject polymeric compounds such as di-, tri-, tetra- and

peaterflactinal acprates Haethabylates, mdiemidesainylsatills idihg the

%% ahss: 5 &?5%%%’& headaceording toanwpreceding claim

ed metal colloid comprises silver, gold, copper or ,
metal 2By (%’I‘F@f@%hﬁac8§ 7tASSERRRRSiVBIRAT ackoRiing'®h afty sy  is
presedingeclaimere. In this example the 110 base long

sequence of a mutant Cystic Fibrosis gene is analysed.

The active surface of a SERRS bead, labelled with an
azo dye, was derivatised with a short oligonucleotide
probe, complementary to a sequence of DNA found on a
mutant Cystic fibrosis gene. The mutant CF strand was
linked to a biotin group at the opposite end of the
Sequence to where the complementary probe was
synthesised. The SERRS-DNA probe was hybridised to the
CF-biotin sequence and immobilised on a streptavidin

plate.

Method

The SERRS beads were synthesised using the method
outlined earlier 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 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.
Sequence A -X~-GTATCTATATTCATCATAGGAAACACCATT
Sequence B containing biotin, B
Sequence B -B-GACTTCACTTCTAATGATGATTATGGGAGA

(X = aminohexamethylene and 1is 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).



wherein the aggregated metal colloid comprises a naked metal or a metal

oxide layer on a metal surface. 8. A SEARS active bead according to any

preceding claim wherein the aggregated metal colloid comprises an

organic coating of 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

aggregatpepetal calloidpayticle or pastiglgs./ A A SERRS agtivedead  ang

according to claim 9 wherein the aggregated metal colloid particles have a
cerRkRcidh of BBEL £56 Yhu, BFASUL £5 288 ImMS MesUp 1A (3-
d BERRS hativienlgadagdordingde aodprecédiag cleidayhereinnbe SEGRS N-

active bead has a -Secti flgss than .k u 9. S acti
S or g clat v 1ok SEERE Adve bag™ 2
acemprisés-a phurdlit) ©f BEERS active nanoparticles, said SEARS active

e o e e O i P HFeacion
rgansrbeda stibstantdlly ideRticaPSERRBSNfhalBr@redproviieegith primer.
THiferipg- dyrscer dyg-c0mbinations e as tngenetata distingiishablee  oligo
dgllrzﬁv% %I ggls'beads with additional Sequence B and heated
to 95°C for 10mins. ‘

After this 100nl of the dispersed solution was

dotted onto a streptavidin plate and left to stand for

3hrs in a humid chamber. The DNA derivatised beads were
used as a control. The plate was washed with 1% SDS
solution, water and acetonitrile. The beads were dried

and examined by Raman photospectroscopy:



13. A SEERS active bead according to any preceding claim wherein the
outermost polymer shell further comprises functional groups selected from
any of the following: carboxylic acids, active esters of carboxylic acids, CSLLP
alcohols, amines, epoxides, chloroafethyl styryl groups, vinly groups, thiol =~
groups, maleimide and suceinimide, or is further derivitised by a linking

roups, such that target molecules can react and become
bbunded toXiBREIface dfthe ihead (st or sushsthdta meiet: MBYI88Gon of a

, t e
s psong e sulace Ao 10 IS TS conrico

cgga}tgle %11‘ @é@din %%i( target _ ‘
aceording to anylg?ecedlnﬁ% AT A8 tiethea8SFe (RRE aSBRRS active
|&b&inPleenrsiogy feicoroteih dnd antioddyrdeteetiar. 115. A SEERS

active bead according to any preceding claim wherein molecular

impprinti gg\ﬂ&gbds applied ta impart specific molecular, recognition
properti%s fo the o%’rﬁjéfégle\%% tear%ﬁgﬁpr%lgﬁprgacﬁéflﬂﬂcémb%flem the

ROWIBEAR SR Ve bEadtaEERdiInEIrahy preceding waifeftytherf monomers
mxcﬂorieh'@%magnktehraarﬁialeM@ﬁﬂiffsleﬁcﬁm%la%%a@ﬁé!ﬂthgbtbﬁmerise via
RAlymer re { RRS active bead magnetic. 17. A )
librar ?é)f ERég{actr}\geS %%% gesalggordin%rf%t anysg‘:réé’é&%?@’ Vé%a?ilm wiehpnisms
¥ I coftrisdLE BB rnaBle SEFAES sighdiChhe diitepmiilidates  the
SERRSKigTal benglobtdimeddbsERpag det SERRS active dyes and/or
relative levels of the dyes within each bead. 18. A method of preparing

e steps qof; 1) forming an aggregated

SERR ac%ﬁﬁga%%%‘i@%igggéh : |

meétal colloid comprising a ARG -BSsorfe Fihretd: Sflmbasg 1 or
the ‘HoBFtte EmitalRoMoIaitFA ebhomer #ha slikable gelvent anted from
any of the following classes and derivatives thereof:
acrylic acid and derivatives (e.qg., 2-bromoacrylic acid,
acryloyl chloride, N—-acryloyl tyrosine, N—-acryoyl
pyrrolidinone), acrylates (e.g., alkyl acrylates, allyl
acrylates, hydroxyypropyl acrylate), methacrylic acid and
derivatives (e.g., itaconic acid, 2= (trifluoromethyl)
propenoic acid), methacrvlates (e.g., methyl
methacrylate, hydroxyethyl methacrylate, 3-sulfopropyl
methacrylate sodium salt), styrenes (e.g., (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.qg.,
4-vinylboronic acid), sulfonic acids (e.g., 4—
vinylsulfonic acid), metal chelators (e.g., styrene
iminodiacetic acid), acrylamides and derivatives (e.qg.,
N-methyl acrylamide), methacrylamides and derivatives
(e.qg., N,N-dimethyl acrylamide, N-(3-
aminopropyl)methacrylamide), alkenes (e.q., 4—-pentenoic
acid, 3-chloro-l-phenyl-1l-propene) (meth)acrylic acid
anhydride and derivates (e.g., methacrylic anhydride),
silicon-containing monomers (e.qg., (3~
methacryloxypropyl)trimethoxy ' silane,



3) effecting polymerisation of the monomer so as to form polymer beads
encapsulating the aggregated metal colloid. 19. A method of preparing

SERRS active beads comprising the steps of; a) providing a MCSLLP
monomer in a suitable solvent; D) effecting polymerisation of the

monomer so as to form polymer beads; c) adding aggregated metal

colloid comprising a SERRS active dye absorbed thereto, to a solution
EorhpANIRG BYE Palyine? FRRES; and PO NEHiRG thel Solfition soldOlpr@iRe 3~
thedagaregated metal cotnid ta-b@ {aken up, and bedemea tentapsiigted byz ides
the pplymer,beads, 32 20. A metbad acearding 10.claigs-18 L4y | thiols

wherein the polymer beads are further reacted so as to add functional or

Iffkifly grotip$¥s dRBIRBPSETHCE of the bead thereby allowing a

4. A SERRS active bead according to any of claims 1 or
2 wherein said polymer shell(s) is/are formed from
acrylate terminated or otherwise unsaturated urethanes,

carbonates and epoxies or silicon-based monomers.

5. A SERRS active bead according to any preceding claim
wherein said polymer shell(s) comprises crosslinking
agents that 1lend rigidity to the subject polymeric
compounds such as di-, tri-, tetra- and penta-functional
acrylates, methacrylates, acrylamides, vinyls, allyls,
and styrenes.

6. A SERRS active bead according to any preceding cléim
wherein the aggregated metal colloid comprises silver,
gold, copper or metal alloy colloid surfaces.

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 of citrate or of a polylysine or polyphenol
polymer, 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.

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 nm.



molecule to be attached to the bead. 21. A method of detecting a target
molecule in a sample, the method comprising the steps of: a)

providing a SERRS active bead(s) according to any one of claims 1 - 184CSLLF
wherein the bead has been generaged so as to have a specifically

identifiable SERRS signal and the surface of which has been modified so

as to havesattache refo e I qib' ding said target , )
molecule; b) c%r%%%ﬁr%g %g%%be%(g?s %\%t%nt etg%mag(lg s&hS %’ diigly claim
Ahy of ald HGePIBREURSR 1HE sRfpR BBINRtFRI6 Beade)anl of less
thdetedtingesaid target molecule by way of detecting the specifically

identifiable SERRS signal obtained from a bead or beads being bound to

said target molecule. 22. The method according to claim 21 wherein the

¥

ttget MoREHRSs &R thtiBoRP 2htigers FE6mer, igaidsr mrdsiedtiy clain
Wivtarie, stitteassERRA maledvle. 23=3be matod according 4o glaim 22, o

wherein thedpaiety.capablg of pinding said targetmalgeule ig ag antigen, .
antibod J:igar%d, receptor or complementary nucleic acid respectively. 25
Rt Sa AL SSTdiRG T aM ONE P GERRIZF S92 MRbfn e bbadd) and

afRagReticisieh @ve therbediés) nedyseasiyde shparated, angéeirein each
oanceairatefaliehsiepi 83<5. Hdnethad of deteclingd sREGIACIUCIRIG 1t 1 ca
éﬁ@d§a§¥ﬁﬁ§%fmg¥”§¥§t%%%@? é& with differing dyes or dye
combinations so as to generate distinguishable SERRS
signals.

13. A SERRS active bead according to any preceding claim
wherein the outermost polymer shell further comprises
functional groups selected from any of the following:
carboxylic acids, active esters of carboxylic acids,
alcohols, amines, epoxides, chloromethyl styryl groups,
vinly groups, thiol groups, maleimide and succinimide, or
is further derivitised by a linking group or groups, such
that target molecules can react and become bounded to the
surface of the bead(s), or such that a moiety may react
and become bounded to the surface of +he 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 methods are applied to
impart specific molecular recognition properties to the

polymer shell via templating approaches.



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 SEARS signal and the surface of which has been modified so
as to have attached thereto a moiety capable of binding said target MCSLLP
molecule wherein the moiety is an oligdhucleotide capable of specifically
hybridising with a target nucleic acid; b) contacting said bead(s) with

lethe samplersasdo@liow abhy &f saiddargetmycleic acidin thersamplato claim

e pinddo sai ng%s%a_ng c) 3°ntaa%g'd@ s @ctarggtﬁbf

(%gg%gead%J ith articles
further labelled nucleic acid and said further labelled nucleic acid to %

engsasfidalyybridiseiterdis, Polgpeptionayi carfging beREATING the SERRS

acaplification reactiopsand further optionally detecting if said amplification
reaction has been successful; e) contacting said labelled hybridised

nucleic acid bond beads with a surface capable of binding said labelled
17moiety;lang a ry fodeteERRG Saic-targethrnatecue by wayhaf deteating theeceding
specifically identifiable SERRS signal obtained from said ds whi % .
o L STEiven bt o S SUpSae, 26, e B Actinding one’
thie cRim2s furthes cSIHPRSingsGIE o mbrelwashiiy stepsdo feynoverying  the

sEwRkound reagents from-stgp(s) b, apdiore te besemoyed. %A@%%@%i thin
of detecting a target molecule in a sample, the method comprising the
ea&@pg%"f.da)providing a SERRS active bead(s) according to any one of
claims 1 - 16 wherein the head has been generated so as to have a

1SS.pecgiC%lQ/tngtifci)afblep§ng§rslng SERRS active beads comprising the
steps of:
1) forming an aggregated metal colloid comprising a SERRS
active dye absorbed thereto;
2) mixing the aggregated metal colloid with a monomer in a
suitable solvent; and

3) effecting polymerisation of the monomer so as to form

polymer beads encapsulating the aggregated metal colloid.

19, A method of preparing SERRS active beads comprising the
steps of:
a) providing a monomer in a suitable solvent;
b) effecting polymerisation of the monomer so as to form
polymer beads;
¢) adding aggregated metal colloid comprising a SERRS
active dye absorbed thereto, to a solution comprising 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.



MCSLLP 34 signal and a surface of which has been modified so as to

have attached thereto a moiety capable of binding said target molecule;

providing a magnetic hear' having attached thereto a moiety capable of s gy i 1

binding said target molecule; c) contacting said SEERS active

bead(s)and magnetic bead(s) with the3s7ample so as to allow any of said

target molecule in the sample to bind to said heads; and N d\)Ldettek(l:tingOl et
20gaidRartet Mole A6 B WY of Getetfing the Ep&difically id&ittiable < Y
beSEERS sigralabtained &rom acSEER S active bedd of headsdreing boundinking

to said target molecule. 28. The method acgordi clai herein. , -
9T ) filtthér coPn%%i%]és the step of rgﬁm\ﬁ% th%gggdg%% %%t%r? E}V/q e s
mogentrifugdtiorper atagaetiefiekds):h29.0gse of a SEERS reactive bead

according to any one of claims 1 - 1:6" as a label in a sandwich assay.
5130. The,use accosding to-claim 29 wheteirgaantigarstahe datecteddsnple,

trapped by an antib%\d%/.imm(;Ck}E)EIBiS(aS%%?3 a sgffgce and an antibody coated

e

£ngn v SERRETRAENE BiSad' . |
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
fo have attached thereto a moiety capable of binding said
target molecule;

b) contacting said bead(s) with the sample so as
to allow any of sald 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.

22. The method according to claim 21 wherein the target
molecule is an antibody, antigen, receptor, ligand or

nucleic acid molecule, such as a DNA molecule.

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

respectively.

54. 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) .



31. The use according to claim 30, wherein the surface is on magnetic

bead. 32. An antigen bound to a SERRS active bead comprising

aggregated metal colloid and at least one SERRS active dye )
encapsulated within a polymer shel; and a magnetic bead. MCSLLP

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 molety is an oligonucleotide
capable of specifically hybridising with a target nucleic
acid;

b) contacting sald bead(s) with the sample so as
to allow any of said target nucleic acid in the sanple to
bind to said bead(s);

c) contacting salid target bound beads with a
further labelled nucleic acid and said further labelled
nucleic acid to specifically hybridise thereto;

a) optionally carrying out an amplification
reaction and further optionally detecting if said
amplification reaction has been successful;

e) contacting said labelled hybridised nucleic
acid bond beads with a surface capable of binding said
labelled moiety; and ,

£) 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.

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.

27. A method of detecting a target molecule in a sample,
the method comprising the steps of:

a) providing a SERRS active bead(s) according to
any one of c¢laims 1 - 16 wherein the bead has been

generated so as to have a specifically identifiable SERRS
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signal and a surface of which has been modified so as to
have attached thersto a moiety capable of binding said
target molecule;

) providing a magnetic Dbead having attached
thereto a moilety capable of binding said target molecule:

c) contacting said  SERRS active Dbead(s) and
magnetic bead(s) with the sample so as to allow any of
said target molecule in the sample to bind to said beads;
and

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

gsaid target molecule.

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

solution by centrifugation or magnetic field(s).

29. Use 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 i1s trapped by an antibody immobolised on a
surface and an antibody coated on the SERRS reactive

bead.

31. The use according to claim 30, wherein the surface is on

magnetic bead.

32. An antigen bound to a SERRS active bead comprising
aggregated metal colloid and at least one SERRS active dye

encapsulated within a polymer shell; and a magnetic bead.



